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Abstract: Hospitals are considered the backbone of healthcare systems, and their
significance is particularly pronounced during emergencies. However, the rapid
overpopulation and recent pandemics have caused tremendous shortages of
hospital beds, raising major threats to public health. This developmental research
study aims to help improve the management of hospital beds through the design,
development, testing, and evaluation of an Internet of Things (IoT)-based
monitoring system implemented using Agile Scrum methodology. Based on the
results of the hypothesis testing, the authors found that the optical sensors installed
in 4 hospital rooms, with varying distance readings, are consistently accurate (F (3,
388) = 1.000, p=0.393), hence the authors accepted the proposed null hypothesis.
Moreover, the beneficiaries, composed of the public, hospital staff, nurses, and a
doctor evaluated the system to be overall very good, very efficient, very suitable,
reliable, very usable, and very satisfactory. The outcome of this research aims to
contribute to the United Nations’ Sustainable Development Goals (UN-SDG) on
good health and well-being (SDG 3).
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1. INTRODUCTION

Hospitals are considered the backbone of healthcare systems around the world. They
play a crucial role in maintaining good public health by providing immediate care to sick or
injured people; isolation facilities or venues for medical research; and other support functions
to the government and communities [1, 2]. One of the measures of quality of hospital services
is the satisfaction of patients, primarily on the availability of hospital beds. In one study by
[3], they found that there is a negative association between the number of hospital beds vis-
a-vis the satisfaction of patients. Moreover, in another study by [4], they found that the
availability of hospital beds is a crucial predictor of patient satisfaction. Interestingly, the
ultimate root cause of bed shortage in hospitals is due to overcrowding, which is a common
dilemma in most hospitals [5, 6], particularly during pandemics [7].

Overcrowding in hospitals happens if there is a huge number of incoming patients; there
is a delay in admission, and for worse, premature deaths [8]. Overcrowding in hospitals can
be further attributed to various factors, such as poor bed management [9]; issues in supply
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chain management [10]; poor coordination [11]; limited manpower [12] lack of a
sophisticated system to monitor real-time data [13, 14], inefficient decision-making process
[15], changing decisions of patients to stay [16], and prevalence of communicable diseases
in hospitals [17], among others. In the Philippines, there are fewer public hospitals than
private ones in the entire archipelago, which results in more than 50% of the population who
cannot afford basic healthcare services [18]. Recently during the pandemic, many Filipino
families struggled to find available hospitals even in nearby towns, cities, or provinces due
to overcrowding. This resulted in higher death rates and brought significant distress to
patients, hospital managers, health authorities, and local and national government officials
[19].

In this current study, the authors proposed a system that can provide vital information
on the availability of hospital beds, hence, essentially lessening the cases of overcrowding
and effectively managing hospital beds. The intended outcome is to support the healthcare
system in the country through the provision of a real-time, efficient, and accurate hospital
bed management system. Specifically, the authors proposed to achieve the following
objectives:

1. Design a hospital bed monitoring system with the following features:

a.  Web application for patients and the public

b. Desktop application for hospital administrators

c. loT-powered detection system for the availability of hospital beds using
reflective optical sensors, microcontroller unit, Wi-Fi module, and system
peripherals.

2. Develop the system using the agile scrum methodology.

3. Test the system in terms of functional accuracy through a hypothesis-testing

approach.

4. Evaluate the system based on ISO 25010:2011 in terms of performance efficiency,

functional suitability, reliability, usability, and satisfaction.

2.LITERATURE REVIEW

Fortunately, several technological innovations were developed to address the problem
of hospital bed management. For instance, [19] developed a real-time, web app with a trigger
feature, however, it lacks a warning system for the shortage of ICU and CCU beds, which
may result in an influx of ICU and CCU patients. [20] also developed another web-based
bed management system with a referral feature; however, it does not have a provision to add
new beds. In another study by [21], they utilized an IoT beacon with mobile and web apps.
However, it has some concerns in location tracking and data security. In another study by
[22], they developed a web-based ICU bed information system with a comprehensive
dashboard, however, it lacks an electronic medical records-archiving feature and patient
regulation system. Lastly, [23] also co-developed an autonomous robot that detects hospital
room nameplates using the YOLOV4 method which is deemed 94% accurate. However, its
movements are limited in tight spaces, and it has a buzzing sound that creates unnecessary
noise.

