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Abstract - Using a physical helper robot might possibly enhance the quality of life for those who use it. Because of
this, in the worst-case scenario, physical helper robots are utilised instcad of standard industrial robots and
machinery. The physical assistance robot will be developed with the help of a safety document. Using the "V-
model," which includes concept design, risk assessment, safety validation, and user testing as the foundation, this
advice establishes the core idea. This is how we're going to make things more secure and casier to use. It was for this
reason that we devised a danger scenario for the physical helper robot, a human safety measure, and a mechanism
for validating human safety. It is our hope that this book will serve us a guide for conventional robot manufacturers
looking to get into the physical helper robot industry,

I Introduction

Using a physical helper robot might possibly enbance the quality of life for those who use it. These robots are
employed in everyday life and assist untrained humans as one of their qualities. In certain cases, they are even closer
to the user than the robots employed in factories. Physical helper robots are utilised instead of standard industrial
robots and machinery where safety is a concern. As a "personal care robot that physically supports a user to exceute
essential duties by providing supplementation or augmentation of human skills,” the physical assistance robot is
defined. ISO 13482 is the worldwide standard that governs such robots, [2] and [3] are two examples of Japanese
industrial standards that cover this international standard, Personal care robots have a different design idea than
regular industrial robots, which necessitates the development of new safety requirements,

As a result, it is difficult for manufacturers to produce the physical helper robot, despite the fact that such criteria
have been set. As a result, we drafted out some guidelines for creating the actual robot assistance. To accomplish
this, a danger scenario for the physical helper robot, a buman safety measure, and a safety validation test technique
were created.
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Figure. 1. Physical assistant robot classification
11 Concept Of Safety Guidance

Depending on the sort of support they provide, physical assistant robots may be categorised. Figure 1 depicts the
categorization of Japan's Ministry of Economy, Trade, and Industry's physical helper robots. A robot's safety may be
greatly impacted by its situational, physical, and functional characteristics. This categorization helps to account for
these differences. For cach class in this guide, the level of robot safety has been assessed.
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Figure. 2. Design and development of a physical helper robot (V-model)

The "V-model" in Figure 2 summarises the basic principle of this guideline, This is a visual representation of the
method through which (he physical assistance robot is designed and developed. The process moves in the same
direction as the vector, from left to right. The vertical axis represents the conceptual level. The V-model is a way of
thinking about system development that is universal. It was widened and tailored to the creation of a physical helper
robot in this investigation,
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The usability and target layer is at the top. Contrary to industrial robots, the physical helper robot’s operator does not
have any formal training in using the device. As a result, it is impossible to create a disciplined work environment,
unlike in a factory. In this stage, the robot's impact on the user's quality of life should be evaluated and documented.
As a concrete engineering system, this layer includes both robot hardware and software. The robot system should be
equipped at this level for both function and safety.

Design is the subject of the first part. The robot's idea is embodied in the robot's hardware and software components.
The robot's safety should be evaluated and its architecture updated throughout this step. The risk evaluation is
necessary for this step. The idea and example of \sthis method is presented in section HL Validation takes place in
the second half. If the safety standard is met, the robot should be tested. In the guideline paper for mechanical,
electrical, and electromagnetic safety, many safety tost techniques were created and presented. Section 1V goes into
detail about this procedure.

111. Safety DPesign
A Risk assessment

The robot's safety should be considered in the first part of the V-model. It is necessary lo do a risk assessment for
thig aim. 1SO 12100 and ISO 14121 [4] and [5] define risk assessment as a fundamental part of machine safaty
design. Danger scenario consideration is critical in the risk asscssment process. As a result, such standards detail the
most common types of hazards, such as vibration and electric shorts, The physical helper robot, on the other hand,
may have additionat risks that werc not previously considered because of the unique circumstances in which it is
being used. For example, the danger of skin damage or overpower must be addressed since the robot must approach
near to or touch the person.

TABLE I : EXAMPLE OF RISK ASSESSMENT (NON-WEARABLE TRANSFER ASSIST)
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As a result, the risk assessment was conducted for both the usual and virtual physical assistance robots in this
guidcline document Table I provides an illustration of risk assessment in action. For each robot in the scrics of
instances of risk assessment, a list of typical dangers is provided. Consider the human's capacily to withstand a
danger when determining the severity of that threat. As a result, the robustness of the human body is examined and
put to the test in a variety of settings. Such a study's findings may be found in the accompanying paper.

As a result, the risk assessment was conducted for both the usual and virtual physical assistance robots in this
guideline document Table T provides an illustration of risk assessment in action. For cach robot in the series of
instances of risk assessment, a list of typical dangers is provided.

Consider the human's capacity to withstand a danger when determining the severity of that threat. As a result, the

robustness of the human body is examined and put to the test in a variety of settings. Such a study's findings may be
found in the accompanying paper.
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B Related standards

It is helpful to look at standards for similar machines whiie building the physical helper robot's safety features,
However, surveying the standards of comparable items isn't something that the average maker can do. Thus, in thig
advice, the corresponding standards \swerc examined. They are classified depending on the category of \shazard and
kind of robot as indicated.

For example, the physical assistance robot must take into account risks common to all machines, such as
mechanical, electrical, and electromagnetic danger. Physical helper robots, on the other hand, provide a distinct
danger that is not covered by any of the relevant standards. As a result, this advice establishes new risk areas,

IV.  Safety Validation
V-safety model's measures should be checked in the latter stages, Safety testing methodologies that were created for
this purpose are discussed in this safety advice. Such validation techniques and human endurance are discussed in
this work.

A Contact stress

The repeated friction and distortion of the skin tissue acting on the fixation section of the robot to the user causes the
skin damage that is specific to the physical helper robot. This necessitates the development of a safety validation test
technique. Use of pig skin, as depicted in Figure 3, is introduced in this safety recommendation. Detuiled
information on the testing procedure is provided in ISO 13482

B Posture
The caregiver's low back discomfort is the primary symptam, Exoskeletons, for example, are physical assistance

robots designed to aid the user in lifting the caregiver. A physical helper robot's effectiveness or safety cannot be
tested since there is no test technique or threshold.
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Figure. 3. Process of skin injury safety validation [1]
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Due to the mechanism of low back pain, the compression stress acting on the lumbar spine may be used as a
measure of pain. Previously documented compression strengths of the lumbar spine were gathered and grouped in
this advice. Figure 4 depicts the lumbar spine fracture risk curve.
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Figure. 4. Lumbar spine compression strength
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The safety guideline document was published to aid the conventional robot firm in the development of the physical
assistance robot. The "V-model," a development path from design idea to user test, was presented to increase the
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safety and usefulness of the robot. In addition to mechanical, electric, and clectromagnetic safety, this manual covers
the issue of touch safety, which is specific to physical helper robots. We created a physical helper robot danger
scenario, a human safely measure, and a safety validation tegt technique to help with this. Ag a result of this advice,
it was recommended that users' biomechanical Limitations be taken into account while Creating a robot personal
assistant,
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Abstract- the COVID-19 pandemic of 2020 is the subject of this research, which examines how it will
affect Slovakia. Voluntary cooperation was prompted by the shortage of protective equipment provided by
State Material Reserves. One thousand 3D face shields were printed in two months by our civic association
Slovak Python User Group, while many others assisted by sewing face masks and printing 3D face shields
tor hospitals. During the last two months, we have optimised all of our 3D printers and 3D models in order
to boost productivity. Patients at nursing homes around the country received all face shields.

Keywords- 3D printing; COVID-19; 3D face shield; Slovakia

I. INTRODUCTION

Coronavirus discase outbreak COVID-19 has become a global pandemic because of its rapid dissemination
and high death rate [1]. More people are becoming ill with COVID-19's causal agent, acute respiratory
syndrome coronavirus 2 (SARSCoV-2), which is spreading worldwide. Acute respiratory distress
syndrome (ARDS) and multiple organ failure may occur in patients with COVID-19,

23 states in the United States have gathered statistics on the number of fatalities in nursing homes [2).
COVID-19 was shown to be responsible for 27% of all fatalitics. This data shows that 50,000 people have
died from COVID-19-causcd fatalities through 23rd April 2020, which accounts for 11% of all coronavirus
cases in 29 states. Over 50% of fatalities in nursing homes and long-term care facilities have been linked to
COVIDI1Y in Delaware, Massachusctts, Oregon, Pennsylvania, Utah, and Colorado. This shows that any
nation that was badly impacted by COVID-19 may have experienced a similar predicament.

Of the 181,000,000 recorded COVID-19 cases, 166,000,000 individuals have recovered and approximately
four million people have died [3]. [1]. Most fatalities occur in the United States, India, or Brazil. Slovakia
ranked 54th out of 222 nations. Due to disparities in population, it is impossible to compare the absolute
number of cases each nation, Slovakia ranks 11th out of 190 nations based on the total number of cases per
one mitlion people. According on the number of tests performed per one million people, Slovakia ranks
78th in the world with 545,297 tests,

At the beginning of spring in 2020, the first cases of coronavirus illness were reported,

[4] It resulted in a decrease in public transportation as well as the closure of businesses and educational
institutions.
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Almost all public institutions, such as schools and nursing facilities, have moved away from a physical
location to a virtual one. Many of them, on the other hand, were unprepared,

Because of the elderly population, nursing institutions were patticularly vulnerable. First Slovak nursing
home with proven COVID-19 instances was Nursing Home Pezinok, which opened its doors for patients in

A 15-year term is expected to be handed down to the current Chairman of State Material Reserves, who is
presently serving a 15-year sentence in jail for managing bids for the procurement of medical items such as
respirators [5). He is accused of causing the state up to five million euros in harm and receiving bribes of
220 680,

1I. THE SHIELD CALL

Founded in 2015, the SPy (Silovak Python User Group) aims to educate the public about the Python
programming language, educational technologies, and open-source resources. In our opinion, [6]: PyCon
SK and regular Bratislava Python meetups, the We Teach with Hardware project aimed at increasing
digital skills, an EduSummit section at PyCon and the SPy Cup competition, and the Open Education
community by publishing openly licenced materials and spreading awareness about open education among
teachers are all examples of our efforts to serve the Python and education communities. We have to
postpone PyCon 2020 as a result,

This was a terrible time, and we wanted to be a part of the solution. Although no instances of COVID-19
had been found in Slovakian nursing homes at the time, we had read about coronavirus cases in other
countries, notably Spain. The death toll among the elderly was consistenily high. In the following months,
investigators madc even more horrific findings, such as the discovery of two dozen murders at a single
nursing home in Madrid, 24 people have been confirmed dead in a Madrid nursing facility that was cleaned
by the army on Sunday, according to local media reports. The average age of the people who died in Spain
was above 65 percent.

[7). At the time, Slovakia had volunteers who printed 3D face shields, such as those from the Department
of Informatics at Constantine The Philosopher University in Nitra or the Faculty of Management Science
and Informatics at the University of 8, 9]. Many of the volunteers chose to work at medical facilities, We
couldn't find anybody in Siovakia who helps nursing homes when we did a search. As g result, we have
made the executive decision to begin producing 3D face shields for nursing homes right now! We had
previously printed face shields for physicians at that point, and they provided us with great input on how to
make the design even better.

To be clear, we did not endorse the use of face shield in isolation. A face shield by itseif docs not provide
enough protection, as has been shown in carlier studics, When compared to just donning face masks,
however, wearing a face shield was shown to be more effective [10). When caring for the elderly in nursing
facilities, nurses are unable to maintain the necessary 2 metre social distance. Face shields may help
minimise transmission, according to some physicians [11]. When 2 person sneezes or coughs, the face
shield is designed to reduce the distance the aerosol travcls, so reducing the danger of spreading the illness
to people around. In addition, wearing a face shield may reduce the likelihood of the wearer touching his or
her face with dirty, unwashed hands.

TABLE I SUITABILITY OF USING FACE SHIELD IN NURSING HOMES
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In order to pay the cost of materials and provide face shields to nursing homes for free, we have sought for
grant money in different grant programmes. Both the Orange and the Henkel grant programmes were
awarded to us. For the first wave of the epidemic, we've opted to use a courier service to get the face
shields out to as many people as possible while still keeping ourselves safe. Grant funds also covered the
cost of courier services. Our goal of producing 500 face shields was finally accomplished.

With people from all around Slovakia, we wanted to be a resource for anybody in need, no matter where
they lived inside the country. For lack of Slovak nursing facility contacts, we created a scraper in Python to
collect data in the form of nursing home email addresses. Other national entities {such as municipal
councils and regional governments) were also on our list because we believed they could know someone
who might help us locate local nursing facilities.

How many personnel (nurses) were in cach team?

How many seniors?

How many face shields were requested?

We couldn't foresee how many nursing facilities would respond to the questionnaire,

Every nursing facility was required to have a crisis team in place in case of an emergency. Isolated or

COVID-19 seniors at a nursing home were cared for by a group of nurses. We got 93 forms with a total of
1841 face shield requests.

This country is also split into three primary areas based on location: Western (BA), Central (BB), and
Eastern (PO). There were fewer applications and requests for face shields in Eastern Slovakia due to the
fact that many nursing facilities lack websites or email addresses. A phone call was made to them, but the
number of applications in Slovakia was still low in contrast. When compared to Western Slovakia or the
Middle Slovakia, Eastern Slovakia is by far the most impoverished area.
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Figure 3 Face shield optimization
1. METHODOLOGY

In order to print and optimisc our 3D printers for the Shicld grant, we had to choose or design a model of a
face shicld.
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A. Modelling the Face Shield

Many of the models we looked at for printing didn't enable us to wear glasses or goggles with a face shicld
while we tested them on ourselves. First and foremost, there was this. Screwless models were very popular
due to the ease with which they could be assembled.

In the beginning, we used Prusa RC2, which we eventually upgraded to RC3. It has fulfilled both of our
requirements. Quality and speed of printing were two areas where we hoped to improve the product. We
began by focusing on the product's quality. The side plastics of the Prusa model sometimes snapped and the
studs were spaced irregularly. To accommodate the use of goggles, we shifted the front portion (which
houses the studs) forward. After moving and increasing the portion where rubber is fitted, we also
reworked the overall design. We designed a holder for the PET-G sheet's tail end. A new feature was the
curvature of the side front, which connected to the rear. The primary portions of the front and rear were
connected in more locations. In order to maintain the standard spacing, the studs were shifted. Finally, we
came up with 36 alternative variations of the same design.

B. PrusaiiMK3

When the Prusa i3MK3 printer's printing speed was first increased, the nozzle size could be increased from
0.4 mm to 0.6 mm, then to 0.8 mm, and eventually to | mm.

Aside from expanding the breadth of the print, the larger nozzle also increased the height of one printed
layer, which reduced the number of nozzle transitions required. Increases in printing speed were made
feasible because to this change. (With a mainline print width of 2.4 mm, the number of transitions necded
were as follows: - 6 transitions for 0.4 mm nozzle, - 4 transitions for 0.6 mm nozzle, - 3 transitions for 0.8
mm nozzle, - 2 transitions for 1 mm nozzle.)

Despite the fact that this adjustment doubled printing speed, the filament did not have enough time to
overheat. Step skipping and printing errors were caused mostly by overheating the extruder's stepper motor.
This necessitated the use of a separate fan to cool this engine. We were also able to raise the temperature of
the nozzle to 250 degrees, but we ran into the limitations of the PTFE tube, which degrades and becomes
hazardous at this temperature. We were able to aid in this instance by switching out the PTFE tube with
PTFE Capricorn, which can withstand temperatures up to 300 degrees.

C. Creality ENDER-3-PRO

In light of the demand for face shiclds, we decided to purchase and customisc an Ender 3 Pro 3D printer.
Due to its low cost, additional changes were required; nevertheless, this printer also allowed for a greater
amount of customization.

Although the Bowden tube approach proved unsuccessful, the whole extruder system was modified to the
Direct Drive method for incredibly rapid printing. The slider mechanism, which used just one driving
wheel to move the filament, was also found to be uareliable, resulting in filament jamming on a regular
basis. We chosc to employ the Bondtech BMG extruder system since it used two driving wheels to move
the filament and also conveyed it in a 3:1 ratio (Fig. 4). It was also able to employ a less powerful stepper
motor because of this gearbox. The ability to swap the X-axis and extruder motors was excellent in this
case. With the Direct Drive technology, the extruder's weight and inertial forces have been lowered, but the
X-axis motor power needed has risen. As the extruder weighed more, the Z-axis lift was moved to the right
side of the gear wheel shift fiom the original stepper motor on the left, owing to the increased weight.
Additionally, a substantial improvement was made to the design of the cxtruder stepper metor, which
resulted in reduced wear on the guide cairiage, as well as increased printing accuracy at higher speeds,
compared to solutions published on the Internet.
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Figure 4 Bondtech BMG extruder system

E3D's hotend system, which is more widely used and has a greater choice of accessories, was also replaced
with the BMG extruder.. Due to the increascd temperatures, the Capricorn tube was utilised in this
modification, as well as in the Prusa printer modification. Extruder stepper motor cooling was essential
even in this situation. It turned out that switching to more dependable and even guicter Noctua fans was a
good idea for fixing printer problems that cropped up when the printer was running continuously. Despite
the fact that it had no effect on print speed, this source-side change made the office considerably more
peaceful.

To boost print speed after making all of these modifications, inadequate nozzle heating time was the main
stumbling block. The Volcano nozzle from E3D was able to be used with a heating cube because of a prior
printer modification to the E3D system (Fig. 5). This adjusitment allowed the filament to remain in the
nozzle for a longer period of time, resulting in a better and quicker transmission of heat from the healing
cube to the filament.

This change dramatically raised the filament heating rate limit and enabled for an even faster print speed to
be achicved once it was made.

Figure 5 E3D Volcano
D. Constructing Face Shields

This is why we choose with PETG for printing a face shicld - it offers a noteworthy tensile toughness,
flexibitity and good processability [12]. After that, we had to clean and warm up the surface so that the
connections between the layers would be stronger. Foam cushioning for comfort was added and a
perforated (adjustable) rubber band was connected to the shield afler this step. Finally, we attached the
Polycasa HIPEX PETG translucent shield. In spite of being twisted and bent, it remains robust and
translucent. Even at lesser thicknesses, it possesses a high level of impact resistance.

Iv. CONCLUSION

One thousand face shields were printed by the SPy civic organisation and distributed to nursing homes in
Slovakia. We arranged a programme in which nursing homes filled out an application for a face shield
requirement thanks to Slovenku and Accenture. With 93 applications and 1941 needed face shields, we
were able to start the process.

Based on the Prusa RC2 face shield model, we were able to develop our own face shield meodet thanks to
input from healthcare workers. We produced 36 different iterations, each with a different set of studs, stud
spacing, Polycasa PETG holders, and the curves that joined the various components together. Prusa i3MK3
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and Creality ENDER-3-Pro 3D printers were also fine-tuned for improved printing. Wec were able to
manufacture an amplified face shield in 30 minutes thanks to model and printer optimizations. In the end,
we distributed 1000 face shields to 93 care facilities.
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Abstract - Recognition of human activities is a tough undertaking since they vary greatly amongst individuals.
Human activity may be detected using sensor data in numerous ways that have been developed in recent years.
Several rescarch have been carried out effectively to far in order to find basic activities and various commercial
applications have also been created. Research is currently ongoing in the field of accurate identification of
cornplicated actions, Nurse care activity data may be viewed as an activity recognition dataset with a high level of
complexity, Spatio-termnporal graph convolution and various custom characteristics have been suggested by
researchers to detect nurse care activities. A few of these characteristics may actually detract from the classifier's
performance because they are too noisy, redundant, or redundant. A feature selection approach is proposed in this
research to identify the most essential aspects of the handmade characteristics. A basic classifier may perform well if
the most significant characteristics are picked and noise is minimised, according to our assertion. To evaluate our
suggested technique, we conducted experiments that found it to be 87% accurate in lerms of accuracy and 87%
accurate in terms of fl-score. These results are far better than previous techniques on this benchmark dataset, which
supports the assertion we made before.

Index Terms—Activity Recognition, Nurse Care Activity, Mutual Information, Feature Selection.
L Introduction

Recognition of human behaviour in computer vision, smart settings, and healthcare research is eritical. Electronics
(such as cellphones, sensors, and cameras) have grown so prevalent and advanced in recent years that human
behaviour is now a hot topic of study. In fields including human-computer interface (HCI), health care, surveillance,
and security, recent advances in automated human activity detection have opened up new possibilities [1], [2]. A
person's daily routine may be better tracked with the help of human activity recognition.

External, wearable scnsors [3] and computer vision-based approaches [4}] may be used to detect activity. Tt is
difficult to distinguish human activitics because of their complexity and variety. Performing the same task in a
different way by various people, changing the pace at which sensors gather data, or moving sensors are just a few
examples {2]. To solve the difficulty of supervised categorization, researchers have used several machine learning
and decp learning algorithms to exftract features from sensor inputs and detect these behaviours [3]. There has been
great development in this subject in the last decade thanks to the availability of trustworthy sensors and benchmark
data. Simple actions (e.g., running, walking, and siiting) are casily recognised by existing madels [6], [7]. These
basic bebaviours are recognised by a slew of commercial items.

Applications that seek 1o identify complicated tasks (such as couking or nursing care) do less well than those that
aitn to recognise basic activities. One possible explanation is the absence of data that may be accessed by the general
population. Nursing activities may be regarded difficult in the health care industry since the motions that go along
with them are dependent not only on the nurses themselves but also on the patients' actions. When it comes to
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healthcare, therc are several uses for this nurse care activity recognition (such as nursing training, verifying
compliance with care routines for a certain patient, creating automated documents). There is a benchmark dataset for
hurse activity recognition in [8]. Deep learning and machine learning techniques have both been presented [9] to
help solve this issue. '

An technique that relies on the use of gated recurrent units was proposed by Haque and colleagues [10]. Here, [11]
makes use of a spatio-temporal graph convolution approach. The strategy presented by Kadir et al. [12] involves
collecting features from raw data, grouping the features manually, and then using basic machine learning models to
learn these categories. According to them, it is possible to accurately classify complicated nurse tasks using this
basic categorization method.

When it comes to recognizing an activity, we've found that not all of the characteristics used by the authors
contribute equally to its accuracy. It's also a good idea to delete any aspects that aren't relevant, redundant, or just
plain annoying throughout the categorization process. We suggest JMI as a feature selection approach to improve
performance. This technique selects meaningful and non-redundant features using information-theoretic criteria and
a Chi-Square (2) test-based filter strategy. The remaining sections of the document were arranged as follows.
Section Il discusses related works, Section LI explains how the dataset on nursing care activities was compiled and
includes additionat information about the data gathering method. Section [V provides a quick primer on feature
extraction. Section V explains how we went about choosing the features we wanted to include. Section VI cxplains
the general method for recognising nurse activities, Section VII explains the experiments and the findings they
produced, Section VIII is where the paper comes to a close.

11. Related Work

Vision-based techniques were the only ones that could recognise human activities at first, Template matching was
employed in the early stages of human activity identification. The difficulty in dependably obtaining high-level
human body represcntations is a fundamental drawback of such techniques, Optical flow features and local features,
which address this issue, are becoming popular. Using a dynamic programming method, video sequences were
recognized. Human activity was detected from video sequences in the previous systems, but the everyday life of a
person was not well captured. Using wearable sensors to track everyday activities has become commonplace. First,
the notion of utilising wearablc sensors to track an individual's activities was devcloped in the context of home
automation,

There are several ways to incorporate wearable sensors onto a user's clothing or body. Sensor information may be
used to categorise human behaviours depending on the nature of the activity, according to a study. Accelerometer
sensors, for example, are very useful in monitoring activitics that involve repeated body menitoring, such as walking
and running, Typical sensor data gathered from a user's movements and interactions with objects in ubiquitous and
pervasive computing is noisy. Using a pre-process to turn the raw sensor data into features, a model is then trained
to categorise the various actions, It is possible to categorise human activity recognition models into two imajor
categories: logic-based and probabilistic. A series of first-order assertions is used to describe activitics in logic-
based techniques. The main drawback of such techniques is their sensitivity to noise. A probabilistic strategy is more
suited for dealing with sensor data noisc.

Probabilistic techniques categorise human actions in a non-deterministic way. Various characteristics arc initially
collected from the sensor data before employing probabilistic techniques. Models such as K-Nearest Neighbor
(KNN), Decision Tree, and Support Vector Machine may be used to identify sequential activities in varigus
locations, such as a restaurant, a library, or a museum, for example. Among the other methods used to identify
human activity are hidden Markov models, dynamic belief tetworks, and conditional random fields. Rescarch in this
field has seen a rise in the use of deep learning techniques. Describes a neural network model based on self-
awarengss. In this model, recurrent architecturcs are utilized to tearn higher dimensional feature representations to
calegorise activities by using various altention processes.

For the classification of six distinct nursing care tasks using deep learning, researchers have developed a gated
recurrent unit with an attention mechanism [10]. It is possible to extract characteristics from location and mobility
data using this strategy. Data overfitting and reduced classification accuracy in the test data are also problems with
this strategy. For the same nursing care tasks, 2 spatial-temporal graph convolutional network was reported.
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With a 10-second overlap, they break the data into 20-second chunks and use the spatial-temporal graph to analyze
the 3D motion capture data. Finally, each segment's output is used to forecast the activity’s label. Kadir et al. have
retrieved some useful and suitable characteristics from location and motion capture data in order to detect the same
nursing care actions. In this research, the authors provide an ensemble of KNNs for predicting the activity label
based on the characteristics they collected into four distinet categories,

Authors classified the collected characteristics into four categories based on their own intuition, which makes this
technique less generalizable. These constructed traits are also not examined to see whether they are essential for
categorization. This is required since there may be traits that reduce categorization performance,

1I1. Dataset Overview

Recognition of nursing care activities The Smart Life Care Society Creation Unit at Kyutech, Japan, has recorded
the dataset. A total of three days were needed to gather data from eight professional nurses, Desk, bed, and rolting
cart were all part of the set up in the test room, Nurses were given drips, gauze, diapers, and other supplics they
needed to carry out their duties as nurses throughout the data collection period. Measurement of vital signs,
collection of blood, measurement of blood glucose, retention and connection of indwelling drip, oral care, and
diaper replacement and cleaning of the region are all included in the datasct. Each exercise was repeated five times
by eight nurses, resulting in a total of 40 samples.

As a result, 240 different activity patterns have been recorded. There are 60 second segments in each activity
sequence.

Three sensors, including motion capture, location, and accelerometer sensor, were used to gather the data, The
motion capture system uses 2% body markers situated in various regions of the body monitored by 16 infrared
cameras to collect data. A sampling rate of 100 samples per second was used to capture tri-axial data. Bluetooth-
based Meditag sensors were used to collect the location information. Each nurse’s right breast pocket had been
equipped with a Bluetooth beacon.

Four receivers, one for each axis of movement (x and y) and one for air pressure, had been installed in the lab to
receive data from the beacon. The accelerometer sensor data is captured by a smartphone. To measure the triaxial
(horizontal, forward, backward movement) acceleration in m=s2, it had been inserted in the right chest pocket of a
nurse in the upright posture, with a data collecting rate of 4 Hz,

HIETRLE S S T P FESERS I ORI R |

L | efiend fher Adgghe fas My Lwoner RER]

Figure, 1: Extracted fealures from different joints
IV.  Feature Extraction

A person's activily is made up of a variety of little movements. The movement of bones, joints, and muscles may be.
used to identify these movements. The human motion system is comprised of skeletal muscle, From the human
body, geometric characteristics {e.g. angles, positions and orientations) may be retrieved. It has been proposed in
literature to extract geometric characteristics from various joints in the human body. The following sections discuss
some of these geometric aspects.
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1} Joint Coordinate (J C): T C(J1) represents the position of joint J1 in a 3D coordinate systemn.
2) Joint-Joint Distance (}J D); The distance between joint J1 and J2 is represcnted by ITD(T1; 12).
3} Joint-Joint Orientation (JJ O); JJ 0(J1; 12} denotes the unit vector directed from J1 to J2.

The use of human kinematics and action aspects, in addition 1o geometrical ones, might be helpful when attempting
to describe human movements, The action characteristics were extracted using a two-level hierarchical model. The
activity of a human body is taken into account when extracting the first level characteristics (e.g. the action of the
left hand as a unit). The action features are extracted from u barycenter in each unit. As an example, we may use Eq.
(1) to get the barycenter of the Icft hand, and the 3D coordinates of its clbow, wrist, and shoulder can be found by
plugging in the values for LE;LW:LS appropriately.

LiE+ LW 2« L&
4

]

C’LH = (*j :

Range (R(CLH)), Mean (M(CLH)), Variance (V(CLH}), and Skewness (S(CLH)) are all caleulated as first-level
action characteristics from the barycenter of a unit {for example, the left hand).

Local relative offset distance (v(J)) on each axis is calculated using Eq. (2) where I C(J),t denotes the position of
Joint J at that time in the current frame. The second-Jevel featurcs are derived using this information.

el = J_CLyPY L o (2

A greater amount of information regarding human mobility may be gleaned from sensor data if action and geometric
aspects are retrieved.

V. Feature Selection

There are several characteristics collected from sensor signals that are used for activity recognition, Each activity
has its own unique set of characteristics that must be considered. For example, when categorising activities such as
walking, running, and swimming, action elements play a vital role, but similar qualities may not be relevant for
other activities (e.g. sleeping, standing, sitting). When a classifier is trying to figure out what an object is doing, it
might be thrown off by characteristics that aren't relevant. Feature selection is critical in this sense.

Adgorithm 1 Feature Sclection

Input 2 Set of Feamures, F
Ouiput: Sekecled subset of Tentares, Fa
for fi € ¥ do

Cuboulate M7 for f, with respect 10 (7 wsing Hg. 4
entt
F + Sort F in decreasing order based on their 477
Fg o 1
For c=3 0 | Fidus

Culoukate Jra: 7 for fi using Eq. (3)

i Jpagr > \? then

Fs 4= Fsiif,

Wobd e

WMl da

16 end
1t oend
12 meturn £y
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Figure. 2: Feature extraction body markers

Filtering approaches based on information theory have been presented to choose the best characteristics. Various
criteria, such as correlation and mutual information (M1}, have been used to pick a characteristic. The usc of MI-
based feature selection approaches is on the rise among these techniques. A method to feature selection based on
Joint Mutual Information (JM1) has been given. On the basis of mutual information between the previously chosen
characteristics and the class, JMI calculates a feature's relevance level. Eq. may be used to determine the relevance
of a feature (f1) (3).

[

T | ! P
=1 (fi; ) = s S Lifafi) 15 > T HIC) ()
T fERs T gpedy
where C stands for the class label, FS stands for the feature set picked, and I(X; Y) stands for the mutual information
between X and Y, which may be expressed in the following way.

. N - Piry .
XY =" 3" Plz,y) x EUE,W {4)

we¥ eeX

All features are ranked according to relevance, but no features are removed from the feature set. 1t is important to
keep in mind that there are three concepts in Eq. that refer to relevance, redundancy, or complementarity {3). These
three terms are distributed by the factor of two. We provide an automated threshold tor determining if a feature is
picked or not, inspired by that article. Eq. may be used to determine the critical value of 2¢ (g) when g = I{X; Y)
foilows the 2 distribution (5).

Vi) = NI (D) % [(X:Y) {5)

In this case, N represents the total number of samples that were taken. [n the same way, we may calculate the critical
value of Eq. (3). Our suggested feature selection strategy, called JM! in Algorithm 1, is described in that algorithm.
Line 8 of Algorithm 1 illustrates the process of selecting features by comparing each JIMI with its associated critical
value (2¢).
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Figure. 3: Overall activity recognition mcthod overview
VL. Nurse Activity Recognition

Three kinds of sensor data were included in the nurse activity recognition dataset. Sensor readings are missing from
this dataset. Stimply interpolating the data is what has been done to get around this problem. The skeleton of a
human being may be constructed from a single frame's worth of sensor data. An activity may be represcnted by a
serics of such frames arranged in a certain order. A 60-second segment is used Lo represent an aclivity in the given
dataset. Each 60-second scction is divided into 30 windows of 2 seconds each using the windowing method.

We extract scnsor data characteristics after addressing missing values and use the windowing technique. We use
motion capture and GPS data to derive elements that help us pinpoint nurse care tasks. A nurse's 2-dimensional
position (X; y) and air pressurc may be determined using location sensors, We extract a number of features for a
window, including Mean position {Mean{x);Mcan(y), SD(x};SD(y), Maximum {Mmax(x);Mmax(y), Minimum
(Mmin(x};Mmin(y), Block 1D where the nurse is staying in that window, Spatial and angular distance for x and y
coordinates between first and last samples of a window, and Block 1D. However, using just the information gleaned
from location sensors is insufficient for identifying a particular action. Mation capture sensor data are used for this

purpose.

These 29 body indicators were carefully reviewed when extracting features {rom motion capture data. As a result,
the following 14 body markers are utilised: There are four joints in the human body: J1 is the head, which includes
the front and back, J2 is the rear head, which includes the rear and front, and J3 is the right shoulder, which includes
the right elbow, which includes the right wrist and the right wrist, and J4 is the left shoulder, which includes the left
elbow, which includes the left wrist and the left wrist (LT). From thesc 14 critical body indicators, we choose 11
joints, 12 lines, and 3 planes for feature extraction that are useful for identilying nurse care tasks. Figure 2 depicts
the sclected joints and lines (indicated by an asterisk (*)).

11€2 = 55 joint-joint distances are calculated from the selected 11 Jjuints. The joint-joint orientations for the same
combination are also gathered. 12C2 = 66 line-to-line angles are taken from the selected 12 lines. A total of 132
lengths are derived by combining the joint-line distances of 11 joints and 12 lines. It order to get the most accurate
information, we employ three planes: PJ31J4; PI6: and PJ2!J9!1F12. These three planes are used to extract 33 joint-
plane distances, which are used to extract action characteristics from each plane individually. All eleven joints have
their displacement veetors extracted as well,

Precision
Fi-scare

Activity Label Activity Labei Actvity Labet

tay Activity-wise Precision ) Activite-wise Revall ek Achvity-wise Flosror
Figure. 4: Comparison of approach performance by activity
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Our suggested feature selcetion method, JMI, is used to focus on the most significant attributes and reject the rest.
We execute equal-width discretization for all features while applying IMI. This probability vector Q(i) = [P{i} Cl
P(i) C2 :::] P(i) C6 } for the ith window of an activity segment is obtained by applying KNN to our features. A
conlinuous series of some windows, we eventually combine the outcomes of all windows constituting an activity
segment and forecast the activity label using Eq. (6), where C is the window size for an activity segment,

b
g mas § i ;
Y o= qry s, L, {t)
=y

V1L Experimental Resulis

In this part, we compare and contrast our suggested strategy to existing ways and show and discuss the experimental
hindings.

Six nurses recorded their train activities, while two additional nurses recorded their test activities for the data in the
dataset. Models are built using the training data and their classification accuracy is measured using test data. In this
experimental set-up, we choose K = 10 since KNN is used in our suggested technique.

Overall accuracy and fl-scores are shown in Table I. Table 1 shows that our suggested method surpasses other
methods in terms of overall accuracy and fi-score. Table I additionally shows that our suggested method's overall
accuracy and fl-score are 87.93% and 87.97%, respectively. Even with the same set of features, our supgested
strategy beats the method given in [12]. This is due to the correct selection of features and the incorrect reduction of
features. We even outperform the ensemble of KNNs in [12] with only a single KNN,

TABLE I: Comparison among different approaches in terms of overall accuracy and fl-score

Methed Accuwracytt) | Flscore(%et
Kadir er af 112] SO T7 T933
Cao ¢t af. 1] 64,06 10,36
Hague et al, [ 24,31 2488
Our approach 8703 BrU7

Figures 4a and 4b, which exhibit the activity-based precision and recall, were generated similarly. Although our
suggested strategy delivers an acceptable precision score for all activities, it performs better in terms of accuracy for
activity C1 and C2 than other approaches. As can be shown in Fig. 4b, our technique has a respectable performance
in terms of activity-wise recall.

We also compute the fl-score for each action in addition to accuracy and recall. Precision and recall measurements
are averaged geometrically to provide the Fl score. For an unbalanced dataset, this statistic is critical. Figure 4c
shows the activity-wise fl-score of several techniques.

Table II shows the confuision matrix, which helps illustrate how well our strategy performs. Table 1T shows that the
technique we suggest effectively classifies almost all activities. Qur technique becomes muddled while trying to
figure out what C3 and C6 are. A few C3 activily segments have been recognised as C4, whereas a few C6 activity
scgments have been anticipated to be C5. It's possible that this is due to the motions of activity groups (such as C5
and C6) being almost identical. However, this is still a significant and commendable effort,

TABLE II: Confusion matrix of our proposed approach
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VIIIL. Conclusion

In this research, we provide a feature sclection technique based on mutual information. This research also presents a
feature selection technique for activity identification. We use sensor data to extract a large number of characteristics
and choose the most significant ones. We then usc a basic classifier (KNN) to identify complicated nursing actions.,
The performance of nurse activily recognition is enhanced by using the KNN algorithm, followed by feature
selection. 1t is our goal to expand our suggested technique to more complicated tasks in the future by using this
future selection process.
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Abstract—Clinical nursing entails several hazards. When the early warning system is really
functioning, the threshold that the system sets for assessment is too imprecise, resulting in an
excessively lengthy reaction time. Support vector machine-powered clinical nursing is aimed to
address this problem. An early warning system and risk assessment. Combine the requirements
of the early waming system, design the hardware conmection circuit, use the C/S network
architecture to obtain clinical care risk data, calculate the clinical care risk value, use support
vector machines to set different levels of early warning thresholds, and finally design the risk
evaluation signal formation hardware. The system's design has been completed. To conduct
experiments, two risk assessment and early warning systems, as well as an experimental system,
are employed. The planned early warning system has the fastest reaction time, according to the
findings.

Keywords—Support  vector  machine; Clinical  nursing;  Riskassessment;Early
warning(keywords).

L INTRODUCTION

Researchers have studied the risk factors for UEX in ICU patients over the last several years and
have categorised them into the following: patients, catheters, medical treatment, management
and the environment. " Self-extubation by patients is the most common cause of UEX,
accounting for 50% to 100% of all UEX instances. UEX is triggered by a person's inability to
calm down. ICU patients' emotional state, comfort level, and illness circumstances also have a
significant role in UEX's incidence. Current study findings are inconsistent, and no conclusions
can be drawn. The majority of the UEX risk variables are based on retrospective study or
summaries of academics’ experience, thus the findings of the analysis and the real situation are
congruent and reliable. There is a certain difference [11], and there is no uniform standard of
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UEX risk assessment index system for ICU patients, thus it is required to develop a scientific,
objective and specific UEX risk assessment index system for ICU patients.

Preventing injury without prior knowledge or preparation is the goal of early warning, which
involves implementing dynamic monitoring during an activity and making real-time assessments
and predictions about harmful occurrences, Research objects serve as the basis for an early
warning system that gathers relevant data and information and keeps tabs on risk indicators to
detect harmful situations before they arise. This system then sends warning signals to those who
can make decisions so that preventative steps may be taken. When it comes to responsiveness
and responsiveness, the system excels [2-3]. When compared to China's carly warning
information system, other nations' early warning information management began sooner.
Nursing risk early warning systems in the United States and Great Britain are considered to be
among the most effective in the world because of their extensive experience with risk early
warning systems in other high-risk sectors. Many nations in the 1970s created early warning
systems for nursing risk management. These systems included early warning systems for
infusion safety, early warning systems for nursing professional risk management and early
warning systems for assessing nursing risk. Medical order data extraction, adjuvant medicine and
integrated health education are all examples of advanced clinical early warning systems in
industrialised nations. Nursing information was first used in China in the late 1980s, and nurse
workstation systems were implemented in the 1990s, resulting in continued growth. A number of
pioneering and exploratory studies on the building of hospital nursing informatization have since
been conducted.

1. RISK ASSESSMENT AND EARLY WARNING HARDWAREDESIGN
A Hardwaredesignofrisksignabformatian

According to the signal flow of the clinical care riskinformation chain, the information storage
hardware adopts89C51 single-chip microcomputer, 74HCS73 latch,
memoryandclockchip.Thecircuitdiagramoftheinfonnationstoragemodu1eis shown in the
figurebelow:
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Fig.1.8ignal storage hardware schematic

The information storage hardware uses an 89C51 single-chip microcomputer, 74HC573 latch,
memory and clock chip, in accordance with the clinical care risk information chain's signal flow.
The information storage module's circuit diagram is given in the following figure:

It is clear from the hardware circuit diagram given above that the single-chip microcomputer's
external data line is linked to the address line bus in order to implement the dual transmission of
scheduling address and scheduling instruction data owing to the constraint of the number of pins
employed. The address bus is paralieled with the latch and the latch clock period is set to 5.0 s to
guarantee that the scheduling information is effective in various situations.. Continuous input
from an effectiveness assessment information source may be managed by a latch control output
grounded to maintain constant output state of the latch. A microcontroller's 8-bit data line
connects to the data line of the memory to retain the effective position of the geological line at
various places. An inverter may be used for connection to the memory's CS terminal, and using
the CS signal as the signal source, control a single-chip microcomputer to be in a high-level
condition to verify that the memory is being properly stored. The clock chip is operated at a low
level to boost the chip's rapid read-write function in order to achieve real-time interchange
between single-chip microcomputer and clock chip.

Switch 2 is switched on in the image above, indicating that the formation circyit is in
transmission mode and the related information link transmission channels 1 and 2 are
disconnected. The level converter then travels via the serial port. The evaluation signal output
circuit is switched on, the relay is closed, and pins 1 and 2 produce high potentials when
connected to the evaluation system processor.

B.  Connection circuit design

AccordillgtothehardwarerequirementSoﬂheevaluationearlywamingsystem,atWo-
stagemethodisused to design an amplification gate. The gate has a built-indual operational
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amplifier and a low-noise amplifier. Thebandwidth of the dual operational amplifier is set to
3OMHZ.Eachampliﬁerisconstantlydebugged,andtheampliﬁcation factor of the first-stage
amplifier circuit iscontrolledtobe1 0.Theconnectioncircuitoftheamplifierisshownin
thefollowingfigure:

Fig.2. Amplifiercircuit

The evaluation early warning system's amplification gate was designed using a two-stage
process, which was dictated by the system's hardware limitations. Dual operational amplifiers
and a low-noise amplifier are incorporated within the gate. The dual operating amplifier's
bandwidth has been set to 30MHz. One of the most important aspects of the first-stage amplifier
circuit is that the amplification factor is set at 10. The following diagram depicts the amplifier's
wiring:

Pin 3 of the control dual operational amplifier is connected to pin 5 in the amplifier circuit
described above to enhance the amplifier's gain. To prevent amplifier damage from transiently
high power, a 5.5 fine resistor is attached to Pin 7. A gating circuit structure with a built-in four-
channel two-way switch is employed to limit the interference of the effectiveness assessment
system, and a wave gate setting circuit is constructed. The information link signal controls the
circuit gating, and control pins 1 and 2 are shorted. A single-chip timer is then connected.

IL  RISK ASSESSMENT AND EARLY WARNING SOFTWARE DESIGN
A Calculationof clinicalnursingrisk value

When the clinical nursing event is poised to undergo a qualitative shift, the monitoring
mechanism begins to act. A dynamic game may be used to establish acceptable thresholds for
other emergency mechanisms in the following stage and prepare for the continuing development
of an event by monitoring the event and using the necessary information gathered [10-11]. A
two-tier C/S architecture is employed to communicate with the clinical data monitoring centre
during risk detection. The data monitoring centre now operates in two distinct modes. The
ZigBee WiFi gateway may be linked to the data monitoring centre as a client, and the data
monitoring centre and the ZigBee WiFi gateway can interact with each other to collect and store
clinical risk data,

Based on the wireless sensor network's clinical nursing risk assessment data, the application
calculates the evaluation coefficient. Client gathers risk data set X based on received assessment
data using the architecture described in the figure above, builds a risk analysis model using a risk

95



Journal of Contemporary Issues in Business and Government Vol. 24, No. 0%, 2018
https://cibgp.com P-15SN: 2204-1990; E-ISSN: 1323-6903
DOI: 10.47750/cibg.2018.24.01.009

matrix and generates a risk matrix for security incidents in which risks lead to different security
events. Assign 16 to each of the six possible degrees of probability and effect. This method may
be used to calculate risk in a security risk matrix by multiplying the likelihood and impact degree
of different security events by the risk's quantitative value:

X
gxh

F=

(1)

Among them, F represents the risk's value, g represents the risk's potential to cause different
safety events, and h represents the risk's degree of effect on the likelihood that various incidents
of safety will occur. After doing a risk assessment, the following are the results;

Table 1 SECURITY RISK LEVEL

Likely Severe
Possible Significant

Unlikely Minor

1Iv.  SIMULATION EXPERIMENT

A. Experiment preparation

As stated in the table below, you should set up your system’s operating environment using the
software and hardware setup described there.

Table 2TEST ENVIRONMENT DATA

_ Channet A Chanuel B Daoppler
Tap Relative Delay .ﬁver;ga Power Relative Delay Average Power Spectrum
{ns) {4B) (ng) (dB)

1 0 0.0 0 ~2.5 Classic
2 310 ~1L0 300 0 Classic
3 710 -0 8900 -12.8 Classic
4 1090 -10.0 12,900 -10.0 Classic
5 1730 ~15.0 17,100 ~-252 Classic
6 2510 -20.0 20,000 ~16.0 Classic

NLB has been chosen for network deployment to assist the clinical nursing risk assessment and
early warning system, as depicted in the accompanying diagram:.
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NLB has been chosen for network deployment to assist the clinical nursing risk assessment and
carly warning system, as depicted in the accompanying diagram:,

practicality.,

V. CONCLUSION
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Patients, medical treatment, organisation and administration, and equipment all play a role in
ensuring patient safety. To ensure patient safety, researchers have shown that the use of early
warning systems and early warning information may enhance early warning and quick reaction,
as well as save money. Patients' nursing risks may be discovered in a timely way thanks to the
use of human and material resources, enabling medical staff to "know, inform, and avoid" these
risks, which is to say, "know."
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Abstract - There is a lack of careers in Japan because of the rising ageing of the population. Thus, the itch
has become a serious societal concern. “Information and communication technelogy (ICT) solutions have
been developed in response to this to aid caretakers. Because of this, there are only so many tasks that can
be supported. Caregivers must also devise a nursing strategy that takes into account the diverse health
conditions of those they are caring for. This necessitates highly trained careers, which in turn raises the
cognitive strain on them. Our goal in this project is to develop an assistance technology that will lessen
carers' cognitive load and boost their productivity, For the most part, we use the iSpace (intelligent Space)
idea to implement help that is based on observations made by caregivers and recipients of that help. The
first step is to identify the current state of a task. Task activity recognition is the topic of this research. We
believe that the tasks performed by nursing home staff are closely linked to their physical locations. To this
end, we've devised an approach that uses a caregiver's current location and orientation in relation to
predefined workspaces to estimate their current job aclivity. In addition, the prospective workspaces should
be automatically extracted to broaden the applicability of this technique. In addition, we offer a technique
to extract caregiver workspaces based on hierarchical clustering of caregiver movement (rajectories.
Experiments have shown that the caregiver's job activity may be reliably detected, as well as the possible
workspace of the caregiver.