Moreover, numerous technological inventions have been patented that aim to monitor
hospital beds. In the work of [24], they utilized a pressure sensing system, display monitor,
and alarm system to monitor available hospital beds. While the said system is informative
and functional overall, it is found to be efficient, it requires numerous computer peripherals
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such as a handheld Personal Digital Assistant (PDA) and a nursing station computer, hence,
it is expensive to set up. Meanwhile, [25] also patented an integrated patient bed system
using various diagnostic tools and equipment such as fluoroscopy, x-rays, CT-scan,
ultrasound, cardiac monitor, dialysis machine, blood analysis, etc., to monitor critically ill
patients. While the system is comprehensive in data generation, it is costly and complicated
to manage. Overall, these technological developments and patents are deemed efficient, real-
time, and sophisticated. However, further work is needed to explore alternative and
sustainable solutions to optimize the monitoring of hospital beds, through simplified and
decentralized management of data through continuous innovation of feature sets and the
Internet of Things (IoT) framework [26].

3.METHODOLOGY
3.1 System Design

The following Figure 1 illustrates the overall design of the proposed system. In terms of
its software dimension, a patient or the public can access the website application through
his/her smartphone or computer to view the availability of hospital beds in nearby locations.
Meanwhile, hospital staff can access the admin module through a dedicated desktop
application, pre-installed in a specific hospital. The desktop app is based on the Create, Read,
Update, and Delete (CRUD) processes for database management, which can manage the
availability of hospital beds in direct communication with the hardware prototype through
the IoT infrastructure.

i £

Figure 1. System block diagram

The system maintains a dedicated database that serves as a repository of all processed
data for both web and desktop applications. Depending on the information requested by the
user, the database collects the data from the desktop application and displays it to the web
application. As illustrated in Figure 2, the database is composed of 2 tables, namely “admins”
and “hospitals”. The “admins” table includes the login credentials, such as username and
password, as well as the user ID and hospital ID. Meanwhile, the table “hospitals” contains
the demographics of various hospitals enrolled in the system, such as hospital ID, hospital
name, type, bed admission type, as well as latitude and longitude of the hospital address,
contact number, and system settings. Moreover, the system has a hardware prototype, which
is divided into two parts — the lower part, which includes the battery holder and nameplate
slot, and the upper part, which includes the microcontroller unit (MCU) and 2 optical sensors.
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The following Figure 3 shows the three-dimensional model of the hardware prototype. The
enclosure was designed to be slightly elevated optimize the detection consistency.

Figure 2. Database Diagram  Figure 3. Hardware Prototype 3D Model

Meanwhile, the following Figures 4 and 5 show the schematic and Printed Circuit Board
(PCB) designs of the hardware prototype, respectively.
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Figure 4. Schematic Diagram Figure 5. PCB Design

Meanwhile, the following Figures 6, 7, and 8 detail the operational flowcharts of the
web app, desktop app, and hardware prototype, respectively. These flowcharts serve as
guides for the public, hospital staff, and technical support towards the effective
operationalization of the system.

e b (Generate all hospitals
Open Website e P‘a;: . rra‘ }'T Dat:E'U and markers within
Access? 001 78 KE5e 8 oco the 20km radius

User's new marker Generate hospitals
b location )CSE"E new pa’ame1eL) according to the
o

T user's parameters

Yes

Alow

Generata all hospital Change

parameters?

markers in the list

Figure 6. Website App Operation



International Journal on Information Technologies & Security, Ne 3 (vol. 16), 2024 17

(Render Login Ul

Handle User Login Obtain Settings from
Inputs Sarver

Create SSH
Connection to Create Threads
the Server

Internet
connected?,

Yes—pl Start Server I Handle User Actions
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Figure 8. Hardware Operation

3.2. Development Framework

The authors utilized the Agile Scrum methodology as the basis of the development
process, as shown in Figure 9, which covers both the software and hardware dimensions of

the system.
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Figure 9. Agile Scrum Methodology

Initially, the authors contributed to the project backlog by specifying the objectives, and
the knowledge, software, and hardware requirements of the project. Then, they conducted
sprint planning to detail the objectives, related studies, patents, methodologies, and testing
and evaluation procedures. Also in this phase, the authors agreed on the specific hardware
and software technologies, frameworks, and feature set. Then, they divided the tasks among
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all members of the team depending on their strengths and capabilities. They also agreed on
the timelines, milestones, financial costs, procurement details, communication scheme, risks,
and contingency plans. Afterward, the authors prepared the sprint backlog, which lists the
specific tasks, deliverables, in-charge, and target deadlines for each objective. Then, they
carefully executed the objectives in coordination with technical experts, hospital authorities,
and beneficiaries. Initially, they prepared the designs of the hardware, followed by the
software dimensions of the system, and conducted iterative development processes for both
platforms. For every phase of the development process, the authors reviewed each output to
ensure conformity with the project specifications. The hardware prototype was designed to
have 2 optical sensors, in which each sensor was configured to represent one bed or a total
of 2 beds in a room. The authors programmed each optical sensor to detect the availability
of each bed through a white nameplate. As for the testing, the authors configured each optical
sensor such that once blocked, it would mean that a specific bed in a room is not available.
Specifically, the authors programmed each sensor with “no block™, “block left”, “block
right”, and “block both” configurations to indicate “no bed available”, “1 bed on the left is
available”, “1 bed on the right is available”, and “both 2 beds are available”, respectively.
With test rooms 1, 2, 3, 4, and 5, the authors varied the distance readings to Imm Smm,
10mm, 15mm, and 16mm, respectively. The responses of the sensors were captured
automatically using a script and were collated through CSV format for further statistical
analysis.
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Figure 10. Testing Contraption Flowchart

Subsequently, the authors tested the null hypothesis (Ho) of the study, which states that
“there is no significant difference in the functional accuracy of the system in sample hospital
rooms” with a 95% confidence level and 5% error. They utilized the one-way Analysis of
Variance (ANOVA) technique based on the sample size of 5 hospital nameplates with 98
test cases in each room. The analysis was conducted using one-tailed test through a statistical
application software Statistical Package for the Social Sciences (SPSS) version 25. The F-
statistics was computed using the following equations where: Fs = F statistic; MSThg =
Mean square per treatments between groups, MSEwg = Mean square per error within
groups; /\xy = an observation; [ [x = group total; Gt= grand total; ox = number in group x; and
o = total observations:

Fg = MSTbg (1)
MSEwg
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In terms of the sprint retrospective phase, the authors involved 50 patients, the public,
and another 6-hospital staff to evaluate the system using the ISO 25010:2011 international
standard. They utilized a survey questionnaire based on the criteria of performance
efficiency, functional suitability, reliability, usability, and satisfaction. Each question has a
5 Likert scale, where 1 and 5 were the possible lowest and highest scores, respectively. The
survey form has a provision to capture the comments and suggestions from the respondents.
The authors then collated and analyzed the responses using a spreadsheet and ran through
the SPSS v25. Lastly, the authors carefully compiled and studied all observations, insights,
and results of prototyping, quantitative analysis, survey, and feedback from the respondents
for the further improvement of the system in the future.

4. RESULTS AND DISCUSSION

Shown in Figure 11 are the main components of the hardware prototype, namely: (a) 2-
CNY70 reflective optical sensors, which can detect the presence of the hospital room
nameplate indicating that a particular bed is occupied or not; (b) Arduino UNO MCU R3,
which includes the ATmega328P processor that controls the operations of the system; (c¢)
ESP8266 ESP-01 Wi-Fi module, which is used to connect to the internet and sends bed
availability data to the online database and updates the desktop and website applications used
by the general public and admin, respectively; (d) 4 piece-1.5V batteries used to power the
whole hardware prototype. These hardware and software components are inter-connected
through an IoT architecture.