1. INTRODUCTION

In the developed world, an ageing population has emerged as a major social issue in recent years. This is
due to the fact that as living standards and medical technology have improved, so has life expectancy and
the ageing process. As one of the world's most developed nations, Japan has been dubbed a “super-aging
society.” This equates to a 65+ population of at least one in four people, or 27.7% of the total population.
Elderly people over the age of 65 are expected to make up about 40% of the population by 2065 [1].

As the number of people over the age of 65 continues to rise, so does the need for elder health care, A
chronic shortage of caregivers plagues the country's more than 45,000 facilities dedicated to caring for the
elderly. With so many elderly people living in the facility, there's a lot of work to be done, including caring
for each one's individual needs, cleaning, and completing daily reports. To put it another way, as a result,
many caregivers experience stress as a result of working conditions and interpersonal relationships [2]. In
addition, caregivers are under a lot of pressure because of the amount of work they have to do.
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Research on information and communication technology (ICT) systems has been pcrfurmed in an effort to
ameliorate this situation. geveral ICT systems utilise cameras and wearable sensOfs to monitor the
behaviour of old people and identify accidents and odd circumstances, which helps reduce senior mishaps
such as falls {31 [4]. The results of these carlier rescarch, howevert, onty apply to a small subset of activities
and cannot be generalised 1o cover a broadet variety of tasks. Therefore, it is not 2 basic answer 10 CONCCInS
such as a growth 1 the amount of duties that a caregiver is expected 10 do.

Nursing responsibilities must be arranged in accordance with the needs of patients in @ifferent stages of
health, As 2 result, the cognitive strain on caretakers is increased. As a result, a system is required t0 assist
carctakers with 8 variety ol activities.

In this research, we want to develop 2 system that will casc the cognitive load on caregivers while also
increasing the effectiveness of nursing care. Consequently, We concentrated on the intelligent space
(iSpace) 151 (Fig. 1) notion. Human actions are supported by sensors and actuators dispersed throughout
the iSpace. {nformation in the area may be measured using sensors like cameras, laser sensors, RF1D tags,
and actuators like displays and mobile robots 161 {71 Robots are anticipated 1o offer knowledge and
physical assistance to Carers and care receivers in accordance with their current conditions. Caregiver
productivity is projected t0 increase as a result of this.

Task recoghition is necessary for the implementation of such a system.

Caregiver tasks may be described as @ series of acts relating to the job af hand. As an cxample, 8 caregiver
may aid in moving a patient from & bed 0 2 wheelchair by doing such things as holding the patient in their
arms, shifting them from the bed to the wheelchair, and then releasing them from (he wheelchalr agaii. A

task activity and 8 task action are defined in this article as a complete task and 2 specific task action,
respectively.

st wstk

Kbt

R

Figure 1. Intelligent Space Design [3]

A number of experiments have shown that deep learning cant accurately identify human belaviours (10}
[11]. There arc a fow issues with applying these sirategies 10 support systems in this case, Individual
variations in physique and task skill may affect the efficacy of these strategies. Furthermore, these systems
are unable to execute real-time support operations because of their high processing costs. An appropriate
task activity recognition approach for caregiver support systems 18 thus required..

in this case, we're going to SUPPOse that the tasks performcd by the caregiver are tied to a specific location
in the care facility- Based on how the caregiver's position and orientation are defined in advance, We
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propose an algorithm to determine the caregiver's task activity based on their position and orientation, A
spatial memory system is introduced in the iSpace platform to describe and identify task activity in an
actual environment,

Adding automatic extraction of potential workspaces would broaden the applicability of this strategy. In
order to deal with this, we also propose an approach based on the hierarchical clustering of the movement
trajectories of caregivers to extract the potential workspaces of caregivers. We test the efficacy of all of the
approaches we've come up with.

The following is the outline for this document. A caregiver's task activity is determined depending on his or
her location and orientation in section II. Using hierarchical clustering of caregivers' movement
trajectories, we describe an approach to extracting potential workspaces in section I Our suggested
methodologies were tested in parts IV and V. In Section VI, the findings of this research are summarized,

II. SPATIAL MEMORY
A Overview of Spatial Memory

Caregivers should be able to use the care support system's ability to understand their current task status and
deliver support activities tailored to their requirements. For this reason, we used 2 spatial memory as the
care support system.

Users may control a variety of digital information and networked devices via a single interface provided by
a spatial memory. In order to handle digital information in real-world context, the system associates the
information with a 3D location.

By moving their bodies, users may indicate their location in real time to access digital information. To put
it another way, the spatial memory allows users to physically interact with digital information or transmit
orders to different devices by moving their bodies. In this way, a spatial memory is likewise considered a
cyber-physical system. The activity record of users in the environments is recognised as an access log for
the spatial memory.

Spatial-Knowledge-Tag is the term given to digital information stored in the spatial memory (SKT). Space-
related data may be stored in an SKT. The user's movement is recognised by the spatial memory, which
then delivers information about the space when the user touches an SKT.

For the purpose of supporting human activities, numerous facilities (such as retail shops and parts assembly
factories} have been used in research on the spatial memory system [13][14]. Sales and productivity have
been improved as a result of using spatial memory systems. As a result, the use of the system is anticipated
to lessen carers’ cognitive load and enhance the effectiveness of their job.

As seen in Fig. 2, the spatial memory is used in this investigation. The positional link between the SKT and
the caregiver is used to identify the caregiver's task activity. An SKT positioned near a bed, for instance,
may detect when a caregiver is executing a task activity associated with that area since it is within range of
the SKT. It is quite likely that the caregiver's task activity will be mistakenly identificd if task activity
detection relies only on the caregiver's location. As a result, we pay special attention to the carers' direction
throughout the work.

We may infer that the caregiver's interest in the job was strongly tied to the actions performed on the job,
Based on the location and orientation of carers in an SKT, we present a task activity recognition approach
that may be used to identify the activities of carcgivers.
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B Task activity Fecognition

The variable accessp, which can be derived from the equation, is required for the determination of task

iver's location coordinates (xc, ¥¢, zc) are
checked to see whether they fall within the parameters of SKT [ (xi,min, Xt,max, yi,min, yi,max, zimin,
zi,max). Caregiver proximity to SKT [ is taken into account when aceess, is substituted for SKTid I when

accessp =

f: ifxi,miﬂ. = Xe = Xx‘,m:z.x' and J*’E.rm‘n = ¥ = J"}',mu:x
and <imin = . = Lt maxs ‘.1)
0, otharwise.

(T

i Managrr | Caregrrer |
s * i 4—'_—i

Figure 2, Proposed system overview

situation to assess if it falls within a range (ai,min - max) for entering or exiting the SKT I The term
"angular area”™ refers (o this range of angles. If the caregiver's orientation is inside the angular region, the
systemn decides that the task activity has been begun or finished in that space and assigns the SKT id I to
accessy,

i, lfaz'.ms'ﬂ = o = G anax

0, otherwise.

(2)

ACcessy = [

Each of these situations has a speeitic time and place. In order to determine a caregiver's task status, the
system employs the task activity recognition based on the following conditions: When the caregiver enters
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Accessp and accessd are used fo identify the caregiver’s task activity in the suggested technique. First, the
system compares the variables a and b. The systemn looks for an SKT whose ID number matches the valuc
of these variables if they are the same. A task may be connected with an SKT if they are found to match.
As an aiternative, if all of these conditions are not satisfied, the system determines that the caregiver was
conducting an unrelated activity. Even in the same working environments, the suggested technique allows
for the identification of various task activities.

HI. EXTRACTION OF WORKSPACE

Task activity recognition may be applied to a broader varicty of scenarios using our technology. In order to
identify the caregiver's task activities, it is important to designate the workspace as SKT in preparation.
Because of this, we have developed a technique for automatically extracting caregiver workspaces based on
the clustering of caregiver movement trajectories.

Using hierarchical clustering, this research was able to identify a large number of prospective workplaces
(clusters). Hierarchical clustering may be approached from the bottom up or the top down. We employ a
bottom-up approach in our work, which allows us to quickly discover the whole structure. Furthermore, the
Euclidean distance, which is often employed to express the dissimilarity across individual datasets, is
utilized. When two points [ (xI, yI, and zi) arc separated by the Euclidean distance di) from one other, the
distance is represented as (3).

dy = VG- + -y +(z -z ()

The shortest distance technique is used to compute the distance between groups of different dala using a
cheap computing cost. W is the new cluster formed by merging the two clusters u and v into one. As a
result, we may represent the difference Dwt between the eluster w and any other cluster t in terms of their
differences, which are stated as follows:

Dy = min{Dy,, D) 4}

If an integrated cluster has more than three points, it isn't worth considering as a possible workplace. Using
this method, the caregiver's possible workplaces are removed from the rest of the prospective workspace
clusters. In statistics, a filter variable is a numerical value used to limit the amount of dala points that are
included in a certain statistical cluster. The number of points in a cluster has little bearing on the usefulness
of a cluster as a workspace, but this filter variable docs.

V. Results and discussion

For this experiment, we are testing the accuracy of the suggested approach for recognising task activity in
the real world. Fig. 3 depicts a test setup resembling a nursing facility room where we performed the
experiment.

A Dataset

Fig. 3 illustrates the location of the caregiver during the transfer task, and this dataset includes the
caregiver's position and orientation. In the experiment, the cared-for individual was transferred from their
bed to a wheelchair and then back to their bed, motion analysis corporation MAC3D System was used (o
colleet this data. "Osprey” and "Raptor" cameras from Motion Aunalysis Corp. are employed in this system.
A sample period of 0.01 5 and a measurement inaccuracy of 1.0/ mm are the specifications of this system. [n
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addition, the experimenter labels each observed caregiver's position coordinate and orientation according to
Table I. Ten datasets collected under these conditions are used in this experiment,

O Ustegiver

T e porion CsET4
W hepicdusit
Figure 4. Experimental environment
TABLE L. TASK LABELS
Task Assisting the transfer of SKT 1D
Labels elderly people ‘
fromabedtoa
Task 1 . SKTH
wheelchar
from a wheelcharr to a
Task 2 SKT2
bed
Task 3 from a whv;-:elchaif toa SKT3
toilet
from atotletto a
Task 4 . SKT4
wheelchair
Task 5 Other operations /

B Conditions of the experiment

This system's utility is tested by comparing it to four different task activity recognition situations (A
through D). SKTs and angular areas are determined in this experiment by referring to the location and
direction of each measurement. The SKTs are set up in the manner seen in Fig. 3. Also indicated in Table I,
each SKT is paired with a task label that identifies the task activity. Evaluation items in this experiment
include task activity recognitions, labelled task activity times, and system-determined task activity times.

The caregiver's position coordinates and orientation were the two kinds of datasets utilised in this
experiment, comparable to the dataset used in Section IV. Section 1V's dataset is utilised in one of the
datasets in Scction V. This datascl is referred to as group I, whereas group 11 is referred to as group 1L
Group 11 was seen to begin the task activity at a different place.

¢ Conditions of the experiment
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Two kinds of data sets are employed in this experiment to test the applicability of the suggested strategy,
Experimentation is used to determine the values of the threshold and the filter. Variables for threshold and
filter are 5.0 mm and 400, respectively.

A caregiver's prospective workstations at the institution were discovered as a consequence of the study,
Additionally, prospective workstations and non-task-related locations were separated,

¥. CONCLUSION

As part of the caregiver support system, this article developed a task activity identification technique and a
workspace extraction technique. Tests were performed to see whether these two approaches were effective,
The findings of the task activity recognition experiment reveal that the caregiver's position and orientation
may be used to identify the task activity. It was found that the suggested strategy of locating prospective
carers’ workspaces was successful in the workspace extraction experiment, however.

Each suggested solution will be improved in the future in order to producc a support system that reduces
the cognitive load of carers and improves job efficiency. For example, the workspace extraction technique
will be enhanced such that prospective workspaces may be inserted as SKT and the angular arca can be
determined automatically from the angle of each SKT. In contrast, the approach for identifying work
activities will be upgraded in order to better identify work activities and to recognise more specific work
actions, These two technologies will eventually be integrated into a care support system that uses spatial
memeory,
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Abstract - We'll put this information to good use in nursing school. We thus requested 19
clinical nurses to perform a blood withdrawal procedure using four distinct kinds of blood vein
simulator models, each with varying degrees of difficulty. In this research, we questioned nurses
to learn about their thoughts on the elements that determine whether or not a patient is able to
draw blood successfully. In light of the findings, we qualitatively assessed their mental state
while using the approach.

Keywords— Blood Withdrawal Technique, Nurse, Reflection, Tacit Knowledge

I. Introduction

Practical nursing skills include "tacit knowledge" such as "proficient art” and "knacks." This
research visualises this information from numerous data points, including brain waves, cerebral
blood flow, line of sight, blood vein extension pressure upon injection, and nurses' awareness,
Nursing students will benefit from the visual representations of information we provide.
Nineteen clinical nurses were requested to perform a blood withdrawal method on five different
kinds of simulator models for blood vessels with varying degrees of difficulty in order to get
various data points. In order to have a better understanding of the reflections of nurses, we
conducted an interview with each murse to get their take on what makes blood draws successfil

or unsuccesstul. In light of the findings, we qualitatively assessed their mental state while using
the approach.

IL Course Of Study On Tacit Knowledge Of Nursing Skills And ICT
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Since 2008, Majima and colleagues have been doing research on tacit knowledge of nursing
skills and ICT-based leaming assistance systems. Recently, Wu Y and colleagues [1] have
published findings on tacit knowledge relevant to clinical nursing practise in Korea [1]. Only the
possible application of modern ICT tools for the nursing community was outlined by Skiba
D.J.[2] (2017) and Stephen K.[3](2016).

Research on tacit strategies in nursing abilities has been undertaken by Majima and others to
date. Many nurses believe that once they have found a vein, they can administer an intravenous
injection. This is based on interviews with nurses. “A sensation like entering a blood vessel fast
{(kukutto) or smoothly (sutto)" is a common way for them to describe the sense of a job well
done.

Despite this, many believe that expressing how they really feel is tough. Novice nursing students,
on the other hand, believe that the aptitude for methods is Just the ability to recall procedures.
When it comes to learning assistance, it is critical that beginners understand processes before
they are brought closer to expert qualities,

III.Experiment Overview

Everyone agreed to participate in the study. Here is a breakdown of the steps involved in the
experiment:

1) The first step is to inform the participants of the experiment's protocols and acquire their
agreement.

2) During the experiment, participants extract blood from a simulated arm model of a blood
artery five times each, totaling 20 times. When blood is drawn, the model of blood artery
is not disclosed to the subjects,

3) About an hour is needed for each participant.

4} In an interview once all of the measurements have been completed, urge the participants
to reflect on their findings.

A simulation arm model is shown in Fig. 1 connected to a human being for the experiment
environment. According to Fig. 2, this experiment employed an arm simulation mode! that
included several kinds of blood vessels.

Figure.1: Experiment setting and simulation arm model
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Figure. 2. Blood vein types of simulation arm modelX

IV.Results And Discussion

A Success and failure in blood drawing

A total of 20 trials yielded an 8.8 percent success rate for blood draws. Figure 3 depicts the
success rate by kind of blood vein.

There was a 47.3 percent success rate for the whole study. When it comes to "flat" blood

veins, the most successful veins were 57.1 percent. For "deep" ones, the lowest percentage
was 15.3%.

"Narrow" and "meandering" blood veins took less than a minute to practise, but "flat” and
“regular” ones took somewhat longer. Blood veins that had a poor success rate required
almost 80 seconds to detect: "deep" veins. The more time it takes to insert a catheter into a
vein, the more difficult it is. This research implies that even if a nurse fails to discover a
blood vein, they will try again.

B Practice time for blood drawing

According to the tablel, the average time for a blood drawing is indicated. "Narrow" and
"meandering" blood vessels took less than a minute to practise, but "flat" and "regular” blood
vessels took somewhat longer. The most difficult blood arteries to operate on, those with the
lowest success rates, required the longest time to operate on: over 80 seconds. Effort is
directly related to difficulties in blood vessels. According to this study, nurses keep trying to
discover blood veins even if they've already failed.

C  Nurses’ reflections

"I can recognise a reverse blood flow," "The blood was drawn nicely," "I started to feel less
resistance,” and "I felt like I had burst bubble wrap (puchi') after experiencing resistance”
were some of the comments made by the nurses. For the causes of failure, they claimed, "I
couldn't locate (a deep blood vein)," a mistake in picking the blood vein, "I didn't enter a
needle deeply enough,” and the blood vessel had to be reinserted since it had slid out. "T am
thinking about numerous things when taking blood," said the nurse (No. 9) with the highest
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success rate (60 percent) and the most "deep" success instances (17 times, 85 percent). The
grounds behind my failure have been sensuously removed (after T have failed)." Tf the nurse
used Donald A. Schon's reflection-inaction[ 5] in blood drawing, then she likely established a

trial theory to exclude potential causes of failure and then took action in a hypothesis-testing
manner.

Table I. Average Success Rate and Required Time by Type of Blood Vessel

w-i;m i 84| 371 HO | 133
Average Gime (2} 56.4 388 | 623 60 | 712
TN T [0 | BI 310 [ 210
MAX(D) 1590 1600 | 2420 1220 | 255.0
(53] 360 Ba | B3 BT 430

V. Conclusion

We found comparable patterns in the outcomes of nurses' reflections on the moment of
success or failure [1]. As the No. 9 nurse said, Donald A. Schén's reflection-in-action[2] was
conducted in blood drawing as an instant reaction practise, a trial theory was constructed to
minimise causes for failure, and action was taken in a hypothesis-testing manner. Using
many data sources, such as brain waves, cerebral blood flow, line of sight, and blood vein
extension pressure upon injection, we want to continue this research in the future.
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Abstract— the demand for nursing homes has grown as a result of the ageing of the
population. "Multi-shift, high time-varying demand, hierarchical and collaborative"
characterizes nursing practice. The number of nurses needed in a 24-hour period will vary
greatly depending on the time of day; hierarchical means that different levels of nurses'
abilities exist; collaborative means that different levels of employees collaborate to serve
the elderly. Because of the high time-varying demand, the number of nurses needed in a
24-hour period will vary greatly. SDP and hierarchical staffing issues are the focus of our
research, which includes the design of each shift's time frame to accommodate demand
times and how to deploy hierarchical employees to the shifts. The two-stage technique will
be used to tackle the issue. In the first step, we construct the shift schedule and calculate
the number of employees required for each shift based on the characteristics of high time-
varying demand. According to the restrictions of hierarchical coordination and
collaboration, we calculate the number of employees required for each shift at each level in
the second step. Different demand variations are studied and useful conclusions are made
from the sensitivity analysis. Our findings may help nursing facilities cope with increased
demands and personnel shortages by providing efficient decision-making tools and
methodologies.
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I INTRODUCTION

As the world's population becomes older, so does the number of elderly individuals. Nursing
facilities have risen to fill a void left by the failure of family caregivers to satisfy the demands of an
ageing population. The following features also characterise the Job of the nursing staff in charge of
caring for the ¢lderly in nursing homes: the number of staff required in a 24-hour period varies
substantially depending on the period. (2) there can be multiple shifts in a day covering the same
time period; (3) employees will be classified into different levels according to their abilities, and the
workers with higher level need more cost; (4) due to the different service quality provided by nursing
workers of different levels, it is necessary for these workers to collaborate to serve the elderly. These
features show that nursing home staffing is a complex combinatorial optimization problem.
However, most nursing homes use manual scheduling, which takes more time and results in lower
efficiency while also easily appearing poor service quality due to understaffing and waste of cost and
resources due to overstaffing, So they desperately need a type of efficient and systematic scheduling
solution. This study examines the issues that now plague nursing facilities, as well as the effects that
fluctuations in demand for certain time periods have on the process of designing shifts.

Hospitals, banks, and contact centres are just a few of the places where shift design problem(SDP)
occurs[1-4]. Y. Chen{1] highlights the relevance and difficulties of workforce allocation. Some
researches[[,2,5] separated a day into multiple times, and variables such as understaffing and
overstafting were examined, which is comparable to our work as we also take the demand in each
period into account. The task scheduling problem (TSP) was addressed by Lapégue [6], and shifts
were created based on the duration of the job, but this is not the same as our issue.

Hierarchical labour scheduling issue is frequent in many indusiries. To be effective, workers,
according (o TSP Volland and Andreas, etc.[4,7,8], must possess the requisite skills. A task just
required one worker in their issue, but our hierarchical staffing problem will mix employees at
multiple levels. Seckiner [9] arranged a hierarchical workforce with changeable demands depending
to the amount of personnel with various levels required each day. Based on [9], Oezgueven [10]
made improvements to the model. In all of these models, it is assumed that a worker with a greater
level of education may replace a person with a lower level of education. As a result of the
hierarchical naturc of nursing home staffing, the better-qualified worker may guide the less-qualified
one. Besides, In our situation, the need of workers with various levels was decided by the limits of
hierarchical cooperation instead of preset, which is also distinct from them,

With so many variables, the set-covering approach [11] was used to find a solution to the SDP,
Afterwards, Aykin [12] adopted implicit modelling approach for SDP, which considerably enhanced
the solution efficiency. Since our challenge incorporates shift design and hierarchical cooperation, a
two-stage modelling technique will be utilised. The two-stage technique may represent the model
more simply and plainly. Using heuristics approaches in both phases [13,14], these papers[6,13,14]
both explained the application of the two-stage method in detail. Additionally, Dahmen[14]
demonstrated the method's efficacy in terms of solution quality and operation time. A genetic
algorithm or a hybrid algorithm, as proposed by P. Pakpoom[16], may also be used to solve the
problem([2,15], as can tabu search{2,15].
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This paper's challenge is characterised by high time changing, multiple shift, hierarchical and
collaborative qualitics. We'll focus on finding a solution to the issue presented by these qualities, and
the following is an explanation of what this article is all about: Section 2 presents and examines the
challenge of multi-shift design and multi-level staff scheduling. In Section 3, a two-stage model will
be constructed, and the issue will be solved using a genetic algorithm and heuristics. The scnsitivity
analysis approach is used in Section 4 to get some managerial insight with realistic guiding
importance, and Section 5 concludes the paper and suggests future research directions.

H.PROBILEM DESCRIPTION
A. Global Structure

Due to the nature of nursing labour, nursing facilities are in a difficult condition to attract staff,
which further affects the scarcity of nursing finances. Despite the importance of these issues, no
comprehensive solution has yet been established. This article will provide an innovative approach to
resolving these issues.

Firstly, as the nursing labor has the characteristics of high time-varying and various shifts, it is
required to plan suitable shifts. Secondly, it also has the characteristics of hierarchical and
collaborative, so the collocation of workers at various levels should be addressed. On this premise,
the article will employ a two-stage technique. The first step is to create shifts that are highly time-
variable, and then use a genetic algorithm to calculate the time schedules for cach shift and the
number of nurses required for each shift. When determining final staffing numbers, the restrictions of
hierarchical cooperation are applied to the constraints of shift arrangements that have been
established in the first step.

B. Assumptions
Some assumptions are offered for our situation, and the specifics are as follows:

1. The shift may only start and finish within the given period, and the shifts are separated into
scveral categories according to the start time, such as morning shift, day shift, afternoon shift
and night shift.

2. The length of each shift must be within 4h-8h.
3. Each day, a single employee is limited to working one shift,

4. Multiple shifts need to be booked each day and multi shifts are permitted to span the same
time period.

5. The demand of each time period within 24 hours a day may be different, but the demands of
each period must be addressed.

III.  APPLICATION OF TWO-STAGE METHOD

A. Parameter Definition
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We have the following definitions for our problems:

1.

First, let's sct the start time of cach shift to =0, 1, 2, 3,..., 23. 2. The shift may only start
within the provided time, e.g., if the value of t is 0, the start time of the shift is 0 o 'clock in
the evening. In addition, we use h to denote the shift's length, which ranges from 4 to 8.

S symboliscs shift, and Sth stands for the shift which is begun at time t and has a duration of
h, Sth contains all conceivable combinations of shifts.

We use k to denote distinct shift kinds. When k is 1, 2, 3 and 4, it represents morning shift,
day shift, afternoon shift and night shift accordingly, and dk denotes the total number of shift
type corresponding to k.

A 24-hour period was denoted by 11=0, 1, 2, 3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17,
18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31..., 23. The total number of people needed
in time [ is represented by bi, and bi must be an integer.

m denotes the rank of each employee, m=1,2,3. When m is 1, 1t signifies senior staff. When m
takes 2 and 3, it denotes intermediate and junior workers accordingly.

W indicates the total number of workers in the shift with a start time of t and a duration of h,
whereas Wmth represents the total number of employees in the level m and the shift with a
start ime of t and h, respectively.

n stands for the matching ratio of senior and junior workers, e.g., when n is 3, it signifies that
a senior employee may manage 3 junior employees at maximum.

The cost of an employee with a level of m is represented by Cm, whereas the cost of an
employee with a level of m and a working length of h is represented by Cmh.

B. First Stage = shift design

The two-stage technique is used to this issue. In the first stage, the major goal is design the shifts, and
constraints connected to shift need to be addressed, and the model may be constructed as

min E(fths.i‘ i

th
:}_:SW’XWM:_" b (1.&{},]"23)
ih {l "
< [1 when the shifé Sa inclades the time period i

. ] 0 otherwispe
follows: :

3 Sa € i(vk)
Tinl (ﬂ))
dh Wi, Bez0and all tnteger
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The goal of the first stage's integer programming model (TP1) is to reduce the overall cost of human
resources. In this level, there is no hierarchy of workers, and the cost is merely connected to the shift
length. (1) Requires that shift staffing be tailored to the specific needs of each time period. (2)
Indicates that the total number of shift type corresponding to k cannot exceed dk.

C. Algoritinns

Shift design begins with determining the start and end times of each shift, as well as how many
employecs will be working each shift. We utilize genetic algorithm to produce a matrix comprised of
the start time and working hours of the shift, and each value in the matrix reflects the number of
employecs in the associated shift. In the iteration, first of all, we will produce random possible
solutions and identify some better solutions, and then we randomly swap one component of the two
feasible solutions; ultimately, we're going to choose a random value in the matrix that's not zero and
make it zero. We will determine the value that differs the most from the demand for each time period
after the exchange and replace the matrix element with the difference value if the demand for that
time period cannot be supplied after the modification. To get at the best result, this process is
performed several times.

In the second step, we analyze the restrictions of hierarchical personnel cooperation. For this
scenario, we utilize certain guidelines to solve the issue. For example, the lower-cost collocation
technique und the shift with the longer working hours should be prioritized when completing the
requirements of each period.

For the issues in the two separate phases, we apply genetic algorithm and heuristic to answer them
accordingly, then iterate between the two stages to increase the quality of the solutions.

IV. EXPERIMENT RESULTS
A Parameter Setting
For the issucs in this study, we specified certain parameters:

I. If the cost of one hour for an employee is 10, the cost of a worker with four hours (C4) 1s 40,
and 30 on, the cost of worker with eight hours {C8) is 80,

2, We  cannot  have more than  three people working in each shift type
(morning/day/evening/night), which means dk = 3 in all cases. As you can see in Table 1, the
particular timetable for each sort of shift is provided.

3. The cost of a senior employee is 100, an intermediate worker is 70 and a junior worker is 50,
and the overall cost of an employee (Cmh) is equal to the cost of the shift length plus the cost
of the employee level.

4. Atmaximum, a senior worker may oversee three juniors, therefore n is equal to three.

5. Euch period's demand fluctuation (bi) circumstances are distinct.

TABLE 1. EACH SHIFT TYPE'S TIME SCHEDULE
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Shift tvpe Min-start | Max-start Min-length | Max-length
Moming shift 04.00 06:00 02:00 06:06

Day shift 07:00 19:00 02:00 06:00
Aftemoon shift 10:00 14:00 02:00 06:00

Night shift 20:00 00:00 02:00 06:00

The sensory information received by brain networks is likely to be temporally linked. To better
understand how inputs influence the dynamics of the network and the encoding of memories in the
brain, we use numerical simulations and mean-field analysis to investigate temporally asymmetric
Hebbian learning rules in a recurrent network of rate-based neurons. We demonstrate that the
network dynamics rely on the temporal correlations in the input stream the network receives. For
inputs with short correlation timescale, the network displays sequential activity (Fig. 1 A lefy),
whereas for longer correlations within the stream of input, the network settles into a fixed point
attractor during retrieval (Fig. 1A right) (Fig. 1A right). An attractor state is reached when the
network has completed a partial traversal of the input sequence at an intermediate value of
correlations (Fig. 1 A middle). Correlations boost the network's capacity for sequential memory,
according to our findings. The range of timescales of correlation for which networks represent
mMemorics as sequential activity in the network is expanded by non-linear learning rules (Fig. 1 B).
Both in the succession of discrete patterns and in the continuum limit, we demonstrate that the
network preserve a sequential representation (Fig. 1 C). Our result therefore implies that the
correlation time scales of inputs at the time of learning have a considerable effect on the form of
network dynamics during retrieval.
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Figure 1. A Interactions between neuronal activity (top) and stored patterns from simulations and
mean-field theory (bottom) (L to R). A linear and non-linear learning algorithm for retrieving
sequences as functions of correlation B and tay OU, for alternative discretizations of a continuous
OU process C

1) When the peak number of demand curve is calculated, the total number of people required for
the ideal shitt design schemes steadily grow as the ratio of high and low peaks increase. To
make matters more complicated, under the unimodal scenario, a growth in the overall
population rises and falls according to shifts in demand.

2442

|



European Journal of Molecular & Clinical Medicine

ISSN 2515-8260 Volume 08, Issue 01, 2021

2) It is not nccessary to raise or reduce the overall number of workers needed for 8 hours as
much as the total number of individuals required for 4h-7h in the best shift design scheme as
the ratio of high and low peaks grows progressively. 2,

3) When demand fluctuates more dramatically, fewer personnel are required for the ideal shift
design scheme with an 8-hour shift duration for each of three distinct peak instances, in the
saiie ratio of high and low peak demand,

4) According to the forcgoing findings, it can be shown that when the demand varies in each
period, the optimum shift design scheme and the overall cost are changed to a considerable
amount, and the experiment results are significantly different from the usual condition of
three shifts with 8h. The overall cost and the total number of personnel needed in the ideal
shifl design scheme would grow gradually with the increase of the ratio of high peak and low
peak. although the increase is not linear. In addition, the demand scenario which has more
peuks demands higher expense. In addition, the ideal solution requires fewer personnel with
8-huur shifts and lower overall costs when demand varies more sharply, and fluctuation
circumstances have a greater influence when there are fewer peaks.

V. CONCLUSION

This rescarch primarily covers the issues experienced by nursing homes owing to the features of
nursing job, and a two-stage modelling technique was established based on these characteristics.
Genetic algorithm and rules are respectively employed to tackle the issue of shift design in the first
stage and the problem of hierarchical cooperation in the second stage. This article studied the issue
from the following aspects: the number of peaks, the ratio of the number of persons in high and low
peaks, and the variation of demand. Overall cost and best shift design are both impacted by variations
in demand. and the experiment's findings vary significantly from the conventional model of three 8-
hour shifts. Summarizing, this work proposes an effective approach to address issues in nursing
homes, conducts a number of case studies, and draws conclusions from those studies, all of which
have some relevance in solving real-world issues. However, further rescarch into these issues is
needed.

REFERENCES

[1] Pablevanzadeh, M. J., Jolai, F., Goodarzian, F., & Ghasemi, P. (2021). A new two-stage
nurse scheduling approach based on occupational justice considering assurance attendance in
works  shifts by using Z-number method: A real case study. RAIRO-Operations
Research, 55(6), 3317-3338.

[2] Gunz, T. ), Donner, R., Hines, K. M., Waithe-Alleyne, M. L., Slate, D. L., Abel, G., &
Auctair, . R. (2021). Two-Stage Hierarchical Group Testing Strategy to Increase SARS-
CoV-2 Testing Capacity at an Institution of Higher Education: A Retrospective Analysis, The
Journal of Molecular Diagnostics, 23(12), 1691-1698.

[3]1 Chen, P.S., Lin, Y. J., & Peng, N. C. (2016). A two-stage method to determine the allocation
and scheduling of medical staff in uncertain environments. Computers & Industrial
Lnvincering, 99, 174-188.

2443



[4]
[5]

[6]

[7]

(8]

[9]

[10]

European Journal of Molecular & Clinical Medicine

ISSN 2515-8260 Volume 08, Issue 01, 2021

Leung, P. L. (2021). Optimisation of staff level planning and scheduling for nursing homes.

Chen, K., Lou, V. W. Q., Tan, K. C. K, Wai, M. Y, & Chan, L. L. {2021). Burnout and
mtention to leave among care workers in residential care homes in Hong Kong: Technology
acceptance as a moderator. Health & Social Care in the Community, 29(6), 1833-1843.

Erdem, M., & Bulkan, S. (2017). A two-stage solution approach for the large-scale home
healthcare  routeing  and scheduling problem. South African Journal of Industrial
Engincering, 28(4), 133-149.

Mousavi, §., Sajadi, S. M., AlemTabriz, A., & Najafi, S. E. (2021). Location and hierarchical
allocation  disaster with combined e-constraint and simulation-based  optimization
approach. Simulation, 00375497211063900.

Zhang, T, Liu, S, Feng, P., Zheng, Y., & Chen, W. (2020, July). Hierarchical Staffing
Problem Under High-Time Varying Demand. In International Conference on Digital Health
and Medical Analytics (pp. 40-51). Springer, Singapore.

Marchesi, J. F., Hamacher, S., & Fleck, J. L. (2020). A stochastic programming approach to
the physician staffing and scheduling problem. Computers & Industrial Engineering, 142,
106281.

Singh, R, K., & Gorantla, R. (2020). DMENet: diabetic macular edema diagnosis using
hicrarchical cnsemble of CNNs. Plos one, 15(2), e0220677.

2444



JOURNAL OF CRITICAL REVIEWS

ISSN- 2394-5125 VOL 09, ISSUE 02,

The nursing care activity and records estimation using
experiment and dataset system

'S. Sujitha, Associate Professor Department of Child Health Nursing, Sri Venkateswara College of
Nursing, Chittoor — 517127, AP

IC. Vasantha Kumari, Assistant Professor Department of Medical Surgical Nursing Sri Venkateswara
College of Nursing, Chittoor — 517127, AP

P. Mohana Priya, Associate Professor Department of Child Health Nursing, Sri Venkateswara College of
Nursing, Chittoor — 317127, AP

Prof. Edna Sweenie J, Deputy Director & Professor, Department of Child Health Nursing, Sri
Venkateswara College of Nursing, Chittoor — 517127, AP

3T. Gayathri, Professor Department of Medical Surgical Nursing, 8ri Venkateswara College of Nursing,
Chittoor — 517127. AP

Abstract - Here, we describe an activity-recognition system that captures the varied activities of elderly
individuals in a Japanese nursing home. For the duration of four months, nurses kept track of patients'
activity levels, as well as sensor data from their cell phones. Several staff members or nurses have
registered 28 different activity labels. The 6-story building's networked system and a mobile app for
encoding data make up the system architecture, which serves a large number of people. Even a non-expert
nurse or user may easily handle this system because of the system's intuitive design. Using statistical
characteristics and an extremely randomized tree, we were able to identify the activities that were taking
place. We found inconsistencies in the timestamps at the beginning and end of the recordings. To this end,
we investigated the possibility of time reversal. In smart homes or elder care facilities, the information may
be used to identify a variety of activities. The dataset is made up of labels that employees put on their
phones and care information that they put in the system.

L. Introduction

As our population ages, the need for nursing homes grows, resulting in a labour deficit. The use of
information technology to improve nursing care efficiency is critical. Mobile sensors such as cellphones
have been used in studies in the arca of ubiquitous computing to identify humnan activities [1]. Nursing care
activities, nursing care tasks, and residents' care records may all be recognised using this technology. Using
this technology at a nursing home will allow us to better track the care and work of our residents. The
nursing facility centre may benefit from this data analysis.

In this study, we used data from a nursing care facility to perform activity recognition, Smartphones are
used by nursing staff to keep track of patient care. To increase the effectiveness of nursing care records,
we've developed a new system for nursing homes. Phones are used to make nurse care records, and sensor
data is sent to a cloud service. We conducted a four-month experiment to gather data from medical records.

During the furst two months of employment, employees maintain paper records in addition to electronic
ones. In the past two months, they have totally reverted to using the suggested system to store care data.
Initially, the system was unfamiliar to the personnel. They got more proficient at keeping track of the
passing of time as they became more familiar with the method. Fa

Using the acquired data, we assess whether or not activitics may be recognized. Algorithms and measures
for assessing class imbalance were utilized. In particular, each class was classified as a one-class subclass.
In order to take advantage of user dependence, we expand the label timestamps and perform user-
dependent training. As a result of this, five activities had AUCs greater than 80%, and 15 had AUCs
greater than 60%.
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Using the information acquired, researchers may use it in care facilitics to recognize activity patterns and
mine data. Sensor data from employees' cellphones, activity labels, and care information entered inta the
8ystem are all included in the dataser.

II.  Annotation challenge in the wild

There is a lot of literature on activity recognition studies. However, there are few instances of complex
tasks being carried out at work locations. Most cases are utilized in health care settings like hospitals and
nursing homes,

Data with a training label is required for machine learning algorithms, although this aspect is quite
expensive. This is one difficulty. Giving training labels {annotation) in real-time by the person
herself/himselt is unusual, and if there is a risk that the original responsibility may be altered if s/he
conducts extra work, the activity jtself becomes weird and strangely performed.

Observers need to be prepared, and manual effort is often required as a result. Even if done later,
visualising all of the raw data and assigning a label typically takes longer than the actual duration of the
action itself. It is typically more difficult to understand sensor data from acceleration sensors than from
video cameras, Video cameras may be sct up to take measurements at a specific location or in a lab.

However, in the wild, it might be a challenge to find evidence.

An approach bascd on a person's memory, and a method to complement and camplement experience-based
sampling, have been suggested to reduce the strictness necessary for such training labels. Even if the label
time is erroneous, we have presented a strategy to increase accuracy.

Using the task records and activity label records often used by nursing staff, we provide in this study a
method for integrating them, Even though self-labeling may lead to errors, this method tries to improve the
number of labels collected by making recording more convenient.
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Figure. 1. Care record / activity recognition system configuration.
HI, CARE RECORD / ACTIVITY RECOGNITION SYSTEM

It gathers sensors and labels for machine learning, stores them in a cloud server, and lets staff enter nursing
care records on their phones while they work at a nursing home, This system's software is an enhancement
of [12]. For a few days, activity labels may be used o estimate how much time a nurse spends providing
care to patients.
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The architecture of this system is presented in Figure 1. Using a Wi-Fi network at the facility, the
Smartphone transmits sensor data and nursing care records entered by facility employees to a central server
on the cloud side of things. The cloud service offers authentication and Web user interface (UT), and at the
same time, it trains the activity recognition model by machine learning from the data received regularly, at
the same time identifying activity recognition for sensor data. The predicted activity may be validated and
smodified on the Web, which is also, used as learning data for future learning.

A. Smartphone Application
Staff members may submit their care records into the FonLog Android smartphone application while they
are working and send it to a cloud server using the smartphone's sensors, It's possible that the nurses you're
working with don't even know how to use their phoncs.

The following features are avatlable with the FonLog smartphone app.

1). it is required to gather the right responses (activity fabels) to activities combined with sensor data in
order for activity identification to be supervised and machine-learning. Keeping track of the start and finish
times of an activity label is essential since it is time-series data. Figure 2 in FonLog demonstrates this.

Figure. 2. Screen for entering care record / activity labels.

"Activity class” indicates what kind of work has to be done, "care target” indicates who needs to be taken
care of, and an "activity label" box appears in the right column when the grey button in that column is
pressed. To go to before starting (1}, just touch an activity label box. Doing something the start and end
times of an activity may be recorded using finish (). Like on a slot machine, you may scroll up and down
these three columns to see more material than the screen height allows.

The following procedure may be performed as well:

s A lot of different activity labels could start and stop at the same time. This is because one action
could be taking place while another is going on.

¢  Because you may target numerous topics with one activity, like a meal, you can choose multiple
subjects for one activity class. "

¢  The andience might also be categorized by floor or other specific criteria. This may be done on the
server-side, and can be retrieved as metadata in the (8) section.

»  Section 1IB's Web system uses the HTTPS protocol for user authentication, and after a single

login, session informatien is retained in cookies and files of the programme so that it is possible to
log in again automatically.
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* The system moves into a background execution state and continues to run as long as data
collection continues. The programme may be reopened even if it was suddenly terminated or the
termimal was restarted, since it is set using the API given by the OS.

*  LEvery minute. sensor data is sent to the cloud server by means of the HTTPS protocol through
buffered data.

¢ Information on the activity class list, care receivers, and care details input form is needed to
retrieve metadata. Every two hours, FonLog pulls these ISON files from the cloud server and
shows them on the screen.

8. Nursing care record / activity recognition cloud service

Nursing care records, counting, and activity identification are all handled by the cloud service. It performs
the following functions: (1)—(8),

1) A user's email address and password are used to authenticate using a smartphone app like Fon-Log or
the Ul on the website.

2) Function of receiving activity labels, care information, and sensor data from the smartphone application
FonLog using thc POST method in HTTPS protocol. CSV files are used to send data, which is then stored
in a relational database so that it may be easily accessed. The sensor data are kept in the cloud when the
receipt timings have been added.

3) Activity recognition and visualisation function: machine learning is conducted about once per hour and
the daily activity of the user is predicted using prior activity labels and sensor data as training data. In the
paper [13], we describe a method for recognising a person's daily activities.

4) It is possible to muke changes to the activity label and care information entered on a smartphone, as well
as the assumed activity from step 3), using the server's Web interface, The next training data is based on
the corrected estimated activity,
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Figure. 3. Database of cloud forms. As demonstrated in Figure 2, activily labels and care information are
produced in a nursing home-like format, A care record, as illustrated in Figure (d), is a form to be printed
and presented to the municipality.

* As illustrated in Figure 3, the output of activity labels and care information is presented in a
manner that is often used in nursing homes. Figure 3 (d) shows an example of a care record, which
is a form to be printed and submitted to the municipality at a later time. When there is an
emergency, we made buttons for each caregiver to print all of their previous records together so
that they can be ready,
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» Additionally, it is feasible to create activity courses that stimulate employees or transmit
sentiments of thankfulness through activity tabels. This is because the middle row of Figure 2
includes not just the caretaker but atso the nursing personnel (a).

¢ It is possible for the cloud server-side to gather all of the communication between these employees
in order to evaluate and improve their work.

* In order to make sure that the data from the smartphene app is being provided appropriately, there
is a monitoring mechanism for activity labels, care details, and sensor data. For this reason, our
daily checks may be visually checked by counting and showing the number of received data for
every caregiver and each cared-for individual.

*  Applicable to the smartphone application's function 8, (Metadata download function), is a JSON-
based metadata editing function that supports data classes of activity classes, care recipients, and
care defails.

For implementing the system, Ruby on Rails and Elastic Beanstalk, Amazon's online load balancing Paa§
for relational database systems, are the best options for implementing the system. Storage was handled by
RDS and 83. When it comes to receiving a huge quantity of sensor data, load balancing is essential, so
Elastic Beanstalk's load balancing function is combined with the Web feature. The EC2 server for activity
recognition written in R was deployed on EC2, received activity label from RDS, sensor data from $3, and
wrote back the estimated result to RDS for the 3rd time,

IV, EXPERIMENT IN A CARE FACILITY

The focus of our experiments in this part is a care facility in Japan, where a large number of elderly
individuals are supported by staff and nurses.

In most cases, the target facility's nursing care records are kept by hand. It is important to note that in our
experiment, this technique was uscd alongside the traditional handwritten recording system for the first two
menths (March and April). In the second part of May and the first half of June, this system's stability and
usability greatly improved. Because of this, nurses and other staff members have been instructed to cease
maintaining handwritten notes, and all data has been gathered and entered using our system since then. In
this way, the system is tested in a real-world setting in a trustworthy way. As a result, our system's
resilience is guaranteed in a real-life setting like a nursing home.

We're now going to talk about the actual location where the data is being stored.

The parking lot and entrance are on the ground level, while the administrative offices are on the second
floor of a six-story structure. The aged (who we refer to as "residents") are housed in 65 separate rooms on
the second through fifth levels. A few common areas may be found on the 2nd and 4th floors, such as the
dining room and dining halls; the trash disposal room; the laundry room; and the COMMUNity restrooms.
Experiments involving 27 people, including 23 carers and four nurses, were carried out over the course of
tour months. During the experiment, which was done by the researchers, workers could keep their phones
with them at work and in other places, like their pockets.

A, Experimental Equipment
Plus One Marketing provided us with Priori 3 LTE cellphones for testing.

Mobile data routers and Wi-Fi base station routers were put up on each level since the building lacked
network infrastructure like a wireless LAN. Sensor data is saved on the smartphone even if it is not
connected to the network, so data is not lost during this process and the network status is realistic. This is
even though there was already a mobile router in the area. A special wireless router was built beneath it to
make more connections with the smartphone and improve the bandwidth in that area.