@

Figure 11. Hardware Components

Meanwhile, the following Figures 11a and 11b depict the actual external and internal
pictures of the hardware prototype, respectively.

Figure 11a. External View Figure 11b. Internal View

The casing is made of a 3D-printed material, with dimensions of 55.5 mm in height,
108.5 in length, and 68 mm in width. Beneath the casing is a slightly elevated panel with
17x53x61mm detection space, sufficient enough to sense the presence of a nameplate. The
nameplate is manually inserted by the hospital staff in a designated slot to indicate the
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presence of a patient in a particular bed per room. In the context of the hardware prototype,
the system can detect up to 2 beds or 2 patients per hospital room.

In terms of the software dimensions, the system operates into 2 platforms — web and
desktop applications. [llustrated in Figure 12 is the screenshot of the website application. The
authors designed the web application using Figma for the user interface and developed it
using Hyper Text Markup Language (HTML), Cascading Style Sheets (CSS), JavaScript,
Structured Query Language (SQL), Hypertext Pre-processor (PHP), and Asynchronous
JavaScript XML (AJAX). The app features an interactive map, through Leaflet Application
Programming Interface (API) and other programming techniques and algorithms, which
allow the user to view, zoom, drag, or pan the location of the nearest hospital with the greatest
number of available beds. Moreover, the app shows hospitals based on current location and
allows users to manually view specific locations based on latitude and longitude. The app
also provides alternatives to users depending on personal preferences such as public or
private hospitals, room types such as ward, semi-private, or private, as well as contact details
of a specific hospital. The app also works offline using AJAX and automatic location
tracking using Geolocation API, and it features a Nearest Location Finder algorithm,
programmed using SQL and PHP, which expedites the querying and location tracking
processes. Shown in Figures 13, 14, 15, and 16 are the screenshots of the actual
implementation of the Leaflet API, AJAX, Geolocation API using JavaScript, and the
Nearest Location Finder algorithm, respectively.
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Figure 13. Leaflet API Implementation

Figure 14. AJAX Implementation
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Figure 15. Geo Location API Implementation Using JavaScript

Figure 16. Nearest Location Finder Algorithm using SOL and PHP

Meanwhile, the desktop application of the system supports both the hardware and the
central database. The authors utilized Figma for the user interface and developed the
application using the Microsoft #NET framework and Windows Presentation Foundation.
The desktop is intended for hospital staff, which allows them to monitor and update the
availability of hospital beds based on the data fed by the hardware prototype. It features real-
time querying updates, configured using C# programming language. The results are then
subsequently displayed on the web application for the information of the public. Shown in
Figures 17a, 17b, and18 are the screenshots of the desktop application’s homepage,
modification page, and the C# Programming language implementation, respectively.

Hospilal Beds System

Figure 17a. Desktop App Homepage Figure 17b. Desktop App Modification

Figure 18. C# Programming Language Implementation
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The authors then tested the system by focusing on the functional accuracy of the
hardware prototype, through its reflective optical sensors installed in 5 nameplates. Shown
in Figure 19 is the actual testing procedure conducted. Each nameplate was tested for
approximately 15 minutes with an interval of less than a second.

Figure 19. Testing Setup with Screenshot

The authors found out that the true detection range of the hardware prototype is from
Imm to a maximum of 15mm only. Unfortunately, 16mm yields to no data detection, hence,
the authors excluded it in further testing the Ho. The following Table 1 shows the summary
of testing from the sample test cases. In this scenario, only 12 out of 98 test cases per set of
Imm, Smm, 10mm, 15mm, and 16mm detection reading.

Table 1. 12 over 98 Sample Test Case Results

No. Imm Smm 10mm 15mm 16mm
Expected | Actual | Expected | Actual | Expected | Actual | Expected | Actual | Expected Actual
87 3 3 3 3 0 0 2 2 1 NaN
88 0 0 0 0 3 3 3 3 2 NaN
89 2 2 2 2 1 1 1 1 3 NaN
90 3 3 3 3 0 0 0 0 2 NaN
91 1 1 1 1 2 2 3 3 1 NaN
92 3 3 3 3 3 3 2 3 0 NaN
93 2 2 2 2 2 2 0 0 2 NaN
94 3 3 3 3 1 1 2 2 0 NaN
95 2 2 2 2 3 3 1 1 3 NaN
96 0 0 0 0 0 0 3 3 2 NaN
97 2 2 2 2 1 1 2 2 1 NaN
98 3 3 3 3 2 2 1 1 2 NaN

Furthermore, shown in Table 2 is the result of the inferential statistics. The authors
found that there was no statistically significant difference in the detection accuracy of the 4
optical sensors determined by the one-way ANOVA (F (3, 388) =1.00, p=0.393). Hence, the
authors accepted the Ho. This means that the optical sensors are consistent and at par with
each other in detecting accurately if a specific hospital room is available, partially available,
or not available.
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Table 2. ANOVA Test Results

Sum of Squares df | Mean Square F Sig.
Between Groups 0.008 3 0.003 1.000 0.393
Within Groups 0.990 | 388 0.003
Total 0.998 | 391

After the testing, the authors engaged 62 respondents, composed of 50 from the public
who have experienced being admitted to a hospital, 6 hospital admin staff, 5 nurses, and 1
doctor, to evaluate the system through an online survey questionnaire based on the ISO
25010:2011. Summarized in Table 3 is the result of the evaluation. Overall, the respondents
perceived that the system is “very good” with an overall average rating X = 4.31. This means
that the system is acceptable for the projected beneficiaries. Most of the respondents
provided positive reviews and insightful suggestions for the enhancement of the website.

Table 3. Evaluation Results

Criteria Mean Descriptive Rating

Performance Efficiency 4.37 Very Good
Functional Suitability 4.46 Very Good
Reliability 4.21 Very Good

Usability 4.34 Very Good

Satisfaction 4.18 Very Good

Overall Average (x) 431 Very Good

5. CONCLUSIONS

The proposed system aims to contribute to a more efficient bed management and
decision-making process among patients and hospital managers alike. Specifically, the
website application can provide real-time and accurate information on bed availability in
hospitals through automatic location tracking or a manual query. It provides an interactive
map that allows users or the public to view the navigational route to the selected hospital,
including contact details, making it more convenient for communication purposes.
Meanwhile, the desktop app allows the hospital admin staff to monitor and update bed
vacancies based on the data fed by the hardware prototype through the IoT architecture. It
has a secured login system, and it has a provision for adding or removing device keys to
recognize or unrecognize nameplates. Moreover, the use of the IoT infrastructure, locally
available materials, and the agile scrum methodology are deemed effective in attaining the
study's objectives. Test results show that the system is consistently accurate in detecting the
availability of hospital beds, while the expected beneficiaries have well accepted the system
as per ISO 25010:2011 international standard. Hence, the system is considered a viable
solution to ease the overcrowding of hospitals and a proactive communication tool for
potential in-patients or the public. The outcomes of the system are expected to contribute to
the UN-SDG-3 on good health and well-being. Future research should focus on applying the
system to more hospitals at the regional or national levels to ensure consistency and
reliability.



24 International Journal on Information Technologies & Security, Ne 3, (vol. 16), 2024

ACKNOWLEDGEMENT

The authors would like to acknowledge the wisdom and support of the Electronics
Engineering Technology Department, College of Industrial Technology, Technological
University of the Philippines- Manila, led by then-Head, Prof. Gemma D. Belga, and the
faculty members — Prof. Marc V. Ardie Ardiente, Prof. Dennis J. Tabucol, Prof. Hilda V.
Robino, Prof. Karen K. Foronda, and Prof. Javi Ann O. Interno (+).