B. Activity Classes
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Adfter consulting with the personnel and reviewing manuals such as care records from nursing homes, we
came up with a list of 28 different types of activities. Many different types of activities may be found in
this dataset. Each activity class has its own set of care details. Table 1 shows the whole list. Among the
categories of direct carc activities listed in the table are vitals {checking), excretion, and bathing/wiping,
maintenance (preparation and checking of goods), medication organisation (organisation of medications),
and communication (family/guest response, delegation/meeting) and correspondence with doctors. Several
sorts of care details are available, including numerical ones like food intake and drink intake, as well as
single-choice options like the location of care support on the body,

TABLE I ACTIVITY CLASSES

[ Vual 20 Medd 7 medhcatson, 30 Oral care, 30 Excreton,
50 Bathwnz ¢ weping. &0 Treatment, 7@ Morsing gathening /
mercises, ¥ Reloblitasion £ recreation, 90 Maming care, i
D Daytime gser response, Th Night care, 120 Nighttme user
response, 130 Fanuly £ euest response, 14 Outing response,
15 Linen exchange, 160 Cleaning. |7: Handwrring recording,
18 Delegating £ mecting, 197 Get up assistanoe, M Change
dressing assiatance, 21 Washmg assistance, 220 Medical dog-
tor vistt correspondence, 23 Preparation and inspection of
goods, 247 Urgarizahon of medweatons, 230 Fanuly 7 doctor
contacl, 2é: Break, 27; Emergency response such as acesdem,
and 28 Special remarks Jonoes

C. Result.

A number of nursing care records and their accompanying recording times were collected and analysed as
part of the experiment to determine the impact of the system. Our rescarch focused on —

a) Nursing care records and activity labels are collected by the system or not, and
b} H the system has reduced the time it takes to enter nursing care records.
Two aspects, the quantity of nursing carc records and nursing care record time, are discussed here.

1}. Number of nursing care records; We gathered 38,076 activity labels, 46,803 record details, and 2834
hours of sensor data throughout this experiment's last two months of usage. Figure 4 depicts the total
number of activity labels throughout the course of the four-month period as a time-series graph. Charting
time in minutes using an abscissa (time series) and an ordinate (total time in minutes) While in the first
half, there were [0] activity labels per day, this number rose to 494.3 labels per day in the second half of
the recording period. When comparing this time to the earlier one, the quality of the recordings has
improved dramatically.

As for the care record input 1, the care record in Fig. 2 showed whether or not the degree was raised (d).
The computer used about 1.5 times the amount of input material,

2). Nursing care record time: The activity record time for Activity Classes was then evaluated. However,
when we looked at the recorded activity label's time, we discovered that quite a few tasks were completed
in under a minute. Since there were worries that the staff remembered or documented the “time of nursing
care record” instead of documenting the "time of activity," we have added extra questions to staff members.
As a consequence, in the first half of the studies, 18 participants completed the handwritten records after
the aclivity labels bad been completed in the lab. On the other hand, 13 out of 22 participants completed
the detailed input once the activity labels were completed over the whole duration. In addition, 11 of the 23
people who filled out the activity labels worked as nurses,
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Figure. 4. Daily activity labels during the four months data recordings vs. the total recording period in
terms of minutes. In the first half, the average activity labels/day is 101, which has improved to 494.3
during the latter half period of data recordings.

Inaccuracies persist in the start and finish times of activity labels, and the record time can be lowered when
compared to the standard handwritten recording method, but label collections can enhance the kinds,
number of records, and activity label collections.

We'll look at ways to reduce recording time in the next section, which builds on our work with activity
detection.

V. ACTIVITY RECOGNITION FROM SMARTPHONE SENSORS

A machine learning-based solution 1o recognizing activities was tested. Sensor data has been used fo
compile this list of activities. Preprocessing and assessment methods using Extremely Randomized Trees
are discussed in the following sections.

4. Preprocessing

In this scenario, X, Y, and Z axes data were taken from the accelerometer of the smartphone. Our feature
vectors are derived from accelerometer time series data and are based on metrics such as the mean value,
standard deviation, maximum and lowest values. For assessment purposes, the activity labels and time
stamps were rcworked. As previously noted, nearly half of the nurses' records were collected after the
activity was completed. Since the primary goal of a nurse is to serve the patient as quickly as possible, this
is understandable. Then, the nurse will be able to keep track of the information. Adding records to the
system will be more challenging if s/he is overworked. We relocated each activity label to a larger time-
segment in order to address this real-world difficulty. We added 20 minutes to the start time and 17
minutes to the end time based on the initially reported timestamps for both the start and the finish. This
enhancement has the potential to enhance recognition rates.

B, Evaluation method
The accelerometer data was utilized for statistical analysis. Each user received a set of 1000 features.

The Extremely Randomized Tree [4] is used in our strategy for categorization. A leave-one-day-out cross-
validation strategy is used to divide training and testing data,
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Figure. 5. Reaction time accuracy It demonstrates 80% precision for 4 tasks and G0% accuracy for 10
activities.

C. Discussion

Using a smartphonc's accelerometer, for example, it is predicted that this degree of accuracy may be
achieved. Nursing care recording systems capture enough samples for each person, which is why there are
so many results. Based on these findings, nursing care recording time may be reduced even further. We
designed our system's smartphone user interface so that recordings may be made more quickly and
intelligently, However, 1 nurse or caregiver may, in the event of an cmergency, enter the dala incorrectly.
The system's flaws may be uncovered by additional investigation of this dataset. While providing care to an
elderly or disabled client, a nursc may need additional time to record the information she collects.
Recording time may be shortened with practise and regular usc of the system.

V1. CONCLUSION

In this study, we provide a method for nursing slaff to record information on patient care, activity labels,
and smartphone sensors. At a Japanese elderly home, these statistics were gathered over the course of four
months. From the user's perspective, the care record system and its settings have been explained. A
smartphone app named FonLog has been created for a variety of activities, including activity label entry,
care detail input, sensor data recording, and more. This experiment has 28 action classifications.

In this study, we used several statistical aspects of accelerometer data to identify activities. We've looked at
Extremely Randomized Trees as a classification strategy. The first findings are encouraging. However, by
shortening the recording time, it is possible to enhance the recognition accuracy. This is a critical problem
that we must address in the future, Nursing care records, daily health activity logs, and any work-related
tasks are all good candidates for the system's server-side customizability, which makes it relevant to a wide
range of industries outside nursing care. This publication presents a dataset that may be used for such
studies and anulysis.
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Abstract: There is a wide range of digital technologies being developed or used in nursing care. According
to this scoping review, the findings on the good or negative impacts on people in need of care, careers, and
facilitics that provide care are available, and the reliability of these data will be assessed. Using a scoping
review methodology, researchers have identified papers focusing on the efficacy of digital technology in
nursing care for patients, careers, and care facilities. A total of 19,510 scholarly papers from nine databases
were screened for inclusion in the study. A total of 123 individual papers and 31 reviews were analyzed for
this research project, For example, aides for the disabled and information and communication technologies
arc among the technologies that are included in the category of nursing and health information technology,
There are numerous studies that suggest good outcomes, but the quality of evidence is usually poor and the
research sizes are often tiny. Few technologies have been studicd in depth enough to provide solid results.
There aren't many high-quality research studies (RCTs) in most technical fields. Heterogeneous outcomes
suggest that the impact of new technologies may be substantially influenced by the way they are introduced

" and the unique environment in which they are placed. It's understandable that care facilities are wary of
q 3 ) P Ty

using new technology because of the lack of proof of their usefulness in nursing care. The scoping
assessment identifies technological areas in need of further in-depth investigation in the future. It is
imperative that more research be done on outpatient, informal, and cross-sectoral care in order to fully use
and benefit from the possibilities of digital technology in order to help patients become more self-sufficient
and relieve stress on both formal and informal caregivers alike.

Keywords: innovative technology, care-dependent, caregivers, nurses, patients.
L. Introduction

Many countries are conducting research into digital technologies for nursing care in the hopes that these
technologies will facilitate or even substitute some aspects of human nursing work and thus help to
mitigate the rapidly rising costs of care and shortages of skilled workers, These technologies. 1-4 Many
nations currently have nursing care personnel shortages, which are anticipated to worsen as the population
ages. 5 Despite the availability of digital technology for nursing care, many nurses do not use them. 6
"Nursing Care Innovation Center” is part of the German Federal Ministry of Education and Research's
(BMBF) "Future of Nursing Care" research cluster, which has received funding from the BMBF. It aims to
create new technologies, evaluate promising ones, and encourage their use. The project team has been
given the goal of compiling a list of technologies that have been shown to have positive impacts on people
in need of care, such as patients in hospitals, their carers, or the environments in which they are offered
care.
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These new technologics have the potential 10 have far-reaching consequences. Care recipicnts’ quality of
life (QoL) may be increased, and the freedom of those who may need care may be enhanced by the use of
technotogy, allowing them to remain at home with liitle or no nursing assistance while their QoL jmproves.
13--16 Formal carers' health may benefit from psychologica\ or physical assistance. As @ result, individuals
tmay be able to work longer, of their informal carers may be relieved to the point that they no longer need
official care assistance. 19--23 Nursing personne\ in hospitals and long-terin care facilities may be aided in
their efforts 10 work morc elficiently, improve patient care, Of enhance patient safety. 24-27 Direct ¢care
assistance or ait cnhanced, digitally enabled structure of care procedures might accomplish these results. It
is also possible to make pursing job easier by streamlining the handover procedure or cooperating with
other institutions. 28,29

There is a wide Tange of digital technologies being developed ot currently being used to assist in nursing
care. 30 This scoping study focuses on {echnology that aids caregivers OT those in need of care, whether
they are official or informal. There are several ways to aid someone 10 need of care: social, mental, and/or
physical. For the purposes of this scoping study, we want to get a broad picture of how various
technologies affect people who are in need of care, the people who deliver that carc and institutions.
Additionally, the quality of these outcomes is a consideration. gpecifically, we looked at the sorts of
research included in our review to answer this issue. Due to the vast number of studies included, a detailed
evalnation of each study's quality could not be completed. The degree of evidence that may be obtained 18
strongly influenced by the study types that are utilised as @ proxy.

Several key research topics underlie this assessment: When it comes 10 evaluating the efficiency of digital
technologies used in nursing care, which ones have previously been tested? Which medical technology
have been scientifically shown {o have positive of bad impacts on the quatity of treatment received or the
\enpth of tIme it takes to get it? Which kind of care facilities and patient populations has been studied s0
far?

(18 Methods

Based on Arksey and O'Malley's scoping review approach, this study used 2 wide variety of study types o
order to offer 2 comprehensive overview of the area of research. — 11 The iterative selection of studies was
made easier by following the processual supgestions described in Levac et al32. Starting with a broad
research topic, the scoping review began the process. During the study phase, the question Was revised in
order to allow for more extensive cvaluations of the efficacy OUICOITIES. We began by 1ooking for areas of
digital technology that have received the greatest attention in terms of acceptability, effectiveness, and
efficiency in support of informal and formal care setings.

For this mquiry, W were trying to get an overall picture on what is currently being researched in the
subject of digital technology 1n nursing care. Krick ct al. have publlshed an analysis relevant to this subject.
30 An further part of the review focused on studies of efticacy, enabling not only the identfication of
locations in which these studies ate carnied out but also the (dentification of technologies that are successful
or not.

L. Mcthodology

Medline, Scopus, CINAHL, Cochrane Library, ACM Digital Library, 1EEL Xplore, the Collection of
Computer Seience Bibliographies. Gerol.it, and CareLit were the nine electronic databases We atilised for
our search. To round up the research, we conducted 2 manual search of related initiatives in Germat-
speaking nations. Scientific articles published between 2011 and 2018 that comprised cmpirical
ipvestigations {abstracts accessible in German of English) were included in the search. In March of 2018,
all databases WCTE scarched. 1t was decided that 2 geven-year {emm would be sufficient to keep the scope
reasonable and concentrate o1 the most cutting-edye advancements.
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Kricket et al.3¢ provides a detailed description of the initial scarch approach, research identification, and
data extraction method. A total of 19,510 scholarly papers were screened throughout the research selection
process. The following key phrases were entered into the search engine:

The terms "care" and "nursing” are often used interchangeably, but the terms "robot" and "intelligent” are
both used interchangeably, as are the terms "assistive” and "decision support system.” The terms “ambient
assisted living" and "sensor" are both used interchangeably, as are the terms "virtual reality" and "mixed
reality.” The terms "tagging” and "tracking" are both used interchangeably, as are the terms "remote
(Effectiveness OR Efficacy OR Effect OR Efficiency OR Acceptance OR Adoption OR Acceptability
HTA OR Health Technology Assessment OR Evaluation OR Evaluations OR Cost- Benefit Analysis OR
Cost Benefic OR Cost Effectiveness OR Cost Utility OR Cost Analysis OR Cost Analyses OR Cost
Consequence OR Economic Evaluation OR Economic Evaluations OR Economic Analysis OR Economic
Analyses OR. Costs and Benefits OR Benefits and Costs OR Costs and Outcomes OR, Marginal Analysis),

*  Selection of Studies

A total of 715 papers were found after a thorough search and seleetion procedure based on the original
research topic. 30 Studies that only looked at acceptance or efficiency results (e.g. economic modelling
studies), targeted educational settings or were sitnated solely in laboratories were excluded from the
analysis in order 1o concentrate on effectiveness results that are relevant for people in need of care, formal-
or informal caregivers, or care institutions. On the basis of these limitations, data from 212 studies and 48
reviews were extracted in further detail in order to concentrate on the kind, intended audience, and
substance of the reported results. Anness-outcomes with direct benefits for a patient, caregiver, or an
institution were only included in the final analysis and presentation of data from single quantitative and
qualitative research. We excluded studies that solely looked at technical or usability aspects of efficacy.

Studies included in meta-analyses and systematic reviews have to have at least a minimum level of
systematic quality evaluation. Since the significance of the given findings could not be assessed without
taking into account the study's overall quality into account, this judgement was necessary to make. Even if
they claimed to be systematic or integrative reviews, they were removed from the analysis if they did not
offer at least a basic quality evaluation of the included papers. No studics were included in this evaluation
that met the eligibility requirements or where it could not be determined to which particular technical
application the findings related, Systematic reviews were also omitted.

Figure 1 depicts the whole research selection process, including the exclusion of studies for various
reasons.

To begin with, we gathered information on the studies' technology categories, research types, study
settings, nation, number of study participants, target audicnce demographics, study settings, support fields,
and the problems they were meant to solve. 30 Results from individual ihvestigations were analysed in
detail, focusing on their tiveness. People in need of care, caregivers, institutions, or the technology's
usefulness were all grouped into one of four categories. It was determined if the reported impact was
positive, tive, neutral, or ambivalent for each of these categories (ie, positive or neutral effects that were
accompanied by some negative effects). Each category's influence was described in great detail. The first
phase's data extraction was double-checked in terms of technology categories, research types, study
settings, and the number of study participants. Effectiveness and acceptability results were included in
certain dies. In cases where alternative methodologies or sample sizes were used to analyse these outcome
dimensions, only the information relevant to the efficacy findings is shown or reported in this study.

Assisted living, assistive devices, [CT, monitoring/sensors, robotics, and virtual reality were among the
technology areas in which the research were grouped together. Each technology-specific result section
includes a list of category descriptions,
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Review types, primary topics and/or relevant technologies, scarch period, study count, and key findings
regarding efficacy as stated by authors were all taken into consideration when extracting data for a more in-
depth analysis. A brief summary of study methodological quality and/or study limitations was also
included in the data extraction process.

A single researcher extracted the data for the individual investigations, which was then double-checked by
a second researcher,
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Figure 1 Flowchart: Documentation of study selection process.

Results were discussed between the two researchers if there was a dispute, and a compromise was reached.
A single researcher exlracted the data for the systematic reviews, and reviews that were omitted due to a
lack of a quality assessment were reviewed a second time.

Table | shows the evidence level allocated to each research design based on standard evidence-based
nursing and evidence-based medicine guidelines33,34, in order to offer the best possible indication of the
refiability of the findings. Because we were unable to evaluate the quality of each research, we have
included the category of "well-designed” studies in parcnthesis in this table. It is under this category that
study designs are classified that are not often seen in nursing or health research, but instead are more
commonly found in technological research. These studies often include a small number of people and are
conducted at an early stage in the creation of an ogy. A study with a control group is incloded in this
category if there are fewer than 10 participants in the intervention group and the study docs not offer
sample size estimates (power calculations) or test data. The highest quality papers included in systematic
reviews are used to provide a score to the review.
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IV. Results
The results of a search:
The complete analysis of research findings (direction of results and kind of oulcomes), target groups and
set parameters, study type {degree of evidence) and study size comprised 123 single studies and 31 reviews

in total.

Table 1 Level of Evidence Scale

Level of Study Type
Bvidence
[F Systematic reviews and meta-analyses that inciude

nspre than one (well-desighady randomad
coneroited trial (RCT)

b (¥Weil.designed) RCT

2 (Vvell-desipned) controiled studies, withott
randomisation. ie quasi-experiments; or pilot RCTS
(seif-designateds

3 (vell-designed) case-control or echort studies,
preferatily from more than one centre oF research
group)

4 Findings obtrined from descorptive, other

obsENVAtonal and/or qualitative research desigrg

(inchading case stidies). cross-secuonal studiss,
user spudies

General Results:

For the most patt, this study aims to identify digital technologies that have previously been tested for their
impact on individuals in need of care, official or informal caregivers, or care institutions, and to identify
technologies for which credible empirical evidence of beneficial benefits is available. Prior to going into
depth about the technologies featured and their unique efficacy outcomes, below are the research kinds and
study sizes that have been used to determine the reliability of the findings. Additional File I provides a
comprehensive summary of the findings from each individual research (including information on study
type and size, target selting, target group, direction and type of effect). Additional File 2 provides an
overview of systematic reviews and their key features.

Direction of Results:

The goal of this study is to identify technologies that demonstrate promsing positive results in terms of
outcomes that directly influence people in need of care, formal or informal carers, or the efficacy of a care
facility. In all, 74% of the included studies found favourable outcomes, whereas 15% revealed equivocal
outcomes, i.e., the research provided positive and negative findings for various outcome aspects. Of the
research, 11 percent couldn't find any statistically significant effects, and no study found pure negative
effects. Table 2 shows the direction of the results of the various research, broken down by kind. Studies
with greater evidence levels had a smaller percentage of positive findings, and this is worth noting. The
RCTs included had only 60% positive findings and 30% neutral results, however the user studies have
favoureble results for 92% of the studies included in the dataset, Mixed-methods studies are an exception,
with 50 percent reporting ambiguous findings.
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Study Results in Detaijl by Technology Categories:

More information on the technologies that make up this review and the overall direction of its findings are
offered in the following sections. Short descriptions of each category witl be provided in the introduction.
There is a comprehensive summary of all the findings from cach study in Additional File 1.

For certain technical arcas, relevant systematic reviews are stated if they exist in the appropriate sections.
Many systematic reviews contain a broad variety of gies, while some of them concentrate on particular care
issues and include just a small number of research using digital technologies. This paper's breadth prohibits
the inclusion of a focused synthesis of all systematic reviews. This scoping review inchudes all systematic
studies or meta-analyses that are included in Additional File 2. Most systematic reviews contain or mention
that the quality of the studies included is moderate or low and that high-quality evidence is absent. A large
number of them claim that the studies are essentially unrepresentative of each other. These studies,
however, assist to highlight the scope of the analysed nologies, which is important. High-quality outcomes
can only be achieved using a limited number of techniques.

Information and Communication Technologies (ICT):

A broad range of technologies are included under ICT. In general, they may be described as tools for
gathering, storing, providing, managing, and/or improving interpersonal communication between pcople.
They arc all of these things. The following subcategories are used to catcgorise the mentioned
technologies:

Table 2 Direction of Results by Study Type in Percent

: Susdy Type Level of Evidence Mumber of Svudies In Porcent. Direction of the Raxelts :
; Positive Heutral Ambivalene
DRCY It 20 3 805 00 19.6

| Feo ACT 2 4 83 739 5o

| DMnt-esperiment : 3+ e 764 47 a8

} s o tudy b 1 o WwoH :
3 Cohort rugy F] i I'F} 30 i
7 Miners peothonic + i 4 513 %4 00 .
| Cromasctionsl seady | 4 2 £ 750 £23 (1)
| Case study 4 2 7 x: 43 14 :
| Chuabitative sy + i3 126 89 X!
§ Uer sty 4 1 b $13 77 ;
 Toral 123 106.0 M 14 148 :

(1). Hospital (or care institution) information systems (HIS)
(2). Electronic health (EHR Yelectronic medical records (EMR)
(3). Computerized decision support systems (CDSS)

(4). Telecare

(5). General communication support

(6). Systems to support process planning and/or data exchange
{7). Specific Apps

(8). Target group specific interfaces

The category "Specific Apps" covers apps that don't fit inlo any of the other calegories; it includes software
solutions that help professionals, informal carcgivers, or care-dependents in a variety of ways.
Computerized decision support systems, for example, are oftetn found in HIS and EHR/EMR systems
because of their high level of integration.
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Patients' clectronic medical records (EMRs) are a part of many hospital/care institution information
systems (HIS). HIS collects, stores, manages and transmits patient data in hospitals and other care
institutions,

V. Discussion

In general, a wide number of technologies are being investigated in connection to assisting nursing care,
although almost no technology has been thoroughly examined to provide solid outcomes. In general, there
aren't many research with a high degree of proof.

There are few randomised controlled trials (RCTs) among the papers included in this scoping review,
which focuses on information and communications technology (ICT). Robotics and sensors/monitoring
technologies are also heavily featured in this analysis. Two-thirds of the studies and all RCTs in the
robotics category centre on the robotic seal Paro, therefore this is onc of the few technologies that is
thoroughly explored; nonetheless, most of the studies are fairly tiny. Only two of the four RCTs in the
moniloring/sensors category indicate favourable outcomes, one on pressure ulcer prevention and the other
on behaviour analysis for care decision support. 133 In spite of this, there are still a namber of studies that
generate favourable findings, indicating prospective study fields in the future. Scoping evaluations on
sensor or monitoring applications that include studies on technological efficacy dcmonstrate that
development in this subject is thriving. 30,156 10 different sensor systems were discovered in 118
investigations on enabling fall detection in a recent scoping review. 156 In most cases, they were just
familiar with technology, and their degree of technical preparcdness was typically poor, Nevertheless, this
suggests that new applications may be developed if the technology's dependability is improved.
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Figare 2 Number of studies by target group.

Due to the generally poor quality of the studies included in this scoping review in terms of evidence level,
it is difficult to extrapolate much from what has been reported. It is consistent with the summaries of
several of the systematic reviews that were included in this study. According to the majority of them, there
was a wide range in quality amongst the included studies, the stated outcomes were frequently inconsistent,
and the results could cnly be extrapolated so far. 1,4,23,25,92,93,112,113,157 Many systematic studies are
older than this one, yet it can be inferred from this evaluation of the literaturc that this issue has not altered
in recent years.

However, computerised decision support is an exception: a systematic review conducted by Bright et al. in
2010 had 148 RCTs66 and another meta-analysis conducted by Roshanov et al. in 2010 included 162
RCTs68; hence, this kind of system has a strong evidence basis. However, most of the included research
pertains to medical treatment, and the number of papers that exclusively refer to nursing care remains
unclear,

Settings and Target Groups:
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There are strong hopes that digital technology will enable persons in need of care keep their freedom and
support both official and informal carers. 1-3,158

In many industrial nations, the fast rise in the need for competent nursing care personnel brought on by
population shifts is a primary motivation for technological research in health care.

158 To far, most rescarch on technology care assistance have focused on hospital and inpatient long-term
care settings, which is surprising given these issues. Only a few studies have been done on long-term care
in the home, as this review indicates. Cross-sectoral care assistance, in particular, is substantially
understudied. This may be owing to the fact that conducting scientific research studies in inpatient settings
1s considerably simpler than doing so in the outside world. Digital technology may play a part in lowering
the need for professional carc help, but it is necessary to support persons in need of care so that they can
remain in their home surroundings, as many of them want. 159 Of course, research that relieves hospital
and long-term care facility caregivers must also be encouraged. As a result, more attention should be paid
to study into the use of technology to postpone or assist outpatient care arrangements. 30 As a result of a
limited number of research, we may conclude that informal caregivers need help. There may be untapped
opportunilies to better incorporate informal carers into formal care systems, or lessen their care load, since
Jjust a few research have focused on this population,

¥1. Conclusion

There have been several studies in the last few years looking at how new technologies may help those in
nced of assistance, as well as those who offer care and organisations. Also included in this analysis is
information on the evidence levels at which the research were conducted, which reveals that high-quality
studies are still lacking in the vast majority of technological fields.

It's clear that digital technologies may have a big impact on efficiency, but it's also important to consider
how they're implemented in a certain environment. Potential advantages may not be realised if for example,
nurses do not feel at ease with the systern.

There is relatively little evidence of beneficial impacts for many technologies. As a result, il is
understandable that healthcare organisations are hesitant to adopt cutting-edge technical solutions.
According to this in-depth evaluation, therg are a number of emerging technologies that need further study
in the form of high-quality rescarch.

The goal of relieving carcgivers and addressing the nursing care deficit is commonly expressed, yet there is
surprisingly few rescarch that prove that it is possible to achieve this goal. The fact that so many researches
are aimed at improving the quality of care or providing positive benefits for individuals in need is
heartening. Research on outpatient long-term care and informal providers, in particular, should be
suppoerted more actively, as should research on gical solutions that allow older persons to stay at home
{with a restricted amount of professional help). Cross-sectoral care research is also lacking at this peint.

References

[t Bemelmans R, Gelderblom GI, Jonker P, de Witte L. Socially assistive robots in elderly care: a
systematic review into effects and effectiveness. J Am Med Dir Assoc. 2012;13(2):114-120.e111.
doi: 10.1016/).jamda, 2010,10.002

[21 Fleming R, Sum S. Empirical studies on the effectiveness of assistive technology in the care of
people  with  dementia: a  systematic  review. J  Assistive Technol. 2014;8(1):14-34.
doi; [0.1 108/ JAT-09-2012-0021

[3] Liu L, Stroulia E, Nikelaidis I, Miguel-Cruz A, Rios Rincon A. Smart homes and home health
monitoring technologies for older adults: a systematic review. Int J Med Inform. 2016;91:44-59.
doi:10.1016/]. ijmedinf.2016.04.007

51



[41

[3]
(6]

{7

(8]

9

f10]

JOURNAL OF CRITICAL REVIEWS

ISSH- 2394-5125 VOL 09, ISSUE 02,

Khosravi P, Ghapanchi AH. Investigating the effectiveness of lechnologies applied to assist
seniors: a  systematic  literature review. Int J Med Inform. 2016;85(1):17-26.
doi:10,1016/1.ijmedinf.2015.05.01

CEDEFOQP. Briefing Note: Skill Shortage and Surplus Occupations in Europe. Thessaloniki; 2016

Greenhalgh T, Wherton J, Papoutsi C, et al. Beyond adoption: a new framework for theorizing and
evaluating nonadoption, abandonment, and challenges to the scale-up, spread, and sustainability of
health and care technologies. J Med Internct Res. 2017;19(11):¢367. doi:10.2196/ jmir.8775

Krick T, Huter K, Seibert K, Domheff D, Wolf-Ostermann K. Measuring the affectiveness of
digital nursing technologies: development of a comprehensive digital nursing technology outcome
framework based on a scoping review. BMC Health Serv Res. 2020:20 (1):243.
doi:10.1186/512913-020-05106-8

Rouleau G, Gagnon MP, Co6té I, Payne-Gagnon I, Hudson E, Dubois CA. Impact of information
and communication technelogies on nursing care; results of an overview of systematic reviews. J
Med Internet Res. 2017;19(4):e122. doi; 10.2196/imir.6686

Billings I, Carretero Gomez S, Kagialaris (G, Mastroyiannakis T, MerilAlnen-Porras $. The role of
information technology in long term care for older people. In: Le A, editor. Long-Term Care in
Europe. Palgrave Macmillan; 2013:252-277

Billings J, Carretero Gomez S, Kagialaris G, Mastroyiannakis T, MerilAlInen-Porras S. The role of
information technology in long term care tor older people. In: Le A, editor. Long-Term Care in

Europe. Palgrave Macmillan; 2013:252-277

52






JOURNAL OF CRITICAL REVIEWS

ISSN- 2394-5125 VOL 09, ISSUE 01,

Study and development of medical/nursing care support
classification Using Radar technology and Hybrid WSN

'P. Anusha, Assistant Professor Department of Medical Surgical Nursing Sri Venkateswara College of
Nursing, Chittoor — 517127, AP

Prof.E. Sumalatha, Professor Department of OBG, Sri Venkateswara Coliege of Nursing, Chittoor —

517127, AP
’Prof. Edna Sweenie J, Deputy Director & Professor, Department of Child Health Nursing, Sri
Venkateswara College of Nursing, Chittoor — 517127, AP

Prof.U. Jhansi Rani, Professor Department of OBG, Sri Venkateswara College of Nursing, Chitioor —
517127, AP

B. Madhura Vani, Assistant Professor Department of Community Health Nursing, Sri Venkateswara

College of Nursing, Chittoor — 517127, AP

Abstract - As the world's population ages, medical and nursing care facilities are becoming more reliant on
fewer and fewer employees. COVID-19, which took place in 2020, was confronted with the worldwide
dilemma of failing medical practise under such conditions. The fear of a COVID-19 pandemic has brought
home to people all across the globe just how critical it is that health care workers take precautions to avoid
being infected. Observing the state of patients and care receivers without direct interaction is regarded very
useful from this perspective. Using a combination of 24GHz radar and numerous Wireless Sensor Network
devices, we will use this study to gather vital signs like breathing and Leartbeat in a facility without making
physical touch with the subjects. With our hybrid wireless sensor network technology, we can monitor the
health and well-being of patients and care receivers across the institution, as well as outlying areas and
suburbs. Data from each room's 24GHz radar signals will be shared in real time by using a high-speed
mesh Wi-Fi network throughout the facility. The identification of passenger activity, breathing, and
heartbeat by analysing radar signals is one of our challenges since cameras, which are difficult to place in
the field owing to privacy concerns, and sensors worn by the subject must be avoided. If a patient or
resident has left the institution, the Wi-SUN FAN mesh network in the vicinity of the facility with a radius
of approximately 500 metres may be used to determine the current state of the resident's walking area. In
addition, in the suburbs, individuals without cellphones will be able to access their position data through a
LoRaWAN tiny terminal. In this research, we present the Hybrid Wireless Sensor Network platform for
medical and nursing care locations based on 24 GHz radar sensing technology and hybrid wireless sensor
network technology, as previously stated. This technology will be put to the test in a real nursing home,
and the results will be presented

Keywords - WSN, HybridWSN, FM-CW, Wi-Fi, Wi-SUN, LoRaWAN.
I Introduction

In affluent nations, the proportion of the population over the age of 65 now stands at 20 to 25 percent, but
this figure is predicted to rise to 25 to 35 percent by the year 2040 as the population ages. A shortfall of
more than 370,000 caregivers is expected in Japan by the year 2025. Human resources are projected to be
in limited supply, particularly in metropolitan regions. Dementia affects roughly 50 million individuals
throughout the globe now, and there are an estimated 10 million new cases each year. It is projected that
these concerns would grow increasingly significant over the world in the medical and nursing care sectors.

COVID-19, which took place in 2020, was confronted with the worldwide dilemma of failing medical
practise under such conditions. The fear of a COVID-19 pandemic has brought home to people all across
the globe just how critical it is that health-care workers takc precautions to avoid being infected. As a
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result, it is thought to be incredibly beneficial to identify the state of patients and care receivers as much as
possible without interaction.

The 24GHz radar sensing technology is combined with several wireless sensor networks in this study to
capture non-contact data on the facility's living behaviour and biological data, such as breathing and
heartbeat. We'll build a medical/nursing hybrid sensor network platform that can monitor patients and care
receivers across the hospital, as well as outlying areas and suburbs. Multi-hop real-time sharing of 24-GHz
radar signal data wilt be made possible at the facility through a fast Wi-Fi mesh network, When a patient or
resident leaves the institution, the Wi-SUN FAN mesh network may be used in an area with a radius of
roughly 400 metres to determine their current location. Residents without cellphones in the distant suburb
zone may have their position data managed centrally using GPS data from a tiny LoRaWAN terminal. A
hybrid wireless sensor network platform for medical and nursing care facilitics is proposed in this study
using 24 GHz radar sensing and hybrid wireless sensor network technology, as previously stated. The
findings of a real-world field experiment of this technology at a nursing home will be presented in this
article.
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Figure 1: Hybrid Wireless Sensor Network System for Medical/Nursing Care with 24GHz Radar

II.  24GHz Radar Sensing

Because privacy is an issue in medical treatment, we utilize 24GHz radar instead of a camera to monitor a
patient's actions (such as sleeping, sitting, and Lalling) in their room. We'll also be able to monitor lhieart and
breathing rates without the need of touch sensors. Radar technology uscs FM-CW (Frequency Modulated
Continuous Wavc) radar. Using the amplitude and phase components of the distance spectrum, it is feasible
to detect a very small displacement.

Breathing and heart rate are recorded using minute displacement, while behaviour is assessed using
distance. ARIB STD-T73, a standard for low power radio stations that do not need a licence, is used to set
the radar's centre frequency at 24.15 GHz and all other configuration setiings.

A Life behavior detection

The 24GHz FM-CW radar described above may be used to identify the living behaviour of a resident
without the need of image analysis by a camera, which has a privacy concern. Nursing home residents werc
used as subjects for an experiment. When a 24GHz radar sensor is mounted on the ceiling (2.4 high} at
the living room's entryway, 8 measurement is made to determine the resident's living habits.
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Figure 2: Installation of radar sensors in genuine nursing homes

We'll go through how to look for certain patterns in the behaviour of living things. The resident of the
above-mentioned experimental environment performs five fundamental motions that we categorise as "on
bed,” "walking," "crouching,” and "falling," and we look for continuous movements that combine these
movements. First Table 1,

Table 1: 5 Life Behavior Definitions

OniheBad - Onthe Floor
Life Bebavior sleepmg | walking | crouching | falling | absence

Installing a camera and a radar sensor in the living room allows researchers to determine whether or not the
real behaviour being seen can be appropriately identified and utilised as a standard for comparison. Qur
machine learning model was built utilising the radar sensor's data and Keras, an open source neural
network framework for the model, to analyse the subject's live behaviour. This machine learning model
was created on a single board computer coupled to the sensor in the experimental setting, For the machine
learning model, we utilised data from ten adults, three from each sexe, who were tested three times each for
five distinct patterns of behaviour. Table 2 shows that the five most common foms of conduct were
recognised at a specific level of accuracy.

Table 2: Basic 5 definition of Life Behavior

On the COn the Floor average
Bed
LifeBebovier |- sleepang | walking | crouching | faling | sbsence
Racoguition rate 1.5% | TL8Y 33.6%% | 450% | B3S% | Tii%

B Respiratory rate detection

The detection of respiratory rate will be explained first as a method for obtaining crucial data without
having to make physical touch with the person, such with a wearable device. An FFT analysis of the FM-
CW radar's time-varying phase component of the distance spectrum is initially used to identify a small
change in the target's breathing rate.

An FM-CW radar sensor positioned on the ceiling emits a 24 GHz signal, and the top left figure depicts the
temporal change of the phase component of the spectrum.
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The data produced by transforming this distance speetrum's time change data into the frequency domain by
FFT processing are shown in the graph below. The highest value of this data is used to determine the usual
breathing rate of an adult at rest, which is between 8 and 24 breaths per minute. A respiratory rate of 11.6
breaths per minute was recorded in this casc.

We compared our radar's estimated respiration rate to a wearable sensor's estimated respiratory rate in
order to verify its accuracy.

IIl.  Hybrid Wireless Sensor Network System

Many approaches have previously been suggested for WSN (Wireless Sensor Networks) networks,
including some currently classed as LPWA (Low Power Widc Arca) (Low Power Wide Area).

Wircless sensor networks were built in each of three zones: within the institution, surrounding it and
outlying it. We then performed a demonstration experiment to show how a hybrid wireless sensor network
may be used in medical and nursing care facilities, based on real use cases.

A Wireless sensor network around the facility (Zone2) (multi-hop Wi-SUN FAN network)

To convey periodic still photographs and other data throughout the facility, we will establish a wireless
sensor network with a specific data speed and a radius of roughly 400 m. Due to the data rate limitations of
the typical LPWA (Low Power Wide Region) approach, it is impossible to cover such a large area using
Wi-Fi. We utilised Wi-SUN as a WSN for Zone2 because of these kinds of requirements.

While the Wi-SUN system's communication range is less than other LPWA systems, the data throughput is
comparable to other LPWA systems, and multi-hop is supported, making it a viable alternative. An
experiment with cne-hop Wi-SUN FAN communication in a real elderly home may be shown in Figure 3.
Figure 3 shows that the Wi-SUN FAN 1-hop connectivity was verified within the 400 m visible range of
the installation. Furthermore, the Wi-SUN FAN's multi-hop capability enables communication even when
the Wi-SUN FAN is not directly in line of sight.

W‘~SUN FAN Mesh Nalwork Eoatures

Wi SUR FARN mesh notuwsrks asdomaticadly Ot she gy
whecs) € GRIFILNIE RO b3 irdaTripied 10 ensiae radiahile Jsrinriuanc g

Figure 3: Wi-SUN FAN nctwork coverage in one hop around the site (Zone2)

Wi-SUN FAN is used to demonstrate a still image transmission experiment. As previously mentioned, we
ran an experiment in which a still picture that is difficult for standard LPWA to communicate was sent on a
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regular basis. A still picture captured by a Web camera with 1,2 million pixels, as illustrated in Figure 4,
may be delivered about once per minute,

In Zone2, the Wi-SUN FAN network allows for the transmission of still picture data every minute, which
is otherwise impossible with Wi-Fi or the conventional LPWA system owing to data speed limitations, A
function of monitering a hazardous focation surrounding the facility may be accomplished without Wi-Fi
or mobile network, for example, when the carc receiver of the institution leaves.

Wi-SUN FAN stack for RROS1 + RAKBDISOD
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Figure 4;: Wi-SUN FAN still image transmission Experiment
B Wireless sensor network in the suburbs of the facilily (Zone3) (LoRaWAN)

Assume a 10 km radius around the site while creating a wireless sensor network for monitoring. Sensor
networks that value distance over speed, such as identifying when a facility resident has left the suburbs,
are assumed to be in place. LoRaWAN is employed here, despite the fact that other LPWA (Low Power
Wide Area) solutions have been offered.

An experiment was carried out in the field to verify the real coverage area of LoRaWAN. The received
power was simulated using the radio simulation programme "Radio Moble"” at the field experiment region.
The LoRaWAN system design in these experiments is shown in Figure 5.
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Figure 5: LoRaWAN system sctup

There are 26 real measurement points shown in the simulation results shown in Figure 12. The "Radio
Mobile™ topography elevation difference simulation and the observed data are almost identical. It's clear
that communications are working within a radius of around 10 kilometres of these findings.
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Simulation results and measured points

Figure 12: Traming in LoRaWAN

1v, Discussion and future research

We've been employing 24 GHz radar sensing technology to coliect vital signs like breathing and heartbeat
from patients and care receivers without having to make any physical contact. A hybrid W8N environment
for medical and nursing care has also been created by merging this non-contact sensing technology
employing radar with numerous WSNs that are appropriate for each zone of the institution,

Using 24GHz radar, we studied the definition and detection of five essential life activities. Efforts to
enhance the identification rate will continue in the future, while the machine learning model will be fine-
tuned, as it has been for the core five categories of living activity detection so far. An 80% to 90%
identification success rate was achieved in both the supine and sideways positions when utilising 24GHxz
radar sensing for respiratory rate detection, but heart rate detection is sti]l challenging unless in the case of
supine and a relatively small detection distance. The detecting method for heart rate will be improved in the
future,

With the use of Wi-SUN FAN and LoRaWAN, Zonel at the facility, Zone? surrounding the facility, and
Zone3 in the suburbs were all established as a hybrid wireless sensor network. The Zonel facility was able
to exchange radar sensor data thanks ta its hybrid WSN environment. When it detects that a resident has
left the institution, it has activated still picture surveillance in the Zone 2 region surrounding it. When a
resident leaves Zone3 for the suburbs, a check to see whether the location information has been enabled
will be performed. In a real nursing home, we were able to confirm the existence of hybrid WSN settings.

The hybrid WSN platform may be built using the WSN technologies in a scalable and adaptable way,
depending on the IoT application's needs. By merging Wi-Fi 6 or local 5G high-speed networks, it is
possible to create an environment that is faster and more responsive, We'd want to build a hybrid WSN
platform that can handlc a wide range of loT applications, inchuding smart cities, agriculture, forestry and
fisheries, disaster mitigation, manufacturing, and other areas that aren’t only medical or nusing carc-
related.

V. Conclusion

Fatients and caregivers' important data may be detected without any physical touch thanks to a 24GHz
radar sensing technology and a hybrid WSN environment that uses several wireless sensor networks in
each of the three zones. We built 4 hybrid WSN environment for medical/nursing institutions and tested it
in the field at real nursing homes to verify its usefulness, We think that the technology developed in this
study may help address not Just the medical issues associated with an ageing population that are becoming
more prevalent throughout the globe, but also situations like the globat medical crisis scen at COVID-1 9.
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Abstract:

Patients in long-term care facilities often suffer from incontinence. Elderly people are
burdencd physically and mentally, but so are caretakers, who have to deal with an
increased task. In order to alleviate the burden of caring for someone with incontinence,
there are u variety of technological solutions available. Because of this, these systems are
too expensive. Residents of nursing homes complain about the inconvenience of these
facilities. To find a solution to address these issues, we've developed an attached sensor
system.to a mattress equipped with incontinence detection and monitoring technology
events. Bluctooth Low Energy and Influx DB were used to create a prototype. Using the
sensor duta, may be accessed by other systems in real-time so that it may be put through
even more checks. There will be more safeguards in the future energy measurements and
other components may be used to create the system is completely relocatable.

Keywords — Bluetooth Low Energy, incontinence, Grafana, InfluxDB, sensor system

I. INTRODUCTION:

More than half of the residents in nursing homes suffer from some form of incontinence,
whether it be urinary or faecal. Elderly people with incontinence need to be taken to the
bathroom on 2 frequent basis for incontinence management. Caregiver checks are oflten done
too early or too late, leading to incontinence material being replaced too early or too late. As
a result, residents sutfer, and caregivers are burdened with extra labour [1], [2]. Incontinence
occurrences account for 20% of the time spent on caring throughout the daytime [3]. As a
result of current methods, not only are nursing homes dealing with more patients, but they are
also having o pay more money.
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In order o address these issues, a system that is both comfortable for the patient and capable
of measuring parameters related to incontinence must be developed.

Sensors on the bed and in the room are used to showcase a novel sensor system for measuring
incontinence-related metrics in an unobtrusive manner. A fast prototype was made utilising
widely available components. As a starting point, we believe that incontinence incidents may
be recognised by comparing temperature, humidity, and ammonia (NH3) concentrations
surrounding the bed and in the room.

Below is a breakdown of the rest of this document: The shortcomings of today's cutting-edge
systems are examined in Section IL Sensor technology is discussed in Section III. In this
case, sensors are discreetly integrated into the room and the bed. Using Bluctooth Low
Energy and oll-the-shelf sensors, an cxample sensor system is shown in Section IV.
Hardware and software components are included in this category. Sensor data may be
retaincd and cxported for further analysis in Section V. In Sections VI and VII, further
research and conclusions are made.

II. BACIKGROUND

In most modern systems, sensors implanted in incontinence products are used. These have a
number of drawbacks [4]. Nursing home patients frequently complain that these items are too
intrusive und unpleasant for them to use. Adding these sensors also raises the price of the
incontinence product. This is compounded by the fact that the embedded sensors can only
measure {ur a limiled period of time and may not be monitored in real time. Instead, a urinary
diary is used to keep track of a person's progress. This means that health care workers are
unable to respond quickly when required. As a result, they put people on the toilet at certain
periods based on information obtained over a short period of time, such as 72 hours. Because
of the disparate naturc of the systems' sofiware, it is almost difficult for them to communicate
with one another, for example, a nurse call system. The cost of this programme is also
included. Connecting them to nurse call systems would allow for the suggestion of patients to
be communicated directly to medical workers, saving them from learning and using a new
system,

By combining sensors on the bed and sensors throughout the room, we want to create a new
sensor system lor use in nursing homes, one that is both interoperable and inconspicuous to
nursing home residents with urine incontinence.

HI.PROGPOSED SYSTEM

A new scrsor systemn is required to address the issues outlined in Section IL Figure 1 depicts
a high-level representation of the proposed sensor system. Here is a rendering of a nursing
home room with sensors installed around the space, even on the bed itself. To continue
processing, the dati 1s sent to a server through a gateway.

2900



ISSN 2515-8260 Volume 08, Issue 04, 2021

Bewmre [ § wts g bl an banmgtter

Figure 1. A room at a nursing home with the planned sensor system

Sensors may be built into the mattress or attached to the side of the bed. Detecting
incontinence incidents may be achievable by integrating and comparing sensor readings from
the bed itself and the surrounding environment. When an incontinence occurrence oceurs,
caregivers might be alerted to the situation. It is also cheaper than other systems since the
sensors only need 10 be bought once, reducing the burden on carers. Sensors may be easily
incorporated into the bed, making them less disruptive to nursing home residents.

The raw scnsor data is saved on a server in a time-based database for processing. As a result,
all sensor data must be sent to the gateway, which then delivers the data to the database with
the appropriatc information. Extraction, visualisation, and processing of this data are all
possiblec.

IV.SENSOR SYSTEM

The sensor system that has been suggested has already had a prototype produced. It is
possible to collect data from patients at a nursing home. A simple attachment to a bed is all
that is needed to test this device. It was built from commercially available parts in order to
speed up the prototype process.

A. Seunsor selection

Commcrceially available sensors were utilised to create a sensor system mounted to the bed.
Click boards are breakout boards from MikroElektronica that employ the mikroBUSTM
standard for its scnsors. To rapidly prototype and develop a test system, this open standard lets
you link the click board into the click shield without having to design a bespoke printed
circuit board. A wide range of sensors may be connected to the mikroBUS standard, which
supports a wide range of communication protocols. Here are the sensors that were used and
why they were selected.

The  Weather click is the first sensor to be introduced. The Bosch Sensortec BME280
environmental sensor is at the heart of this board's design. In addition to humidity and
pressure, (he sensor can also monitor temperature and humidity (+/-0.3% rh).It is feasible to
detect changces in an incontinence episode by taking temperature and humidity measurements
near to the bed and cemparing them to ambient values.
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Second temperature and humidity sensor, the Temp&Hum 2 click, is installed and may be
used Lo monitor environmental data Just close to the mattress. Silicon Labs' Si7034 sensor
powers it. Moisture content (+/-4%, rh) and temperature (+/-0.4°C) may both be measured by
this device.

Additional sensors include the Accel 5 click, which collects data from the accelerometer in
all three directions (x,y,2). The sensor used for this is the Bosh Sensortec BMA400 low
power triaxial accelerometer, It is possible to observe when the patient gets out of bed, enters
the bed, or leaves the bed by attaching this to the mattress. It's possible that a resident's pain
is one reason tor movin g.

The Air quality 35 click sensor is the system's last piece of hardware. Using a MiCS-6814,
three MOS sensors are integrated into this sensor board. All of these Sensors are sensitive to
certam gases. Various pases may be measured using these sensors. Carbon monoxide (CO),
nitrogen dioxide (NO2), ethanol (C2HS0H), hydrogen (H2), ammonia (NH3), methane

episodes may be detected in the air using an NH3 dilution process, which was previously
shown. In these siudics, sensors like the commercially available MICS-6814 were shown to
be capable ol measuring NH3 concentrations that are comparable to urine's NH3 content [5].
The usual concentration ranges from 6 to 47 ppm. Custom boards with the same layout were
made to mcasure minuscule changes in gas composition, The design has a 16-bit A/D
converter instead of a 12-bit one. This improves the precision even more.

B. Bluctooth Low Energy (BLE)

Bluetoo:h low energy (BLE) was utilised to create a portable system that allows sensors to be
added 1o thic bed. As part of the Bluctooth standard stack with the release of Bluetooth 4.0 is
the Blicooth SIG's BLE technology. If you're looking for an cnergy-efficient device, this is
the one for you! In this scenario, the "just works" connection is employed.

Connecting Lwo devices is now easier since no security key has to be entered before they can
be used together, Using Generic Attribute Profile (GATT) transactions, BLE devices may
exchavee date. Client-server model: GATT-server holds data and GATT-client may request
particulor dats from the server based on the transaction type. Services, a term used to describe
a collection of distinet features, are used fto categorise this information. There is a single
globally distinct identification for each service and attribute (UUID). Some of these services
are cstablished in the Bluetooth standard and may be addressed using 16-bit UUIDs. The
Heart Rate Scrvice (0x180D) features a feature called Heart Rate Measurement as an
example of a predefined service (0x2A37).

You may create vour own unique Bluctooth features and services that don't appear in the
Bluetooh <tandard for your own personal usage. Using a 128-bit UUID, they may be
categorisel. Av a GATT-server peripheral, a sensor might provide a variety of capabilities
and services. In order to receive the data, a GATT-client must be installed on a gateway
(central .

The microcontrotler in this device is a nRF52840 chip. The Nordic Semiconductors chip
includes a variety of ways to transmit wirelessly. Bluetooth 5, Thread, and Zigbee are all
supported by 1ts multiprotocol System on chip. This implies that data may be sent and
received ysing the cco-friendly Bluetooth low encrgy standard.
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The nRE52840 chip is housed in a nRF52 Development Kit. The configuration of this board
is comparable to that of an Arduino Uno board, which is a benefit. Arduino Uno shields may
now be attached to the board using this feature. The Arduino Uno Click Shield is available
from MikroElektronika. This shield can hold all of the click boards. Many click sensors may
be found connceted Lo this kind of development kit, as seen in Figure 2.

Figure.2. [mage of nRF52 measuring equipment with click sensor

The nRE sensor bourd's expandability and power control are made easier with Zephyr RTOS.
In addition to Intel, NXP, Texas Instruments, and Nordic Semiconductor, it is an open source
Real Tune Operating System [6]. It is because Nordic Semiconductor is actively involved in
the Bluctooth stack that Zephyr is picked above other Real-time operating system options.
Additionally, drivers for SPL, UART, CAN/I2C, and more are included. As a result, the Click
sensor drivers may be casily integrated.

A special BLE GATT service, the Bed Service, has been developed to deliver data via
Bluetooth Low Lnergy, 364ade9-00b0-4240-ba50- 05ca45bf8abc is the UUID assigned to
this service, This is a 128-bit UUID created at random.

For cach of the click boards, the service base address is used to generate a unique identifier
(UUID) Tor each board. The "XX' bytes represent a sensor board's particular code. It's shown
in Table | that every chavacteristic code has a matching MikroE sensor.

TABLE 1. CHARACTER CODES LIST

Choracionside | Corresponding elick sensor
code
U o WVoewer
il D aecoleometer 5
(413 Advouadiiy 3
N Temp & ham 2

There arc permissions i place for all of the attributes to be read or alerted. A client may
subscribe to a feature ifit performs a notify action. The sensor provides a notification to the
client who has subscribed to it when that characteristic changes.

There 15w requirement for a gateway since the sensor does not have direct internet
connectivily. As a room gateway, a Raspberry Pi is used. To connect to the Bed sensor, a
BLE central is built on the Raspberry Pi. The central will scan for advertising BLE
periphcrals, while the Bed sensor will begin advertising. Aftcrwards, the Raspberry Pi will
atteimpt to cstablish communication with the Bed device. After the connection is formed the
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Raspberry Pi will subseribe to all the characteristics in the bed service. A notice is sent to the

Raspberry Pi central cvery time a value on the peripheral side is modified. An InfluxDR
database vets notitied every time this notification is received.

V. DATA STORAGE AND USAGE

Data must be saved in a database before it can be analysed.The use of a time series database,
such as IntluxDB (71, is necessary since the data must be taken into account throughout the
course ol ume. Upen source time series database that can store enormous volumes of data in
real-time with their accompanying timestamps is available,

An open source library is used to deliver data to the InfluxDB datg storage. The gateway will
use this library 1o transfer data received over BLE to the InfluxDB datastore. When the data
is impaorted, it produces a timestamp automatically,

To do duta unalysis, it is necessary 1o see and export all of the data. For this, we'll be using
Grafana [$]. an open source data visualisation tool, Using Grafana's tight connection with
InuxDB, you can see all of the data saved in the InfluxDB datastore,

VLIFUTURE WORK

There is currently a power source for all of the sensors and the microcontrollers. We need to
know how much CRIEIZy a scnsor system uses in order to make future Sensor systems more
portable. Jun ovder to save battery life and lessen the load on the network, it will be necessary
to concuvt duta agyregation given that only raw data is transferred.

Because the sensors were transmitting biological data, they needed to be secure. However,
under the existing system, there has been o addition of security. Authentic and private data
must be sent to the server in a secure way at all times,

For the time being, the data is merely being kept and shown. Incontinence occurrences may
stifl be detected and perhaps predicted using machine learning utilising that data. Additional
BLE-cnubled sensors may be added to a room or a bed to collect additional data if necessary.

Vi, JONCLUSION

An inconspicuous method of supporting continence care has heen explored in this research.
In the st place, we've explained why a sensor system is necessary. Present-day tactics are
often pricey. intrusive, and unpleasant for nursing home patients. Using sensors placed in the
bed or connecied (o the matlress, we then presented a system that could detect incontinence
incidents without betng intrusive,

Nuxt, w scosor system that can be connected to a bed was shown using commercially
availabic components, Sensors may be quickly and affordably added by using a Bluetooth
Low Encray microcontroller. Al sensors in a single room are connected to a single gateway,
which th-it seids the data to a server for further processing. This is where the data is kept in
order w Lo wid in the future,
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Abstract — In hospitals, nurse scheduling and assignment is a major issue. In order to keep
hospital expenses down and respect the preferences of the nurses, a well-planned schedule is
needed. For the nurse scheduling problem (NSP), we provide a novel mathematical formulation
that incorporates certain additional restrictions. For coping with uncertainty, we also present a
resilient equivalent to the deterministic model, which is based on the worst-case scenario A future
project will focus on developing a solution and putting it into action.
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L INTRODUCTION

Many publications in the literature have dealt with scheduling issues in recent years, owing to its
efficiency in maximising an organization's profitability and productivity.

In terms of health care, nurses have a lot of obligations in hospitals since they care for patients to
boost their happiness. This may lead to overtime work and job discontent, both of which can
significantly effect hospital quality of service.
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To satisfy working contracts and hospital demand, the NSP entails arranging cyclic schedules
(daily, weekly, or monthly) for nursing staff by allocating various nurses to several shifts.

The NSP may maximise a variety of goals, such as hospital costs, nurse preferences, and so on.

On the one hand, a novel formulation for the NSP is offered, and on the other hand, a robust
optimization model for the nurse scheduling issue is presented for coping with uncertainty in the
number of nurses in each period is presented in this paper. We consider the total hospital cost as
well as the cost of overtime each day. The horizon, shifts, and the day off, which marks the holiday,
are all factors in the planning.

The planning horizon is a period of time (usually considered as a week). A day is divided into 12
shifts, each of which lasts two hours. Each day consists of four moming shifts, four afternoon
shifts, and four night shifts. Furthermore, multiple nurses must be pleased throughout each shift.

Normal nurses (grade 1), specialised nurses (grade 2), and head nurses (grade 3) are the three types
of nurses examined (grade 3). Many restrictions must be considered as a result of hospital policy:

» Nurses have set working hours that must be adhered to.
» The nurses are required to take a day off.
+ If nurses perform night shifts on a day, they have no work hours the following morning.

+ If the nurses performed morning/afternoon shifts on the same day, they must not work all
night shifts on the same day.

The goal of this research is to provide a novel NSP formulation that takes into consideration nurse
availability on each shift. Using the worst-case criteria and the uncertainty in nurse demand in each
shift, we offer a robust counterpart model.

I LITERATURE REVIEW

Researchers employed many methodologies to solve the NSP in several literatures; we mention
precise and approximant strategies. For accurate approaches, a fuzzy approach was given for the
NSP. They took into account the unpredictability of nurses' preferences as well as the demand for
nurses on any given day. For the NSP, I presented a mathematical model that reduced nurses’ idle
waiting time. They used optimization software to solve the issue after including certain limits, In
cancer clinics, an optimization technique was presented to reduce nurse overtime and overall
patient waiting time. The suggested optimization method was split into two multi-objective
models: one for primary care delivery and the other for functional care delivery. Developed a
strategy to assist hospital administrators and prevent manual scheduling, which might raise costs.
For two types of nurses, they developed a heuristic and a mathematical model for the NSP. The
NSP was solved using a multi-commodity network flow model and an integer linear programming
(ILP) paradigm. Approximant techniques have been employed by several writers to solve the NSP.
For the downgrade issue, 1 presented a strategy to enable nurse scheduling and preferences. The
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authors used an ILP model to address the issue and used the column-generation method to solve
it. Developed a mathematical model to meet the needs of hospital administration and nurses. They
employed a commercial optimizer and added limitations such as hospital policy and nursing
preferences. At a large United Kingdom (UK) hospital, 1 presented a genetic algorithm method to
solving the NSP. Because of the multi-objective character of the challenge, a method for
integrating certain competing goals and constraints for the NSP was proposed. The column-
generation technique and other heuristics were used to address the challenge. Introduced a method
for maximising the preferences of nurses. A heuristic derived from a multi-agent system was used
in their method. Developed a deterministic heuristic technique with the goal of meeting nurses'
preferences while lowering the cost of soft constraint violations. There were two stages to the
algorithm. A solution to the issue of nurse scheduling was proposed. They introduced an ant colony
algorithm that takes numerous hard and soft limitations into consideration. Only a few papers have
addressed the robust NSP. Considered two approaches to addressing the NSP goal: ensuring that
each shift has an adequate number of nurses. SAWing and noising are compared to see which
procedure produces the greatest results. A hyper-heuristic strategy was presented for an NSP that
occurred at a prominent UK hospital. To demonstrate the efficacy of their method, they compared
it to certain metaheuristics.

The following is a breakdown of the paper's structure. The deterministic mathematical model is
provided and discussed in Section IIT. The robust formulation of the nurse scheduling issue is
presented in Section IV. Section V concludes with some recommendations for further research.

.  PROBLEM FORMULATION

The suggested mathematical model (P1) is given and explored further down. Its goal is to cut costs
as much as possible,

Normal nurses (grade1}{1,2,3, ..., H}, specialised nurses (grade 2) {H+1, ..., L}, and head nurses
(grade 3){L +1,..., I} are the three types of nurses.

A day is split into 12 shifts: four in the morning, four in the afternoon, and four in the evening.
A Parameters

¢i : The price of a grad I nurse i (i € {1,2,3})

¢4 : Nurses' overtime costs (all grades)

Wi: A nurse's maximum number of shifts is i

Z;: Nursing shifts that must be performed by i

M;j: The number of nurses that are required to perform shifts

C: Indicated number of mandatory afternoon shifts

D: Night shifts that must be completed

Q: Grade 3 nurses are required to perform a certain number of shifts.
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The goal of the objective function is to reduce cost, which is divided into five components. The
expenses of nurses' grade 1, grade 2, and grade 3 are shown in the first three portions. The fourth
point is about overtime. Finally, the fifth indicates the cost of doing more work on a given day.

D. ROBUST FORMULATION

When it comes to identifying solutions before uncertainties are realised, the worst-case criteria
might be called the robust optimization benchmark, In general, it identifies the best solution in the
worst-case situation when applied to an unknown issue. The provided solution is robust since it
provides a guarantee for all possible outcomes. The demand for nurses throughout each shift is
affected by unknowns and is generally evaluated using a mean figure. (P1) can be thought of as a
programme with interval numbers on the right-hand side. We'll have a look at the strategy
presented in the next section.
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We investigate the issue (P1) and assume that the first constraint's right-hand side MjGel)
fluctuates inside the interval [M;, M;].

Except for the first restriction, (*) reflects all of the constraints of the issue (P1).

Consider the following polyhedron, which specifies the solutions that are possible (P1):

¥
XM = (g € (011 ()& ) xy 2 M)
133

Iv.  CONCLUSION

In this research, we provide a novel mathematical formulation for the NSP that intended to reduce
overall hospital costs while taking nurses' preferences and hospital demand into account.
Furthermore, when the number of necessary nurses in each shift is unclear, the robust counterpart
model was established utilising the worst-case criteria. In the future, we'll use the tabu search
method to solve the issue. Qur approach will also be tested in a real-life case study at a French
hospital.
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Abstract—The EZ-HCM App, a mobile learning tool for healthcare management
terminology, is being developed in this project, We created a questionnaire using a five-point
Likert scale based on the technology acceptance model (TAM) to explore students'
impressions of the utility, ease of use, attitude toward usage, and intention to use the EZ-
HCM App. Between July 2016 and June 2017, research participants were university students
from Taiwan's fourth biggest Department of Health Care Management. To understand

returned. The findings revealed that the EZ-HCM App is widely accepted for its utility
(mean=4.40, SD=0.46), ease of use (mean=4.49, SD=0.48), attitude toward usage
(mean=4.42, SD=0.49}, and intention to use (mean=4.15, SD=0.58). Participants' perceptions
of the EZ-HCM App's usefulness and simplicity of use do not alter based on their frequency
of smartphone use, The EZ-HCM App's acceptability is similar to that of other m-learning
Systems, with favourable attitudes toward usage (£ =0.77, p.0001; B =0.47, p=.0002) and
intention to use (8 =0.87, p.0001; £ =0.98, p-0001) among participating students.

Keywords—
Healthcaremanagement, T erminology, T, echnologyacceptancemodel, TAMMobileleaming

L INTRODUCTION

The United States had a significant effect on the diffusion of healthcare management expertise in
Taiwan. In the 1960s, Americans first brought the notion of healthcare management to Taiwan,
In 1965, the first Taiwanese, Jin-Wen Zhang (1934-2012), received a master's degree in
healthcare administration from a university in the United States [1]. In Taiwan, the first five-year
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There are fewer websites that provide learning resources on healthcare management than there
are for medicine and nursing, Furthermore, since most healthcare management resources are
written in English, students from non~English~speaking nations who utilise Chinese will have to

healthcare-related legislation, and so on, in addition to management terms in health-care
institutions. The most significant distinction in terminologies between medicine ang nursing and
healthcare administration is that the former may read a word and know what it means, but the

To make studying healthcare management terminology simpler, we created the first English-
Chinese and Chinese-English healthcare management terminology mobile learning application
(called the EZ-HCM App). In addition, we asked students in a Department of Health Care
Management who are native speakers of Chinese and were chosen using a purposive sampling
method to complete an online heaithcare management terminology test to determine their
knowledge of healthcare management terminology and an online healthcare management
terminology test based on the EZ-HCM App to confirm the students' abilities to yge the app for
assistance to complete an oniine healthcare management terminology test, Finally, we created 2
survey for students to fl] out in order to indicate their approval of the EZ-HCM App. In a
nuishell, the study's goal and the research issnes we'd want to investigate are as follows;

» To create the EZ-HCM App, which wil] help university ang postgraduate students
understand healthcare management terms,

* Do students' perceptions of the EZ-HCM App's usefilness and simplicity of use alter
depending on their trequency of smartphone usage?

* How do students feel about the EZ-HCM App's utility, simplicity of use, attitudes
toward utilising it, and intend to utilise it

* Is the EZ-HCM App's technology acceptability approach the Same as that utilised ip
previous studies for educational apps?

It METHOD

A. Participants

When conducting this rescarch, the National Taipei University of Nursing and Healtheare
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Sciences, which is Taiwan's fourth-largest health care management department, was chosen since
it has the seventh-largest number of students in this sector in Taiwan. We selected three
sophomore and junior college students for interviews using purposive sampling in order to learn

sample method. Informed permission forms were signed by all participants, and they were aware
that they might withdraw from the study at any moment.

B. The EZ-HCM App Design and Evaluation

EZ-HCM Software, our first app for healthcare management students, was created using the
persona method, which allowed us to categorise students according to their learning styles into

create the EZ-HCM App's function display. Both iOS and Android versions were available for
download.

The EZ-HCM App has three features: the most recent news, a terminology dictionary, and a
timeline of terminologies. As we release new versions, we'll let you know which terminology
and how many of them have been modified or added. There is also an alphabetical list of
healthcare management terms in both English and Chinese. Use of terminologies in the
chronology of terms may help users better comprehend the link between various healthcare
management plans and services as well as insurances and other types of insurance (sce Fig. 2).
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Figure 1 An example of a persona that represents a user group. The data is not from a real
individual.

Figure 2 The evolution of language across time.
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A pre- and post-test consisting of ten online multiple-choice questions on healthcare
management terminology was administered to participants before and after the course, For ¢ach
correct answer, students received ten points, for a possible score of 100. There were two different
sorts of questions. Two types of translations were made: one from English to Chinese, and the
other from Chinese to English. Sample 20 words from the EZ-HCM App's extensive vocabulary,
Participant comprehension of healthcare management language is determined by doing pre-
‘testing without the use of any learning aids or resources, Participant usage of the EZ-HCM App
is allowed during the post-testing. A better score in post-testing indicates that a participant's
ability to acquire healthcare Mmanagement terminology has been aided by the app. In the
beginning of 2017, there was a pre-testing phase. In May of 2017, when the app was completed,
it was put through post-testing. Participant training is not required prior to post-testing.

Two sections were included in the EZ-HCM App Acceptance Questionnaire (see Appendix D.
Attitude toward use (ATU), perceived utility (PU), perceived ease of use (PEOU), and
behavioural intention to use (BIW) were all changed in the first section, which included 14
questions (BI). From one point (strongly disagree) to five points (strongly agree), we developed a
S-point scale (strongly agree). Positive language was used in all sections, The EZ-HCM App has
a higher rating if more people use it. Gender, grade level, educational background, previous
experience using other applications to search for healthcare management terms and frequency of
smartphone usage were the six questions in the second portion of the questionnaire (i.e., the
frequency of smartphone use and amount of time spent accessing the internet when using a
smartphone).

C. Acceptance Survey and Hypothesis

The hypotheses for testing are shown in Fig. 3. It is easier for students to use cellphones if they
have been using them for a longer period of time. This means they are more likely to be assertive
in making decisions about whether or not to adopt new m-learning systems. Students who don't
commonly use cellphones, on the other hand, may depend on the opinions of their peers when
determining whether or not to use it
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H ¥ '
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Figure3.Model and hypothesis of research
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More experienced smartphone users are more likely to see the value in new systems, and this is
especially true for students. However, they have a lower level of acceptance of new systems' ease
of use. Students with greater internet experience care more about search results than user
friendliness, as an example. Students with less online experience, on the other hand, are more
prone to get perplexed by the wide variety of information available and hence more concerned
with and sensitive to user friendliness. The following four hypotheses are the focus of this
investigation,

Hla: The EZ-HCM App has a varied degree of PU depending on how often students use their
smartphones.

Hlb: The PU of the EZ-HCM App varies depending on how much time students spend online
through their cellphones.

H2a: Frequency of smartphone usage by students affects the EZ-HCM App's PEOU.

H2b: The EZ-HCM App's PEOU levels vary depending on how much time students spend on
their cellphones accessing the internet.

PU and PEOU are significant TAM factors, according to Davis Bagozzi and Warshaw's research.
M-learning has the potential to enhance student performance and quality of performance,
allowing students to complete learning assignments at any time or place, according to a study by
Purdue University. As a result, the following are the three possibilities put out by this
investigation:

H3: PEOU has a beneficial effect on the EZ-HCM App's popularity.

In H4a, the EZ-HCM App's ATU is improved by the presence of PU. H4b: The EZ-HCM App's
ATU is influenced favourably by PEQU.

The degree to which a person intends to make advantage of m-learning is captured by BL
Students are likely to be more inclined to utilise m-learning compared to other learning
approaches. ATU, according to Davis Bagozzi and Warshaw and other researchers, is the most
important aspect in students' m-learning BI, and it has a direct impact on BI, The following two
theories are thus put up by this investigation:

ATU has a favourable impact on the EZ-HCM App's BL. H5b: EZ-HCM App's Bl is favourably
influenced by PU.

D. Data analysis

Three experts in the area evaluated the EZ-HCM App acceptance questionnaire's validity. One
point was given for things that were clearly improper, while three points were assigned for those
that were clearly acceptable (four points). A Content Validity Index (CVI) is used as a measure
of validity, calculating both the Item CVI and Scale CVI for each item (S-CVI). The I-CVT is
calculated by dividing the total number of experts who gave a three-point rating for each item by
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the number of experts who gave a three-point rating. If all experts give an item three or more
points, it is referred to be an S-CVI item. According to academics, a tool with strong content
validity has an I-CVI more than or equal to 0.78 and an S-CVI greater than or equal to 0.8, A
Cronbach's alpha value of more than or equal to 0.7 is considered acceptable for the internal
consistency of the variables (dimensions).

Il RESULTS
A ResearchInstrument’s ValidityandReliability

There were 14 questions on the EZ-HCM App Acceptance Questionnaire, and one item had an I-
CVI of 0.67, while the other 13 had an I-CVI of 1. 0.93 was the S-CVI Because one of the three
experts disagreed, the I-CVI was lower than 0.78, resulting in a lower score. In addition,
reliability a was more than 0.7 for the four dimensions PU, PEQU, ATU, and BI, showing that
the questionnaire's internal consistency was rather strong (0.835, 0.778, 0.91 1, and 0.826).

B Respondents Descriptive Analysis

More than six out of ten of the 70 students that took part in the survey were students in their
freshman, sophomore, junior, and senior years. Table 1 summarizes the demographics of the
participants in this research using descriptive statistics. The majority of the pupils (n=63, 90%)
were female, with the same number of students in each grade level. In a vocational high school,
students from the Dept. of Data Processing (n=22, 31.4 percent), followed by the Dept. of
Business Affairs (n=21, 30 percent) had the most educational background. However, the
majority of students (n=45, 64.3%) had never used an app to search for healthcare management
terms. Only 36% of students used their smartphones more than once every 30 minutes (n=36,
31.4 percent), but when they did, they stayed online for an average of 57.1 minutes each visit.

Table 1: Demographics of those who took part.

Measure Itemns Frequency Percentage
Gender Male 37 40
Female 56 60
Age <21 22 24
21-25 27 29
26-30 20 22
31-35 6 6
36-40 5 5
41-45 5 5
46-50 4 4
51-55 4 4
>55 0 0
Education Graduate studies or degree 3 33
Undergraduate studies 14 15
Some college studies 45 43
High school 3 3

(o Hypotheses Testing

Online healthcare management terminology pre-testing scores (mean=71.86, SD=18.04) were
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not significantly different across students of various grades and educational backgrounds
(p=284; p=.621) who did not use the EZ-HCM App. With the EZ-HCM App, there was no
statistically significant change (p=.53; p=.27) in post-testing scores (mean=96.43, SD=7.81).

TABLE 2. TECHNOLOGY ACCEPTANCE MODEL ANALYSIS

Tobit Analysis B | pralee
H3 (PEQU->PL)

H3: PEOU - PU 086 <0.0001"
H4 (PU, PEOU-»ATL)

Has: PU - ATU 077 <0.0001™

H4b: PEOU 2 ATU 047| 0.0002"
H4 (PU, ATU>BI)

HSa: ATU > B! 098 <0.0001*™

HSb: PU > B! 0.87] <0.0001™
Notes: = p<.001, ™ p<0001; PU=Perceived use fulness:
PEQU=Perceived ease of use; ATU=Altitude toward uging: Bl=
Behavioral intention to use

Iv. DISCUSSION AND CONCLUSION
A ConclusionandDiscussion

An app for learning Chinese and English terms and concepts in healthcare management was
released initially, called EZ-HCM. Students from the Department of Health Care Management
took part in the research, which included first-years as well as postgraduates. More than half of
the respondents were female, had a background in data processing or business affairs at a
vocational high school, and had never used an app to search for healthcare management
terminology. They were also frequent smartphone users who regularly used their devices to surf
the internet for more than 30 minutes at a time. There is no difference in the capacity of students
from various grade levels and educational backgrounds to comprehend terminology. They were
able to locate the necessary healthcare management terms with the help of the app. An average
of 4.15 to 4.49 was given to the EZ-HCM App's usefulness, convenience of use, attitudes toward
utilising it and intentions to use it by all participants, regardless of their smartphone use
frequency. Students who have used the EZ-HCM App have expressed optimism that it would be
made available for download on Google Play and the Apple App Store in the near future.
Students' perceptions of the EZ-HCM App's effectiveness will be influenced by its ease of use,
according to this and previous research on m-learning applications. Both the utility and the
convenience of use of the EZ-HCM App have an impact on students’ perceptions. Additionally,
students' perceptions of the EZ-HCM App's utility and usefulness impact their willingness to
utilise it.
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This inaccuracy happens if the characteristics of the respondents vary from the characteristics of
those who did not participate in a poll or survey Respondents and non-respondents had
comparable features in this study’s purposive sampling method. Because all participating
students had high perceptions about EZ-usefulness HCM's and ease of use, the endogenous
variable smartphone use frequency (see Table 2) did not reach statistical significance. This could
be because all students had high perceptions about the EZ-HCM App's usefulness and
convenience. '

Before and after the healthcare Mmanagement terminology exam, all of the test takers had the
same pre-test score. A three-credit course called "Introduction to Health Care Delivery Systems"
may be to blame for this, since first-year students are required to complete the course for a
semester. Findings are similar with those of previous research that have examined the link
between the four dimensions.

Students will see the mobile app as a beneficial learning tool if they can readily utilise it. The
relevance of ease of use has been emphasised in several research. In the event that students are
required to put in a large amount of work in order to utilise m-learning, they are more likely to be
dissatisfied with the system and hence less likely to use it in the future [16]. Designers of
computer systems must thus enhance the user-friendly interface. Students' attitudes toward
mobile learning and their opinions of the EZ-HCM App may be influenced by improving the
system’s simplicity of use.

B, Limitations

This research has two major flaws. To begin with, the study's time constraints meant that an
assessment survey couldn't be conducted after the participants had been using the EZ-HCM App
for a long time. In order to get the most accurate answers from the poll, students' subjective
short-term perceptions play a large role. Purposive sampling for questionnaire distribution and
analysis only covered fewer than 7 percent of prospective users throughout the nation;
consequently, the findings of the study cannot be extrapolated to other departments and graduate
schools of health management in the United States.
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Abstract - When faced with a pandemic such as coronavirus disease 2019 (COVID-19), many
educational institutions are scrambling to find methods to enhance their present processes and
prepare for the difficulties of this worldwide danger.. It's not apparent whether nursing professors
are ready to employ ICTs like video games to lessen the bad impacts of the epidemic, despite
advice from experts. To find out more about nursing instructors' behavioural purpose to use
mobile game-based learning (MGBL) and its connection to key elements of the Theory of
Planned Behavior, this research was conducted” (i.e., perceived behavioural control, subjective
norms, and attitude). Most of the nursing instructors were female, a master's degree holder, with
an academic rank of instructor, not a certified professional teacher, and a permanent and full-
time employee at private institutions in the Visayas area of the Philippines, according to
descriptive data. As a result, they have little knowledge about MGBL or mobile games in
general. As a final note, we found that characteristics associated with Theory of Planned
Behavior were positively connected with nursing educators' plans to use MGBL. Predicting
whether or not nursing instructors would use MGBL in the classroom is the subject of future
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L. Introduction

When the COVID-19 epidemic unexpectedly arrived, nursing education had to undergo a major
adjustment (Gaffney et al., 2021). Many educational institutions have shifted from conventional
face-to-face to virtual teaching and learning settings in order to comply with rules and
recommendations published by the World Health Organization (WHO) and government
organisations (Agu et al., 2021). Fortunately, the research shows that online education is well-
accepted and well-liked among nursing students (Ali, 2016; Garcia, 2017; McCutcheon et al.,

negative impact on their mental health (Rosenthal et al., 202 1). (Oducado & Estoque, 2021). Agn
etal., 2021) urge that health officials and nursing regulatory organisations put rules in place, but
it is also advised that nursing instructors assist students who are having difficulty with online
learning due to a lack of interest, motivation, or technical chalienges (Gaffney et al., 202 1).

Integration of ICT into the curriculum has been advocated as a means of decreasing the obstacles
of teaching and learning during and sparked by the COVID-19 epidemic (Ukata & Onuekwa,
2020). In particular, digital game-based learning has resurfaced in the literature as an additional
instrument for cmergency online education as z technology modality (Tka Febriana &
Yuniawatika, 2020; Park & Kim, 2021; Toquero et al., 2021). Before the pandemic, attracting
the attention of nursing students was difficult since they preferred active teaching methods like
as gaming (Snoek and colleagues, 2018). (McEnroe-Petittc & Farris, 2020). Nurse educators, on
the other hand, have been more sluggish in adopting new teaching approaches and sti]l rely on
the lecture as their primary style of instruction (Lee et al, 2019). There is a possibility for
nursing instructors to use gaming in emergency online education, as a comprehensive literature
review concluded that the implementation of gaming in undergraduate nursing education led to
good student comments, improved test scores and greater knowledge (Reed, 2020). Nurses may

professors to include MGBL into thetr lectures, whether they do so live or virtually at the Ist
Conference on Online Teaching for Mobile Education (OT4ME!) in 2021. Mobile gaming-based
learning (MGBL) was chosen over computer game-based learning because it provides more
learning possibilities than the latter (OC&C Strategy Consultants, 2020). (Garcia & Mangaba,
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2017). MGBL in nursing education is being explored in this research, and a subsequent study
will focus on the prediction of instructors' intentions to employ MGBL in their classrooms.

Attitude
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-
-

-
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-
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Figure 1: Theory of Planned Behavior
I1. Background Of The Study
A The Theory of Planned Behavior

Psychological theories such as the Theory of Planned Conduct might be used by knowledge
explorers seeking to understand the connection between beliefs and behaviour in order to assess
nursing instructors’ purpose to use MGBL. According to the Theory of Planned Behavior, the
more strongly you intend to carry out a certain action, the more likely it is that you will follow
through (Ajzen, 1991). Commitment to action is influenced by a variety of elements, such as
personal standards, mindset, and a sense of behavioural control (see Figure 1). To better explain
a range of actions (e.g., nursing students' purpose to seek clinical experiences, Meyer, 2002; Ben
Natan et al., 2017); report medication mistakes, Gagnon et al., 2015; follow suggestions, and
attend lectures), social psychologists created this theory (Skoglund et al., 2020). As a matter of
fact, it is the most often utilised socio-cognitive theory for predicting healthcare workers'
behaviour, and studies based on it had much superior predictive power than those that employed
other theories (Godin et al., 2008). The Theory of Planned Behavior (TPB) was used as the

psychological model for this research in order to assess the intention of the nursing instructors to
use MGBL in the classroom.

B Technology-Based Nursing Education

Numerous studies have examined the importance of technology integration in classrooms and the
efficient use of educational technology by instructors, There are seven distinct categories of
learning environments and technologies identified in a systematic assessment of the literature,
such as "adaptive" and "analytical” leamning, "mobile" learning, "social media," "massive open
online courses,” "special education technology," and "game-based" learning (Martin et al., 2020).
'Digital native generation' necessitates that nurse educators include new teaching and learning
modalities into their classes as a result of advances in technology. As an example, high-fidelity
simulations may be included to case scenarios (Ali, 2016), podcasts can be used as a supplement
for instructional materials (O'Connor et al., 2020), and many more (Martin et al., 2020).
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Although they recognise its potential as a distraction, nursing students generally see technology
as beneficial and simple to use (Williamson & Muckle, 2018). Practicing nurses have a good
view of the use of technology since it improves care practises, makes it easier to collect data, and
eliminates the waste of time and money that would otherwise be spent on it (Ozan & Duman,
2020). As a result, the use of technology-based teaching and learning methods in nursing
education is embraced.

¢ Mobile Game-Based Learning

For the most part, researchers have focused on the impact that MGBL has on the emotional
dimensions rather than the cognitive domains (32 out of 36, 88.19%, from 2004 to 2016). The
positive impact of MGBL on students' attitudes, values, enjoyment, and motivation (McEnroe-
Petitte and Farris, 2020) is still valuable, especially at a time when students are becoming more
stressed (Oducado & Estoque; Rosenthal; et al., 2021) and having a negative impact on their
mental health (Rosenthal et al.,, 2021). The use of mobile and computer-based games in
healthcare is nothing new. Although these games may take various forms, some of the most
popular are fooya! (Kato-Lin et al. 2020) and Theraphasia (Garcia, 2019), which uses implicit
learning processes to help children acquire healthy eating habits. Despite this, the use of MGBL
in nursing education is not as well accepted as it should be. There is a dearth of nursing-themed
mobile games in academic journals, conference papers, and dissertations apart from commercial
games available for download from app stores (see Figure 2). Research in this field is needed to
generate evidence-based and verified MGBL mobile learning games. There can be no doubt that
MGBL plays an important function as an educational tool, given that a thorough literature review
found that introducing gaming into undergraduate nursing education resulted in favourable
student comments, improved test scores, and enhanced knowledge (Reed, 2020).

Figure 2: Examples of Casual and Educational Mobile Games for Nursing Education: Hospital
Dash, a simulator clicker game for mastering time management as a busy nurse; Rookie Nurse, a
fun nursery game where players are responsible for taking care of all the newborns; Nursing Sim,
an educational mobile game to practice the multifactor decision-making process of nurse
assignment; Operate Now: Hospital, a simulation game to perform realistic surgeries on patients.

IT1.Methodology
A Study Design
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correlational studies were undertaken to examine the use of MGBL by nurses and the influence
of characteristics such as subjective norms, perceived behavioural control, and attitude on their
desire to use it. An example of an observational study design, a cross-sectional study examines
both the exposure and the result simultaneously. Cross-sectional and correlational research
designs may be combined when the phenomena to be researched are quantitative (as in this
study) (Zangirolami-Raimundo et al., 2018). In addition, this study used a questionnaire prepared
by the researchers to gather data from the participants. This questionnaire's content was derived
from the Theory of Planned Behavior's fundamental elements. This work serves as an
introduction to MGBL in nursing education, and a follow-up study will look at characteristics
that predict MGBL in nursing students.

B Sample and Sampling Technigque

During the period of data collection, the study's sample comprised of nursing professors who
were presently working as faculty members at any Philippine higher education institution.
Purposive and snowball sampling were employed in the research to choose and enrol individuals.
As a first step, a purposive sampling strategy was used to guarantee that the initial group of
respondents, namely, nursing instructors, was picked. A second method of increasing the sample
size was snowball sampling,

C Research Instrument

Two sections of the questionnaire were utilised in the research. According to this first section's
findings (e.g. sex orientation, academic rank, job schedule), the second section gathered

information such as MGBL expentence and daily playtime time. The second section of the study
focused on the respondents' attitudes, perceptions of behavioural control, subjective norms, and

subjective norms and 0.959 for the seven items of behavioural control were all accurate.

D Data Collection and Analysis

An online survey was utilised to gather data for this research in July 2021 because of the
pandemic constraints. The link to the poll was posted on the authors' social media profiles and
forwarded to the deans and faculty members of several nursing institutions for dissemination.
Additionally, respondents had the option of forwarding a link to their colleagues and co-workers.
On the first page of the poll, specifics about the investigation were offered. In order to start with
the survey, nursing instructors had to provide their permission to participate in the research. All
data obtained throughout the research was kept private and confidential at all times, Frequency
counts, percentages, Cronbach's alpha analysis, one-way chi-square, and Spearman rank-order
correlation coefficient were all used to analyse the data.

IV.Results And Discussion

To find out whether nursing instructors want to employ MGBL and if there is a connection
between MGBL's key components, such as perceived behavioural control and attitude, as well as
its subjective standards, this research set out to find out. As a result, it collected data on
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everything from the gender and age of nursing instructors to their job titles and educational
backgrounds to the sort of institution they work at and their licence status to their daily playtime
time and their MGBL experience.

Table 1: Demographics Profile Distribution

Age (years) Mean = 52,98 Freguency
20-40 70 20.0
41 60 180 50,0
61 - 80 104 289
> 80 3 1.1
Total 360 100
Sex
Male 31t 86.4
Female 49 13.6
Total 360 160
Level of Education Mean = 8.35
No Formal Education 6l i7.0
Primary 116 322
Secondary 108 3o
Tertiary 18 20.8
Total 360 100
Heusehold size Mean =7

-5 9 30
6 1) 172 478
it-158 509 0.4
»15 16 2B

A Profile of the Respondents

Table 1 shows the demographics of those who took the survey. The online survey was completed
by 76 nursing educators. The respondents' average age was 41.28 years old, and they had an
average of 11.14 years of teaching experience. Women (n = 51, 67.1 percent), master's degree
holders (n = 44, 57.9 percent), instructors at private higher education institutions (n=754,71.1
percent), and full-time faculty members (n = 62, 81.6 percent) were found in the Visayas region
of the Philippines (n = 55, 72.4 percent). The majority of faculty members were not licenced
professional teachers {n = 44, 57.9 percent). More than half of the nursing instructors (n = 40;
52.6 percent) do not play mobile games on a regular basis, and most had never heard of MGBL
(n = 56; 73.7 percent).

Because there were more women than men among the survey respondents, a one-way chi-square
analysis revealed a significant gender imbalance (2 = 8.895, DF = 2, p = 0.003). Not
surprisingly, the nursing profession and education are dominated by women (Oducado, 2019).
Most nursing instructors had a master's degree (2 =20.711, DF =2, p = 0.000) and the maximum
educational attainment of respondents was not evenly distributed. To teach at the university
level, a master's degree is required. Despite the fact that the majority of instructors are not
certified professional teachers (2 = 1.895, DF = 2, p =.169), the respondents were evenly split on
the issue of licencing. Teaching at the university level does not need a professional teaching
licence; however, teaching nursing courses at the undergraduate level does require a licence as a
nurse. Most instructors had never used MGBL in the classroom (2 =17.053; DF = 2; p =.000);
but, respondents were not evenly split in terms of how much they have used it. According to Lee
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et al. (2019), former academics, most nursing instructors do not have a background in education
and are accustomed to the conventional lecture discussion style,

Table 2: Correlation between Variables

Independent Varisbles r prelue
Sabjective Norms 817 000
Attitade 431 000
Bebaviorst Conerol 334 -003

Kot significant # < 05

8 Correlates of Behavioral Intention to Use MGBL

Teachers in nursing seem to have a moderate to high intention to utilise MGBL, despite the fact
that most of them do not play mobile games and have never used MGBL for educational reasons.

MGBL and their desire to utilise it, there was an important positive moderate association (r
=431, p = 000). There was a small but significant association (r =.334, p =.003) between attitude
and intention to utilise MGBL when it came to perceived behavioural control. When individuals
they care about support the use of MGBL, and they are optimistic about using MGBL, they are
more likely to use MGBL than when they don't believe they are capable or in charge of using
MGBL. Research on nursing educators' intentions to utilise MGBL is few, but evidence on the
Theory of Planned Behavior's capacity to explain students' intentions to use mobile learning and
play games on mobile devices has been consistent. In previous studies, attitudes, subjective
norms, and behavioural control were shown to influence whether or not university students in the
United States intended to play augmented reality mobile games (Koh et al., 2017). Using the
Theory of Planned Behavior, a research in the United States found that college students'
acceptance of mobile learning may be fairly well explained (Cheon et al., 2012). Furthermore,
the three factors of the Theory of Planned Behavior (TPB) also had an impact on university
students in Ghana's desire to use mobile learning (Tagoe & Abakah, 2014),

Y. Conclusion

As part of the early examination of MGBL in nursing education, this study sought to assess the
instructors’ intentions to utilise MGBL and construct a picture of their personality. A majority of
nursing instructors were female, with a master's degree, but not a certified professional teacher, a
full-time employee of private higher education institutions, and a permanent and full-time
employee. Despite the fact that they do not play mobile games and have never used MGBL for
educational reasons, they nonetheless seem to have moderate to high intentions to do S0.
Attitude, subjective standards, and perceived behavioural control are all components of the
Theory of Planned Behavior that might help explain why nursing professors choose to utilise
MGBL in their classrooms. To boost the chance of MGBL acceptance, these clements may be
used. Making a positive impression, altering one's outlook, and enhancing one's skill in using
MGBL may be important to promote the use of MGBL in nursing education among instructors.'
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Educators may also consider introducing MGBL to nursing instryctors and giving them with
training on itg usefulness and usage.
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Abstract

In this study, we look at the problem of balancing the needs of nursing home staff with
the needs of their patients. Stochastic binary programming is used to reduce total labour
costs (which are directly proportional to work time) for both full-time and part-time
registered nurses (RNs) (PTNs). For each assessed shift, we must balance the entire
work time of RRNs with the overall service needs of residents. In addition, traditional
scheduling practises restrict the number of feasible shift configurations. We conduct a
series of computer simulations to test the proposed paradigm. There are many different
combinations of residents with differing levels of handicap that we discuss. Overall
labour expenses and RRN scheduling flexibility are also compared to the indicated best
solution under different RRN and PTN combinations. In the face of shifting demand,
our study proposes a viable technique for providing appropriate service coverage, while
minimising labour expenses.

Index Terms

Nurse Scheduling, Stochastic Integer Programming, Demand Scenario Generation,
Minimum Data Set (MDS).

1. INRODUCTION

Nursing home care is becoming more popular in the United States as the population
ages and the number of hospital beds becomes congested. According to the Department
of Health and Human Services, almost 70 percent of the 76 million baby boomers will
need some type of long-term care. A nursing home or other kind of specialised care
facility may be the last resting place for more than 13 million people [1].

There is no healthcare system in the United States that would be complete without
nursing homes. These facilities offer long-term care and rehabilitation for the elderly
and disabled, both physicaily and mentally. Nurses are on call 24 hours a day in most
nursing homes. There is a scarcity of qualified nurses in nursing homes because the rate
of staff turnover exceeds the rate of increase in demand for nursing care.

1250



JOURNAL OF CRITICAL REVIEWS

[SSN- 2394-5125 VOL 08, ISSUE 01,

Over 40% of registered nurses (the core workforce in nursing homes) cited many work
difficuities, such as burnout, a stressful environment, and unequal staffing as the
reasons of high staff tumover, according to an American Nurses Association Annual
Reports [2]. More than half of them complained about not having enough time to spend
with patients, and 54% stated they were overburdened. Researchers have suggested
efficient ways to staff nursing homes, such as a ratio of nurses to residents that is
supported by scientific data. However, assessing whether these techniques are cost-
effective may be challenging, particularly when dealing with continuously shifting
resident dermands.

For this project, we are developing a platform that may aid nursing homes in managing
their operational staff schedules in order to maintain financial sustainability while
providing model care for their patients with a wide range of needs. In addition, each
nursing home must observe labour regulations on staffing and shift design, e.g.,
allowing adequate rest time for nurses between shifts, to ensure healthy continuous
operations. Designing work schedules that balance financial viability with the need to
provide high-quality care is critical for nursing homes.

Stochastic programming is used in this study to create an ideal work plan by allocating
nurses to each shift in order to balance the workload on a shift-by-shift basis with the
fluctuating needs of residents. The stochastic optimization problem we'll show you is
computationally expensive to solve since it necessitates binary judgments at each stage.
The prediction is also critical in creating an appropriate work schedule for shift-based
shifts. Nursing home directors have a tough time guessing about these issues since they
have to consider so many variables. Another complicating factor is that the time-
varying nature of some of the aforementioned indicators, such as these of residents,
makes it difficult to estimate service demand variability. An established prediction
model allows us to gather data on the demand for services at various times within a
two-week period (the common timeframe for nursing home staffing schedules); (the
typical duration of shift scheduling in a nursing home). Two-weck operating costs and
shift patterns (full-time vs. part-time RNs and number of shifts for each full-time RN)
are correlated, according to our findings (full-time registered nurses vs. part-time
agency nurses, number of shifts for each full-time registered nurses).