REFERENCES

[1] Nilsen, P., Seing, L., Ericsson, C., Birken, S. A., Schildmeijer, K. Characteristics of successful
changes in health care organizations: an interview study with physicians, registered nurses
and assistant nurses. BMC Health Services Research,vol. 20, 2020, pp. 1-8.
https://doi.org/10.1186/s12913-020-4999-8

[2] Nass, S. J., Levit L. A., Gostin, L. O. (Eds.). Beyond the HIPAA privacy rule: enhancing
privacy, improving health through research. The National Academies Press. Washington,
DC, USA. 2009.

[3] Xesfingi, S., Vozikis, A. Patient satisfaction with the healthcare system: Assessing the impact
of socio-economic and healthcare provision factors. BMC Health Services Research, vol. 16,
no. 1, 2016, pp. 1-7, https://doi.org/10.1186/s12913-016-1327-4

[4] Asamrew, N. Endris, A., Tadesse, M. Level of Patient Satisfaction with Inpatient Services
and Its Determinants: A Study of a Specialized Hospital in Ethiopia. Journal of Environmental
and  Public  Health, vol. 2020, Article ID 2473469, 2020, pp.1-12.
https://doi.org/10.1155/2020/2473469

[5] Soyemi, T.S., Aborode, A.T. Shortage of hospital bed capacity and overcrowding in
emergency tertiary healthcare centers in Nigeria. Annals of Medicine and Surgery, vol. 82,
2022, pp. https://doi.org/10.1016/j.amsu.2022.104675

[6] Bahadori, M., Teymourzadeh, E., Ravangard, R., Raadabadi, M. Factors affecting the
overcrowding in outpatient healthcare. Journal of education and health promotion, vol.6, no.
21,2017. https://doi.org/10.4103/2277-9531.204742

[7] Savioli, G., Ceresa, LF., Gri, N., Bavestrello Piccini, G., Longhitano, Y., Zanza, C., Piccioni,
A., Esposito, C., Ricevuti, G., Bressan, M.A. Emergency department overcrowding:
Understanding the factors to find corresponding solutions. Journal of personalized
medicine, vol. 12, no. 2,2022, p.279. https://doi.org/10.3390/jpm 12020279

[8] Tampubolon, L., Pujiyanto. Bed management strategy for overcrowding at the emergency
department: A systematic review. KnE Life Sciences, vol. 4, no. 9, 2018, pp. 50-59.
https://doi.org/10.18502/kls.v4i9.3557

[9] Jarvis, P.R.E. Improving emergency department patient flow. Clinical and experimental
emergency medicine, vol. 3, no. 2, 2016, pp. 63-68. https://doi.org/0.15441/ceem.16.127

[10] Stansbury, N., Marlow Taylor, R., Wueste, B. A quality improvement approach to early
patient discharge. Pediatric  Quality & Safety, vol.6, no.6, 2021, e497.
https://doi.org/10.1097/pq9.0000000000000497

[11] Rojas-Garcia, A., Turner, S., Pizzo, E., Hudson, E., Thomas, J., Raine, R. Impact and
experiences of delayed discharge: A mixed-studies systematic review. Health Expectations :
An International Journal of Public Participation in Health Care and Health Policy, vol.21,
no.1, 2021, pp. 41-56. https://doi.org/10.1111/hex.12619


https://doi.org/10.1186/s12913-020-4999-8
https://doi.org/10.1186/s12913-016-1327-4
https://doi.org/10.1155/2020/2473469
https://doi.org/10.1016/j.amsu.2022.104675
https://doi.org/10.4103/2277-9531.204742
https://doi.org/10.3390/jpm12020279
https://doi.org/10.18502/kls.v4i9.3557
https://doi.org/0.15441/ceem.16.127
https://doi.org/10.1097/pq9.0000000000000497
https://doi.org/10.1111/hex.12619