Stochastic programming models for optimising nursing home staff scheduling decisions
under variable demand are an important part of our contribution to this work. There are
no decision support systems in the nursing home industry for operational scheduling.
Our service demand classification approach is based on a long-term national nursing
home time study, as well as real-world clinical assessment data. In this way, we may
put our ideal judgements into action. Finally, we demonstrate the usefulness of our
proposed sensitivity analysis in delivering management insights into the optimum
schedule modification for case mix percentage adjustments and staff hourly payment
changes by conducting operational tests in a sample nursing facility's operational
environment,

Listed below is a breakdown of how the document is organised. On health
services/outcomes research domains and operations engineering scheduling issues with
different labour activities, we assess the relevant literature in Section 2. Here, we
provide some context to the clinical examination outcomes. Our two-stage nursing
home staff scheduling optimization task will benefit from these tools. Section 3
explains the two-stage approach in detail. The nursing home scheduling model's
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scenario set is also discussed in detail. In Section 4, we conduct computer experiments
and analyse the results. Section 5 summarises our results and presents our next project.

2. LITERATURE REVIEW

To get started, let's take a look at some of the most influential studies in health care and
outcomes research. Research in resource management and planning tends to concentrate
on real-world assessments of experience-based staffing approaches (e.g., [3], [4]) and/or
aggregate and one-size-fits-all policies (e.g., [5], [6]). (For instance, [5], [6]).
Oversimplifying service demand by assuming all nursing home residents are the same is
a common theme in these studies.

After that, we'll get into relevant operations research on human resource planning and
management. Staffing and shift assignment optimization are two of the most important
parts of our research. Hospital staffing and scheduling was revolutionised by
Venkataraman and Brusco [7]. The goal is to lower the total cost of nursing labour.
Although the writers made a first attempt, the ambiguity of demand was overlooked.
Eastern and Rossin [8] provided an extensive personnel and scheduling model. As a
result, wages will be rcduced and there will be a reduction in overtime and penaltics.
Even though a probability distribution for the total amount of work is better than a
detailed schedule at every minimum time unit, the best choice is still a probability
distribution. Assuming there is a distribution of human resources, the authors use this
uncertainty to their advantage in their model of optimization. Eastern and Mansour [9]
developed an evolutionary method to tackle both deterministic and stochastic labour
scheduling challenges, and they found that the overall labour expenditures and
anticipated opportunity costs may be reduced by the system. Both strategies cover a
limited set of stochastic scenarios, but both are focused on addressing problems within a
one-wcek planning horizon.

In the next section, we review pertinent studies on nurse scheduling issues. Nurse
Rostoring issues were reviewed by Burke et al. [10], who published a review paper on
the subject. Methodologies, limitations, and performance measures used to address
issues are used to categorise papers. Other tables provide information on the length of
time it takes to plan, what data is used, and how many talents may be substituted for
each other, among other things. Using deterministic resident demand, Wright and
Bretthauer [11] solved both a nurse schedule optimization issue and a staff adjustment
issue. It was Maenhout and Vanhoucke [12] who worked on optimising personnel and
scheduling decisions together. In a deterministic situation, they used a Dantzig Wolfe
decomposition approach to combine the options for nurse staffing and scheduling. Bard
and Purnomo [13] utilised an optimal staffing and scheduling model to evaluate several
options for coping with a staff shortage. Unpredictability was taken into consideration
by the authors because of the always fluctuating market. In this technique, nurses are
given the opportunity to design a daily schedule that is tailored to their individual
needs, rather than a shifi-based one. Punnakitikashem et al. [14] explored an optimal
staffing and assighment problem in which the first-stage decision distributes each nurse
to patients, while the second stage balances the workload for each nurse. [15] For Kim
and Mehrotra [15], demand forecasts based on multiple-year patient volume data were
the focus of their research on integrated staffing and scheduling decision optimization.
Notably, hospitals and emergency rooms face all of the aforementioned scheduling
1ssues with nurses.

1252



JOURNAL OF CRITICAL REVIEWS

{3SN- 2394-5125 VOL 08, ISSUE 01,

To the best of our knowledge, there is no study on the optimization of staff schedules in
nursing homes when the need for care is unpredictable. To add insult to injury, very
little research has used clinical assessment data to determine time-based care needs.
Each resident of a Medicare- or Medicaid-certified nursing facility [16] is evaluated
using the Minimum Data Set (MDS), a nationally mandated mcthod. STRIVE, a
nationwide nursing home staff time measurement (STM) rescarch project, is used to
transform the clinical assessment into time-based care needs. Nursing homes funded by
Medicare and Medicaid may now take use of data collected via the STRIVE study.

3. Methodology

Using stochastic binary programming in two phases that integrates scheduling choices
with additional part-time agency nurse personnel decisions to hedge service demand
uncertainty, we built our research. We look at how nursing homes are set up in practise
and how they are regulated. We assume that in any feasible schedule, there are three
eight-hour shifts per day, which is the most suitable schedule for the pleasant working
hours of nurses. On the second day, afternoon shifts begin at 3 p.m. and night shifts
begin at 11 p.m., with the morning shift being the longest. To determine whether an
individual works full or part time, a two-week schedule is the minimal period of time.
Nurses' burnout may be reduced by enforcing fair nursing home scheduling standards
that allow for enough rest hours.

* Model of Stochastic Binary Programming

Look at the situation from a long-term perspective (2 weeks in our study). Three shifts
are scheduled for each of the 14 days. There will be 42 shifts in the planning horizon at
all times. We begin by scheduling regular registered nurses (RRNs) for shifts, and then
we adjust the quantity of staffing with part-time nurses (PTNs) as we go along in our
planning process (denoted by vector y). To denote whether or whether pattern
incorporates time t, we'll use t a. The schedules of RRNs are structured in a certain way.
Calculate RRN and PTN hourly rates using the formulae below. These prices are based
on a variety of scheduling patterns.

o Demand Scenario Generator

Shift-specific service demand generators are used in the following formulation in order
to construct the scenario set To better understand the complex service needs of NH
residents, we first developed a computer simulation decision platform that incorporated
multi-source information and knowledge, including real NH data (i.e, Minimum Data
Set 3.0 {16]) from our partnering local NH provider in Tama Bay area, patient
classification system (e.g. [17]) adopted by the CMS, and existing NH staffing time
study (1.e., STRIVE project [18]). A project like STRIVE [18] is an example. Individual
lengths of stay (LOS) for NH patients are calculated by taking into account their various
discharge options, such as home discharge or re-hospitalization. As a result of their
various unique features (e.g. ADL), each resident's daily service needs might be
somewhat variable over their stay (e.g., ADL). NH patients were divided into a variety
of service need groups using the RUG-1V patient classification approach [17], and each
service need group included persons with similar resource use levels. With the help of
the earlier STRIVE project [18], we calculated daily nursing staff time (measured in
minutes) required for NH residents in each service need category to better understand
their service requirements. Real-time needs for facility and resident services may be
produced as a consequence of this simulation for a varied population of inhabitants.
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Greystone Healthcare, based in Tampa, Florida, serves as our industrial partner and
provides us with de-identified electronic health information of residents to evaluate the
planned work. Detailed information on each resident's health status is gathered, as are
records of admissions and discharges, including demographics, diagnosis and long-term
conditions {e.g., physical limitation and cognitive impairment).

The original cohort from this data set is used in the baseline scenario. There are a total
of 710 persons to consider. Inhabitants are mostly old and suffering with a range of
serious illnesses. Moreover, the activities of daily living (ADL) score is further
examined to show the needed functional help of each resident. A higher ADL score
indicates that the person has a greater need for functional assistance. There are a total of
16 possible ADL points. Ten percent of residents are functionally independent and have
ADL values no higher than 1, while fifteen percent of residents are very dependent
(with ADL values more than 10) and so need considerable functional assistance. To
explain the arrivals of NH residents, the negative binomial distribution (NB(r, p)) 15
recommended since it has the best fit compared to other parametric distributions
(estimated parameters r = 4.95 and p = 0.64). According to the estimated model, the
actual arrival data's p-value indicates that it has a reasonable goodness-of-fit (c.g., Chi-
square test). A ratio of 2:1:1 was used to produce the facility-wide service demand (in
minutes) for each shift throughout the scheduling horizon using our simulations of daily
demand.

4. Experimental results

At the outset of our numerical trials, we determine the baseline setting before moving
on to the case-mix setting. We use Python to develop the mathematical model and the
Gurobi MIP solver to resolve the produced cases. Each stochastic programming
problem has 150 possible solutions. Personal computers with Intel i5-6200U processors
and 8GB of RAM are used for all of our research.

¢ Scenario Description

It was decided that the nursing home's capacity would be 500, which is large enough to
accommodate all conditions, but small enough to avoid overcrowding (large encugh for
any scenarios since the optimal capacity varies when arrival rate changes). In addition
to the baseline setting, we additionally take into consideration two rather harsh nursing
home situations. Table I lists the characteristics of the three case-mixing configurations.
One alternative scenario is that the majority of the population is heavily reliant. We
refer to this as the HD setting. The vast majority of the population is self-sufficient. We
refer to it as the LD setting. The LOS for each simulated individual varies according to
the self-development LOS models used in the construction of scenarios for the two
distinct contexts. The daily hourly demand fluctuates to about the same degree around
various demand measurements because to different ADL distributions. Here is a
breakdown of each of the three parameters’ 150 possible service demand scenarios:
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Table 1 Patients' ROT and LOS during the analysis
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Figure 1 Demand on a daily basis for each of three cases mixing settings

RRNs (contractual full-time nurses) and PTNs (contractual part-time agency nurses)
were paid first (part-time agency nurses). According to a national wage study, a nursing
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home must pay each RRN a basic salary plus F&A. Since RRNs work longer hours than
PTNs, the compensation package they get has a higher per-hour value but a lower pay
rate. PTNs' running costs must also include any additional expenditures that may be
necessary (such as transportation). The hourly pricing for each RRN has been sct at $11
because of the reasons outlined above. This rate is derived from the skilled nursing
facility prospective payment mechanism (PPS). As a result, we calculated that the
hourly rate for each PTN should be 1.5 times the RRN hourly rate. One to ten is a
popular setting for the RRN-to-resident ratio in the real world. For a nursing facility
with 500 residents, we set the baseline number of RRNs at 50. The tables below provide
a breakdown of the data. Keep in mind that the price is expressed in tens of thousands.

5. CONCLUSION AND FUTURE WORK

Two different types of nursing staff, notably RRNs and PTNs, are the focus of our
study as we attempt to optimise the scheduling of nursing home shifts. Each RRN is
allocated a shift pattern based on a two-stage stochastic binary algorithm. In the case of
a service supply shortfall, the programme describes the steps to be followed, including
which shifts should be filled by PTNs. The RRN and PTN ratio should be utilised to
create the nursing home's RRNs and PTNs, in our opinion. A lower RRN staffing level
and more PTNs may help reduce labour expenses and provide schedule flexibility in
nursing homes with high functional independence. Nursing institutions that have a large
number of patients who are reliant on them might consider expanding the number of
registered nurses (RNs) in order to reduce labour costs and help nurses cope with the
stress of caring for them. In the future, we want to use Benders decomposition-based
solution approaches with accurate convexification of the binary recourse in the
formulation to improve the efficiency of the solution. For example, we can better justify
the use of an individual demand gencrator by taking into account concerns regarding
consistent nurse-resident assignments and a balanced workload for the nurses using this
model. Nursing facilities that are plagucd by high turnover of nursing staff and
complaints from residents about inadequate patient-centeredness are likely to find ihe
provided management insights more appealing. A Bayesian stochastic programming
approach will be shown to deal with the temporal non stationarity in the uncertain
service demand throughout numerous staff scheduling periods, and it will include the
notion of rolling-horizon staff scheduling.
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Abstract - Recent nursing education is claimed to have a large gap between rookie nurses' abilities and those
necessary in clinical settings, and this gap has to be bridged in order to improve the educational experience
of nursing students. However, expanding the clinical site's amenities and chances for practical nursing skill
development are tough to come by. Due to decreased birth rates, it is also challenging for nursing students to
strengthen their practical abilities, particularly in materity nursing education. When a nurse uses Leopold
Maneuvers to palpate the position of the foetus, it's important to know whether or not the palpation is done
according to the textbook or not. According to the texthook, palpation prefers to investigate with less
pressure and gently touch rather than apply excessive pressure to the skin. In the future, quantitative
measurement of palpation in nursing education might help raise the bar for students.

Index Terms—Maternity nursing education, Palpation training, Qualitative evaluate support, Pressure data
analysis.

I. Introduction

In recent years, the health care and medical environments have changed dramatically, and nursing staff have
seen a variety of shifts in their duties [1]. The capacity of nursing personnel to adapt to changes in medical
technology and ensure medical safety, for example, necessitates an increase in clinical practise competence.

In particular, newbie nursing staffs require any structured and systematic efforts to develop their clinical
practise skilis [1]. The Japan Nursing Association likewise aims to enhance people's lives both qualitatively
and quantitatively via the extension of medical care [2]. However, it should be noted that each schoo) has a
different degree of proficiency in nursing abilities. The rationale for this is because each student has their
own set of unique objectives, such as gaining practical nursing skills before graduating from a foundational
nursing programme. There are also less possibilities for practical training and the development of practical
nursing skills in real clinical settings [1].

In addition, there have been a number of issues in recent years, such as the need to ensure nursing training
facilities, tailor education to the abilities of nursing students, and train supervisors [3]. Maternity nursing
clinical site training may suffer as a result of Japan's recent decline in birthrate [4]. As a result, future
generations of nursing students will have less opportunities to see actual pregnant women in the classroom
[5]. Basic nursing skills are taught to nursing students as part of their undergraduate training, and these
abilities must be retained throughout their careers as nurses [6]. Using virtual patients in nursing education
also has major educational conscquences, such as helping students comprehend the whole picture of nursing
[7). [8]. When it comes to teaching several nursing students at once at Kochi University's Department of
Nursing, there is an issue.

As a result, there are less possibilities for nursing students to undergo training since they must complete a

large number of diffcrent nursing classes and training courses. Many nursing students are afraid to palpate
genuine pregnant ladies during practical training due 1o their lack of self-confidence. Aside from their
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theoretical knowledge, newbie nurses need to lcarn how to practise their abilitics in a clinical setting
throughout their maternity nursing training [6]. Additionally, in nursing education, the evaluation is often
qualitative. As a result, the evaluation shows that there are issues with nursing education. Supervisors, for
example, may [ind it difficult to explain their own experiences and perceptions to nursing students. Students
may be left with an ineffective education as a consequence of this. Developing high-quality nursing
personnel is critical to the success of the training process for basic nursing education. However, the concerns
outlined above suggest that present nursing training is ineffective in terms of'instruction for nursing students.

This research fucuses on the use of quantitative assessment in maternity nurse education.

During a dawa collecting experiment that mimicked real-world maternity nursing training, we measured the
pressure on the hands of nursing students and supcrvisors, We next cvaluated the data in terms of the most
often used finger palm, the intensity of pressure, and the rate at which pressure changed. ' Furthermore, we
conducted a statistical analysis of the obtained data to sec whether or not the palpation was consistent with
the textbook. Lastly, we spoke about the use of the quantitative evaluation approach for malernity nursing
training, including the experiment equipment for pressure data collecting, the analysed results, and the

statistical test resylts.
II. Review Of Related Literature
A Changes in hands pressure during palpation

Hand pressure and the nurse's posture were studied by Kaetsu et al, when the nurse moved from a face-up to
a lateral position [9]. Hand pressure was measured using pressure measuring films in this study’s experiment.
When pressurc measuring film is used to measure pressure, we can see the precise maximum pressure of the
whole hand, but we are unable to detect the pressure change over time. The goal of this study is to better
understand how to utilise the palm of one's hand when doing palpation. As a result, we make use of a
pressure sensor capable of continuously collecting pressure data, To capture data on finger palm pressure
during palpation, researchers have devised experimental devices that install several pressure sensors in
precise locations on the finger palm,

B Skills acquisition

An assessment approach that allows quantitative evaluation of qualitative evaluation in junior high school
technical courses has been suggested by Fukutani et al. Students’ work has previously been assessed visually
and subjectively by previous technical instructors, and in their study, they offered a quantitative assessment
approach based on smartphone tcchnology. They were able to demonstrate the benefit of lessening teachers'
assessment work, but they failed to take into consideration what instructors were being taught about skills
and the educational effectiveness of their methods,

Aside from the quantitative measurement of nursing abilities, this study also attempts to enhance educationai
outcomes. We gather data on nursing students' and supervisors' palpation abilities and look at how they
might be improved by using the palms of the hands.

C  Undersianding of own palpation

{11} Hosozawa ct al. devised a technique to assist clinical nurses in developing effective physical assessment
skills. For nursing, the abdomen simulator had a pressure sensor connected to it in the method they
presented. In addition, when the tmage is being felt, the display shows the pressure distribution and the
location of the centre of gravity. It helps nursing students comprehend how experienced nurses palpate the
abdomen position and pressure changes. The clinical site, on the other hand, need the ability to practise
nursing skills that are specific to each patient's needs and circumstances. Because of this, it is critical that
students learn how to utilise their finger palms during palpation training, which is a fundamental part of
nursing education.
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In this study, we opted to use a pressure sensor on the {inger palm to capture pressure data during palpation.
Our goal is to help nursing student’s better grasp their palpation skills by examining how their fingers and
pakms were utilized throughout the examination process.

111, Data Collection Experiment
A Experiment conditions

Experiment conditions are shown in Figure 1. For this project, we worked along with the School of
Medicine's Department of Nursing at Kechi University. Figure | depicts the setting for the experiment.

Figure. 1. The experiment environment

A total of 20 people participated in this study, including 10 third-year undergraduates, 6 second-year
graduate students, and 4 nursing faculty members. All of the individuals are right-handed ladies who are both
physically and cognitively fit.. It is expected in this experiment that the participants wear experimental
instruments to perform the first and second phases of Leopold Maneuvers' maternity training. Pregnant
woman posed for a doll that was used to do the palpation. Subjects use both hands to paipate the upper
abdomen of the doll and interpret the presentation in the first phase. The position of the womb and the foetus
termed the presentation. In the second step, each participant feels the doll's abdomen with both of her hands
and determinces where the doll is in relation to her body. The orientation of the fetus's back or face
determines the presenting position. If the bed's height and the doll's belly's air pressure were both the same,
this would be ideal.

Undergraduates arc expected to be able to palpate in accordance with a textbook, according to the
university's expectations. This person is well-known to them. Leopold Maneuvers' instruction, on the other
hand, isn't available to them. As a result, the supervisor of the maternity nursing programme explained to
them how the training would be similar to what they would get at the university level in the real world.
Leopold Maneuvers were explained in detail, including a verbal and whiteboard presentation of the first and
second phases of the manoeuvres, and an observation of the supervisor's performance, We also explained to
them that the experiment's findings would have no influence on their future evaluations. Postgraduate
students, on the other hand, have a great deal of training and experience.

As soon as each step of palpation was completed, we requested the subject to signal to us that she was done
and to remove lier hands from the doll at the same time. At the same moment as we make our indication, the
patient begins palpation on her left side. We videotape her palpation and note the start time, end time, and
duration of each phase,

B Experiment Devices

Fig. 2 shows the cxperimental gadgets, which include microcomputers and sensors that are attached to the
fingers and palms. The microcomputers utilised were the Arduine UNQ and 0.5-inch round scnsitive
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pressure sensors from Spark Fan Electronics. Every 30 milliscconds, the microcomputers communicate all of
the pressure sensors' readings to a central computer.

. Include Arduine
in the vsoist pouc

Figure. 2.. The example of the palpation simulated the experience

The data collection computer was an Apple MacBook. Data supplied from the microcomputers is saved in
CSV format by the collecting computer. Fig. 3 depicts the pressure-sensitive scnsors, As illustrated in Fig. 3,
each location for the sensitive-pressure sensors is referred to by its own name throughout this article. Little,
Ring, Middlc, index, and Thumb Finger Scnsors are numbered from the little finger in that sequence. As an
additional nole, "1-" is appended to the name of a left-handed fingertip, while a right-handed fingertip’s name
is given a "r-" suffix.

Figure. 3.. The positions of each sensor

As a side note, the lower portion of the little finger, lower part of the middle finger, and lower part of the
thumb are all udded to the name if the position is on the loft hand, whereas if the position is on the right, "Ip-
" is added. Paper white tape was used as the tape to fix each of the 16 sensors, for a total of § on each hand.
Each sensor wus placed at the same location on the body of the individual. Fingertip sensors were positioned
at a set S-mitlimeter distance from the distal interphalangeal joint of cach finger. The metacarpophalangeal
joint of each little finger was fastened to the side of both palms’ sensors beneath the little finger by 30
millimetres. The metacarpophalangeal joint of each middle finger was positioned at a distance of 7
millimetres from the sensors on both palms. The sensors beneath the thumb of both palms were mounted in
the top 20 millimetres of each wrist. Ten thousand iwenty-three is the sensor's maximum value. However, the
senser's muximum limit was pushed to 900 when the author put significant pressure on it.

IV. Result Of The Analysis And Statistical Hypothesis Test

A Analysis of the values collected
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We meticulously pre-processed the data before doing the analysis. Tnitial adjustments were made to 30 ms
multiples since certain values' times were not accurately recorded. Finally, if there was no record of time or
values before and after, the time and values were supplemented by the mean value of their pre- and post-
recorded counterparts. A few outliers caused by experimental equipment malfunctions were also verified. As
a result, we adjusted the value to zero after verifying the video. Noises created by the experiment devices
were eliminated by changing the value beneath 50 to zero.

The denominator for each topic is the total value of all fingers and palms, while the numerator is the value of
each fingertip or palm. The "main finger palm" of the fingers and palms most often utilised by the
individuals during palpation was defined as the one with the highest ratio. We also thought it was critical to
consider the combination of each abdomen's location and the number of hands when defining the principal
finger palm. To begin, the patients palpate their upper abdomen with both hands; however, to 2o on to the
second phase, they only use their left hand and only use their right hand to palpate their upper abdomen.
Because of this, each abdominal position has a main finger palm that serves as the starting point. In Tab. 1,
cach subject's major finger palm is shown. There are three types of students: undergraduates, postgraduates,
and supervisors. The first kind of student is referred to as "b."

Table I: The Primary Finger Palin Of Each Subject

| Abdomen T Upper ~ T "Kight | Lt |

h-i i-nmuddie Ip-littie rp-thumb
b-1 e ip-thumb | r-mddie
h-2 1-ring lp-hitle I-Fng

h-3 1-ring t-middie T- i

h-4 l-rng tp-thursb -1ig

h-3 E-indey Ip-muddie | rmididie
b-& p-hitle Ip-hittle rp-thumb
-7 p-litile ip-muddie | rp-thumb
h-8 p-irtele | ip-muddie | mpomaddie
-4 f-nnddie | p-suddie | op-thumb
-4} rp-litile Ip-hilike rp-middie
13- 1 rp-diftle | ipmaddic | rp-nuddie
ne-2 l-Ting Ip-littla r-rg

-3 Tp-littic lp-Hiitle r-middie
n-4 Ip-mddie Ip-fitile rp-thumb
m-5 rp-little p-temb r-sndiex

n-1} Fuddie | tp-mddle | rpoanddie
ni-1 Fddie | fpomieddie | rp-muiddie
n-2 mp-hittle | ip-muddle | mpemaddie
-3 mp-ittle | lp-nuddle | rp-middie

Using the results of the analysis, each subject's main finger palm was given a maximum, average, maximum
rate of change, positive and negative mean rate of change, and minimum rate of change. Difference between
historical and current values was divided by 30 in order to calculate change. And the university's mission is
to ensure that "every undergraduate student can palpate according to the textbook.” This is why the results of
cach abdomen's study were divided into two groups.

As a result of this on this paper, NO refers to the textbook's palpation group, and N1 refers to the other. It was
also determined whether or not each subject’s main finger palm was identical to that of the subject's
maternity nursing supervisor. Consequently, each abdominal palpation yields an entirely distinct NO and N1
value. Each analytical result is represented by a mean value in Tab. L

Table 1I: The Mean Values For Fach Analysis Result
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Abdomen Upper
Group Ne T A
Max 347 889 6472
Mean I3RS T 363653
Mux rale of change 4.211 4.558
Positive mean rate of chanpe 4563 I.206
Negalive miean raie of change | 0336 -1.743
Min faw Of chanae -3 816 -2
Abdomen Rrght
Group Ne [N
Mux 417 630
Mean 172962 | 310522
Max rale 67 change A 1603
Posilive mian raie ol change 0387 URZY
Negative mean rate of change | -0.3837 -1.{43
Min rake of change -3.313 -5.623 ]
Abdomen Left

Group Ne T X
wlay 26{ RERIE Y]
Mzaan 13345 T Te1 766
Max raie of chanse 3781 4.6
Positive mican rie of change 346 0,568
Nepalhe Tocan rate ofF change | 0,334 -1 148
Mint rate of change -3.557 -1 764

B Swtistical difference between the hwo groups

For each abdomen, we conducted a statistical comparison of the anatyrical findings between two groups. We
conducted a Shapiro-Wilk test to see whether the population of the data sel was

comparing the twao groups, A one-sided Mann-Whitney U test was used in this study since the population of

certain data scts did not tollow
the absolute value of NO is less

median value of the two groups (HO)

tested. Null hypothesis is adopted based on statistics and rejection limit va
present in data set, and p-value js adopted based on statistics and rejection |

data set. Tab. I displays the test results,

Table III: Mann-Whitney U Test

a normal distribution. There is further confirmation that, across both groups,
than that of N1, with respect to the media
and a difference in the median valu

n value of N1, No difference in the
e {HI) are the two hypotheses being

lue in case the same rank is not
imit value in case it is present in

| Abdomien | Upper | Righi | Lafi ]

[ Max Repeet* T Repel® | Rejecl
Mean Repect® | Rejects Repeer*
Max rale of chanpe Aceept | Rejeer® Accept
Posilive mean rate of change | Rejeor® Rejeet™ T “Accept
Negative nwan rawe of change | Accept Accept | Accepl
Min Tate o Change Actept | Réject™ Accept

PO

V. Discussion

A Validity of data collection and datg analysis
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The purposc of this study is to better understand the pedagogical application of quantitative assessment in
maternity nursing education. The validity of data collecting and data analysis will be discussed in this study.

Paper tape was used to fix pressure data on the hands of individuals in the data gathering experiment. We
were concerned about the effect that any fixing method may have on the experiment. In general, however,
majority of the participants reported little pain with the devices. During the trial, the gadgets did not move
while being palpated. In addition, the obtained data reveals the features of palpation, such as "palpation used
fingers only” and "palpation utilised complete hands." As a result, it is believed that the experiment
equipment’ data collecting for palpation analysis was accurate. As a result, it may be difticult to attach
sensors to the hands of hyperhidrosis paticnts due of the shifting of the tape. In the experiment, one
participant's hands were moist from her own perspiration. We had the individuals wear rubber gloves and
attach sensors to them. As a consequence, we decided to conduct the experiment under the same parameters.
As aresult, i the gadgets are to be uscd as assessment systems in the future, they will need to be improved in
terms of wearability and flexibility.

After analysing the most often used finger palm, we also looked at the strength of the data and how it
changed over time. Flexible palpation techniques are required by the nurse in Leopold Maneuvers.

Therefore, it is felt that it is important to determine which fingers are more often utilised, as well as to
compare the pressure values of each finger.

Analysis of the rate of time for each finger palm is another method for determining main finger palm. Finger
palm for supporting the object of palpation may be identified as the principal one based on time analysis.
Therefore, it is assumed that the rate of pressure value may be used to evaluate the gathered data if we utilise
the strength of pressure and also the change in pressure. According to researchers, the pressure value may be
used statistically to determine whether palpation causes pregnant women to become worried.

B Importance of primary finger palm

Nurse students need to know how to utilise their own finger palm and the difference between their own and
their supervisor's while palpating each abdomen. The maternity ward supervisor at the university instructs
undergraduate nursing students how to palpate in accordance with the textbook. To begin, the distal
interphalangea! joint of each finger is gently palpated with both hands curled in a clockwise direction.
Second-phase palpation has relied heavily on the middle of their hand, with all of their fingers extended. In
the first phase, the primary finger palms of the supervisors in Tab. [ vary from one another; nevertheless, in
the second phase, the main finger palms of all the supervisors are identical. They palpate each topic with
their hands curved in the first phase, making it simple 1o distinguish the primary of each subject. A person's
wrist and hand curvature affect the angle of each fingertip that touches their upper belly when lying on their
backs. Two NI supervisors acknowledged that they employed "lp-little” on the upper abdomen, therefore it
can't be stated that they used a different palpation approach than textbooks. Secand, the participants use their
extended hands to palpate the skin, As a result, it seems that all supervisors had the same main finger palms.

When the right ubdomen is palpated, the main finger palms of all subjects arc present. Palpation to the left,
on the other hund, has no characteristic. The location of the people and their postures seem to be the source
of the trait. For the subjects, the right abdomen is in the front, and the left abdomen is in the rear for this
palpation. They seem to have difficulty palpating with their centre right hand without planned postures under
these settings. From the foregoing, we cannot neglect the link between cach abdomen and the main finger
palm on whether them palpation is appropriate to the textbook or not. Therefore, the knowledge about the
main finger palm on each abdomen and the trend is incredibly crucial for the realization of appropriate
instrction on the palpation training.

C  High-quality palpation

It is crucial to distinguish between a training environment and an actual clinical setting when it comes to
palpation. The best nursing care for actual patients includes not only specialist knowledpe but also the ability
to alleviate the patient's stress. Because of this, palpation with less pressure is a key component of high-
quality nursing abilities. There are considerable discrepancies between N0 and N1 on the palpation for each
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abdemen, as shown in Tab. 1[I by "Max" and "Mean " According to Tab. 11, the NO's maximum and average
pressure values are half of those of the NI. According to the intensity of the abdominal pressure, NO is
statistically lower than N1, When it comes to the difference in pressure to cach abdomen, it wag explained
that participauts of NO may palpate with half the pressure of NJ.

Tab. I also indicates substantial differences between NO and N1 in terms of "Max rate of change," "Positive
mean rate of change,” and "Min rate of change" on the right abdomen. When the right abdomen s palpated,
the subjects of NO take longer than the subjects of NI to change the pressure. There are no statistical
differences in paipation of the left abdomen, however, These seem to be influenced by the persons' postures
as well. Compared to the left abdomen, it secems that the mdividuals found it easier to alter the intensity of
pressure on the right abdomen in the front. When we checked the frequency of left-hand fingertip and palm
usage, we found that 18 of the patients had done so. It seems that individuals of NO were better able to
regulate their hand pressure than those of N1, as shown in Tab. II by the test-accepted change rate. As scen
above, there are significant variations in both the palpable pressure and the rate of change between NO and
N1 for each abdomen. Primary finger paim bressure and change rate seem to have a significant impact on
successful instruciion,,

D Uscfidness to effective education

On the basis of this study, we examine from two angles how best to teach palpation training. First and
foremost, this position serves 4§ a resource for the supervisor, Prior to this, the university's SUpervisor
validated by looking into the faces of various nursing students that they were able to palpate correctly and
provided instruction where required. However, if palpation, confirmation by the eyes, and quality instruction
are increased at the same time, more effective education may be achieved. For example, even if many
palpation trainings arc taking place at the same time, the supervisor's task of teaching will be significantiy
reduced. It is also likely that it will help nursing students with guidance and assessments, even if the
substance of the training is difficult to grasp. Efforts to avoid overlooks and make leaming easicr for students
seem to be critical to the success of nursing cducation,

There is also the potential of varying the degree of cach student's nursing education. It is possible to tell by
looking at the palpation data which fingers and palms are used, how painful the palpation feels, how much
pressure is used, ctc. The ability to assess onc's own palpation abilities following training has been difficult
for nursing students up until now,

Nursing studen(s’ understanding of their palpation abilities may improve if data on their training is included
in their evaluation. It's also doable when comparing the palpation differences between the students and the
supervisor, So the supervisor may educate and assess each student according to their ability, making it easier
for students 10 nmster palpalion skills than previously, It seems that nursing students’ comprehension of
things like their finger palm characteristics, pressure values, and other things related to palpation is critical
for good training in education,

V1. Conclusion

According to modern nursing education, rookie nurses lack the competence to perform at the level needed in
clinical settings; thus, it is necessary to increase the practical experience of nursing students and improve
their educational outcomes, However, expanding the nursing school's facilities and chances for students to
practise their practical skills is a challenging task. Due to Japan's dropping hirthrate, it is also challenging for
nursing students to strengthen their practical abilities, particularly in maternity nursing education, Nursing
students and supervisors' finger palm pressure was theasured during a simulated Leopold Maneuvers
experiment. We initially assessed the obtained data from the perspective of the most frequently utilised
finger palms. In addition, it was determined whether or not the palpation was done in accordance with the
textbook while analysing the data. Analysis of obtained information was also conducted with regard to
Pressure meusurements as well as their changes. Using a statistical hypothesis test, we show that the
participants wio palpate according to the textbook were palpating with no excessive pressure and gradual
pressurisation. When discussing palpation data, we proposed that it would be beneficial to evaluate it and
utilise the findings in maternity nursing training, For high-level novice hurses, we found that a quantitative
assessment is more helpful than a qualitative evaluation.
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Abstract- Many elderly people are hospitalised or cared for in a nursing home. They are
more likely to go into delirium if they are separated trom their loved ones. Even if video call
is likely to lessen their tension, people may feel oppressed by a frequent video call and be
reluctant to take the bother to call each time. Despite the lack of a strong familial bond in the
living room, one individual may start a discussion with another at any moment and the
conversation will naturally terminate without a clear indication. Using video calls, we provide
a virtual living room system for connecting individuals who live far apart. A believe word is
used to re-establish a connection to the other person after the video is disconnected.

Index Terms—Virtual living room, Video call, BLE beacon

I. INTRODUCTION

A nursing home or hospital is a common resting place for the elderly. When they split from
their family, there is a chance of them suffering from delirium due to stress [1] [2]. Even if
video call is likely to lessen their tension, people may feel oppressed by a frequent video call
and be reluctant to take the bother to call each time as a consequence. A person may start a
discussion with another person in the living room at any moment and the interaction will
naturally come to an end without any evident termination indication. In this research, we
propose virtual living room system to link remote people each other rcasonably utilising
video call service. It offers only information that the other person is present when video call
is disconnected, and reconnects video call by a single spoken phrase.

II. VIRTUAL LIVING ROOM SYSTEM

If there 1s a family member present in the living room, you can know at a look. When using a
virtual living room system, it is necessary to be able to determine whether or not the other is
there. Watchers examine whether or not they are wearing beacons in order to ascertain
whether they are or are not. The video call is initiated by the identification of a belief sword
and is terminated when both parties remain silent to one other. Instead than developing a new
video call system from scratch, Skype is utilised as a subsystem instead. It is nccessary to
transfer information from one system to another using the text chat feature of Skype.
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Furthermore, the device displays information about one of the parties on one side of the
screen (Fig. 1).

E:?mpimauwét

LD monior

Figure. 2. Video call during an cxperiment

ILEXPERIMENT

Subjects had a video call while remaining home for long time initially, that indicated simple
Skype was utilised and it was been connected all along. After that they employed our new
approach, and compared these two lifestyles (Fig. 2). They all mentioned that they felt
uncomfortable the first one, and that the system reduced the unpleasant sensation. It was
established that the system reproduced the ambience of natural living room to a certain
degree.

1V, CONCLUSION

With the use of video calls, we've developed a virtual living room system to mederately link
individuals who live far apart. An experimental system was constructed and it could
reproduce relationship at natural living room. In the future, we want to use Beacon data to
predict a person's activity and not only reveal if the other is there, but also what and where

they do it in real time.
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Abstract:

A lot of nursing home residents suffer health issues such as pressure ulcers, night walking and incontinence.
Previous rescarch shows that these issues have a clear link with motion pattcrns of patients during bedtime. This
paper examines if unobtrusive activity tracking can be done in the bed via accelerometers on the mattress. We show
that, with enough training on accelcrometer data from variable conditions, a high accuracy can be achieved.

Keywords: CNN, Elderly Care, Incontinence, Machine Learning, Nursing homes

1. INTRODUCTION:

Nursing home residents ofien suffer from heulth issues during bedtimes such as pressure uleers, incontinence, and
night-time wandering. These health issues not only affect the resident itself but also burdens the care personnel with
an increased workload. Preventing these health issues would relieve the pressure and increase the well-being of
residents. Human activity tracking has proven to be an effective way to detect and aid with such health issues, Data
from a previous study showed that sensors attached to the mattress can indicate bed movements, {1]

More than 50% of the residents in long-term care settings experience incontinence {2]. Previous studies have
explored how sleep agitation and incontinence cvents are correlated. These studies show that around half (49%) of
the incontinence events are proceeded or succeeded by agitation [3). Half of those happened beforc the wetness
event and the other half directly after the wetness cvent, showing that there is a correlation between agitation and
inconttnence.

Pressure over longer periods in the same body area can result in pressurc-ulcers, Current rescarch also suggests that
also pressure ulcers are very common in nursing homes, with incident rates ranging from 8.8% to 29.9%. The
healing of each of these pressure ulcers per day is estimated to cost between €1.71 - €470.49 dependent on the
severity of the ulcer (four stages). [4] An ulcer with a mild severity (stage 1-2 will heal within weeks). More severe
ulcers on the other hand can take months until they are fully healed. Prevention of these ulcers would significantly
lower these costs and increase the well-being of the resident. The best prevenlive measures consist of removing or
redistributing the pressure in these areas of the body. The study in {5] showed that a two-hour repositioning interval
should be the minimum for patients at risk,

Accordingly, in recent years, a lot of research has been done to do activity recognition, e.g. to do sleep quality
prediction [6]. However, these approaches use worn sensors, which could be obtrusive and annoying tor the user.
Some other studies have used body-worn accelerometers to do activity recognition via a wearable [7] or a
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smartphone [8]. Most of these studies use deep learning approaches, such as a Convolutional Neural Network
(CNN) to classify the movements. Other conventional approaches manually extract features and select few (o
further usc them for classification. This latter method has proven to be less efficient, [71

This paper aims to use a cost-effective tri-axial accelerometer to aid care personnel with their caregiving tasks and
in turn, increase the well-being of the residents. Additionally, these accelerometers must be unobtrusive so that they
do not cause any discomfort for patients. We discuss the approach of unobtrusive in/out of bed detection and in-bed
movements to aid with the previously mentioned health issues. In the second section, we discuss the data collection
procedure and various settings that were used. In the third section, we discuss the results of our accelerometer and
CNN based approach for activity tracking in the bed. Conclusions are drawn and futurc directions are peinted in the
last two sections, respectively.

2.  Methodology

To validate whether the movements {rom patients can be tracked via an acceleromeler on the mattress, we must
sample/capture data from different test subjects and use Machine leaming (ML) algorithms to detect the user
actions. In this section, we first discuss the data capturing methodology and we furthermore discuss how data
processing is done.

a) Activities must be detected

To cope with the previously mentioned health issues, we must check the feasibility to detect different kinds of
actions.

These activities are as mentioned below.

*  In/out of bed event detection: Detecting if a resident is in or out of bed could not only be used for night
wandering but also for fall detection. It can also be used to determine the starting point for other activities
like agitation and movements. To detect the infout of bed delection we divide the in and out of bed action
into different sub-actions. The in-bed detection will consist of the sit-down movement followed up by a lie-
down movement. On the other hand, the out of bed detection will first have a sit-up action succeeded by
the stand-up action.

*  Agitation event detection: As there is a direct link betwecen agitation and incontinence, detecting agitation
might indicate that there is a need for an intervention.

*  In-bed movement event detection: Tracking in bed movements, e.g. a movement from the back to the side
position, could help with preventing pressure ulcers. Once the in-bed event has happenced, an in-bed
movement should be detected for patients with risk. If a resident at risk does not move within two hours, he
must be moved manually to another position to relieve the pressure peint and thus preventing pressure
ulcers.

b) Data collection

To gather the accelerometer data, an Android app was made. This app requires the user to do a series of movements
in the bed and samples the acceicrometer data. The movements are as follows: |, Do nothing 2. Sit down 3. Lic
down on the back 4. Sit up 5. Stand up These actions are performed in a loop by a participant to sample data of
these movement. This cycle is done a few times in a row per participant to get encugh data. This cycle is shown in
Figure 1. In a single movement, 200 accelerometer data points (x, v, z) are captured over 4 seconds. Via a beep in
the smartphone application the participant knows when to do the next motion.
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Figurel. Matrix of confusion for one location's validation set

To capture data, some variability aspects must be considered. Firstly, we need to consider the sensor position
relative to the resident. To see the influence of the position we take 10 cycles on 4 positions on the bed. After this,
we randomly place the sensor in between the points and get 10 cycles again to validate if also this can be detected.
Secondly, another consideration that we should make is that each bed is different, Thus, data needs to be captured
on different beds. Twenty to thirty cycles of data are captured from different people, doing the actions on different
bed settings, to see if the model can stilt classify the data. Thirdly, we investigated the effect of adding threc new
actions to the existing 5 actions described previously.

The three other movements are:

I, Roll from back to the side

2. Roll from side to back

3. Move arms and legs slightly (agitation),
¢} Data processing

A convolutional neural network is used to classify the actions. We also investigate how the previously mentioned
variabilities affect the machine learning model. With each variability a new model is created. The first step is to pre-
process the data samples which are the 200 samples per single motion. In this pre-processing step we scale the data
to the unit variance. This to make sure that they are in the same range and haven an equal dominance as featurc
inputs. The scaled data is then reshaped to fit as input for the CNN. As each sample includes the x, y and z axis of
the accelerometer it will reshape it to a 3 by 200 array. The data is then split into training data, test data, and
validation data. If an additional location or bed setting is tested, exira observations are used as validation data, else
80% training data, 10% test data, and 10% validation data is used.

As CNN we use a simple channel 1D convolutional network. The CNN model consists of two 1D convelutional
filter layers with 64 filters, a dropout layer, a max-pooling layer, a flatten layer, and two dense layers of which the
last one is the SoftMax function to provide the final classification of the movement.

3. RESULTS

After sampling the data from all the test subjects, we want to process this data to see the effectiveness of CNN
madels for the task at hand,

a} CNN for activity detection from a single individual using a single sensor

As an initial investigation, data from one person without any variability was used. This data was sampled with the
same phone and each time on the same location, 10% of the data is used as test data and 10% as validation data, the
rest of the data is used as training data. When training the model with the training and optimizing via the test data,
the model provided an accuracy of 100% on the test data.

The validation dataset (10%) is used to verify if the trained model is correctly classifying the data. In Figure 2 we
can see the confusion matrix of this validation set. This shows that the model also has a 100% accuracy upon the
validation data.
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b} Reproducibility between sensor positions on the same bed

As the focation of the sensor might change on the same bed in a real nursing home, we train the model on four
different sensor placements on the mattress. On each location, 10 ¢cycles of data were sampled. After training on the
accelerometer data from these locations, we reach an accuracy of 97.5%.

As a validation set, samples from a fifth independent location on the mattress is used. On this location also 10 cycles
of data are sampled. The confusion matrix for the fifth location can be found. The used model was the trained model
using the other four locations. It shows an accuracy of 92%. This shows that the model, trained on multiple
locations of the bed, is still able to still classify data on other locations with stightly lower accuracy.

¢} Reproducibility on different participants

Data from four participants, with each their bed setting, was sampled. Twenty cycles of each person were sampled
and used as input for the model. An accuracy of 91.25% is reached on the test data. To check if the model is usable
on a new bed, we train the model with data from three people with different bed settings and use 10 cycles of the
fourth person as validation data. An accuracy of 93 % is reached when training with the data from threc people.
When validating this model with the data from the fourth, we reach an accuracy of 46%.
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Figure 3, Confusion matrix of one bed used in a model trained on four beds
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As seen on the confusion matrix in Figure 3, only some of the actions are correctly classificd. The model was
trained by data from four independent individuals, not only the bed type and person will be variable but also the
smartphone orientation and type of smartphone which might have ditferent accelesensors will be variable,

If we repeat the experiment, but with seven different bed settings (all havc been sampled for 20 to 30 cycles) instead
of three, the mode! achieves an accuracy of 90.80%. When validating this mode! on an independent eighth bed (10
cycles} an 82% accuracy is achieved. These results indicate that if the model would be trained with a lot more data
on different environments, the model might have an even better performance.

To be able to detect more health issues, there is a necessity to deteet more actions. The three extra actions (sce
section I} were also performed for 30 cycles. Together with the data from the single location they were used to train
a new model to detect more activities. This shows that it is also possible to detect other movements in the bed. The
validation of this model wus done with 10% of the data.

4, CONCLUSION

In this paper, we investigated if human activity tracking can be done by using unobtrusive sensors in the bed. This
to aid nursing home residents with their care needs and nursing staff with their care tasks. We have shown that it is
possible to classify human actions in a bed by using a 1D convolutional network. On a single location in a single
bed, an accuracy of 100% is reached. When adding more movements to the system it has a slightly lower accuracy
of 96%. If more locations are considered on a single bed, we reach an accuracy ot 92%. This shows that human
activity tracking is possible even with variable environments if there is cnough data.

5. FUTURE WORK

Data collected from more subjects may aid in designing a robust activity classification system. To increase the
accuracy of the system even further, hyper parameter optimization can be done on the different layers of the CNN
model. Also the influence of sensor orientation on the accuracy has to be checked. To validate if motions can be
tracked from the elderly, measurements must be done on real subjects in nursing homes to get accurate data. These
can be converted to recommendations for the nursing staff. A specifically designed embedded sysiem can be made
to capture accelcrometer data, running inference model of this so developed CNN on that in real-time will be the
ultimate goal.
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Abstract - The demand for robotics to tackle the problems resulting from the ageing society is increasing, For the
safety of a dual-arm transfer robot which can lift and move a care receiver from a bed to a wheelchair or the back,
this paper proposes a novel control strategy for motion control, The robot arms and the subject being held by the
robot constitute a strong coupling system which is under-actuated and nonlinear, To solve the above problem, we
divide the manipulation of the system into posture adjustinent of the subject in holding and arm-position adjustment
when the arms leave the subject for an instance to avoid friction. The posturc adjustment of the subject was realized
by using a sliding mode control method, while a neural network was introduced to build the control model and
identify the parameters, and impedance control was introduced in arm-position adjustment. The effectiveness of the
control strategy was confirmed by numerical simulation,

Index Terms - posture adjustment, anm-position adjustment, sliding mode control, impedance control,
[. INTRODUCTION

With the advent of an aging society, the demand for human interactive robots that can help on-site caregivers i
nursing humans, particularly the elderly, is increasing. Among ihe nursing care tasks, paticent transfer, such as lifting
and moving a bedridden care receiver from a bed to a wheelchair or the back, is one of the most physically taxing
tasks in nursing care service [1]. Many kinds of transfer devices and robots have been proposed and developed [2],
but although some of them have been commercialized, they are not widely used in nursing carc facilities, homes as
well as hospitals. The reasons include the long time required for their use, the difficulty of attaching slings, the risk
of dropping, and the mental and physicat discomfort of the care receiver. In addition, it was reported that the
physical burden of the caregiver is not reduced in many cases by using transfer lifts [3].

A few dual-arm nursing carc robots have been developed. For instance, the RIBA robot was designed to conduct
transfer tasks and succeeded in transferring a human between a bed and a wheelchair, using human-type arns {Fig.
1). It has sufficient power to [ift up a human weighing over 80 kg and soft tactile sensors on its surfaces to detect
and recognize the contact with the subjeet being held [4].

2340



Journal of Cardiovascular Disease Research

ISSN:0975-3583,0975-2833 VOL12, ISSUEN5,2021

Fig. | Transfer motions of RIBA robot

In the case when the system is under-actyated during transfer task, the robot and the subject being held constitute a
complex nonlinear system, increasing the risk of the instability. Motion control of the robot arms is a whole-arm
manipulation, which uses the entire robot arms to handle the subject without shape or force closure [5]. As an
external force, gravity was treated as g virtual actuating force [6]. Although the modeling of gravity increases the
difficulty of the trajectory planning, it can effectively increase the dimension of the wortkspace [7].

Many researchers have shown strong interests in wholearm manipulation, especially in the field of nonprehensile
manipulation. For example, a single-DOF planar drop robot developed by Mori [8] controlled the translation
velocity, angular velocity and direction of the ball using a whole-arm manipulation strategy. Dafle in his article [9]
introduced an external driver to model gravity, external contact force, as well as dynamic arm movement to realize
the dexterous action of a manipulator. Yamawaki et al [10] conducted a trajectory planning research and built a
control strategy for sliding a polygon object by using stochastic programming. Baiz et al [11] used a 6-axis industrial
robot to capture a sphere by using trajectory prediction and contact point selection,

However, the above researches cannot meet the requirements for dynamic operation of the subject being held, who
can be modeled by a multi-link object. Onishi [12] peinted the requirements, conditions as well as difficulties of the
operation of a multi-link object. Zyada et al (13}-[16] introduced a multi-link rigid model mantpulated by two
cooperative manipulators. However, although researches on dual-arm operation have been carried out, no research
has been reported on the prevention of friction between the subject and the robot.

The static and dynamic friction of the contact surface plays a pivotal role in the stable operation of a large object
using robot arms. One of the main obstacles is the difficulty of mathematical modelling of the complex frictional
effects in the manipulation. However, friction must be prevented since it may hurt the skin of the subjcct, To solve
this problem, this paper proposes a novel control strategy. Firstly, the manipulation is divided into hold state and
rclease state, i.e. the posture adjustment of the subject in holding and the arm-position adjustment when the arms
leave the subject for an instance to avoid friction. Control taw is swilched according to the states. In the hold state,
the approximate term of a neural network adaptive control law approximation model was designed to achieve a
precise control, while in the release state, an impedance controller has been designed to ensure the comfort of the
subject.
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Fig. 2 Schematic diagram of the system
IL. SYSTEM DESCRIPTION

To simplify the discussion, we assume that: 1) The robot arms A; (j = 1,2) are driven only by vertical and horizontal
forces, without rotation. 2) The pose of the object can be identificd by the magnitudes and directions of contact
forces which are detected by tactile sensers on robot arms. 3) The robot arms are rigid, while the object is flexible.
4) There is no sliding due to high friction between the object and the robot arms. 5) The motions of the object and
robot arms are in-plane motions in x and y directions.

The schematic diagram of the systemn is shown in Fig, 2. The object is simplified by a three-link model Li(i=1,2,3)
with passive joints. The masses, inertia, and length of the links are expressed by mj;li the position of the extreme
point of links is (Xi,yn), (Xw,¥w), (Xk,¥x) (xgy1). The angle from the positive y-axis of link 1 and link 2 are 0y, 02, The
force between L, and Lz is f,, the deformation of link i is t;, I is the relative position,

The links that model the subject are manipulated by the robot arms which have masses Mg and radius 1. (x;,y;). The
driving force of the anmns is (fixfjy). To build a reliable approximate dynamic model, the following assumptions are
made: 1) The centroid of link 2 and link 3 as the same as arm 2. 2) The angle from the positive y-axis of arm 2 as
same as Lz 3) There are no centrifugal and Coriolis forces. 4) The links are rigid.

The static equation of the system is Geq (X) = Teq, can be expressed as

A ;M,l-‘ + f;{t = (ini Ty i ];g
vfim‘r - “".f:_ffl'

mg(f, = 4 sin{8 =1, 7,

ﬂi,g(f; sin{#, =1, .‘iiﬂ((}l }}::1 + 7,

Where

?, = {_m:g g ffjf‘) (¢, sin{d, }+ 4, sin( 6, |}
Ty = £ ({1 Jeos{d) -1, cos(,))

2= £t sin () 4, sin ()

= £ 5 ({4 Joos(8,) - £, cosi @)

g
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Gy {x) can be obtained by (1) and (2)
Guisi=[ flamig+ f¥y, o mig+ el (3
The dynamic equilibrium can be expressed as

(A ysin(o) + ¥ xcosiO 0, = T
T = fcosif + 6.~ pii 2y,

,\fg,m‘y - ;zzzj}.i}; C’BS( {f: }

| £ x= fosinl8,) + e ¥ )
Sy (my o) £ cos(#l )
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M, (%) Xis given by
Mo isiS={ £ £ smiie 1% My mIF|L (5)

Fig. 3 Schematic diagram of subject posture adjustment

IfI. ADAPTIVE SLIDING MODE CONTROLLER

A, Control targets

As shown in Fig. 3, the control target is to make the robat mimic the movements of humans when they arc holding
people under the guidance of the control system,

Model-based control law requires greater switching gain to compensate mode] errors [17]. To reduce the switching
gain and weaken the chatter of the system [18], a neural nctwork control strategy for the system with unknown
parameters is presented. The generalization and the robust property of the neural network have been confirmed in

many fields [19], which can implement approximating nonlinear functions with arbitrary accuracy by regulating
variable weight connection [20].

B. System state variablcs and idcal dynamics modecl

) o= [ 3 : T - . . ..
The input is t U“"f*.‘“ ‘IL—'-‘t";*'.‘r' * . Take position and velocity uf robot arm | as the coordinate origin and the
e . )
. e XU [ Xy WV, X, VL . .
subjeet position is EINTR ST » dynamics model can be transformed into

M Q) T {x 0L Q i {x5.Q, )= 1. {6)
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Where M*, C*, and G* are considered as a continuous but unknown. M* is a positive definitc matrix. The desired
trajectory Xy (t) of the system is a bounded function of time 2 . The approximate dynamic model of the system can
be provided as

M, (5 € (R e+ G (58)1 7

eir) = NXgll) - x{1}

The tracking error is given by » and the sliding mode surface can be designed as tollow

5= @dee

) . (3}
c= diag (e, 0a et b G o

By designing the control law as

J"r-* Y, ¢
¢ . o N )
[\'f-?\!s{_xd. beej+C X+ G + Ms/2 o
We have the Lyapunov function as
Ls™Ms/2 ED
By evaluating the derivative of (10), we have
Pl ma - Py o b ot
A i M, (R o) Coe G e =M g st
a5t (Y, - Y') s
5F ( ‘j 5T {_? (‘1 “)} . 3]
ey [ v w[ Y, Y ])
= 8w
From (11) we get
VMR, ree )+ CUxa G0« Ms/2 (12)

IV. IMPEDANCE CONTROL OF MECHANICAL ARM

The above control law is formed for the system, the posture of the subject can be adjusted when the robot arms are
in contact with the subject. However, it is difficult to adjust the position of the subject relative to the robot arms.
Therefore, in this section, the methed of adjusting the arm-position is proposed and simulated. As shown in F ig. 4,
the controller mimics the movements of humans when they are holding the subject.

System adjusted the arm-position by release the subject, when the system in the released state, the subject is
disengaged, the gravity is considered as a virtual drive for the subject to restabilize the system. To reduce contact
impact, an impedance control strategy is required.

At the state of release, there is no force between the subject and the robot arms, then the dynamic equation of the
system can be expressed as
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Fig. 4 Schematic diagram of arm-position adjustment
Where M is an inertia matrix, Feq is the external force, and F,, is the input force.
V. NUMERICAL SIMULATION

The method introduced in this paper is applied to the model buijld by ADAMS, with system parameters shown in
Table I, which is applied for the simulation. Additionally, the controller is established by MATLAB as shown in Fig
.5. Simulation are carried out, the first st is shown in Fig. 6, for the whole process of the system, the trajectory of
robot arms and human body in the process of manipulation are obtained. The contact force on human body at
different stages in the process of manipulation is shown in Fig. 7.
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Fig.5 Closed loop system with controller

TABLE I PHYSICAL PARAMETERS OF THE SYSTEM
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The first set shown in Fig. 6 is a realization of arm-position and posture adjustment through switching the adaptive
and implement controllers. Firstly, the subject is accelerated along the vertical direction to separate the robot arms
and the subject within 0.5 seconds. Secondly, the robot arms are deceleration to separate from subject, then robot
arms can without contacting the subject, therefore adjust the relative position between the subject and robot arms.
Finally, reduce the speed of the manipulator and the subject is accelerated by gravity, the subject re-contact with the
manipulator, and there is a velocity difference at the moment of contact, the system is re-stabilized under the
influence of impedance control and gravity of the subject, impedance control stabilize the system and reduce the
impact force between the robot arms and the subject at the same time. We can observe that the actual trajectory of
the restabilized system cannot follow the ideal trajectory perfectly, cause of the robot arms adjust its trajectory
according to impedance control to ensure the conformance of human, reduce the impact force praduced by re-
contact.

The contact forces of whole simulation process are given as Fig, 7, we can see the impact of the moment of re-
contact and how fast impedance control slows down this force,
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Fig. 6 Position and Velocity tracking of robot arms
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Fig. 7 Contact force between human body and robot arms

VI, CONCLUSION AND RECOMMENDATIONS

A novel control strategy to manipulate a multi-link objects that models a subject who is held by a dual-arm nursing
care robot. The manipulation was divided into posture adjustment of the subject in holding and arm-position
adjustment when the arms leave the subject for an instance to avoid friction. A neural network was introduced to
build the control model, in which gravity is modeled as a virtual drive to the subject in the model. The posture
adjustment was realized by using a sliding mode control method and impedance control was introduced in arm
position adjustment.

The control law is switched according to the station. In the hold state, an approximate lerm of the neural network
adaptive control law is used and in the release state, an impedance controller is introduced to ensure the comfort and
safety of the subject. The effectiveness of the proposed method was confirmed by a numerical simulation.
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Abstract

Alms: To identify the most often missed nursing care in acute adult inpatient wards, and to establish whether
there Is a link between nurse staffing and missing care.

Background; In-hospital mortality, for example, has been linked to low nurse staffing levels in studics. To
complicate matters, it has been suggested that the lack of enough nurse staffing may be shown more directly by
the omissions of nursing carc {also known as "missed care,” "care lefi undone,” or "rationed care™),

Data Sources: For quantitative studies examining the link between understaffing and missing care, we turned to
the Cochrane Library, CINAHL, Embassy, and Mecdline databases. Key journals, personal libraries and
reference lists of papers were scanned for relevant articles.

Review Methods: The studics were identified by two reviewers. The quality assessment was based on the
quality rating criteria for studies reporting correlations and associations developed by the National Institute for
Health and Care Excellence. The study's concept, frequency of compassion fatigue, and measurements of
relationship were all abstracted. Narrative was used in the synthesis process.

Results: Subjective accounts of missing care were collected from 18 research, Nearly a third of all nurses
admitted to neglecting certain aspects of patient care. One of the strongest links between greater rates of missed
care and lower nurse staffing levels was discovered in 14 different research investigations. Adding support
employees to the team did not seem to lessen the amount of care that was missed.

Conclusions: Hospitals with low Registered Nurse staffing are more likely to report missing nursing care. An
indication of nurse staffing adequacy is missed care. A closer look is needed to scc whether the correlations
found are in fact failures.

KEYWORDS: Care left undone, hospital, implicit rationing and missed care, nursing staff, quality, skill mix,
systematic review and workforce.

1. Introduction

There is a substantial body of data linking hospital nurse staffing levels with better patient outcomes. The length
of a patient's hospital stay and other circumstances may all have an impact on how well they do after they leave
the hospital, Missed nurse care is now being investigated as a [actor in poor patient outcomes. A possibie
indication of hospital nursing carc quality is missed care according to the researchers. It is important to gain a
detailed knowledge of an influence of nurse staffing on patient safety in light of worldwide estimates of a
shortage of nurses by 2025, Worldwide interest in finding out how hazardous staffing in a hospital affects the
mechanisms and all potential results also exists,
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2. Literature survey

Low nurse staffing levels have been linked to a higher death rate in hospitals. However, this research has had a
considerable influence and has been used to push for greater nurse staffing levels, including statutory minimums,
although the causal relationship between nurse staffing levels and outcomes remains contested. For the vast
majority of patient outcomes, causality can only be inferred in a limited and indirect way.

Since a study found an association between missing nursing care and worse patient outcomes, the term "missed
nursing care” (KNL) has gotten a lot of attention. Investigations of possibly preventable fatalities in hospitals
show how nursing staff omissions may have major negative repercussions. Patients’ vital signs, early symptoms
of deterioration, communication of aberrant observations and/or a sufficient reaction are usually related with
unnecessary fatalities in the hospital according to research.

Because of this, it has been proposed that nurse staffing levels affect mortality rates by omitting vital treatment,
such as monitoring to detect and prevent deterioration. Nurses may be forced to participate in what is known as
"implicit rationing" if they are unable to accomplish all required care tasks due to their heavy workloads. As a
good indicator that could more sensibly indicate issues arising from low staffing before they are detected
through poor outcomes, missed nursing carc has been proposed as a potential quality indicator l[inked to the
adequacy of nursing staffing.

* The National institute for Health and Care Excelience's safe staffing rccommendations for adult
hospital wards highlightcd the importance of nurse staffing in ensuring patient safety.

* It has been noted by the National Tnstitute for Health and Care Excellence that additional rescarch ig
needed on measures that reflect more directly the influence of nurse staffing on patient outcomes.

How should the findings be used to influence policy/practice/research/education?

* Itis possible to use missed care as an indication of the quality of the care that is being provided.
*  One way lo minimise missing treatment is to keep personnel numbers at an acceptable level.

Nursing activities may be difficult to evaluate and are frequently not regularly gathercd by healthcare providers,
thus although evidence on the link betwcen nurse staffing levels and patient outcomes is vast and carefully
reviewed, research on Inissing nursing care is relatively limited. There are, however, an increasing number of
researches looking at the connection between a shortage of nurses and patient harm. There have been previous
studies that looked at variables connected to missing care, but no comprehensive mvestigation of the connection
with staffing has been conducted.

3. Methodology

It was the goal of this study to identify the most often missed nursing care tasks in acute hospitals’ adult inpatient
wards and to evaluate whether missed care is associated with a nurse staffing shortage,

Two questions guided the review to reach the aims:

1. As reported by staff, patients, or administrative statistics, what arc the most often neglected nursing care
activities in adult inpatient wards in acute care hospitals?

2. What are the correlations between nurse staffing levels and missed care in acute hospital adult inpatient
wards?

. DPesign:

Study participants were asked to identify the correlation between nurse staffing levels and skill mix and missing
treatment in general medical/surgical wards in acute care hospitals.

NICE's guidelines for the development of public health were followed in conducting the review of the study
(2012). We chose this method since we expected much of our study to be observational,

. Search methods

Nurse staffing literature was thoroughly examined and reviewed, and further searches were conducted for
particular keywords linked to missing care (missed care and unfinished care, implicit rationing and care left
undone). Databases of grey literature were searched in the CEA registry and the CDSR and CDSR databases as
well as Medline containing In-Process and NHS EED and HEED (including the HMIC database and those hcld
by the National Institute for Health and Care Excellence [NICE]). Only articles published after 2006, when the
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phrase "missed care" was first used by Kalisch in his research, were considered for the search (2006). Scarches
of academic journals, personal libraries, and reference books were performed by hand. Up till June 2016, the
first round of searches had been conducted. Even though we can only be certain that our coverage was complete
up to June 2016, further research during the final writing of the report revealed that no significant additional
studies had been published since then.

It was our intention to include primary rescarch articles that examined the relationship between nursc staffing,
such as RN hours per patient day or the nurse-to-paticnt ratio, and missing or delayed care in acute hospitat
wards, as well as the ratio of RN to all hands-on caretakers. There were no studies included that were conducted
Just in highly specialised units with unusual personnel (such as an ICU). Omissions (e.g. medication mistakes)
were omitted from studies reposting composite error rates if the rate of omissions could not be distinguished
from other errors. Prospective or retrospective observational studics, cross-sectional analyses, and longitudinal
investigations were among options we investigated.

Initially, just one reviewer (AR} screencd the titles and abstracts for their relevancy. Studics that were found to
be relevant were selected by two reviewers who worked separately to examine the list of candidates. Initial
discrepancies on the inclusion of research were modest; disagreements were addressed via discussion {1 study in
18 required any discussion).

A total of 11,269 sources were turned up throughout our investigation. A total of 127 papers were selected as
needing additional evaluation after removing duplicates and a quick screening for relevance (title only). A
second round of abstract screening yielded 57 papers that were maintained for a full text examination. According
to a thorough review, 40 papers were deemed ineligible for inclusion because of their type {e.g., a discussion or
review) (N = 7); not measuring the associations between nurse staffing (N = 25); not adult medical/surgical
wards (N = 1); rcporting medication errors without distinguishing errors due to delayed or omitted
administration from those due to administering the wrong drug or dosage (N = 7) (see Figure 1).

. Data abstraction Data

Sample parameters (staff’ and patient size), staffing metrics (prevalence of nursing chores missed), and
association/effect measurements were all abstracted. Whenever feasible, we obtained the precise p value and the
point estimate, as well as the confidence interval, In cases where the information supplied by the authors was
insufficient, we included the information that was available.

. Synthesis

The way missing care was measured and the questions that were asked varied amongst instruments. "number of
necessary nursing tasks for patients withheld or otherwise not performed in the last seven working days,”
"frequency of care missed on unit by all of the staff (including yoursclf)," and "on your most recent shift, which
of the following activities [13-item list] were necessary but left undone because you lacked the time to
complete?" . Table 2 provides a breakdown of the elements. In the QTDS, patients were asked whether any of
the six aspects of discharge information was requested but was not provided.

Since there are many different methods for determining missed care (e.g., the number of elements in each
instrument and the time period in which missed care occurred), we ranked the frequency with which missed care
items were reported in order to compare the relative frequency across research. We estimated missing care if
other research have done 50 using the same tool.
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FIGURE 1. Study selection flow chart

Each item's average rank, A scale rating of "always," or "often,” was deemed a sign of "missed care." In order to
avoid overemphasising items from instruments used in just one research, we only included data from
instruments that have been used in numerous studies or studies with a large sample of hospitals (10+) and nurses
(1,000+). This ensured that the findings would not be impacted by previous rescarch that used a unique
instrument with a limited sample size, Unclassified care items were categorised as clinical, planning and
communication or unclassified based on RN4Cast factor analysis {Bruyncel et al., 2015). At lcast three separate
groups all agreed that the same item should be placed in one of two categories. Rankings were transformed to
centiles such that the highest-scoring item was always 100 and the lowest-scoring item was always 0 in order to
generate a similar statistic. Analyzing variance using Kruskall-Wallis (nonparametric) analysis of variance was
used to compare the positions of the candidates (Minitab v 17.3).

4. RESULTS

This review included eighteen papers that fulfilled the inclusion criteria. As a result of the large national
representative samples of hospitals and nurses, seven studies were rated as having good external validity. The
level of bias in all of the studies was at least considerable (internal validity). Table 1 provides an overview of the
studics that were included. Every study was cross-sectional. From 232 to 31,627 registercd nurses were included
in the study, with the majority being the smallest possible sample size (RNs).

In spite of the fact that some included healthcare support workers (HCSW) such as nursing assistants and
certified vocational nurses in the nursing profession. Nurse to paticnt ratio (12 studies), nursing hours per day
per patient (NHPPD or RNHPPD) (three studies) or the number of patients cared for in the past shift were all
used to report staffing levels (three studies), There were four studies that looked at the skill mix. Six other
studies utilised data from the RN4Cast project, including one for England, onc for Germany, one for Sweden,
and one for Switzerland (Schubert et al, 2013). Although these publications focus on different elements, there is
a lot of overlap and single country data is nested in the multi-country analysis, thus these seven studies are not
completely independent.

Table 1 Summary of included studies.
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RN4CAST, a study of 31,627 nurses from 488 hospitals in {2 European countries, found that nurses who cared
for more than 11 patients had a 26% higher risk of lcaving care undone than nurses who cared less than 6
patients (OR = 1.26; 95 percent CT = 1.23-1.29). Further multi-country studies utilising the number of carc items
missed as the result of this research showed this strong relationship (Ausserhofer, et al., 2014; Bruynecl, ct al.,
2015). In England (Ball, et al., 2014) and Sweden (Ball, et al., 2016), statistically significant relationships
between reduced staffing and greater levels of missed care were reported; however, findings from Germany
(Zander, et al., 2014) and Switzerland (Schubert, et al., 2013) were more ambiguous. Nurses caring for 6.1 or
less patients had a 66% reduced risk of missing care than nurses caring for 11.7 or more patients in England (OR
= 0.34, 95% CI 0.22-0.53). In Swedcn, shifis with (ewer than six paticnts per RN were related with a 539
decrease in the likelihood of care being left unattended (OR = 0.47, p .001). Each extra patient per nurse was
associated with a 3% increase in reports of missed patient surveillance, skincare, and on-time delivery of
medicine (OR = 1.03 p .01), although there were minor but significant relationships in the reverse way,
indicating no overall link. The patient-to-nurse ratio was only related with missing care in an uncorrected model
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in Switzerland, however. The link was no longer significant when probable confounders were taken into
account, although there was still a substantial correlation between nurse-perceived staffing adequacy and patient
outcomes.

In other nations, the same thing happened. A cross-sectional study of 3,037 RNs in South Korea revealed that
the RN4CAST measure (OR = 1.03; p .001) showed a 3 percent increase in the likelihood of care left undone for
every extra patient {p .001). (Cho and colleagues, 2016) It was shown that higher nurse-to-patient ratios (1:7 vs.
1:17) were related with fewer missing nursing care (b = 0.136; p.02) (Cho et al., 2015) (Cho et al. At 12 Ttalian
hospital units, a smaller patient load was linked to fewer missed care opportunities {OR = 0.91; p .05). Most
nursing duties had weak ncgative associations with nurse staffing levels in Kuwait, with educating
patients/families having the largest link (r =.12; p .005). Moderate or high bias risk was found in al} of the
research included.

More patients meant more missed treatment, according to a survey of 4,861 nursing personnel in 10 hospitals in
the United States (b = 0.015; p .001). For the study of the human brain, A second study indicated that fewer
patients missed care when nurses worked longer shifts each day (b = 0.45; p =.002). This is based on the
findings of Kalisch et al. (2011). As a result, we could not determine whether or not these investigations were
really independent, Similar results were found in lower-quality research, although the results were more
contradictory. The total number of missed nursing care peints increased by 2.1% in oncology units across ning
hospitals (p .05) for every additional patient cared for by RNs and HCSWs, and a single hospital study found a
weak positive correlation between the number of patients per nurse and the number of missed care points (r
=246, p .000), mmnmmmennnnenn Ay contrast, a research conducted in two hospitals in the United States and
Lebanon (Beirut) reveated that the number of patients treated was not a significant predictor of missed treutment.

A high or moderate risk of bias was detected in research bused on patient accounts, however the findings were
mixed. Findings from an investigation of 729 patients in two US haspital systems showed no link between
patient claims of missing treatment and the number of nurses on duty per patient day (r =14, p =.02). No
correlation was identified between RNHPPD non-overtime hours and palient reports of receiving essentiul
discharge information (b= 0.05, p=.74) ina survey of four US hospirals.

5. DISCUSSION

Many nations have researched the correlation between "missed care” and nurse staffing levels in hospitals. All
the studies we found utilised subjective measures of missing care, with most relying on nurses' retrospective
recollections, Missed appointments were common, according to the data. Planning and communication aspects
were more often reported as missing than elinical care, despite the fact that complaints of missing critical
clinical procedures and patient monitoring/observation were remained commonplace.. Almost all studies
indicated a link between greater rates of missed care and lower nurse staffing levels. RN stafting levels have
been the focus of most investigations. However, one research indicated that when HCSW staffing levels were
very high, the degree of missing care decreased. This contradicts the findings of other studies that found no
benefit or a negative impact from larger numbers of support workers,

The relationship between nurse staffing numbers and patient safety results has long been hypothesised to be one
of the driving forces for the growing interest in missed care nursing, An essential aspect of the argument that
these relationships between staffing and outcomes are causal is the idea that inadequate staffing leads to high
mortality through missing chances to recognise and prevent deterioration (Clarke & Aiken, 2003; Griffiths, et
al,, 2016). However, despite growing interest in utilising missing care as a leading quality indicator, existing
subjective metrics based on sporadic survey do not easily adapt themselves to regular quality monitoring.

Staffing levels are unlikely to have a direct Impact on poor outcomes such as death on the kind of care that
patients most commonly report being missing, such as conversing with and consoling them, It's possible that the
lack of attention to these areas of care is due to a focus on clinical treatment due to personnel shortages, but
other, less noble motives, such as deference to medicine, have been mentioned as well (Papastavrou et al., 2014).
Despite this, the observed levels of clinical care omission remain high, The relative relevance of the care that is
neglected is not taken into account when using broad measuremnents of missing care. Missed care is not all of the
same importance, and the influence on a patient's prognosis will differ according to this (Recio-Saucedo et al.,
2017}). Direct evidence of missed clinical treatment mediating the association between staffing and mortalily is
lacking, despite evidence that missed care mediates the relationship between stafling levels and measures of
patient satisfaction and falls (Jones et al., 2015).

Studies evaluated here typically suggest a link between staff levels and missed care, but none investigated an
association between staff numbers and any objective assessment of carc. Despite the fact that nurse reports of
missing care are linked to poor patient outcomes, it is not apparent to what degree these reports correspond with
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real omissions of care. Studies that failed to reveal significant relationships were smaller and had a greater risk
of bias, while those that relied on patient accounts did not convincingly support the findings of studies that relied
on nurse reports. Comparisons across rescarch are hampered by the wide range of measurement procedures and
analytical techniques used. One study's "dramatic” impact size (Ball ct al., 2016) may be extrapolated to pet a
range of 89% to 75% decrease in the likelihood of patients reporting missing care in better-staffed units. This is
because of a reported 66% drop in chances. Although there may be a link between reported missing care and
staffing levels, it scemns that most missed care cannot be ascribed to insufficient staffing.

6. CONCLUSION

While reported missed care is associated with nurse staffing levels and such reports may indeed be indicators of
inadequate nurse staffing, there is no research demonstrating associations with objective measures of care. The
extent to which the relationships observed in these studies represent actual omissions of care and the
consequences of such failures, remains largely investigated. Given the potential consequences of missed care, its
mcidence/ prevalence may serve as an indicator of care quality and maintaining adequate staffing levels is a
mechanism to avoid missed care. While the association belween staffing and missed care is substantial it is
unlikely that most care omissions are directly linked to staffing levels only. Reports of missed care cannot in
themselves be used to track nurse staffing adequacy, although changes in the rate or frequency or reports could
indicate nurse staffing problems. Future research should focus on objective measures of missed care on patient
outcomes.
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Abstract - This article highlights the innovative concept and practical benefit of
converting an intelligent automobile into an electronic "nursing dog” for a nursing home.
The system was pre-analyzed. Then we constructed a software platform based on ARM
core STM32F103 single chip microcomputer control automated control system,
comprising the primary programme of automatic control, sensor data processing,
voluntary obstacle avoidance, and robotic arm grasping method. The system also uses
three communication technologies: wireless WIFI, Bluetooth, and infrared.

Finally, the system's stability and practicality were validated by collaborative debugging
of the equipment's photovoltaic-assisted power production, autonomous driving, remote
control, video transmission, and robotic arm intelligence. Grabbed and awaited relevant
research.

Keywords: STM32; photovoltaic; PID control: manipulator
Introduction

Robots are now extensively employed in various sectors as mechanical structures that
mimic human actions. Robots are high-tech products that combine several disciplines
such as mechanical design and automated control. Researchers employ numerous sensors
to acquire exterior information for the robot to increase its capacity to cooperate with the
external world. Its huge and comprehensive data gathering, non-contact measurement,
and wide application range make the vision sensor one of the most si gnificant sensors. In
recent years, increasing numbers of robots have been fitted with vision systems to
improve intelligence and support the development of autonomous mobility technology.

The nursing home's computerised "dog buddy" technology may provide considerable
physical and mental joy. It employs green energy solar power and can partially replace
conventional accompanying dogs, overcome their drawbacks such as expensive training
expenses, lengthy training time, and excrement pollution, and meet the goal of energy
saving and emission reduction. It employs a cell phone for remote control and may aid
older persons with bad legs. It employs the robotic arm's intelligent grasp to help the

5865



Turkish Journal of Computer and Mathematics Education Vol.12 No.03 (202]1), 5865-5875
Research Article .

elderly and the camera image capture and WIFI data transmission module to monitor
their safety in real time.

With precise remote control, solar auxiliary power supply, robot arm grasping, and video
transmission, the basis is laid for future replacement of conventional escort dogs. The
computerised "accompanying dog" equipment will someday penetrate our everyday
lives, improving the quality of life and enjoyment of the elderly. Using
STM32F103ZET6 as the control core, the following work was done:

Engineered the STM32F103ZET6 microcontroller-based electronic "accompany dog"
device's construction. The concept of photovoltaic-assisted power production is
presented. To complete obstacle detection and remote control, the technique of composite
detection of many sensors is adopted, and the comprehensive processing technology of
multiple sensors 1s researched.

With the use of three-dimensional stereo vision, the robot arm can swiftly gather two-
dimensional information about the item, and the design may be based on real
manufacturing. It can sclf-set the grasping technique and gripping object characteristics
to achieve 360-degree intelligent gripping.

I.  Design Scheme

The functions are independent of each other, allowing for future development. Figure 1
depicts the system's general block diagram.
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Figure 1. Overall system block diagram
IM. Working Principle And Performance Analysis
As Working principle and performance analysis

A solar photovoltaic panel, a controller, and a battery make up the majority of the
photovoltaic auxiliary power supply module. In order to power the electronic "dog
companion" equipment, the battery serves as the primary source of energy. Battery Iife
may be extended and energy saved while also reducing emissions using a solar
photovoltaic panel when sunshine is available. Due to environmental conditions
including light intensity and temperature, a maximum power point tracking (MPPT) is
needed for solar pancls in order to verify that they opcrate normally and efficiently.
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Using two solar photovoltaic panels linked in series, the auxtliary power supply module
used in this work has each output power of 5V / 250mA, as illustrated in Figure 2.

Figure 2. Solar photovoltaic panels

Selecting an SPV1040 dc-dc converter to monitor the greatest power point and
increase solar energy's conversion efficiency is done to maximise solar energy's use.

B. Remote control module

Using an Android phone as the Bluetooth remote control device's control terminal,
you'll need to download an APP to your phone and use it to move the Bluetooth remote
control device.

Instead of using a standard remote control, this approach creates communication
control software for mobile phones. As long as the APP is running, pressing the control
key can conveniently control the device to move forward, backward, turn left, and turn
right, saving hardware costs and improving anti-interference performance.

C. Camera acquisition module

A lens, an image sensor, a PCB board, and a DSP chip are the essential components
of the camera. During the time the subject is illuminated, the image sensor collects a
charge proportional to the intensity of the light, which is discharged regularly to form
an electrical signal that represents a frame of picture. This electrical signal is turned
mto a digital picture signal by the analog-to-digital converter, which then sends it to a
single-chip computer for further analysis.

D. Degrees of Freedom Robotic Arm Module

For the 6-DOF mechanical arm, the most important components are an aluminium alloy
bracket and an aluminum alloy claw. The robot arm can execute a varicty of tasks when
connected to a controller. An automated tool that can mimic the movements of human
hands and arms in order to grip, transport, or operate tools in accordance with a
predetermined process.

PWM servo and bus servo versions of the 6-DOF robot arm are available. The bus servo
version is used in this piece of equipment. Six high-precision digital servos and
controllers are included in the system. The PC graphical interface may be used to debug
and save operations, and it can perform tasks such as grabbing things. Figure 3 depicts
the 6-DOF mechanical arm bus servo version.
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Figure 3. Manipulator bus servo
IV.  Theoretical Design Calculations
A. PV module parameter selection
1) Chip Introduction
(). Structure and working principle of SPV1040

The ST company's SPV1040 is a solar charger IC. It has an MPPT algorithm
built-in, which makes use of the Perturb & Observe method. As a result of this, the
charger's input impedance may be dynamically adjusted so that it perfectly fits the
solar cell. The system's total cnergy efficiency and the efficiency of the transmission
of energy between the battery and the battery.
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Figure 5, Lithium battery charge management circuit

Setting a low voltage The VOPRG terminal may be used to set the output voltage. A
floating VOPRG outputs 4.1 volts, whereas a grounded VOPRG outputs 4.2 volts.
Charging current may be set to remain constant. The IPRG terminal should be connected
to GND through a resistor RPRG (R13 in Figure 5). The constant current charging
current value ICHG may be changed by setting RPRG, and its size is calculated by the
formula (4.1).

Rpzs =Vps ® ?ﬁﬂi 4.1

T CHG

Setting a consistent charging current is the first step. It is recommended to leave the
VPRE terminal unconnected and to use the factory preset pre-charge voltage of 2.8 V.
Pre-charge RPRE and pre-charge voltage are set to default values of 2.8 V in the RPRE
and RPRE, respectively. In this case, volts is the grounded end value. An equation is
used to calculate the RPRE value (4.1).

= Rpps * Vors (#.2)

¥
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Pre-charging at 10% of the continuous charge current is standard. Adding a resistor
between IPRE and ground or the reference voltage VREF will set the pre-charge current
value. The pre-charge current should be set higher than the default value, and a resistor
should be connected between IPRE and ground. Equation calculates the additional
resistance RPRE (4.1).

V..
Rops = = (4.3)
o IPRECH — VEG
KP.&G RPHG

A resistor is put between IPRE and the reference voltage VREF, lowering the pre-charge
current value. When it comes to access resistance, we may use Equation to figure 1t out

@.1).

vV, . -V
R = PE B¢ {4.4)
i FPBG _ IPR.EC'H
RPEG KPR.E

Among them Vrer = 1.8V, Kpre = 950, Veg = 1.23V.

Constant voltage charging current can be considered complete when it reaches IENDTH.
Connecting a resistor REND to the IEND terminal will allow you to connect IENDTH to
GND. For REND's resistance, we may use equation (4.5).

— & D -
Lpors = Vi * R; .5
ENTS

Among them Vi is 50mV, Kenp is constant 1050
B. Information fusion of obstacles

An APP on a smartphone or tablet may be used to take contro! of the device. The camera
can avoid impediments by utilising its remote control device, which is controlled by the
central processor and mobile phone app, when it detects an obstruction in its path.
Various sensors are used to process different sorts of obstacles. They mostly employ
ultrasonic, laser, infrarcd and other measures at that time.

These inexpensive and easy-to-use ulirasonic sensors have evident flaws in their
practical application, such as a lack of focus and the inability to gather information about
barriers' boundaries or distances. Directivity of the infrared light is excellent but it can
only tell whether there are obstacles and cannot tell how far away they really are.

A mix of infrared photoelectric sensor, ultrasonic sensor, and camera capture is used to
identity obstacles in this design.

C. Ultrasonic sensors

HC-SRO4 satisfies the standards of this article in every way. The time-of-flight
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technique of ultrasonic range is used in this design.

Figure 6 . HC-SRO4 ultrasonic sensor

Figure 6 depicts the ranging module's physical layout. The transit time technique is
used to measure the speed of a vehicle. The range module receives a transmission
signal from the main controller. The echo signal is first detected after the ultrasonic
waves are sent by the module. An echo signal is picked up by this device, which then
passes it to a single-chip microprocessor. The microcomputer then uses this
information to determine how far away an obstacle is by pausing its programme and
measuring the time difference t between sending and receiving an echo. (4.6) shows
the computation formula:.

At
D =(‘T (4.5)

¢ is equal to 331.4 m/s, which is the sound speed in air at normal pressure.

1) In addition, a portion of the sound waves may be communicated straight from
the transmitter to the recciver after the ultrasonic sensor has transmitted
ultrasonic waves. Ultrasonic sensors may also produce a so-called "blind zone"
by transmitting a portion of the ultrasonic waves straight from transmitter to
receiver, rather than waiting for an obstruction to be present or an obstacle to be
present, which forms a blind zone. It's as simple as that:

2) Set the suitable distance between the transmitting and the receiving sensors;

3) 3) Use software to optimise. Calculate the arrival time of the interference wave
depending on the location of the receiving/transmitting ultrasonic sensor during
software processing. Interference may be efficiently preventcd by disabling the
interrupt at this time, which means the received signal data is lost.

4) Most of the ultrasound will skip the impediment if it is less than the length of
the ultrasound. The ultrasound's distance information will be inaccurate at this
point, and the results cannot be relied. As a result, we decided to use infrared
photoelectric sensors as a secondary detecting method,

D. Infrared photoelectric sensor

To determine the item's location, the infrared photoelectric sensor measures the
amount of infrared light reflected off the object.
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The infrared light emitted by the sensor is reflected by the object and received by the
sensor after it emits infrared light. Judging the strength and existence of light
received, the target is identified. The HJ-IR2 photoelectric sensor is displayed In
Figure 7 of this text. High and low level digital signals are sent out by the sensor as
long as it is operational. In addition, the sensor is not sensitive to sunlight and may be
utilised in the daytime without converting from digital to analogue.

Figure 7 . HI-IR2 infrared detection module

The ultrasonic sensor and infrared photoelectric sensor work together to identify
obstacles in this design. Figure 8 illustrates the sensor configuration mode.

Electronic "companion R|ghtaheadJ
deg' equipment

> Clstacle
Right front \
[J infrsred photoelectric sensor >

O ultrasonic sensor

Figure 8. "Companion Dog" Sensor Setting

The gadget travels normally if the three sensors are unable to detect any obstacles. There
are three ways in which the ultrasonic sensor detects obstacles:

1) There is no obstacle information on the left and information on the right, then:
i & 4
At this time, the device runs near the obstacle and turns left;

2) There is no obstacle information on the right side and information on the left side,
then:

d=min(d . de) (4.8}

At this point, the device runs near the obstacle and turns right;
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3) There is obstacle information on both sides;
At this point the device backs off a certain distance and turns left
E. Robot Arm Configuration
1) QOverview of steering gear

The motor is controlled by the control circuit board, which receives the signal from
the signal line. Upon deceleration, the motor transmits to the output steering wheel
through a sequence of gear sets. The position feedback potentiometer is attached to the
servo's output shaft. The position feedback potentiometer is powered by the rotation of
the steering wheel. The control circuit board receives feedback from the potentiometer
through a voltage signal. There is a halt in the route and speed to the destination. Control
signal to control circuit board to motor rotation to gear set deceleration to steering wheel
rotation to position potentiometer to control circuit board feedback.

TBS3-2701 digital servo, TBSN-K 15 digital servo, and TBS-K20 servo make up the
mechanical arm PWM servo version. TBSN-K15 digital anti-burning steering gear is
used on the robot arm claw, for example. We utilise TBSN-K15 digital servos on the
claws since the servo will stall if the claws need to grab anything. There are also digital
servos, such as the TBS-2701 model, and servos, such as the TBS-K20 model. The
robotic claw arm is one of them.

Innovation And Application Value

A novel electronic "accompanying dog" gadget has been created by combining
photovoltaic power generation technology, remote control technology, vidco
transmission technology, and intelligent grasping technology of the robotic arm.

Its innovations are:

1) Lithium-ion batteries can last longer if they are helped by photovoltaic power
production, reducing the need for lithium battery replacement. It also saves energy
and has environmental benefits.

2) Instead of a standard remote control, this system utilises a mobile phone-based
communication control programme. It's easy to regulate the device's operation, save
money on hardware, and increase anti-interference performance by hitting the
control key when the APP is operating at all times.

3) Real-time video monitoring is possible, as is photo documentation of the immediate
surroundings, thanks to the device's camera and WIFI data transfer module. It's
possible to keep an eye on the well-being of the elderly by analysing the surrounding
environment using the video footage that's been archived.

4) 6-degree-of-freedom Robotic arm intelligent grasping: The robotic arm may
significantly enhance the quality of life of the elderly and the happiness index of the
elderly by adapting the gripper size to the size of the item.

Summary
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"Humanistic care and concern for the weak have become the dominant theme in
society. As the percentage of the population over the age of 635 rises, it is more
important than ever to pay attention to the physical and mental well-being of the
elderly. Elderly individuals in nursing facilities are less happy since they don't have the
company of their children. In the past, accompanying dogs had to undergo extensive
training that was costly and time-consuming, and they had to feed and drink Lazars on
a regular basis, consuming not only food but also excrement. While "energy saving and
emission reduction" is a popular tagline, it does not include the requirement for
cleaning.

A few benefits may be gained as a result of the nursing home's electronic "care
dog" technology

1) First, a solar panel can automatically charge the tithium battery, extending the
battery's life and reducing costs and environmental damage; second, it can
convert solar energy into electrical encrgy to power equipment, greatly reducing
Up energy consumption; and third, it can convert solar energy into electrical
energy to power equipment.

2) This feature makes it easier for the elderly with limited mobility to regulate the
electronic companion dog's actions.

3) Video transmission may also be used to monitor the health and safety of the
elderly in real time.

4) The remote control module and the robotic arm's intelligent grasping module
may work together to make everyday tasks easier and more precise.

Finally, the electronic "escort dog" is concerned about the physical and mental
health of disadvantaged groups in terms of humanities and improves the happiness index
of the daily life of the elderly; it can not only provide more convenience to the elderly's
daily life, but also help their families monitor the elderly's safety. It's a win-win situation
since it conserves food and reduces pollution. Because of the lower production costs, it
can be used more widely in the economy. The nursing home's electronic "care dog"
technology may increase the elderly's happiness quotient as well as their everyday lives,
and can be extensively employed in their daily lives.
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Abstract—A ZigBee-based security monitoring and alarm system was presented in this
study to reduce nursing home staff responsibilities. This method can keep tabs on five
different aspects of an old person's health, including their urine in bed, their ambulation, their
falling, their posture, and any bathroom accidents. First, the system's overall structure was
explained, and then each function module was examined in further depth. For testing
purposes, Beijing's Sijiging elderly home put a monitoring system to the test and found it to
be effective.

1) INTRODUCTION

As the world's most populous developing nation, China's ageing population is putting
enormous strain on the country's infrastructure and institutions [1]. The "Thirteenth Five-
Year Plan” for elderly care identifies a critical gap in the current state of the intelligent aged
care business. Many colleges and research institutions are urged to use the newest technology
to items for the elderly in the nation that actually assist them. Nursing homes are becoming
more and more frequent in the home care service for the elderly. Nursing homes maximise
the efficiency of existing institutions for the elderly by bringing together those in need of
care. The paucity of nursing personnel and heavy workloads are ongoing issues, resulting in
omissions in the everyday care of the elderly. Nurses' workloads and accident sizes will be
reduced significantly if new technology is employed to monitor senior mishaps that are
expected to occur in their everyday activities.

~

Numerous studies have been carried out by local and overseas research organisations and
businesses on nursing home security monitoring devices. Anti-falling airbags for the elderly
have been developed by the Chinese University of Hong Kong and Prog Corporation of Japan
[2].

The safety monitoring technologies used in nursing homes across the world have obtained
comparable outcomes, but the high cost and poor practicality have hampered their marketing.
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It is difficult to address the needs of elderly people since most of the appropriate items have
just one function.

Safety monitoring systems for the elderly have been suggested in this study, and a systematic
safety monitoring programme for nursing homes has been developed to minimise costs and
cnhance the quality of care.

2) SYSTEM OVERALL SOLUTION
A. Related Technology Introduction

A Linux-based operating system, Android is mostly utilised in mobile devices. Android is the
most popular mobile operating system in the world, and it provides efficient technological
support for human existence.

B. System Structure

The wireless network security monitoring system is separated into three primary components:
the hazardous condition detection alarm terminal, the wireless network communication
System, and the security monitoring information management system, as shown in Fi g 1. Fig

accident, the hazardous state detection terminal sends out an alarm to alert the elderly to the
dangers they face, ZigBee technology is used in wireless network information systems that
comprise coordinators, routers, and terminals. The nursing home's hazardous status detection
alarm terminals may be connected to the network. Because it transmits both alarm data to the
monitoring centre and the instructions from the centre to several terminals at the same time, it
serves as a safety net for data exchange. The PC programme that runs the monitoring centre
is the hub for collecting, storing, and distributing information. In order to remind nursing
staff to process the data submitted through wireless network transmission, it parses the data,
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Figure 1. System architecture
II1. ALARM TERMINAL DESIGN FOR DANGEROQUS STATE

The activities of daily living for the elderly in the bathroom often comprise a variety of
different types of toileting, bathing, and laundry. Toileting and bathing are the two most
dangerous activities for children. Detecting whether or not an elderly person has entered the
restroom and distinguishing between toilet behaviour and other behaviours after they enter
the restroom are all parts of the toilet timeout alarm's function. It also records how long the
elderly person stays in the restroom and compares the corresponding time threshold based on
the type of activity to determine whether or not an alarm should sound. Elderly people may
also submit an alert if they feel sick while using the bathroom. To warn the nursing staff in
case of an emergency, all the detection data, dwell duration, and alarm information may be
broadcast over a network.