International Journal on Information Technologies & Security, Ne 3 (vol. 16), 2024 25

[12] Di Somma, S., Paladino, L., Vaughan, L., Lalle, I., Magrini, L. Magnanti, M. Overcrowding
in emergency department: an international issue. Internal and Emergency Medicine, vol. 10,
2015, pp.171-175. https://doi.org/10.1007/s11739-014-1154-8

[13] Salway, R.J., Valenzuela, R., Shoenberger, J.M., Mallon, W.K. Viccellio, A. Emergency
department (ED) overcrowding: evidence-based answers to frequently asked questions.
Revista Meédica Clinica Las Condes, vol. 28, mno. 2, 2017, pp.213-219.
https://doi.org/10.1016/j.rmclc.2017.04.008

[14] Schmidt, R., Geisler, S., Spreckelsen, C. Decision support for hospital bed management
using adaptable individual length of stay estimations and shared resources. BMC Med Inform
Decision Making, vol. 13, no. 3, 2013, pp. 1-19. https://doi.org/10.1186/1472-6947-13-3

[15] Noonan, F.; O’Brien, J.; Broderick, E.; Richardson, I. Walsh, J. Hospital bed management
practices: A review. I2th International Joint Conference on Biomedical Engineering Systems
and Technologies (BIOSTEC 2019) — HEALTHINF, SciTePress, Prague, Czech Republic, pp.
326-331. https://doi.org/10.5220/000738740326033 1

[16] Hoffman, G.J., Min, L., Liu, H.J., Mody, L., Readmission for healthcare-acquired infections:
Does patient disposition matter? Innovation in Aging, vol. 33, no. 1 (Suppl), 2019, p.S822.
https://doi.org/10.1093/0fid/0fz360.2148

[17] Silva, M.E.C., Zarsuelo, M.A.M., Naria-Maritana, M.J.N., Zordilla, Z.D., Lam, H.Y.,
Mendoza, M.A.F., Buan, A K.G., Nuestro, F.K.A., Rosa, J.A.D., Padilla, C.D. Policy analysis
on determining hospital bed capacity in light of universal health care. Acta Medica Philippina,
vol. 54, no. 6, 2020, pp. 668-676. https://doi.org/10.47895/amp.v54i16.2596.

[18] Flores, L.J.Y., Tonato, R.R., dela Paz, G.A., Ulep, V.G., 2021. Optimizing health facility
location for universal health care: A case study from the Philippines. PloS one, vol. 16, no. 9,
2021, 0256821, p. 1-13.

[19] Abedian, S., Bitaraf, E., Askari, M. Advantages of a web-based real-time bed-management
system for hospital admission monitoring in Iran. Building Continents of Knowledge in
Oceans of Data: The Future of Co-Created eHealth (eds. Ugon, A. et al.), European
Federation for Medical Informatics (EFMI) and 1OS Press, Iran, 2018, pp. 536-540.

[20] Abedian S, Kazemi H, Riazi H, Bitaraf E. Cross hospital bed management system. Stud
Health Technological Information. vol. 205, 2014, pp. 126-130. PMID: 25160159.

[21] Ajmi, F., Ajmi, F., Othman S.B., Zgaya, H., Smith, G., Renard, J-M., Hammadi, S. Impact
of the automation of inpatient bed management to reduce the emergency service waiting time.
MEDINFO 2021: One World, One Health — Global Partnership for Digital Innovation, 10S
Press, vol. 290, 2022, pp. 942-946, https://doi.org/10.3233/shti220219

[22] De Morais Barroca Filho, 1., Sampaio, S.C., Cruz, A.P., Ramalho, V.H.F., De Azevedo,
J.LA.R., Da Silveira, A.C. A web-based information system for the management of ICU beds
during the Coronavirus outbreak. 2020 IEEE Symposium on Computers and Communications
(ISCC), IEEE, July 2020, Rennes, [France, pp- 1-4.
https://doi.org/10.1109/ISCC50000.2020.9219626

[23] Cahyo, M.P.D., Utaminingrum, F. Autonomous robot system based on room nameplate
recognition using YOLOv4 method on jetson nano 2GB. JOIV: International Journal on
Informatics Visualization, vol. 6, no. 1, 2022, pp.117-123.