The toilet timeout detection alarm terminal's primary control chip is the CC2530. According
to the amount and complexity of terminal data, this chip is able to match the functional needs.
CC2530 is also a wireless network communication chip. Without the need for exira
processing chips, the terminal can do data processing and communication integration. A
diffuse infrared photoelectric switch is selected by an infrared sensor (EI8-D8ONK). Its range
of detection may be changed to suit the user's requirements.
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Figure 2. Hardware block diagram

After determining if the two infrared sensors inside and outside the bathroom door are
activated, the sensors are triggered in order to determine that an old person has entered the
restroom, and if the sensors are not triggered, then the terminal does not do any therapy. The
timer begins to count down as soon as the elderly person enters the bathroom. The buzzer
will ring and the terminal will send an alert message over the ZigBee wireless network to
notify the nursing staff of the elderly's predicament if they remain in the lavatory and click
the alarm button. Depending on the behaviour, a different time threshold is assigned. The
length of time spent in the bathroom by senior citizens is then compared to a predetermined
cutoff point. The nursing team is alerted if the time limit is exceeded. The timer stops
recording and transmitting to the monitoring centre the time spent in the restroom by the
elderly when they depart without exceeding the time threshold.

A. Ambulation and Urination Detection Alarm Terminal

It is primarily designed to prevent the elderly from leaving their beds at night, as well as the
elderly who are half-disabled from falling from their beds while no one is looking. The urine

while they are stiil in bed,
Second, the alarm alerts the nursing staff if an old person leaves their bed in an unusual state.

Third, it has the ability to weigh and record the weight of old individuals. Foarth, it may be
discovered in time and the senior urinates in bed might be frightened. When an older person
has a problem, it sends out 2 precmptive alert. The wireless network may be used to send
detection, weight, and alarm information to the host computer and alert the nursing staff,

The primary control chip, pressure and humidity sensors, an active alarm, network
connectivity, and other components make up the majority of the terminal hardware. In Fig 3,
you can see the entire hardware diagram.

2518



Turkish Journal of Computer and Mathematics Education Vol.12 No.02 {2021), 2515-2525
Research Article

CCase? o P 240G Antenna
F Y
Pressure . b
Sensor »  LED Light
Hurnidity -
58 -
neer ZigBee Master Crup B
» uzzer
Ative Adarm R CC25830
Switch v
+ Power Su;
Budion - PPl

Figure 3. Hardware block diagram

In order to detect ambulation, four resistance strain pressure sensors are used. The HX711
chip circuit converts the acquisition result to A/D and reads the weight information from the
CC2530 chip.

The resistance of the humidity sensor pad varies dramatically when it comes into contact with
a moist item or water. For example, the circuit is intended to transform its resistance change
value into a voltage change value and then the voltage comparison chip LM393 compares the
detecting voltage with the specified threshold to determine whether the sensor is wet or not,
thereby identifying whether the elderly is wet or dry.

The resistance of the humidity sensor pad varies dramatically when it comes into contact with
a moist item or water. For example, the circuit is designed to convert its resistance change
value into a voltage change value and then the voltage comparison chip LM393 compares the
detection voltage with the set threshold to determine whether the sensor is wet or not, thus
determining whether the elderly is peeing or not.

As the patient moves away from the bed, the off-bed detection procedure begins, followed by
data collection and comparison with the patient's previous weight to determine if there has
been an increase or reduction. To determine if an elderly person has been successfully
transitioned to an on-bed state, the data is compared to the threshold value and communicated
to the host computer as an increase in the elderly person's weight. As a result of exceeding
the threshold, the elderly are considered to be in an off-bed state rather than an on-bed one.
The timing and circumstances of a patient's departure from the bed dictate whether or not the
nursing staff should be notified.

The initial step in urinary detection is urination detection. Sensor humidity exceeds the
predefined threshold, and an alert is sounded to notify the nursing staff of this fact.
Otherwise, the terminal will not function.

To make it easier for the elderly to use, an active alarm is placed next to the bed. Elderly
people may touch the active alert button if they are feeling unwell or have other concerns.

B. Falling Alarm and Regional Positioning Terminal

The likelihood of a fall in the senior population is quite high. After a fall, if help does not
arrive quickly, it might have catastrophic ramifications. Consequently, the terminal contains a
fall detection function (which can effectively assess whether the old falls or not) and an
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interior and outdoor area positioning function to gather the senior's location data. There
should be an easy-to-wear device that older people may use to request aid from nursing staffs.

Using a wireless network, medical personnel may be alerted of a patient's position, their fall,
and other relevant data.

STM32, CC2530, MPU6050, GPS, and a power supply are just a few of the components that
make up the terminal's hardware. For interior location and wireless communication, we
utilise the CC2530 chip; for outside positioning, we use the GPS module; and for detecting
falls, we use the MPU6050 module. The STM32 chip is the primary control chip.

The experimental measurements show that when the human body falls, the acceleration of
each axis varies, as does the attitude angle. There is no connection between the yaw angle and
the direction in which the body is falling. The pitch angle changes dramatically as a person
falls forward and backward, and the extreme condition changes by 90 degrees. The roll angle
changes dramatically when a person falls to the left or right, and the extreme condition
changes by 90 degrees.

As a result, the first criteria for the fall is the total static acceleration (TSA), and the second
criterion for the fall is the bigger of the pitch angle and the roll angle. Fig 6 depicts the
detection flow diagram.
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Figure 4. Fall detection process

RSSI-based wireless positioning is used inside in this work. Traditional placement can only
be used in an open setting inside. To get a more precise placement impact in the senior
apartment's complicated internal environment, more tuning is required. It is sufficient to
know the exact location of the elderly in order to meet their genuine demands. Nurses will
know whether an older person is in danger when they arrive in this area. To accomplish
regional positioning, regional divisions have been created.

As an example, consider a floor of the Sijiqing Nursing Home. There are a variety of
amenities on this level, including lobbies, offices, conference rooms, restaurants, and
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restrooms. Determine the effective area of the elderly's interior activities by first establishing
a coordinate system for the real-world indoor environment.

Because each corridor is many tens of metres long, a rectangular space with a width of 2.65
metres and a length of | metre is employed as a minimal positioning area despite the narrow
width of the corridor. You'll get close to centre if the four-point placement results fall within
this range. Because the room, the bathroom, and the duty room all have limited square
footage, the four-point placement method is used to choose a single, central location. The
two-dimensional plane area of a big interior facility, such as a hall or a restaurant, is split into
a number of regions based on their size and form.

The GPS module's longitude and latitude are used to calculate the outdoor's location.
Longitude and latitude arec analysed by the algorithm before being mapped to the outside of
the senior apartment's outside space. In spite of the GPS module's inaccuracy, it just needs to
fulfil the regional positioning criteria for the line of sight range, and because outside
environments are comparatively sparse, the outdoor positioning area is split into an even
broader one.

C. Handheld Alarm Reminder Terminal

All three of the devices described in the preceding section are aimed at identifying older
people who are in a risky condition. Accidental alarm information has to be sent to the alarm
reminder terminal in order for the nursing team to locate and rescue elderly pecple as quickly
and effectively. Receiving various types of alarm information, showing alarm information on
the screen, vibrating to notify nursing staff that an accidental alarm has occurred, letting the
monitoring centre know the alarm processing status, and cancelling the alarm once the
accident processing is complete are some of the specific functions of this terminal.

The nursing staff acknowledges receipt of the alarm information by pushing a button on the
handheld alarm terminal, and the terminal transmits confirmation information to the host
computer programme via the wireless network once it has received the information. The
nursing team will respond to the event once they have received the necessary information.
Pressing the button again will turn off the alarm after it has completed processing.

IV. WIRELESS NETWORK
A. Wireless Network Hardware Design

There are coordinators, routers, and terminals in the wireless network, which employs ZigBee
technology. Network components such as the alarm terminal, finding route, common routing
path, and coordinator/monitoring centre are all linked through the terminal node.

In a ZigBee network, the coordinator is the only device that performs both of these roles. In
the first place, the complete wireless network must be established and maintained. Secondly,
the higher layer software receives and parses information supplied by the route or terminal
and distributes it to the route or terminal. This is accomplished by collecting and distributing
the information provided by the route or terminal. Figure 5 depicts the coordimator's
organisation.
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Figure 5. Coordinator hardware structure

Coordination centre master chip utilises CC2530 chip, while communication interface with
monitoring centre uses CH340 chip, which can convert CC2530's TTL serial port into
monitoring center's USB port.

The ZigBee network's middle layer is routing. Additionally, it aids in the addition of new
devices to the network by relaying information from other nodes. Each route is furnished
with indications to remind the staff while debugging and working, while preserving the serial
debugging interface for it. Figure 6 depicts the typical routing device's structural diagram.
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Figure 6. Ordinary routing device hardware structure
B. Principles of Wireless Network Implementation
The full ZigBee wireless network setup may be summed up as follows:

[1].Nodes may join the network once it has been established by the coordinator.
[2]. To increase the network's reach, the router is added to the mix,
[3]. As aresult, it is connected to the network.

When the wireless network is successfully built, the router and the terminal are able to join
the network. As soon as an alert is produced, the alarm terminal transmits an alarm message
1o a coordinator, indicating the sensor's current condition.

V.SECURITY MONITORING INFORMATION MANAGEMENT SYSTEM
a) Database

MySQL is a relational database management systern that is geared for small-scale databases.
Aside from the fact that it is open source, it has a better storage speed and query speed than
other database systems. Hence, the wircless security monitoring system's data base is built
around it.
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Elderly information, alarm information, equipment information, nursing information, weight
information, location information, and [ocation comparison library are all part of the security

1 "

monitoring system's "entity” section.
b) Monitoring Centre Host Computer Software

The host computer software for the monitoring centre is written in C# using the Microsoft
Visual Studio 2015 platform. Basic information management, alarm information inquiry, and
alarm display are the three sub-modules inside this module.

There is a basic information management module that focuses on the overall condition of the
elderly apartment, basic information about the elderly, different alarm terminal devices, and
the information of the nursing staff.

The database will hold all of the alert data produced by the safety monitoring system. Nursing
personnel and family members may more clearly see the elderly's inadvertent alert scenario
with the use of this module.

Because of its central role in the monitoring centre’s overall computer software architecture,
the alarm display module is also the most often utilised feature. The module keeps track in
real time of the area covered by the senior apartment's security monitoring system. The senior
residential setting is shown in the interface map.

¢) Android Mobile Applications

The creation of a mobile application software will break through the limits of the local area
network and view the everyday lives of the elderly in the nursing homes anytime, anywhere.

According to the functional requirements, the mobile phone application is separated into five
major interfaces, login interface, main interface, map locating interface, physiological
parameter interface, alert recording interface.

VL. SYSTEM EXPERIMENT VERIFICATION

The application demonstration was place in the Beijing Sijiging Nursing Home after different
types of detection alarm terminals and wireless network equipment were developed. When
the test is done, the tester mimics the previous situations to see whether they work. To
activate the alarm, the tester hits the alarm button on the terminal, The toilet timeout alarm
has been set to go off after 20 seconds. It sounds an alert when the tester stays in the
bathroom for more than 20 seconds. Water is dripped on the sensor pad to replicate the
urinating detecting function. By leaving the bed as usual, the tester is able to do the test.
Testers are used to mimic falls in order to test the fall detection system. The approach used
for regional placement involves having the tester roam around with the terminal to several
indoor and outdoor locations and count just once in each location. Table 1 shows the
statistical success rates for each test after it was run 100 times.

TABLE 1. MONITORING SYSTEM ALARM FUNCTION TEST RESULT
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Test type Test method Test times ,J.t:nrm Success
3 : times LI

Actively Pressing button 160 1o 1%

alarm _

Toilet alarm  Tonet timeont teip 99 99

Urination Dripping water i 23 3%

alarmy -

Ambulation Leaving bud 1) 9% QR

duetection -

Fall alarm Falling 100 99 G404

Fosition Move out ol eage  fop 100 100

alsrm -

Nursing homes may use this technology to monitor senior residents' safety since it has an
accuracy rate of over 90% for numerous hazardous state detection alerts.

VII. CONCLUSION
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Abstract:

The role of nursing practice scheduling is to improve the quality of nursing teaching in hospitals, and to provide a
certain degree of job security for nursing practice. In a certain scnse, the problem of the nursing scheduling is a
combinatorial optimization problem under multiple constraints, and the current nursing practice scheduling problem
has many constraints. At the same time, with the increase of intern departments in recent ycars, the internal
scheduling of hospitals is becoming more and more complex. On this basis, this paper proposes a mathcmatical
model of multi constraint nursing practice scheduling. The main purpose of this model is to meet the needs of most
members of the nursing practice scheduling, using intelligent algorithm to solve the problem of multiple constraints
in practice scheduling, to achieve the purpose of scheduling some nursing interns. This algorithm is conducive ta
the optimal scheduling of nursing scheduling.

Keywords: Intelligent algorithm; nursing; internship; scheduling; multiple constraint problems.
1. Introduction

Nursing practice plays a very important role in nursing students. If represents a process of transition from theoretical
knowledge to practice for nursing students, and is an important stage that many nursing students must go through. It
represents the close relationship between the relevant theorctical knowledge acquired by nursing interns and the real
nursing diagnosis, In China's large and medium-sized hospitals, hospitals have arranged targeted work for nursing
interns, which is also part of the hospital. The hospital is a place where a variety of projects, such as prevention,
medical care and health care, are integrated, and interns from many colleges and universities and professions are
received every year. Because of the large number of interns, at the same time, there are obvious differences in the
requirements for each intern, there are also some differences in the requirements of internship time. However, the
resources of each department in the hospital are limited, and the traditional manual nursing practice scheduling
method makes the task very scvere. Especially in view of the current research on multi-constraints of narsing
practice scheduling, some scholars proposed an intelligent algorithm to solve the multi-constraints of nursing
practice scheduling problem,

2. Nurse Scheduling Problem

At present, the nursing work plays a vety important role in the whole hospital. It is easy to sce the nurses in any
department. At the same time, nurses take on special tasks in medical practice, which is the basis of the whole
hospital operation. In China, the shortage of nurses is very serious. This phenomenon has attracted wide attention
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from all walks of life. Because nurses are in a special environment for a long time, they may come into contact with
a variety of patients anytime, anywhere. Nursing itself has to bear multiple pressures and burdens because of the
long-m stress of mental work or the impact of scheduling. Based on this, scientific management of medical staff,
effective control of hospital care costs is 2 hot topic. Under the influence of the current nursing workload and
irregular shift system, the interests of hospitals and nurses are affected to some extent. In order to ensure the quality
of nursing is not affected, and to reduce the cost of hospital cate, the establishment of a reasonable nursing practice
scheduling model is of great significance. The research on nurse scheduling problem abroad is carlier than that in
China. In a certain scnse, mainly some simple manual scheduling, so the lack of  certain optimization mechanism.
Shen Yindong, on the basis of literaturc review on nurse scheduling abroad, used thc matrix vector method to
evolve the constrained nurse scheduling problem. But the model has strong Western characteristics in the process of
building, and there are great differences between the domestic situations.

3. Nursing Practice Scheduling Model

The problem of nursing practice scheduling based on intelligent algorithm refers to arranging the students of
different schools in a specific period of time corresponding 1o the students' majors, and making cach schedule can
meet the specific constraints of each practice. The main constraints are as follows: first, students take part in
practical activities every week. Second, students nust go to the Department during the internship period. Third, the
avoidance of departments should not occur during the internship, Fourthly, the practice nurses must be in the
process of making the practice section. Fifthiy, for similar departments, the practice nurses can only go to one. Six,
the staff arrangement of the practice section should be stable. Seventh, it is necessary for some departments to make
arrangements for them as far as possible. The above constraints are all constraints that may arisc in the process of
data processing.

¢ The model of scheduling

In this paper, we can describe the scheduling model of a single intern, and calculate it from a certain point of time,
that is, the first day of internship as the internship time. On this basis, according to certain rules randomly selected
departments, among them, each practice between depariments have an obvious feature, that is, practice can be
divided into one week department, two weeks department, three weeks department. That is to say, the internship
time can be divided into 1 week, 2 weeks and 3 weeks, as shown in Table 1. Based on this, in order to ensure that
each department in a specific period of time will be arranged for internship nurses. In addition, the same type of
internship departments need to be avoided, that is, the same intern nurses are not allowed to enter the same type of
departments. For example, the operating room and the interventional operating room in the hospital belong to the
same kind of departments, and the psychiatric department 1 and the psychiatric department 2 belong to the same
department, namely the psychiatric department. We can express the collcction of departments by D, the
concentration of interns by S, and the burden of departments by B.

Table 1. The nurse scheduling

Bay Day 2 bar Lay 7 Number of

Shifts MIEIN|MIE]NT . IM]|E N shifs
v . i " "t p
Nurse 2 _ | " e | 7
Nurse 3 ) . ' '

Nurse 4 _ 7
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*  Algorithm Design
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Research on nurse scheduling problem based on random scarch algorithm. Random search algorithm refers to the
need to randomly search a suitable department from the Department set D into the corresponding intem time series,
until the scheduling time saturation. The following is the description and study of multiple constraints in nursing
practice scheduling based on stochastic search intelligent algorithm: Firstly, one student Sl (strati, endi, ti} is
selected randomly from the set S of intems, and the initial Ti = starti is divided into three subsets: D1, D2 and D3.
Secondly, we randomly sclect a department from the ser of interns S and conduct a validation test. If the conditions
meet, they will be filled in the internship sequence, which contains the following control conditions: When the value
of ti% 6 is zero, it is necessary to select randomly from the set {2, 3} in the set D1 of the required departments. If
each department cannot mect the constraints, then it is necessary to randomly select from the Department subset D3,
How can it still not meet the requirements of the constraints, we need to take &; = 1 as the condition for random
extraction, how can it still not meet the constraints, and then analogy, continue to randomly extract in D3. If it still
does not meet the constraints, then continue to "+1" on the time point. When 1%3=0 is used. it should be sclected
randomly in D1 and ki=3 as the limiting condition. If the condition is not satisfied, the random selection is
continued in D3; if it is still not satisfied, the analogy is continued.

4. Results

In a sense, random atgorithm is an intelligent algorithm based on conditions and extended rules. This algorithm has
certain characteristics, that is, random search algorithm can be regarded as a solution tree in fact, and finally can get
a solution to the scheduling problem. A total of 300 nursing interns were counted by manual modc scheduling, as
shown in Figure 1.

.
| 160

| 140

120

100

80 i e e e e S et ot e e o rer “glf"

20

Figure 1. The scheduling time on random algorithm

According to Fig. 1, we can see that the traditional scheduling method consumes too much time when dealing with
the scheduling problem. It only takes a few minutes to realize the scheduling problem for hundreds of interns, whic
greatly improves the scheduling cfficiency. For the balance of scheduling, there is stil! no complete set of criteria to
measure it. After the practice of this method, the interns in the Department have basically achicved the balance, and
the effect of the practice has also been improved. It reflects from the side that the algorithm based on random search
can solve the constrained problem of the practice scheduling.

5. CONCLUSION

Nursing interns scheduling problem has been plagued by the hospilal nursing interns scheduling problem, on a
single intern scheduling problem is relatively simple, but on the whole hospital interns scheduling problem, it is a
very serious problem, The traditional scheduling problem is to use the principle of filling in the schedule of different
lengths, so as to achieve the principle of the shortest idle time. In a certain scnse, the researcher optimizes the
scheduling work from the management point of view, and improves the scheduling model. To a certain extent, it
solves the contradiction between the imbalance of human resources and patients’ expectations.
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Abstract - The lack of care for an elderly population is a challenge for our society. Robotics and
other cutting-edge technology may help in this situation. Adapting these technologies for use in
health care is critical if they are to be widely adopted and utilised in daily life. To help caregivers
during the transfer of a patient simulator to the lateral position, a robot manipulator was
positioned near a nursing bed and two modalities of contact with the robot were compared and
evaluated in this case study. Proactive and continual assistance behaviours are distinguished. As
opposed to the continuous technique, the proactive method only begins when it is visually
determined that a patient should be pushed into the lateral position utilising a Wizard of Oz
experiment setting. Overall, the research found that a robot's constant assistance behaviour was
chosen by the participants.

Index Terms—robots, human-robot interaction, manipulators, public healthcare

I. INTRODUCTION

Caregiving will become more difficult as the world's population becomes older and more dependent
on others [1]. Since there is a scarcity of nursing personnel, it is essential to develop solutions to
alleviate the situation as much as possible. Nursing care is promoting new technologies since they
have the capacity to address the issue at hand.

There are, however, a number of issues that need to be addressed with the adoption of modern
technology in patient care.

It is necessary for technological engineers to work closely with caretakers in order to accurately
represent their demands and the needs of their patients [2]. When it comes to nursing, a lack of
technological expertise means that the desire to make things easier and more efficicnt is even greater.

It is the mission of the Nursing Care Innovation Center to evaluate and create novel nusrsing care
technologies, taking into account the demands of caregivers, in order to improve the quality of life
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for the elderly. At the Clusterkonferenz 2018, an Innovation Center presentation with more than 400
carers got a very good response, suggesting that robots in the nursing indusiry may be extremely well
accepted [3]). For the sake of reassurance, caretakers were also questioned about their requirements
and wishes throughout this presentation.

robot éls human reactively
when it detects help is needed

Figure. 1: pro-active support (left), and ongoing suppeort (right) (right).

A high level of acceptability for a human-robot cooperation system is dependent on a number of
factors. Questions such as "how" and "when" are particularly important (see Fig. 1). An integrated
development and the good feedback from the caregivers for this system [3] took into consideration
the issue of how. '

It was suggested that a speech-recognition system be installed as soon as possible in order to begin
working with the robot. Nevertheless, it is shown in [4] that a human-initiated support system is not
the most effective method to accomplish the activity, even if the caregiver prefers to have control
over the robot. Proactive assistance was shown to be more beneficial. If you're looking for a certain
result, you'll have to choose your setting. Continual assistance is a possible alternative that has to be
investigated in the context of nursing care in the case outlined above.

Because of this, the benefits and drawbacks of a proactive and continuous robot-interaction strategy
to cooperate during a particular nursing activity are contrasted and explored in this research. During
the patient's shift to the lateral position, the caregiver’s job is to keep the patient stable so that tasks
that need two hands, such as cleaning the bed or caring for wounds, may be completed. The preferred
temporal form of robot help is examined in this study. The issue is whether the robot should be
proactive, or should it assist on a constant basis? A Wizard of Oz-themed usability research is done
to solve this question. Figure 1 depicts the implementation of the two support options that were
discussed.

II. RELATED WORK
A Human-Robot Collaboration
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HRI (Human-Robot Interaction) situations involving collaboration are becoming more important.
Although industrial settings for teamwork in factories now account for the bulk of research, robotic
home helpers and space robots are also on the horizon. As the need for assistance in caregiving tasks
grows, it is more important than ever to look at HRI apps that are specifically tailored for this
situation. In this scenario, direct manipulation of people is a unique feature that has been primarily
studied for surgical purposes.

The robot's ability to perceive its surroundings in a safe manner, particularly while operating on its
own, is also a major issue. As a result, several safety requirements, such as the ISO/TS 15066 for
collaborative robots, were established and published. It is feasible to prevent collisions in the first
place if the robot's surroundings is seen visually.

It is possible to safely initiate activity and movement in a research using a Wizard of Oz
arrangement. Visual input is provided via a 2D camera video stream.

B Interaction Fluency

The importance of time in nursing care necessitates that interaction fluency be improved for a
satisfactory user experience. Interaction fluency itself aims to maximize cooperation throughout a
shared activity. There are a number of measures that may be used to measure fluency, including the
amount of time it takes to complete a given job.

Use of both subjective and objective measurements is the focus of this study. Although the subjective
measurements are used to assess how fluent a specific interaction was perceived by the public,
objective metrics are used to measure the real idle and active periods of both the robot and human
while they were doing a job. When comparing three distinct models for initiating robot activities,
subjective metrics such as performance, use characteristics, and subjective preference were employed
as a subset of the questions proposed. "Human-initiated," "robot-initiated reactive," and "robot-
initiated proactive” were the three strategies examined. There are a few noteworthy changes between,
which are cited as inspiration for this paper: Since it was shown to be the least effective, this research
does not include methods started by humans. Only proactive and ongoing techniques are investigated
for this reason The robot could not fail to fulfil the job as specified, since that is what this research
was looking at: help during patient placement. This scenario also involves the robot and caregiver
working together on the same job. As a last point, it is crucial to note that such a research has not yet
been undertaken in the context of nursing.

1ILSYSTEM DESCRIPTION

An environment where a robot and a caregiver may operate side by side in the same time and area
was created to test various forms of robotic assistance. Details of this system are outlined in this
section.

A Platform

Franka Emika Panda is the robot used in this system. This robot has seven degrees of freedom (DOF)
of mobility, which allows it to execute a variety of tasks in a wide range of environments. Because of
its more than one hundred sensors, the Panda delivers a highly smooth performance while also being
very precise and steady. The robot may be stopped with a desired foree thanks to the force detection.
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It is possible to halt movement at a chosen moment in this system by using sensors that detect the
patient's touch with the device. Fig. 1 shows a contact location between the manipulator and the
patient simulator, where an additional cushion was provided.

B Domain and Task Representation

Due to a shortage of qualified caretakers, new technology is being introduced to make the job easier
and more efficient for those who are already working in the industry.

The chore of situating the patient is one of the most promising for both the relaxation of the caregiver
and the efficiency of care. Caregivers are needed to move the patient to this position on a regular
basis to carry out various tasks, such as mspecting wounds, cleaning the bed, or bandaging the
patient. There are times when a second caregiver is needed to aid with chores like the ones cited in
this article; however, in most circumstances this person is not accessible. If you don't have access to
positioning pillows, another option is to use a sling instead. There are several reasons why, in most
situations, carers are unable to complete a Job with both hands, since the other is utilized to keep the
patient in place, slowing down the process and increasing their workload.

In the case of immobile patients, the use of robots to fulfil the holding role is a potential aiternative.
Robots need to know when and where they should execute their tasks, and must avoid colliding with
both patients and caregivers in order to be widely accepted. The human is in charge of moving the
patient, while the robot is in charge of stabilizing him or her.

¢ Robot Action Implementation

There arc three pieces to the robot's control system; a camera, a joint position controller using
Movelt, and a Cartesian impedance controller based on Franka Emika Example Controllers.

Fig. 2 shows how collision objects were manually added to the planning scenario without any
additional vision detection of the surroundings to prevent collisions with either the surrounding
environment or the people near the manipulator. These arc able to adjust to the patient's box.

Cilining chivet e alart position Cattialon Mt s dinhd pieition

Figure. 2: Manually set collision items near the robot manipulator in start (left) and hold (right)
positions following patient contact.

It is utilised to plan and execute autonomously to a slightly changed joint state objective at the edge
of the bed for continued support. Then, the controller is modified to the \sCartesian impedance
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controller. The end effector may be moved forward and backward along a predetermined route
thanks to this controller. This approach is meant to predict the patient's back position as accurately as
possiblc. While executing, here controiled by hand, this path, the extemnal force on the end effector,
computed by the Franka Control Interface, is also monitored. The movement stops and the collision
objects are updated in the planning scene if this exceeds the set contact threshold (Fig. 2}.

Action selection: In order to avoid the caregiver getting the impression that the robot is taking too
long to respond, a scene analysis seems to be a viable solution to this issue. If the robot can identify I
the patient's lateral position and (ii) the patient's real position and orientation in relation to the touch
surface, it should be able to perform the necessary tasks.

For example, the caretaker may avoid the robot or a consistent gap can be maintained between the
robot and the surface. As a result, the robot knows which assistance activities to do. 1 Based on (11)
the caregiver's activities, a support action's best time may be determined. When using the proactive
technique, the work is started as soon as feasible so that the nurse does not have to wait long for
robotic assistance. As soon since the nurse enters the room, the assistance begins, as this strategy is
flexible enough to adjust to the nursing scenario. When it comes to keeping an accurate distance
from its patient, the robot has to be able to constantly modify its trajectory and avoid the nurse at all
costs. It is also necessary to recognise the cxisting condition precisely (ii). The engagement and task
execution would be smoother and more pleasant if there was no trigger technique initiated by the
caregiver, such as voice recognition.

Proactive technique began by a robot (P): Once the robot recognises that the caregiver has begun
turning the patient, the first policy is launched. A contact with a patient causes the robot to stop
moving until it is above the patient's bed, at which point it continues to advance towards the patient
until it senses a collision and then stops, keeping the patient in place. In this strategy, the robot goes
in a straight path until a collision is detected, rather than following the patient's indicated course.

IV.USER STUDY

This research investigates how a nurse and a robot may work together in a meaningful manner when
they do a nursing activity (moving from supine to lateral position) at the bedside via the use of a
robot's interaction approach. For nursing personnel, robotic support devices will play a significant
role over the next several decades. Nursing personnel, on the other hand, must be comfortable with
the robots' working ideas before they can collaborate effectively. This study compared two
operational concepts in order to find the best one. A patient simulator was used in this study.
Furthermore, the research was conducted as a Wizard of Oz study, in which a human was remotely
controlling the robot's inability to do certain activities.

The experiments outlined in ITI-C are being tested.
A Study Design

A within-subjects study was conducted to see whether carers were happy with the robot's workin g
mode. The robot's behaviour was the independent variable in this research, and the two conditions
were P and C. (Sec. 1II-C).
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Nursing personne] had to do the identical action in all three scenarios: turn the patient stmulator to

the side and waijt for the robot to come and hold it in place sq that the carers coyld release it

We didn't care which strategy was used tirst, thus a random sequence was chosen and displayed to
the carers,

ctivation of the actions and the anticipation of the patient's rotation with the manipulator eng
fector in continuoys Case are two examples of these It's from here that we pick our circumstances
as well,

Bedroom: In the bedroom, as depicted in Fig. 3, therc is a bed on which the paticnt simulator is

situated 25 centimetres above the bed, a monitor showing the Caregivers which
method is being ysed and when they can begin as well ag when the process js complete, a camera
showing data to the Operator in the teleoperation centre and, finally, two marks in the floor indicating
when the process jg complete. .

(screen turning green). The second identifies the place in the process flow from which
the operation must be performed. For optimal cooperation, it is situated at a distance of 2.20 metres
from the beginning position mark and 60 cm from the robot,

On pressing either “proactive” or “continuous," 4 clock was started and displayed in the GUJ to keep
track of how long the study took in the teleoperation centre. A red screen appeared in the caregiver's
bedroom to indicate which method was going to be tested, but afier fifieen seconds this screen turned
green, indicating that the caregiver's method haq been evaluated. The proactive and continuous
methods were €ngaged by clicking on the "stabilise" and “continuous royte” buttons.

The joystick used to operate the robot in the continuoug method was a Novint Falcon 3D Touch
Haptic Controller. The aim of utilising the joystick was to decide the new location the robot had to
£0 to. When the speed and force of the controller were applied, an interpolation between the several
specified places was created.
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Lastly, using the information supplied by the camera in the bedroom, the operator in the
teleoperation centre was able to detect the caregiver as well as the robot and initiate each necessary
step.

Procedure: For the investigation, the two circumstances specified in III-C were used, each of which
lasted no more than 10 minutes.

Immediately after each condition, a S-minute questionnaire should be completed. The experiment
lasted little more than 30 minutes in all.

Patient simulator in a bed was the focus of the caretaker's efforts. Robot manipulator next to bed
helped in this duty by maintaining patient in secure posture by supporting by holding them.,

To begin, the carers received a brief introduction outlining the purpose of the research (to identify
which strategy was best for the caregiver). The steps to be taken were also outlined and shown for
the audience's benefit. Detailed instructions were provided to participants, including the fact that this
was a Wizard-of-Oz research.

The caretakers positioned themselves at the specified start position and following the start signal,
after the screen of the monitor went green, they moved the patient simulator from the supine to the
lateral position on the bed. The patient simulator was then stabilised by the robot. After that, they
were asked to fill out a survey to rate their experience. The same method was repeated twice, "
Changes were made to the robot's support services. Prior to the experiment, the individual was shown
a red screen with the method's name on it on the monitor. The execution time was recorded for cach
run. To wrap things off, the caregivers were invited to fill out a demographics survey and rate the
support ideas they were most familiar with.

1 - Beod bdst potivuk
siauuletion duicuar.,
2

- Pasla Bobaiic Armi
3« Mopitur, i
E-‘ - lmmata
[fx = Wlart ing gt
{8 =~ BIparaving position. i

Figure. 3: Setup of the bedroom.

Measurements: As a way to compare both circumstances, objective and subjective measures were
collected. Specifically time and questionnaires were used.

1) Time: In all scenarios, both the robot and the caretaker's idle periods were recorded, as well as the
total time needed to complete the operation. The start signal set the timer in motion. When the

condition (contact of the manipulator with the patient) ended, the total execution period was
immediately halted. The amount of time spent in idle mode was recorded manually.

2884



European Journal of Molecular & Clinical Medicine

ISSN 2515-8260 Volume 08, Issue 04, 2021

2} Questionnaires: With this research, a preset questionnaire was developed from [4] for the purpose
of collecting the nursing staff's opinion and comments.

No personal information other than age and gender is collected by the questionnaire, which includes
the same question in both scenarios. However, all information is kept confidential.

How helpful the robot was in the work, the efficiency and fluency of cooperation, how natural the
interaction secemed, whether the task division was equal, and any remarks the participants wished to
give were some of the questions that were asked. A further question was posed concerning the

impression of robot aid, and the individuals were asked to choose which situation they preferred.
V. RESULTS

Seven caregivers participated in the research, two of whom were men and five of whom were
women. They were between the ages of 32 and 60. (mean: 50.3, standard deviation: 9.6).

A two-sided paired T-test was used to compare the two circumstances.
A Objective metrics

Multiple time stamps were collected and analysed after the rescarch concluded in order to compare
the two approaches.

The impact of the circumstances on the total execution time is first investigated. Total execution time
may be shown in Figure 4, based on the given circumstance. There is a significant reduction in total
execution time, 6) = 4:46, and p =:004. Figure 5 (a), t(6) = 11:38, p :001, shows that under the
continuous situation, human idle periods are much reduced. Figure 7 depicts the robot's idle moments

(b).
B Subjective meirics

Participants were asked to respond to seven-point Likert scales using a number between | (strongly
disagree) and 7 (strongly agree), as detailed in 1V-D2 (strongly agree). Participants were given the
option of leaving comments in a blank space, and demographic information was also included.

The findings of the questions on the quality of engagement. Using a one-sided pair-TTest, the mean
values of the replies were calculated and compared to each other, There was a significant difference
in the quality of the interaction between the two methods (1(6) = 2:39, p = 0.027).

A two-sided paired T-Test is used to examine correlations between subjective Jjudgments and
objective measures. According to Fig. 5, there is no correlation between subjective assessments and
the robot-idle time. The connection between subjective asscssments and total exccution times is
negative, t(6) = 2:88, p =:014.

t(6) = 0:93, p =:394. There is no link between age and the quality of interaction rating,

The caregivers choose which strategy they preferred after a series of questions and answers. Of the
seven caregivers, five (71 percent) picked proactive, one was unconcerned about either option, and
the last caregiver was agnostic.
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Figure. 4: Finish time for each condition. Error bars denote SD
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Figure. 5: Idle moments for humans and robots. Error bars denote SD

For each situation, an open-ended question was posed regarding how people felt about robots helping
them Table I shows the qualitative assessment of this question, where amount refers to the number of
times the item is stated. A "helpful” robot was described as "too sluggish" and "too passive" by those
who encountered it. The following is how the proactive action of the supposed robot was described
in the German translation:

M, 52: "The robot's motion is excessively slow."
M, at the age of 59, says, "You're not active enough."
If W, 50, had to work alone, "[...} it would be a tremendous benefit."

The continuous support robot was described as "useful” but also as "uncertain to collaborate with." In
its German version, the ongoing behaviour of the seen robot was described as follows:

W, 45 "It's a little strange at first."
"Fluently, time-saving." — M, 52

TABLE I: Question: "How did you perceive the help behaviour?"
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VL.DISCUSSION

The data supports the premise that caregivers prefer the continuous strategy over the proactive one.
From both objective and subjective measurements, it is possible to draw this conclusion. Chapter V-
A demonstrates how much quicker the continuous technique is in completing the work. In addition,
the nursing staff will have to wait significantly less time for the robot to arrive. This means that the
carcgiver will be able to do any other work in a shorter period of time since they will be able to free
up their hands sooner. In chapter V-B, the quality of interaction is demonstrated by the subjective
assessments. Qualitative findings suggest that a nurse and robot working together continuously
increases their level of apprehension about using this new technology. Typical assistance in this
activity do not facilitate the process of "mobilizing to the lateral position," which may account for
this.

As indicated in V-B, the majority of participants preferred the continuous technique when asked
whether the robot should help once or continually. Despite the fact that caretakers liked the
continuous strategy over the proactive one, they also noted that it had to be improved since it first
seemed a little unnerving to them. When they arrived to the bed for the research, several of them
were surprised to find that the robot wag already moving.

During support activitics in human-robot Cooperation, robots are shown to predict the best feasible
support position at all times, according to the research, and are therefore rapidly ready to assist, As a
result, further study is needed in this area as well,

VIL CONCLUSION

It was the goal of this article to determine whether strategy, proactive or continuous, was preferable
for aiding the caregiver in getting the patient to the lateral position. The proactive method relies on
the robot to help only afier they had brought the patient to the lateral position.

Results suggest that the continuous technique is preferable to other methods, despite the need for
future enhancements to decreasc uncertainty during cooperation. In the end, this might lead to a more
efficient and effective technique for reducing the burden and stress of nursing care. These findings
might be tested in other domains, such as manufacturing, in the future.
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Abstract- Because nurse care activity identification has a high class imbalance issue and
intra-class variability depending on both the subject and the receiver, it is a novel and
demanding study topic in human activity recognition (HAR). To address the issue of class
imbalance in the Heiseikai data, nurse care activity dataset, we used the Random Forest-based
resampling approach. A Gini impurity-based feature selection, model training, and validation
using Stratified KFold cross-validation are all part of this technigue. Random Forest
classification yielded 65.9 percent average cross-validation accuracy in categorising 12 tasks
petformed by nurses in both laboratory and real-world contexts.. This algorithmic pipeline
was created by the "Britter Baire” team for the "2nd Nurse Care Activity Recognition
Challenge Using Lab and Field Data."

Keywords: Activity recognition; Nurse care; Accelerometer; Feature selection; Stratified
KFold cross-validation; Random Forest.
I. INTRODUCTION

Human activity recognition has emerged as a prominent issue in active research during the last
several vears (HAR).
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Machine Learning, Machine Perception, Artificial Intelligence, Ubiquitous Computing and
Human-Computer Interaction are just few of the fields that fall under this umbrella. The goal of
activity recognition is to identify a person's activities based on observations of the person and the
environment around them. With HAR, people's daily routines may be observed via the analysis
of data acquired from a variety of sensors on them and their immediate surroundings.

Remote monitoring of patients' activities or the activitics of old individuals at home is the
primary focus of this research in health care applications. However, certain nurses' actions in the
hospitals are overlooked, which might have several benefits, such as automated record
production, monitoring compliance with carc routines for a specific patient, and identifying risk
behaviours that need special attention, among others.. It's a difficult area of study since, in
contrast to other forms of activity recognition in which users conduct an action on their own,
nurses perform the majority of actions on patients. Intra-class variability arises as a result of this,
which 1s influenced by both the subject and the patient getting treatment. The goal of "The 2nd
Nurse Care Activity Recognition Challenge Using Lab and Field Data" is to investigate the
feasibility and limitations of adopting activity recognition using movement and location in this
field.

Nurses are tasked with completing 12 tasks in the lab and in the real world as part of this
assignment. There is a significant probability of missing labels during studies in the actual world
since nurses are always at work. Data from both training and testing environments are included
in training data, however testing data is derived only from data obtained in the actual world.

The most difficult part of this project is using laboratory data to develop real-world models and
bridging the model gap. That's why, in Section 2, relevant activity recognition works are
recognised, and then important works and research needs are given. Heiseikai data, nurse care
activity data set are briefly discussed in Section 3. Section 4 explains our suggested technique in
great detail. Problems and difficulties associated with this data collection are discussed in this
section. In addition, the measures performed as a result of these circumstances are briefly
described. Section 5 presents the outcomes of several algorithms. In addition, we do a thorough
analysis of the data using the model we selected. Section 6 concludes the paper with suggestions
for further research.

1I. RELATEDWORKS

In the field of activity recognition, there have been several studies, particularly in the area of
mobile activity recognition. There are, however, relatively few studies on the identification of
nursing activities. This year, a challenge to recognise nursing activities was organised and
several teams engaged in it, with encouraging outcomes. Different characteristics and basic
classifiers, such KNN, were suggested.

Motion capture and meditag sensors were used. Skeletons may be represented using a
spatiotemporal graph, which was introduced. Aside from voice recognition and natural language
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processing, Hidden Markov Models (HMMs) and Conditional Random F ields (CRFs) may also
be employed in activity detection since they are sequential data. Mobile activity recognition
might benefit from an approach known as "bag of features". Creates histograms from feature-
extracted data by using that data as input. This strategy, however, necessitates the division of
data. Data gathered in a controlled laboratory environment has poor performance in real-world
situations. There are a wide range of activity durations and class imbalances in real-world
situations, both of which may impede machine learning algorithms. For machine learning
algorithms, over fitting is a typical concern. It's a good idea to use Random Forest to prevent
over fitting your model. An ensemble of decision trees is known as a Random Forest.
Bootstrapping is the process of creating multiple decision trees from a small portion of a dataset.
After then, make judgments based on the remaining information and follow the results of a vote
by the people. Bagging is the name given to this procedure. It has decent generalization ability
and is less prone to over fitting since it doesn't operate with the whole data set at once and takes
decisions from multiple randomly generated forests. Random Forest has been used in a number
of studies on human activity identification. Using a Random Forest method, the authors of were
able to correctly categorise 93.44 percent of human activities. Using a linear forward feature
selection technique and a Random Forest-based methodology.

Table 1: Nurse Care Activity Data Set
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12 |Horzonial Movement
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It is difficult for machine leamning algorithms to classify data that is unbalanced. This issue has
been addressed in the literature. Class imbalance is a prevalent concern in the medical field.
Many diseases are only seen briefly, and as a result there may be few samples available. Other
successful strategies for dealing with uneven data include up sampling the minority class and
down sampling the majority class, using a high cost on the majority class and a low cost on the
minority class. [We opted to use Random Forest for this dataset since it is so lopsided based on
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all of previous studies. In contrast to these approaches, ours uses both up sampling and down
sampling, as well as oversampling prior to filtering, this is a major distinction between the two.

III.DATA SET

The Kyushu Institute of Technology's Smart Life Care Unit in Japan gathered the test results.
Data was gathered from a Japanese care facility. In the lab, 2 people participated who are
professional nurses. In the actual world, 47 people took part in the experiment, however only the
training and testing data of six nurses and three test nurses are included in this challenge. The
data set consists of care actions that nurses undertake at the Care facility. Mobility support,
transfer assistance, and position change are the three main categories of activities. Table 1 shows
the many subcategories of these activities.

To obtain the data, the accelerometer sensor in the smartphone and motion capture sensor was
utilised however only the accelerometer data is accessible for this challenge. The wristband that
held the smartphone in place was worn on the right arm. The data is sampled at a rate of 60 hertz
(Hz). No pre-processing procedure is performed to this data. The field data collection, in
particular, has a large number of unlabeled observations. Also, the activity labels in this dataset
are heavily skewed. Each segment of the test data set must be predicted by an activity id model
that incorporates both the lab and field data sets.

Tetting Phase

Figure 1: Basic Structure of Nurse Care Activity Recognition System.
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Figure 2: Feature Importance Plot.

IV.METHODOLOGY

Raw sensor data may be analysed in a number of methods that are well-established in the
scientific community. According to Fig. 1, this process begins with pre-processing raw sensor
data, which includes segmentation, feature extraction, and classification.

Body acceleration, gravitational acceleration, and noise are all components of a single
accelerometer signal. Noise filtering and the separation of body and gravity acceleration are
necessary before the segmentation approach can be used. Given that this data set consists only of
body acceleration, the pre-processing step employs a low pass Butterworth filter with a cutoff
frequency of 20 Hz in order to remove any noise. Different segmentation approaches may be
used to extract meaningful information from a continuous stream of data in order to enhance the
relevant features of the signal. The sensor signal must first be broken down into smaller time
intervals known as windows. A sliding window approach, with windows of constant length and
zero overlap, was utilised to split the signal in this case. There is little to no pre-processing
required for this windowing technology, which makes it ideal for real-time applications and easy
to implement.

A triaxial accelerometer was employed in this experiment. A three-dimensional axis model is
used to visualise the data. We used the triaxial data to derive jerk, magnitude, and frequency
domain signals to better identify the various nursing actions. So, the data set now has 16 input
columns: x, v, z, Jx, Jy, Jz, Mag(x, Yy, %), Mag(Jx, Jy, Jz), Fx, Fy, Fz, FJx, Fly, Flz, Mag(Fx, Fy,
Fz), Mag(Jx, Jy, Jz) (FJx, Fly, Flz).

As a result of these 16 columns, we calculated the mean, median absolute deviation (MAD),
weighted average (WA), and standard deviation of 10 characteristics, including energy and IQR.
As a result, there are 160 vectors in the feature space.

An essential part of activity identification and analysis is the selection of features. Every
characteristic is not equally important, and some variables may be completely unnecessary.
Using feature selection to prevent overfitting, increase accuracy, and decrease training time is a
three-pronged approach to reducing the amount of data needed to train an algorithm,

On the basis of Gini impurity, we narrowed down the key characteristics. Fig. 2 illustrates the
relative relevance of all the characteristics by way of a bar chart. Here, the percentage
significance of the most essential qualities is shown against each feature's relative relevance. In
order to rank and compare characteristics, this importance is determined for each individual
attribute in the dataset. Attribute split points are weighted according to the number of
observations they are responsibie for in order to determine the relevance of a particular tree. The
Gini index is used to determine the points at which to divide the sample.
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All of the decision trees in the model are then averaged to get a total of the feature significance
factors. Finally, 72 features were chosen among 160 characteristics based on their relevance.
These results show that the top 10 attributes are as follows: average, mean, standard deviation,
minimum, maximum, minimum, maximum, avg(z), variance, and variance (FJy).

We sce data as a precious resource, and we want to make full use of it. Only the piece of data
designated for training may be used for model training if we use the train-test split. As the
quantity of training data grows, so does the quality of the models. Cross-validation is a possible
solution to this problem. Data sets are partitioned into N subsets using cross-validation. During
training, the N-1 split is employed, with the remainder of the split being used for testing. Using a
different split each time, the model goes over the data set N times.

For both training and testing purposes, we utilise all of the data points available.

A model's performance may also be improved by using cross-validation to test it on additional,
previously untested data points. KFold and Stratified KFold are two of the most often used
algorithms for dividing data in cross-validation. While cross-validation is still used, the class
distribution within the data set is retained in both training and testing splits when using the
Stratified KFold approach.
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Figure 4: Lab Data Histogram Plot

Figure 5: Field Data Histogram Plot (After Resampling)

When there is a large amount of data, Stratified KFold performs better than KFold. This can be
seen in the histogram plots of field and lab data in Figure 3 and Figure 4. Resampling is used to
keep things under check. If we compare Figs. 3 and 4 to Figs. 5, because there was no data for
activity 8 and just a tiny quantity of data for activity 11, this occurrence occurred. As a
consequence, oversampling in the field data had little to no reference point, resulting in an
obvious class imbalance in the combined data. So, Stratified KFold is used in our study since it
attempts to preserve the proportion of data that is present in the train-test split. This will prevent
any kind of partiality. In this case, we employed cross-validation with 10 folds to improve speed.

MATLAB Statistics and Machine Learning Toolbox were used to assess the classifier's
performance. The Random Forcest classifier was estimated to have the best performance. Adding
insult to injury, the data set is very unbalanced, which makes it extremely susceptible to
overfitting. Overfitting may be readily reduced using the Random Forest classifier. Following are
the random search hyperparameters for the Random Forest classifier: The number of trees is
1800, the minimum number of splits is 2, the minimum number of leaves is 1, the maximum
number of features is the square root of the total number of features, and bootstrap is True.

Table 2: Accuracy Comparison of all the Tested Models
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Window size | Classifier Acturacy {3

Randon Forest IR

Cubic SVM 7.8

Cuadratic SVM 52.3

s Fine Tree 412
128 - =

Mediam Tree KXK-

Linear Digerfmminant 335

Fine KNN A57

Boosted Trees 356

Random Forest 3.2

Cuinc SVM 56.8

956 Quadralic SVM 524

Fine Tree 46.7

Medium Tree 3146

Randomn Forest 615

Cubic S¥VM 577

512 Fine Tree 418.9

Boosted Trees 47.7

Cosine KNN 488

V. RESULT AND ANALYSIS

We tried a variety of window widths, feature sets, and algorithms to find the most effective
solution in this project. All of the evaluation's experimental findings will be summarised in this
section. Initial tests were conducted using MATLAB Statistics and Machine Learning Toolbox
to predict the best potential combination. Table 2 shows the best potential results from all of the
data. In every section, we can observe that the Random Forest Classifier has provided the
greatest accuracy if we look into the data attentively.

There is a considerable risk of bias and overfitting since our data set is so uneven. With the
correct hyperparameters and Random Forest classifier with Stratified KFold cross-validation, we
can easily minimise this chance.

If you're dealing with an unbalanced class situation, you can't utilise accuracy as a performance
metric.

In order to obtain a better sense of how our suggested strategy performs, we have employed
different performance indicators, such as precision, recall, and F1 score. We have prioritised
precision, recall, and F1 score above accuracy because to the data set's extreme class imbalance.
The resampled data had a maximum accuracy of 65.9%. Table 3 shows the findings for both
resampling and non-resampling. Low false-positive rates are associated with high accuracy. With
resampling, the average precision is 0.67, whereas without resampling, it is 0.69. With
resampling, we've seen an average recall of 0.66, which is over the 0.5 threshold for this model.
However, without resampling, the average recall score is only 0.41. For classes with a more
unequal distribution of students, the F1 score is typically more valuable than the accuracy score.
Resampled and unresampled data accuracy is fairly similar in our situation, but their average F1
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scores are considerably different: 0.66 for resampled data and 0.50 for unresampled data. Fig. 9
depicts the proposed classifier's confusion matrix, which demonstrates that Wheelchair and All A
are the most puzzling activities.

Right Lying (LL) and Supine position (SP/RL) are the second most perplexing activities (LL).

V1. CONCLUSION AND FUTUREWORK

Class imbalance, missing labels, missing points, and incorrect timestamps were among the many
issues we encountered when working with this data.

Labeling errors made by humans are mostly to blame for these issues.

With the Random Forest Classifier, we have performed Stratified KFold cross-validation in an
attempt to minimise overfitting due to class bias. The Random Forest classifier provides the
greatest result, with an accuracy rate of 65.9%, when accuracy is compared using several
methods. This model has a lot of room for growth, as seen by an examination of the data for each
performance parameter. Even after resampling, there is still a substantial class imbalance in the
field data, which is why the expected result was not achieved. Data augmentation and resampling
are two options to consider. During the course of our study, this approach yielded an accuracy of
70.85 percent. Resampling and data augmentation are often employed to solve this sort of issue,
however in our instance they didn't work well together. In light of the rarity of this data
collection, further experimentation and analysis are necessary before the concepts of resampling
and data augmentation can be used here. Due to a lack of time, more testing has not yet been
performed and will be included in our next project. Semi-supervised learning may also be used to
produce pseudo labels and data points if there are too many missing data and labels. As a result,
there will be less of a wealth gap. The lack of computing resources prevented us from
implementing this technique, however others who will deal with this data set in the future may
use this mecthod. The testing dataset's recognition result will be included in the challenge
summary article.
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Abstract- Between 2015 and 2050, the World Health Organization predicts that the number of
old people would quickly increase. Population ageing is leading to an increase in physical
disabilities and mobility issues. There is a significant opportunity to improve healthcare delivery
by using assistive robots, which are constantly improving robotic technology. Robotic
technologies for the care of the elderly and handicapped are thus becoming more relevant. In an
assistive robotic system, a sensor glove for human-robot interaction is conceived, manufactured,
and assessed in this article. Flex sensors and an inertial measurement unit (IMU) are used to
detect the user's finger motions and additional off-the-shelf electrical components are employed
in the sensor glove. It is the primary objective of this study to make human-assistive robot
interaction more intuitive and dependable. As a result, this study focuses on three key topics: 1)
developing a pattern for these kinds of sensor gloves, 2) testing the performance of sensor gloves
with the use of flexible sensors, and 3) examining how to analyse systems with a person in the
loop while using a sensor glove. Using this design pattern, the sensor glove can be a reliable
interface for operating the assistive robotic system, according to our experiments. Aside from
that, our estimate approach may be used to the study of an assistive robotic system with a person
in the loop, allowing us to theorise about the system's optimal parameters.

Keywords— nursing-care assistive robotics, sensor glove,human-robot interaction, human-in-
the-loop system.

I. INTRODUCTION

Between 2015 and 2050, the World Health Organization predicts that the number of individuals
aged 60 and older would climb from 900 million to 2100 million. The ageing population is
leading to an increase in the number of people who are physically disabled or have mobility
issues. As robot technology continues to advance, assistive robots have the potential to extend
healthcare services to solve the following issues.

In order to operate assistive robots remotely, gesture-based human-robot interfaces are a simple
and intuitive [2] option. There are three basic ways to implement gesture-based interfaces:
1mage-based, glove-based, and non-wearable techniques. Non-wearable techniques have a lower
resolution than others. Some researchers [4] have used image-based approaches to operate an
assistant robotic system. This means that image-based approaches rely heavily on lighting
conditions and surroundings [5]. With these limitations, glove-based solutions are more accurate
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and dependablc in the application of homecare robot control when dealing with changing
lighting conditions and complicated human environments. Flex sensors and inertial sensors [6]
were employed in our study because they are often used in glove-based systems for detecting
static finger bend and dynamic [4] arm movement.

The development of smart gloves with sensors and electrical devices has been a major focus in
recent years. To develop a smart glove (HandiMate) that serves as an input device for self-
configurable modular robots, a combination of flex sensors and inertial sensors is used. Ziro and
other commercial items of a similar kind exist. There have also been investigations on the
manufacturing process and characteristics of piezoresistive strain sensors [8]. Besides modular
robotics, we designed a number of subsystems that will be detailed in this study, as well. The
sensor glove and the whole robotic system will be tested in Section IIL Here, we'll explore the
system'’s dependability and accuracy, which were addressed in the preceding sections. Section V
concludes the essay. sensor glove that can record both static finger motions and dynamic arm
movements. rable sensor glove A prototype nursing-care robotic system including the glove and
an Automated Guided Vehicle (AGV) and a commercially available robot has been developed
(YuMi). The following is a list of the issues we considered in our research: There is a new desi an
pattern for this kind of sensor glove, and we first looked at it. As a follow-up, we devised a new
way to assess the performance of sensor gloves using flex sensors, Three methods for human-in-
the-loop system analysis were developed and assessed, one of which included using the sensor
glove.

Here's how the rest of the article's sections are organised:

Section II explains the general design of the wearable sensor glove and the nursing-care robot.
Sensor gloves were then used in a variety of disciplines, including health care [9], sign language
comprehension {8], virtual reality [10], and more.

However, the entire performance of the complete glove system (sensors, electronics, and robotic
systems) is seldom formulated by researchers [6]. Even though commercially available smart
gloves can be used to control medular robots and virtual reality, studies on applying smart gloves
in controlling nursing care robotic systems are of great value, despite the fact that performance
specifications for sensor gloves are entirely different from one application to the next, resulting
in important issues when trying to match a glove to a specific application. In addition, nonlinear
behaviour and reaction times of around 200 ms are common in resistive sensors [11]. Sensor
glove systems may become unstable as a result. A performance assessment index should be
implemented as a consequence.

II. SENSOR GLOVE

A Overall Architecture

YuMi robot placed on AGV has two subsystems. YuMi is a manipulative device created to assist
those who have difficulty using their upper limbs. People with lower limb disabilities need to he
able to move, and the AGV helps them do so.

As a human-robot interface device, our sensor glove is developed so that users may naturally
manage the assistive robotics system. Eight-finger signals may be translated into AGV
movement orders and mode switch commands using the glove, as demonstrated in Figure 1.
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When the user moves their arm in 3-D, the YuMi can read that movement and translate it into
orders for the robot. Gesture-based human-robot interfaces are governed by standards issued by
the British Standards Institution (BSD) and the International Standard Organization (I1SO).

Gesture signs, for example, have taken some of these suggestions into account throughout the
design process.

B

et amstabusingo
ALt

g ey

Figure. 1. Fingers and arm gesture representations of the user the robotics system's data and
command flow. Schematic of a robot

The following is a breakdown of the steps involved in an interaction: Flex sensors placed in the
glove at the user's metacarpophalangeal joints (bent or straight) are also detected by the inertial
measurement unit (IMU) linked to the wristband, which measures motion. 2) As shown in Fig, 2,
the voltage signals are delivered to a microcontroller. The motions of fingers and arms are
identified and categorised into predetcrmined models using threshold judgement and decision
tree classification techniques of classification. Assistive robotic systems' control boards get the
appropriate Bluetooth instructions. For the glove system, HC06 was selected because of its small
size, high data rate, and low price. AGV or YuMi will then reply in accordance with the current
mode of the system (which may be switched back and forth using mode switch instructions).

Figure 2 depicts the sensor glove's circuit design in more detail. It may be broken down into five
distinct sections based on its intended use:

Finger gesture recognition circuit (flex sensor 2.2)
IMU unit (MPU6050)

Arduino Mega (microcontroller)

9V zinc-manganese dry battery

Bluetooth unit (HCO06)
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Figure. 2. Sensor glove circuit design

B Finger Bend Detection Subsystem

Finger gesture identification relies on the resistance-strain effect, which occurs when a certain
motion is performed on the backs of flex sensors inserted in the matching fingers. Measurement
of voltage is done using an analog-to-digit converter (ADC) and an adjustable resistor. Next, the
resistance of flex sensors is calculated using Kirchhoff principles.

Thus, the "angle-resistance" curve may be determined in advance, and the gesture of fingers
(angle of metacarpophalangeal joints) can be derived from this data.

To send a command to an assistive robotic system through Bluetooth, an AGV's omnidirectional
movement command may be created using the matching gesture table illustrated in Fig. 1. The
mechanical nature of human hands restricts the number of possible finger combinations to a
maximum of 32. Only cight of these variables are examined in this study.

¢ Arm Movement Detection Subsystem

A four-stage model {14] may be used to represent the whole arm movement detection process:

Creating and transmitting a signal segmentation and processing of the input signals, and the
extraction of feature information The use of pre-trained decision trees for classification
Transmission of a YuMi manipulation command

In order to track the movement of the user's arm, we connect an IMU MPU6050 to the
wristband. A Digital Motion Processor, a 3-axis gyroscope, and a 3-axis accelerometer make up
the MPU6050 (DMP). The serial port may be used to send motion data in the form of 9-axis
motion information. MATLAB programme will evaluate the data that 1s delivered to a computer
through Bluctooth from the IMU. Afterwards, a 35 Hz low-pass filter is applied to the original
signal to smooth it out. The cut-off frequency was determined by experiments in the 020Hz
frequency range, which is the range in which human motion oceurs. For the next step, we utilise
the Sliding Window Method to segment the signal, which has a duration of 4.5 seconds and an
overlap ratio of 20% since the movement is steady and there are little fluctuations. There are six
attributes  that may be wused as features for classification: max/min/average/no. of
peaks/variance/standard deviation of yaw/roll signal. We utilised 240 samples to build the
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decision tree in the coursc of preparation work (training model). The retricved characteristics
will be utilised to categorise various movements of the user's arm throughout the robotic control
procedure. As a result, YuMi will carry out the instructions that were sent to the robotic control
board through Bluetooth,

D Affiliated Electronic Components

The Arduino Mega is a good choice for this sensor glove project because of its size and
capabilities. There are 54 general-purpose digital I/O pins.

Serial communication, which is utilised for Bluetooth in this application, is supported by some of
the pins. The quantization error is kept to 4.9mV thanks to the 16 10-bit analogue te digit
converters for 05V input. In addition to it, an ATmega2560 CPU with a maximum clock rate of
16 MHz is used. This processor may be used to detect arm and finger motions, categorise them
into multiple models, and deliver instructions in this particular application.

Because it's so inexpensive, the Arduino Mega can be easily expanded. We were able to create
the glove's functionality more quickly because to the inclusion of open-source tools like the
serial communication library.

For a variety of reasons, Bluetooth is the preferred method of communication between the sensor
glove and robots. When it comes to indoor assistive robot control, it has a communication range
of 10 metres. It has a maximum of 8 devices per network, which is sufficient for the purpose at
hand. In addition, Bluetooth's 1 Mbps data throughput, cheap cost, low power profile, and great
adaptability make it an excellent option for this application.

There is a 9-volt dry battery linked to the wristband to power the Arduino Mega, Bluetooth, and
IMU components. In the meanwhile, a rather steady reference voltage is generated for the finger
bend detecting subsystem using a voltage regulator module MC33269 (included into Arduino
Mega).

£ Performance Evaluation Index

Sensor glove stability is influenced by a variety of reasons, including changes in the reference
voltage, discrepancies between nominal and real resistor values, quantization errors, and
variations in the sensitivity of the flex sensors due to fatigue. Flex sensor error, embedded
system error, and mcasurement error are all examples of these problems. Flex sensor error may
be measured and will be detailed later in the experiment. The specifications of electronic
components may be used to predict embedded system errors and measurement errors.
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Figure. 3. (a) Resistance of flex sensors corresponding to thumb, index finger, middle finger,
and little finger while performing periodic bent/straight motions. To measure static statc
resistance, bend/straighten the flex sensor ring finger 1000 times and measure the resistance.

Fig. 3 (a) depicts the change in nominal value of flex sensors' resistance produced by varied
sensor characteristics and different attachment locations. Sensor interval ranges were 3250 k3067
k3475 k2557 k, correspondingly, for the thumb, index finger, middle finger, and little finger. We
are solely interested in the two states of fingers that are totally straight and bent in this study. For
this reason, it is only measured and used in these two static states.

R
U ppinsos = qwmtizatmﬂgw—-’f—f—Rz_} {1}
%_Rmne TR:EE

As seen in Equation (1), this voltage may be utilised to determine the position of the fingers. It
may be calculated using the voltage law of Kirchhoff, Because of different mistakes and
disturbances in the measurement process, such as variances between nominal and real values of
reference resistor and reference voltage, this is not a conventional Kirchhoffs laws formulae.
However, as shown in Figure 5 since we need to make sure that flex sensors as well as other
electrical components do not confuse finger motions, the output voltage will be disturbed and
this will decrease the range of the threshold value.
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Figure. 4. True resistance of flex sensors and output voltage while considering electronic system
uncertainty. The disruption of real resistance value of flex sensors revealed the impacts of sensor
individual variation and sensor fatigue.

This section introduces a performance assessment index that may be used to evaluate the sensor's
performance when paired with other electrical components.

Additionally, a flex sensor's best threshold value may be discovered by experimentation. To
illustrate that the nominal value of an electronic component does not match its real value because
of the reference voltage and resistance uncertainty, Fig. 4 demonstrates that the output voltage
has upper and lower bounds that correlate to a genuine resistance value. Sensor individuality and
scnsor fatigue influence the genuine resistance value of flex sensors, resulting in a horizontal
axis disturbance,

It is necessary to choose an adequate threshold in order to avoid misjudging the states of finger
motions. The length of the range might be used as a performance assessment metric. We are less
likely to confuse a bent condition for a straight one if the range is bigger. Confusion is more
likely if the range is narrower or even negative in certain cases. Different reasons, such as sensor
individual differences, sensor fatigue, electronic system uncertainty, etc. might be responsible for
this phenomenon.

It's possible that pre-calibrated techniques like simple linear method, regression and approaches
for coupling issues may enhance the performance of motion capture gloves. Instead of looking at
the relationship between resistance and bend degree as a whole, this study focused only on the
resistance in totally bent and straight states. TABLE 1. shows that the success rate is high enough
to operate the robot.

ITLEXPERIMENTS OF INTEGRATED SYSTEM

A Background, Modelling and Presumptions

The human aspect should be included into the control loop as part of the HMI category.

Uncertain human elements are included into this assistive robotic system, making it difficult to
evaluate the whole system. An analysis and forecasting model for the human-in-the-loop system
is shown here. A nursing-care robotic system's ideal characteristics, such as angle velocity and
acceleration, will be obtained by building a model. Robotic care for the elderly is the primary use
case for this assistive robot system, which is often used in tight seitings.
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To achicve a good balance between accuracy and efficiency, we must consider both at the same
time. With the sensor glove present, we intend to acquire the parameters in a theoretical method
that can be used to a wide range of robots, and is more general than an experimental approach.

In this portion of the experiment, we cxamined how the sensor glove helped us steer the robot in
the desired direction. We need to first modify the robot's orientation if we are going to use itin a
straight tight channel, which is typical in application situations for this technology. The angle v
inaccuracy should be kept to a minimum so that the route may be traversed without additional
correction. The robot's size and the passage's length and breadth both have a role in determining
the precise range.

The temperature limit was established at 6 degrees in this experiment.

As an ideal relay with hysteresis or dead zone, the glove subsystem (human component) is
represented mathematically. This relay's threshold is determined by a random variable a, which
has a zero-mean Gaussian distribution. Based on the velocity parameter v, this distribution's
variance may be calculated This makes perfect sense, since increasing velocity makes it more
difficult for a user to point the robot in the desired direction, and as a result, the amount of
dispersion rises.

Robotic systems are predictable in compared to human behaviour. Because of this, the system's
stopping distance may be described as a fixed function, stop, which is dependent on the velocity
parameter.

B Experiment Setup

The experiment's primary assessment criteria were whether or not the robotic system could be
controlled to stop in the appropriate dircetion using the user's finger and arm gestures,
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Figure. 5. Experiment setup: assistive robot rotates in the passage with length of 1.5meters and
width of 0.9meter. The rotating angle is measured by a protractor printed on a paper,

Stages one and two of the experiment were separated into two. Using an illustrated gesture table,
a subject wearing the sensor glove performed a serics of motions at random and the suecess and
failure rates were recorded.

Second, as seen in Fig. 5, a tunnel measures 1.5 metres in length L and 0.9 metres in width M.,
Passage and AGV's initial path are about 45 degrees apart. The individual utilised the sensor
glove to change the robotic system's direction using varying levels of angular velocity (just the
Turn Left/Right command was used). Each experiment had a predetermined angular velocity that
was not affected by the joint angle.

Success and failure rates were tabulated and analysed in detail.

The successful examples are those in which the value of the stopping angle v is modest enough
that the robots can travel through the passage with no additional modification. A halting anglc
restriction of 4 degrees to 4 degrees has been specified for this experiment based on the robot's
overall dimensions and the route.

For every different parameters of angular velocity (10 rad/s, 20 rad/s, 30 rad/s), we recorded 100
set of data of stopping angle Bv, respectively. The human factor (Gaussian distribution) models
utilised half of the data for parameter estimation. It was then compared to actual results in order
to see whether the model's predictions were accurate.

IV.RESULTS AND DISCUSSION

A First Stage: Sensor Glove

This was achieved by using the performance evaluation index approach to determine the ideal
threshold value (which was first set to the centre of the range obtained in Fig. 5 and slightly
altered via experiment). Figure 5 shows the final threshold values for each of the five fingers.
The results \sof success rate for varied motions are presented in TABLE I.

Table I. Efficacy Of Each Gesture

Gestry Naw of Suceers | Num of Failure ‘N.;Eiri”
*love Forward 48 x GET,
Move Hack 47 £ 84%
Move Left ] { 100%;
Move Paght 50 & 100%;
Tum Left 30 0 100%
Tum Pight 49 1 9%,
Swich Mode ! 50 & 100%
Swich Mode 2 44 & £8%

Sensor gloves may properly represent the user's intentions using the ideal threshold, as shown in
this experiment's results. A technique for determining the appropriate threshold has been proven
successful.
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B Second Stage: Integrated System

Wec observed a succession of angular errors between the actual stopping direction and the
planned stopping direction under varied commands of input velocity values vk. vi is the name of
the series.

The maximum likelihood estimator is used to find a suitable value for the unknown parameters
of the Gaussian distribution (the human factor). It is a technique for selecting the parameters of a
distribution whose likelihood function provides the biggest value.

Lu.o*y =] [ /6, .5 .

Using (2) to estimate the gaussian distribution with unknown mean u and variance c2.
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V. CONCLUSION

Design patterns for sensor gloves that include finger gesture and arm movement sensors arc
presented in this study.. A robotic nursing system was used in conjunction with the glove. Using
the glove developed and tested in this study, the user's intentions for controlling assistive robots
were accurately reflected. After conducting an experiment and verifying the model we
developed, we found that it properly predicts the success rate of guiding a robot to the intended
location.
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Abstract— The Internet has ushered in a new age of science and technology, with big data
in information technology serving as the engine that propels advancements in both fields.
Building a nursing management and control platform that integrates nursing quality
indicators, nursing event reporting, and nursing risk management, and achieving dynamic and
intelligent management and control of nursing quality throughout the process by applying big
data and intelligence to the clinical nursing quality management system. The time it takes to
input and analyse nursing quality concerns is greatly reduced, the quality of nursing services
is enhanced, and patient satisfaction is effectively increased as a result of using big data to the
nursing quality management system. An efficient mobile nursing quality management system
may save time and money while increasing nurse job efficiency, promoting full involvement
in quality management and enhancing patient satisfaction with nursing services.

Keywords- big data; nursing; satisfaction; work efficiency

L INTRODUCTION to research. Even while a vast number of

unstructured numbers may seem random,
they really contain a wealth of useful
information that may be tapped into. Since
the HITECH Act was passed by the United
States Congress in 2009, health-related big
data has begun to demonstrate its potential.
An event on big data in nursing was
organised by the National Institute of
Nursing (NIN) at the end of July 2015. The
growth of big data in nursing and even
medical care in China is trailing behind

Large-scale data, which has evolved as a
result ofInternet and  information
technology's rapid growth over the last
several years, is being employed in a
variety of medical and health settings. It
has become more common for medical
records to include more and more
information as the usage of electronic
health records (EHRs) grows in popularity.
Data and knowledge created by humans

over the previous 12 000 years has grown
at a pace of 90 percent each year during the
past five years, according

Volume 11, Issue 03, Jul2021

other nations, but that is not unusual. For
medical and health services and social
security services, China's State Council
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published "Outline of Action to Promote
the Development of Big Data" in
September 2015. Medical and health
management and service organisations are
encouraged to do research on the creative
use of big data in the context of medical
and health management.

Big data research has emerged as a major
trend in academic progress in the age of big
data. The use of large, multi-channel and
varied data in nursing may lead to new
ways and concepts. Many parts of nursing
may benefit from its use, including nursing
assessment, improving nursing practise,
illness monitoring, nursing  scientific
research, and clinical decision support [2].
It is the goal of this article to draw the
attention of nursing workers to the practical
use of big data in different nursing
domains, such as nursing practise, nursing
research, and so on, in order to better
promote the use of big data in nursing.

DEFINITION OF BIG DATA

Big data is defined by the McKinsey
Global Institute as: Big data is a term used
to describe data volumes that are too
enormous to be stored, managed,
accessed and analysed using traditional
database methods. Large amounts of data,
measured in terabytes rather than terabytes,
are referred to as "big data” in the technical
sense. The four features of big data, namely
vast data size, quick data flow and dynamic
data system, various data kinds, and
tremendous data value, are used to create
international data firms. For example, all
data should not be sampled; efficiency
should not be totally exact; and correlation
should not cause and effect [3].

THE MEANING OF BIG DATA

18

111,

Prediction is at the heart of big data.
Google, for example, mines data on the
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most popular search keywords used by
Americans each day. It is possible to
anticipate  flu  outbreaks using a
combination of 45 search phrases, and the
correlation between prediction findings
and official data is as high as 97%. Big
data’s worth has been fully realised in a
variety of businesses, but it also has its own
set of restrictions. For instance: However,
big data can only answer "what," not
“why." Big data can find megatrends and
laws without disruptive innovation; it can
give relevant services, but it cannot
generate new demands. In order to create
and use big data and to better our job, we
need this. [4]

1v. THE MEANING OF BIG DATA

A. Electronize nursing documents

The primary goal of a nursing document is
to carry out the doctor's orders so that the
document may fulfil its intended function
in patient care. It is possible to enhance the
practicality of nursing papers by
converting them to electronic form,
allowing nurses to more easily inquire
about them, reducing their real burden and
increasing the efficiency of their job.
Electronic papers are simple to use and
meet a high degree of quality, ensuring that
nursing reports are of the highest quality,
As a result of the many benefits that
electronic documents offer over paper
papers for nurses, medical
professionals and pharmacists, they are
increasingly being used as a substitute for
paper documents [5].

B. Optimize information

analysis

nursing

Systematic evaluation of patient care is
another example of how big data and
nursing may be used together. Nurses and
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information technology are becoming more
intertwined as the medical system becomes
more personalised and mobile. In order to
meet the needs of patients with a large
number of information analysis, it is
difficult to meet the needs of patients with
a large number of past information means;
therefore, the application a large data can
reduce nursing staff's workload of patient
care information organising, and allow
them to care for patients with information
collecting, sorting, and categorising the
different types of information.

C. Constructing  mobile
information system

nursing

Providing medical treatment on the go would
be impossible without the use of a portable
nursing  system. Mobile information
technology allows nurses to constantly have
a firm handle on the patient's nursing data,
giving them better control over their patients.
Using big data, healthcare providers may
more efficiently and accurately transmit
patient data from their computers to mobile
devices. This active collaboration between
computers and mobile devices will increase
the efficiency and accuracy of healthcare
delivery.

D. Help analyze nursing information
needs

As technology progresses, so does the
clinical medical system, making it more
adaptable and individualised than it has
ever been. Nurses' job is becoming more
and more dependent on information
technologies and patient demand for
nurses' health care is growing. Clinical
information exchange is becoming more
necessary since it plays an increasingly
significant role in the diagnosis and
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treatment of patients. New challenges have
emerged in the design of nursing
informatization as a result of the processing
of patient health information. In the
original information processing system,
there was no analysis of nursing
documentation, and the data components
were summarised in an inadeguate manner.
Collection and organisation of nursing
health  information as well as
administration and analysis of nursing
health data are critical in the context of
clinical big data. Hospital clinical
informatization focuses on patient care
health information, which encompasses
patient health information management,
mobile application technology, internet
application technology, and clinical care
information.

E. Helps make nursing
documentation electronic, quick and easy

Traditional paper nursing documentation
have the following disadvantages: As a first
benefit, the improved electronic file is more
succinct, clear and easy to search, which
reduces duplication of effort in diagnosis
and treatment, frecs up labour and increases
productivity. First and foremost, the
establishment of multi-faceted and
comprehensive criteria for nursing
documentation, so as to guarantee that
clinical nursing reports meet the highest
quality requirements. It also aids in the
creation of an optimal clinical documenting
process. The doctor's order execution
document is an essential part of the clinical
diagnostic and treatment procedure that is
documented in the nursing document.
Closed-loop workflows for clinical
diagnosis and treatment are the result of the
combined efforts of nurses, physicians,
pharmacists, and other medical
professionals. The alternating use of
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nursing order and nursing intervention
should be maintained throughout the real
medical process to guarantee that nursing
services are of high quality.

V. CONCLUSION

Use of big data technologies in medical
Care may assist health care providers in
providing better treatment by improving
service quality. There are several benefits
that come from using large amounts of data
to assist nurses make the best clinical
medical care decisions. Aga result, medical
treatment is more productive and better
quality care is provided. Evep though each
hospital department has its own IT system,
using big data to integrate hospital internal
unique  differentiation systems  and
maintain overall unity while doing so is the
most difficult task that bi g data faces, since
each department has its own IT system. Big
data's challenges must be handled in order
to improve medical care with the growth of
time and science and technology.
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Abstract - With dual-gain active pixels (APS) and column-parallel readout circuits to decrease the random noise,
this article offers a CMOS FPXD. Using the conversion gain control in a sensor array, the proposed dual-gain APS
can support both high and low FPXD sensitivity modes. Because of this, the in-pixel conversion gain adjustment
increases signal-to-noise qualities. $8-ADCs and charge-summing circuits for pixel binning and analogue double
delta sampling are among the column-parallel readout circuits (DDS). Gray-code counters with differing beginning
values are used to decrease peak current and power variation in 8S-ADCs, which have 12 bits of resolution, In
addition, they use a high-resolution continuous-type ramp generator to decrease the space. With an area of 100
micrometres by 100 micrometres, the FPXD was created utilising the 0.18-micrometer process. With 0.43 micro V
e- and 3.00 micro V e-, respectively, the conversion gains in high and low sensitivity modes are designed. A random
noise of 366 micro V was observed at a resolution of 12 bits and a frame rate of 30 frames per second in high
sensitivity mode and a noise of 400 micro V in low sensitivity mode. There is a 92% reduction in the size of the
ramp generator, while the peak current of the gray-code counter is 2 43% reduction.

Index Terms—CMOS X-ray detector, column-parallel readout, dual-gain pixel,medical X-ray imaging, single-
slope analog-to-digital converter (85-ADC).

I. Introduction

High resclution and high speed imaging applications including computed tomography, fluoroscopy, and
mammegrams have developed due to the extraordinary growth of image sensor and digital video processing
technologies. When low noise, high resolution, and high speed are required, the flat-panel X-ray detector (FPXD)
employing CMOS transistors is preferred over the TFTs made of amorphous silicon (a-Si).

Conventional FPXD has relied on a-Si TFT for large-substrate fabrication [3, 4]. Due to the dangling bond in the
amorphous crystal phase, the FPXD based on a-Si TFTs exhibits significant noise and sluggish operating speed [1],
[2]. As a result, more noise is generated owing to a lengthy signal route between the pixel and the off-chip readout
integrated circuit, and the working speed of an A-Si FPXD is restricted by a significant time constant that is defined
by the resistance of the TFT and capacitors of the data line and pixel,

In order to improve the SNR and operation speed, the CMOS FPXD was created utilising CMOS transistors made
using single-crystalline silicon, There are fewer noise sources and better operating speeds with CMOS transistors
because they have a greater electron mobility than a-Si TFT devices {5]{9], making it possible to integrate active
pixel sensors (APS) with readout circuits. However, the active area of CMOS FPXD is restricted by wafer size for
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uses a multi-step £4in to regulate the pixel output's sensitivity. Nevertheless, when the readoyt circuit increages the
pixel outpyt Vvoltage, it also increases the Pixel noise,

The in-pixe} gain contrg] circuit we provide in this study is a CMOS FPXD for severa| application Scenarios. Dyal-
Bain APS and column-parajje readout circuits are used in the CMOS FPXDs that are being developed, In order to
offer pixels with dual-step conversion gain, the dual-gain Aps modifies thejr capacitance, The Suggested charge-
summing circuits yge pixel binning ang analogue doyble delta sampling (DDS) algorithms to improve sensitivity and
cancel out pixe] noise,
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EY300 {mj x I-m\m

S1Ze,
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InFig. 2, a single readout bank is shown. Column-parallel readout includes a tail current source (1 TALL), a charge-
summing circuit, and an 8S-ADC. A pixel is driven by the tail current sources (M SF). In order to improve
sensitivity and frame rate, the charge-summing circuits conduct analogue DDS and 2% pixel binning. Charge-
summing circuit ouiput voltage is quantized by the $S-ADC, which comprises of gray-code counter, memory, and
column multiplexer.

It includes a reference buffer, bias circuit, bandgap reference, timing circuit, sensing amplifier and g ramp generator
for column-paraile] readout circuits, It is the peripheral circuit's ramp generator that creates the 58-ADC operation's
ramp signal, Pixel array reset and selection actions are controlled by horizontal row driver,

Figure 1 depicts the column-parallel readout circuits in bilateral Symmetry with regard to the readout bank's
peripheral circuit, which is placed in the bank's centre. Fig. 2 shows how the column readout arrays have a column
pitch of 97.5 micro m, which is less than the pixel pitch of 100 micro m, in order to allow for placement of the
peripheral circuit between the arrays, The horizontal row driver and the readout circuit produce a three-sided
buttable CMOS FPXD in the horizontal direction,

IIL Pixel Design

As seen in FIG. 2, the proposed dual-gain pixe! is made up of four transistors, an LED, and an external capacitor.
The photodiode containg three control signals, RX, SX, and CG, which regulate the photodiode's reset, select, and
conversion gain. Photodiode capacitance at the photodiode node (PD) influences the proposed pixel circuijts’
sensitivity, which is defined by conversion gain (G). G PD is an abbreviation for the pixel's conversion gain,

Gpp = _C_‘L X Ggp, (1)
PD

CPD is the capacitance at the node of PD with respect to the ground, and G SF js the gain of the source follower in
the pixel [5]. It is used to alter C PD and to create the in-pixel dual-gain feature for multipurpose FPXD using M
CG's control signal (CG) During the low sensitivity mode, M CG is activated, C PD jg enhanced, and the pixel
CiFcuit's sensitivity is reduced.

In the high sensitivity mode, M CG is disabled and C PD jg reduced, which increases the sensitivity of the device,

i RX a'Pl‘K.l‘ rosot Fe) .
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the low and high sensitivity modes, the conversion gains () are calculated by (1) using the source follower gain {) of
V/IV. A 45-fF photodiode and a 273-{F extra capacitor for conversion gain control were thus used in the design.

IV. Implementations Of Readout Circujt

A Charge-summing Circuit

An offset cancellation is conducted for the amplifier using C1 and C2 when @ 1 and © 2 are both high. The signal
voltage (V SIG) of the pixel at (V COL(E,0) is sampled in C1, V COL(E,O) is set to the reset voltage (V RST) after
the RX reset operation of the pixel, The charge-summing circuit's output voltage (V OUT) is provided by when @
land @ 2 are low and ®_3 is high,

&
Vour = —E;- X (Vasr — Vsie) + Vagr, (2)

Ve mar LA . Vs v
oy | 2 i—1
&y ™ .
: 5
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Figure. 4. Timing diagram of charge-summing circuits in (a) full resolution mode and (b) pixel binning mode.
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Figure. 5. Block diagram of a pixel binning cell.

where Vref is the charge-summing circuit's reference voltage. Data is quantized from analogue to digital in every
row line time (Trow), which is exactly identical to the ADC's conversion time (TADC ).

FIG. 5 shows an example of pixel binning using the neighbouring 2*2 pixels charged summarily, The binning signal
( Binning) improves both the sensitivity and the frame rate. There are only even charge-summation circuits in the
2*2 method of pixel binning C1 (0) and C1 (E).

There are even and odd column voltage charges (V COL (E) and V COL (0), and the odd charge-summing circuits
are put to power down mode to decrease power usage.,

The 2*2 pixel binning time diagram is shown in Figure 4(b). This initialization and offset cancellation of the
amplifier is carried out when 1 and 2, respectively, are high. The even and odd column signal voltages (V SIG ay
of each pixel are sampled in C1 and C] accordingly. Reset voltages (V RST (1)) are used to transfer the sampled
charges from C1 (E) and C| (0) to C2 (E) once a pixel has been reset by RX. To prevent charge transfer into odd
circuits, the odd circuits remain in an off state. The even and odd column signal voltages (V SIG (2)) of pixels are
captured by C1 (E) and C1 (0) in the charge summing operation for the second row line time without the activation
of C2 (E) byl. It is only when the pixel output voltage has been adjusted to the reset voltage that 1 goes low and 3
goes high, and the charges from C1 (E) and C1 (O} are also added to the C2 (E) charge. Finally, the charge-
summing circuit's output voltage (V OUT) is stated as

C,
Vour = - 5’? X [(Vesra,i+Vesra D+ Vesra.

+ Vrsra9) - (Vesron .y + Vsica,2) + Vsreg.n
+Vsiai2,2)] + Veer, (3)

B Gray-code Counter

Ramp signals are counted by SS-ADC counters until they reach the SS-input ADC's voltage. Every bit transition at
every clock triggers the counting process,

Furthermore, changing the most significant bit (MSB) causes the binary counter to update all of its bits, resulting in
the highest possible peak current. Due to the high peak current generated by bit transitions in all column counters in

provide a consistent power supply throughout ail readout circuits, a reduction in peak current is critical in the CMOS
FPXD readout circuits, which have a width of 2.6 cm,

The CMOS FPXD uses a gray-code counter to reduce peak current [12]. A single clock cycle is all it takes for a bit
to change in a gray-code counter. Even and odd counters in columnparallel readout arrays with varying beginning
values of "0" or "1" were suggested to minimise power fluctuation difficulties. A 4-bit gray-code counter using the

With and without distinct beginning values, the peak currents of a binary and a gray-code counter, respectively, are
shown in Fig, 7 to be 7.18 and 4.49 milliamps, respectively. The peak current of the gray-code counter was lowered
by 43% when compared to the binary counter while using various beginning settings, Binary and gray-code counters
use an average of W and W, according to the simulation findings. When compared to a binary counter, the gray-
code counter uses more power and has more logic gates required for gray-coding. For 8S-ADCs, gray-code counters
are employed because the peak current is believed to be more significant than the average power consumption in
order to avoid power fluctuation in the digital circuit.
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C C'om‘inuous-type Ramp Generator

It is common Practise in imaging applications 1o employ the current sicering digital—to-analog converter (DAC) type
Tamp generator to oreate the ramp signal for S$-ADC input voltage comparisons [13]. However, to create S5-AD(Cs
with a resolution of 12 bits, a DAC-type ramp generator jg required. As an example, the 4096 ypi cell 12-bit DAC-
type ramp generator takes at least 0,75 Sq mm of Space [14], It takes 0,06 Square millimetres 1q build the suggested
continuous-type ramp generator (Fig. 8(a)), which includes fj

Ive fransistors, foyr Switches, two capacitors, and one
Operational transconductance amplifier (OTA). The suggested continyoug ramp generator algg reduces power usage.

While the current steering DAC consumes 15 to 50 mA {15], the Suggested ramp generator only consumes 5 and 85
micro A for output load and peripheral contrg| circuit, Tespectively,
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- Brierhiittsicy
- , PN Tae

-
e Ml
480 T dad 458
Time (us)
1
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As may be seen in Fig. 8, a timing diagram for a continuous ramp generator (b). Ft takes 4096 clock cycles fora 12-
bit SS-ADC 12-bit SS-ADC to ramp from a high voltage (V TOP) to a low level (V BOT) during the ramp phase (T
RAMP). Asan example, V RAMP is written out as

Ipamp
Crasr + Croap

Veramp = Veop — Tpamp, @

| Coupllogefuctbyabc | opo
fooa fesetopention  ( SONIPIENE
(B P ;

.I;..‘l -2

Figure. 9. Measured ramp signal from 2.2 V t0 0.8 V at 30 ps.

The output capacitance, the load capacitance, and the Joad capacitance of the ramp generator are all specified by,,
and correspondingly. Fig. 8(a) shows that the, which is generated by process variation, should be able to sustain the
broad range of current driving capabilities. The OTA, capacitor, and current Source are used in a negative fesdback
system to calibrate the current bottom voltage () to the target bottom voltage (). It is the difference between and that

feedback system is is decided by how large and how long it takes to complete. Single-stage amplifiers of 20 pF and
an external timing system are utilised to ensure the stability of the ramp generator,

After that, the ramp Benerator's functioning returns to the ramp phase after being reset to in the reset phase. The
ADC reset process should continye until the coupling noise is no longer present.

Using a 12-bit resolution, it is possible to measure a time-to-time fluctuation of 0.25 least significant bits (LSB) at
the V bottom voltage. There is a gain error in SS-ADC, which is caused by the fluctuation in the calibration
procedure. Fig. 9 shows the results of a 30-fps ramp measurement of the ramp signal between 2.2 and 0.8 volts,

Using 12-bit resolution and a frame rate of 30 frames per second, we can measure an inaccuracy of the ramp
generator of (.69 LSB,

V. Experimental Results
FIG. 10 depicts an image of an integrated CMOS FPXD wafer made using a - m 1-poly 4-metal CMOS process with
an integrated pixe] photodiode that was buried in the substrate. Its active area is 130 mm wide by 128 mm high, It

has an image sensor that measures pixels in millimetres rather than millimetres. At 180 MHz and 30 frames per
second for the readout circuits, there are five banks including 260 readout channels and peripheral circuits,
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Pixag Aorray
PT300 (H) » 1200 [AYST]

()
Figure 1], ), (c) Captured raw images and (b), (&) processed images of CMOS FprxD with output data from 0 to
4095, frame rate of 30 fps, tube voltage of 50 kV, and mube current of 2,0 mA . (a) and (b) are the images of the high
sensitivity mode, while () and (d) are the images of the low sensitivity mode,

lmggo average offset = 27058
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Figure, 12. Histogram of Fig. 11(a) and {c) at low angd high sensitivity mode, Tespectively.

318



Journal of Cardiovascular Disease Research

ISSN:0975-3583,0976-2833 VOL12,IS5UE06,2021

. Bankt Bank2 Bank3 Bankd  Banks

3azgd : 'I ! ) i e u“h"l"!ﬁ_rim

i s
- AT mage processing |

1040 1300

Figure. 13, Output data in the direction of column before and after image Processing

Using 30 successive pictures, random noise, fixed pattern noise (FPN), and signal-to-noise ratio (SNR) are analysed.
The CMOS FPXD's signal output and random noise are represented by the pictures’ average and standard deviation.
The average picture is used to derive the bank-to-bank variance and the column FPN,

The picture outputs of the high and low sensitivity modes are compared to validate the performance of the dual-gain
pixel. Figure 12 displays the histograms from Figures 11(a) and (c). For high and low-sensitivity modes, the average
data, excluding the average offset data of 270 LSD, is 909 LSD and 129 LSD, respectively.

We can determine the average offset value by adding together 30 consecutive dark state frames' worth of pixel data
and averaging them all together. The pixels' conversion gain is 7.0, the ratio between the average data from high and

According to Fig. 13, we can see how column variation changes before and after image processing. At 12-bit
resolution, the greatest picture variance is decreased from 246.3 LSB to 1.9 LSB after image processing. Readout
bank columns are 7.96 LSB and 0.59 LSB before and afier image processing, respectively.
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Figure. 14. (2) Pixel output data, random noise, and (b) caleulated SNR of CMOS FPXD with respect to X-ray dose
per frame.

VI. Conclusions

S8-ADC-integrated readout circuits have been suggested. The proposed CMOS FPXD uses dual-gain APSs with an
in-pixel conversion gain control circuit for medical imaging applications that do not increase noise levels. It is
possible to use the dual-gain APS with noise levels of 1.78 and 1.07 LSB in high and Iow sensitivity modes,
respectively. For real-time and high-resotution X-ray imaging, the proposed FPXD employs celumn-parallel readout
circuits with the charge-sumrning circuit, the area-efficient ramp generator, and peak current reduction approaches
including & gray-code counter. Analog DDS and pixel binning are provided by the charge-summing circuit.

Conventional structures take up 92 percent more space and 43 percent more power, respectively, compared to the
gray-code counter's ramp generator. It is hence appropriate for real-time, high-resolution, and low-noise X-ray
imaging applications.
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