[24] Salgo, P. & Golden, R. System and method for patient monitoring. US Patent:
20090099480A1, May 2008. URL:


https://doi.org/10.1007/s11739-014-1154-8
https://doi.org/10.1016/j.rmclc.2017.04.008
https://doi.org/10.1186/1472-6947-13-3
https://doi.org/10.5220/0007387403260331
https://doi.org/10.1093/ofid/ofz360.2148
https://doi.org/10.47895/amp.v54i6.2596
https://doi.org/10.3233/shti220219
https://doi.org/10.1109/ISCC50000.2020.9219626

26 International Journal on Information Technologies & Security, Ne 3, (vol. 16), 2024

https://patentimages.storage.googleapis.com/97/8/44/e74a25b6ca06cc/US20090099480A1.
pdf . (Visited on 05.02.2023).

[25] DiMaio, J.M., Watson, J., Melendez, J., Moza, R., Tibbals, H. Integrated Patient Bed
System. US Patent: 20140090173A1, December 2013. URL:
https://patentimages.storage.googleapis.com/81/1¢c/5{/f3c971be18605f/US20140090173A1.p
df. (Visited on 05.02.2023).

[26] Kravets, O.J., Atlasov, D.I., Gorshkov, A.V., Sidorenko, E.V., Mutina, E.I., Aksenov, [.A.,
Redkin, Y.V. Designing the architecture of a distributed system for information monitoring
of IOT and IIOT infrastructures traffic. International Journal on Information Technologies
and Security, vol. 16, no. 1, 2024, pp. 49-56.

Information about the authors:

Dr. Ralph Sherwin A. Corpuz is a Full Professor III at the Technological University of the
Philippines. He is a Regular Member of the National Research Council of the Philippines, a
Member of the Fairness Opinion Board of the Department of Science and Technology-
CALABARZON, and a Senior Consultant of the Development Academy. His research interests
include technology management, project management, applied Artificial Intelligence, quality
assurance, and management systems. In this study, he served as the overall adviser and ensured
conformance of the project study with the scientific process.

Jofer S. Usa is a Software Engineer at Samsung Electronics Philippines Corporation. His
research interests include software development and optimization, embedded systems, and
operating systems. In this study, he developed the desktop application and hardware prototype.

John Cedrick Obaiia is a Network Engineer and Data Protection Officer (DPO) at Revlv
Solutions, Inc., Philippines. His research interests include the Internet of Things (IoT). In this
study, he led the compliance to project requirements and assisted in the documentation.

Justine Nicole Borbe is a UI/UX Designer at Rymera Web Co., an Australian software company,
and an Assistant Project Manager at a US-based Design Studio. Her research interests include
market research and service design. In this study, she designed the web application and facilitated
the data collection from the respondents.

Den Arwin Salazar is a Junior Developer at Seedbox Technologies Inc., Philippines. His
research interest is computer engineering technology. In this study, he helped develop the web

app.
Thea Marie Valeza is a UX/UI designer at Lexagle, a Singaporean legal tech startup. Her
research interests include software development and the IOT. In this study, she spearheaded the

project documentation, contributed to user research, and led the design of the desktop app’s Ul
for the hardware prototype.

Manuscript received on 25 April 2024


https://patentimages.storage.googleapis.com/97/8f/44/e74a25b6ca06cc/US20090099480A1.pdf
https://patentimages.storage.googleapis.com/97/8f/44/e74a25b6ca06cc/US20090099480A1.pdf
https://patentimages.storage.googleapis.com/8f/1c/5f/f3c971be18605f/US20140090173A1.pdf
https://patentimages.storage.googleapis.com/8f/1c/5f/f3c971be18605f/US20140090173A1.pdf

	Information about the authors:

