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ABSTRACT 
 

This study presents a novel, smartphone-based Internet of Things (IoT) control system for electric hospital 
beds, providing a proactive physical intervention solution to enhance home healthcare for bedridden patients. 
The system is based on a three-tiered conceptual model, with key concepts like low latency and usability 
rigorously operationalized. The architecture integrates a mobile application (Thunkable), real-time cloud 
communication (Firebase), and an embedded microcontroller (ESP32). Its dual-mode control logic supports 
both automated repositioning at predefined intervals to mitigate risks like pressure ulcers and manual control 
via a user-friendly interface. Empirical evaluation confirmed the system's robust performance, with the 
automatic mode achieving a mean repositioning interval of 2.003 minutes (SD = 0.045) and an average 
response time across varying network conditions consistently under 0.6 seconds. A user satisfaction study 
with 20 nursing students yielded a high mean score of 4.32 out of 5.0. The study also identified a key 
limitation a peak electrical current of 1.13 A in one actuator which informs a detailed discussion on the need 
for enhanced safety mechanisms in future iterations. This work demonstrates a scalable and cost-effective 
solution with high user acceptance, providing a validated framework for next-generation assistive care 
technologies. 

Keywords: Smart Bed, IoT, Mobile Interface, Healthcare Application, Elderly Support 
 
1. INTRODUCTION  

The global trend of population aging has 
significantly increased the demand for long-term 
healthcare solutions, particularly for individuals 
rendered bedridden due to chronic illness or 
degenerative age-related conditions. In Thailand, for 
instance, projections by the Department of Older 
Persons (2023) [1] estimate that over 20% of the 
national population will be aged 60 or older by 2025, 
with a substantial proportion requiring assistance 
with daily living activities. Among this 
demographic, bedridden patients are especially 
vulnerable to complications such as pressure ulcers, 
muscular atrophy, and respiratory dysfunction 

conditions predominantly resulting from prolonged 
immobility and inadequate repositioning [2]. 

To mitigate these risks, electric hospital beds have 
been widely employed in clinical settings to 
facilitate safe and periodic patient repositioning. 
However, many commercial models still rely on 
physical remote controls either wired or wireless that 
offer limited functionality, are susceptible to 
mechanical failure, and are not conducive to use by 
remote or non-specialist caregivers [3]. Most 
notably, they often lack programmable automation 
features needed to implement clinical protocols for 
pressure ulcer prevention. Recent advancements in 
Internet of Things (IoT)-based technologies have 



 
 Journal of Theoretical and Applied Information Technology 

31st October 2025. Vol.103. No.20 
©   Little Lion Scientific  

 
ISSN: 1992-8645                                                                    www.jatit.org                                                     E-ISSN: 1817-3195 

 
8293 

 

spurred interest in developing intelligent healthcare 
systems. For example, Azzawi et al. (2016) [4] 
introduced an IoT- and cloud-integrated home health 
monitoring platform, while Wang et al. (2023) [5] 
developed a wearable sensor system to monitor 
patient posture and movement. Although these 
systems exemplify the feasibility of IoT integration 
in healthcare, they do not directly address the need 
for mobile-enabled, user-friendly platforms for 
mechanical bed control. 

Parallel progress has been observed in 
manufacturing systems and embedded automation 
research, where IoT and edge-computing 
frameworks are being applied to health applications. 
Yadu and Kumar (2023) [6], for example, proposed 
a telemedicine platform based on Narrowband IoT 
(NB-IoT) for low-power, long-range monitoring in 
rural areas. Similarly, Parate and Sharma (2022) [7] 
demonstrated the use of an ESP32-based modular 
control system for biomedical signal acquisition. 
These works underscore the adaptability of 
industrial automation technologies to healthcare 
domains. Nonetheless, a significant gap remains in 
the development of IoT-based systems for direct 
physical intervention particularly in the domain of 
intelligent electric bed control. The development of 
smart bed systems for home-based care presents 
several critical challenges: achieving low-latency 
communication, ensuring ease of use for caregivers 
without technical backgrounds, and maintaining 
operational stability across variable internet 
conditions. Furthermore, existing literature offers 
limited empirical validation of such systems 
operating in both automated and manual modes, 
particularly within non-clinical environments where 
caregiver resources may be constrained. 

To address these limitations, this study presents 
the design, development, and comprehensive 
evaluation of a smartphone-based IoT system for 
remote electric bed control. The proposed system 
utilizes Thunkable for mobile interface development 
and Firebase Realtime Database for cloud 
communication, with actuator control executed 
through an ESP32 microcontroller. The platform 
supports both automated repositioning at predefined 
intervals and manual operation via a graphical 
interface. The system’s performance was evaluated 
in terms of usability, response latency, and reliability 
under multiple network conditions. 

This study provides a novel contribution to the 
field of assistive healthcare technology by 
addressing the aforementioned research gaps 
through the following key aspects. A Proactive 
Physical Intervention System: While prior research 

has focused on passive monitoring and data 
acquisition, our system uniquely enables direct 
physical intervention through the automated control 
of a patient's position. This proactive approach helps 
to actively mitigate the risk of pressure ulcers and 
other complications. A Scalable, Modular 
Architecture: The proposed system is based on a 
lightweight, three-tiered architecture that separates 
the user interface, cloud communication, and 
embedded control layers. This modular design 
enhances scalability, simplifies fault isolation, and 
facilitates the integration of future features. A Dual-
Mode Control Framework: The system supports 
both a time-scheduled automatic mode and a flexible 
manual mode, providing both autonomous and 
caregiver-driven control options. This dual 
functionality offers a comprehensive solution that 
can be adapted to various caregiving needs. 
Empirical Validation with a Focus on Usability: The 
study provides a comprehensive empirical 
evaluation of the system's performance, validating 
its low latency, high reliability, and operational 
stability. The research also includes a formal 
usability study that confirms the system’s ease of use 
and high user acceptance among non-technical 
caregivers. 

The findings contribute to the growing body of 
knowledge on affordable assistive technologies, 
offering a practical solution for enhancing caregiver 
efficiency and patient safety in long-term, home-
based care environments. 

2. METHODOLOGY 

This study adopted a developmental 
research approach to design, implement, and 
evaluate a smartphone-based Internet of Things 
(IoT) control system specifically tailored for electric 
hospital beds used in the care of bedridden patients. 
The methodology encompassed six principal phases: 
system analysis, application development, 
experimental configuration, functional performance 
testing, user-based evaluation, and statistical 
analysis. 

2.1 System Design and Development 
The development process followed the 

System Development Life Cycle (SDLC), structured 
in sequential stages. Preliminary evaluations were 
conducted to determine the viability of the system in 
terms of cost, development time, technical 
workforce readiness, and anticipated benefits for end 
users and stakeholders. Both functional and non-
functional requirements were gathered from 
caregivers and patients. Existing control systems, 
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typically based on wired remotes, were examined to 
identify usability and technical limitations. 

The central hypothesis of this study is that 
a smartphone-based IoT control system, leveraging 
a modular architecture with distinct interactive 
layers, can effectively enhance the quality of home 
healthcare for bedridden patients by providing a 
user-friendly, low-latency, and reliable platform for 
both automated and manual bed repositioning. To 
test this hypothesis, the study employed a three-
tiered conceptual model. The Mobile Application 
Layer, developed on the Thunkable platform, was 
chosen for its user-friendly interface which is ideal 
for non-technical caregivers. The Cloud 
Communication Layer, utilizing Firebase Realtime 
Database, was selected for its ability to provide low-
latency and bi-directional data exchange, ensuring a 
responsive system. The Embedded Control Layer, 
centered on the ESP32 microcontroller, was chosen 
for its efficiency in processing commands and 
driving the electric actuators. The key performance 
concepts were operationalized as measurable 
variables. 

 Low Latency 
This was operationally defined as the time 

interval between the initiation of a command on the 
mobile application and the corresponding activation 
of the actuator. The objective was to achieve a sub-
second response time.    

 Usability 
This was measured using a validated 5-

point Likert scale questionnaire with a Cronbach’s 
alpha coefficient of 0.87, administered to 
participants to assess their satisfaction and ease of 
use. 

The core of the hardware system is the 
ESP32 microcontroller, which receives command 
data from Firebase, interprets control instructions, 
and drives the electric actuators of the hospital bed. 
This layer also handles current monitoring for 
operational safety. The system supports two primary 
operation modes: a) Automatic Mode, which triggers 
repositioning every two minutes in a predefined 
sequence (left, back, right); and b) Manual Mode, 
which enables users to control actuator movement on 
demand via the app interface. The architecture was 
designed using structured flowcharts and data flow 
diagrams (DFDs) to guide both user interaction logic 
and data handling processes (refer to Fig. 1). 

 
Figure 1: System Architecture Diagram of the IoT-Based 

Electric Bed Control System 

2.2 Architecture Description 
The architecture comprises three 

interactive layers. The Mobile Application Layer 
provides a user-friendly interface to select operation 
modes. The design emphasizes ease of use for non-
technical caregivers, integrating both manual control 
options and automated scheduling (refer to Fig. 2 - 
3). The Cloud Communication Layer utilizes the 
Firebase Realtime Database as middleware, enabling 
bi-directional data exchange between the mobile 
client and embedded controller with low latency and 
high reliability. The Embedded Control Layer, 
centered on the ESP32 microcontroller, processes 
command data, controls actuator functions, and 
implements current monitoring for fault detection 
and operational safety. This modular architecture 
promotes scalability, enhances fault isolation, and 
facilitates potential integration with future health 
monitoring systems. 
 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
Figure 2: Electric Bed Control Application for Bedridden 

Patients. (a) Home Page of the Electric Bed Control 
Application for Bedridden Patients, (b) Application 

Operation Mode Selection Page, (c) Automatic Operation 
Mode Page of Electric Bed and (d) Self-Adjusting Mode 

Page for Electric Bed 

 



 
 Journal of Theoretical and Applied Information Technology 

31st October 2025. Vol.103. No.20 
©   Little Lion Scientific  

 
ISSN: 1992-8645                                                                    www.jatit.org                                                     E-ISSN: 1817-3195 

 
8295 

 

  
  (a) (b) 

 
(c) 

 
(d) 

Figure 3: Smartphone-Based Internet of Things (IoT) 
System. (a) Normal Bed, (b) Front-Back Flip Bed,  

(c) Left-Right Side Bed and (d) Bed Works with 
Applications 

2.3 Participants and Sampling 
The study sample comprised 20 third-year 

nursing students from Boromarajonani College of 
Nursing, Songkhla, selected through purposive 
sampling. The participants were considered 
representative of prospective users in caregiving 
roles. 
 
2.4 Instruments 

Three primary instruments were developed 
for this study: a prototype mobile application tested 
on Android and iOS platforms, a performance 
testing protocol to assess latency, command 
execution accuracy, power consumption, and system 
reliability, and a 5-point Likert-scale user 
satisfaction questionnaire, validated by three domain 
experts for content relevance and clarity. 

 
2.5 System Evaluation Procedures 

Evaluation comprised two distinct phases: 
Expert Review and Performance Testing. Three 
domain experts specializing in software engineering, 
embedded systems, and healthcare technology were 
invited to assess the prototype. Their review focused 
on system functionality, interface design, 
operational reliability, and user interaction flow. 
Constructive feedback was incorporated into the 
system’s refinement before broader testing. The 
finalized prototype underwent technical 
performance validation based on the following 
criteria: functionality, latency, electrical load, and 
reliability. These procedures ensured that the system 
could perform consistently in real-world conditions, 
supporting safe and efficient patient care. 

 
2.5.1 Expert Review 

Three domain experts-specializing in 
software engineering, embedded systems, and 
healthcare technology-were invited to assess the 
prototype. Their review focused on system 
functionality, interface design, operational 
reliability, and user interaction flow. Constructive 
feedback was incorporated into the system’s 
refinement before broader testing. 

 
2.6 Flow Logic of System Operation 

The operational logic follows a 
deterministic sequence (refer to Fig. 4). The process 
begins with Initialization, where the user launches 
the application, establishing a connection with the 
Firebase server. Next is Mode Selection, where the 
user chooses either manual or automatic mode. This 
is followed by Command Transmission, where 
structured control packets are sent to Firebase with 
timestamps and actuator parameters. Command 
Execution then occurs as the ESP32 interprets the 
packets and actuates the bed accordingly. In 
automatic mode, the system loops back for the next 
scheduled action in the Cycle Termination or 
Repetition phase. This structure ensures robustness, 
responsiveness, and predictability under diverse 
usage conditions. 

 

 
Figure 4: System Flow Diagram to Use Interaction and Data Flow 
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2.7 Data Collection and Analysis 
Data were collected from both system-level 

performance metrics and user feedback to evaluate 
the effectiveness of the proposed solution. The 
following sources were used: system logs, network 
latency measurements, and user feedback via a 
structured questionnaire. Descriptive statistics, 
including mean (x̄) and standard deviation (SD), 
were employed to analyze quantitative data such as 
response time, electrical current consumption, and 
satisfaction scores. The findings were summarized 
and presented using appropriate tables and graphical 
visualizations to support interpretation and 
discussion. 
 
2.8 Research Ethics 

Prior to data collection, all participants 
were briefed on study objectives and provided 
informed consent. Ethical approval was obtained 
through institutional procedures, and all data were 
anonymized to protect participant confidentiality. 
 
3. RESULTS 

This section presents the empirical findings 
from the evaluation of a smartphone-integrated IoT 
control system designed for electric hospital beds. 
The assessment focused on multiple dimensions, 
including system functionality, responsiveness 
under varying network conditions, electrical 
efficiency, user experience, and operational 
robustness. Testing was performed under both 
simulated and practical usage scenarios, 
incorporating manual and automated control 
functionalities. The results are organized and 
discussed across distinct performance domains as 
detailed below. 
 
3.1 System Design and Development 

The automatic mode was configured to 
reposition the electric bed at fixed two-minute 
intervals, following a predefined sequence involving 
lateral and backrest adjustments. This functionality 
is intended to alleviate caregiver burden and mitigate 
the risk of pressure ulcer formation by ensuring 
consistent patient repositioning without the need for 
manual operation. To assess the functional accuracy 
and mechanical reliability of the automatic mode, 
the system underwent a 30-minute continuous test 
comprising 15 complete repositioning cycles, 
executed at two-minute intervals. The system 
consistently adhered to the pre-configured 
repositioning schedule, achieving a mean interval of 
2.002 minutes with a standard deviation of 0.045 
minutes, which indicates high temporal precision. 
The maximum recorded deviation was +1.2 seconds 

an operationally insignificant variance that poses no 
adverse impact on patient safety or the efficacy of 
repositioning. Throughout the 30-minute continuous 
operation, no communication failures, actuator 
delays, or thermal anomalies were detected, thereby 
confirming the mechanical and logical robustness of 
the system. Furthermore, real-time command 
logging via Firebase and task execution on the 
ESP32 microcontroller were performed without 
error throughout the test period. These results affirm 
the reliability of the automatic mode for long-term, 
unattended use, particularly in home-care settings or 
facilities with limited caregiving resources. The 
consistent performance further substantiates the 
integration of this function as a fundamental feature 
within the proposed smart bed system (refer to Fig. 
5). 

Figure 5 illustrates the repositioning 
intervals recorded over 15 consecutive cycles, 
comparing the system’s performance under both 
automatic and manual operational modes. The 
horizontal reference line at 2.00 minutes denotes the 
target interval configured within the automatic mode 
algorithm. Data points corresponding to the 
automatic mode cluster tightly around the reference 
line, indicating consistent timing, whereas values 
under manual operation exhibit greater variability 
due to user response time and interaction delays. 
 

 
 

Figure 5: Repositioning Time per Cycle Between 
Automatic Mode vs Manual Mode 

 
3.1.1 Automatic Mode 

The automatic mode consistently executed 
bed repositioning at the pre-defined interval of 2.00 
minutes. Measured execution times remained tightly 
bounded between 1.98 and 2.02 minutes, with a 
mean of 2.002 minutes and a standard deviation of 
0.045 minutes. These results indicate high temporal 
precision and confirm the algorithmic stability of the 
system. The consistency observed further validates 
the reliability of the scheduling mechanism and the 
robustness of communication between the Firebase 
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platform and the ESP32 microcontroller during 
prolonged operation. 

 
3.1.2 Manual Mode 

In contrast, the manual mode relied on user-
initiated commands to trigger bed repositioning. 
While this mode demonstrated faster average 
execution times ranging from 1.85 to 1.92 minutes 
and yielding a mean of approximately 1.89 minutes 
it also exhibited higher temporal variability. The 
inconsistency observed is attributable to human 
response time and individual decision-making 
latency. Compared to the automatic mode, the 
manual control pattern lacked uniformity, thereby 
limiting its predictability in routine care scenarios. 

The findings reveal distinct advantages 
associated with each operational mode. The 
automatic mode delivers predictable and consistent 
repositioning intervals, aligning well with clinical 
protocols for pressure ulcer prevention and 
facilitating seamless integration into routine care 
schedules. Its time-structured nature is particularly 
beneficial in long-term care settings and during 
overnight monitoring, where human supervision 
may be limited. Conversely, the manual mode 
provides greater flexibility and immediacy, allowing 
caregivers to respond to patient-specific needs in real 
time. However, its effectiveness is inherently 
dependent on the attentiveness and availability of 
caregivers, which introduces variability in execution 
timing. This comparative analysis highlights the 
complementary nature of both modes: automation 
ensures adherence to scheduled repositioning, 
promoting preventive care, while manual control 
supports responsive intervention when clinical 
judgment is required. The dual-mode architecture 
thus enhances the system’s applicability across a 
broader range of caregiving contexts. 
 
3.2 Response Time Under Network Variability 

To evaluate the system’s real-time 
performance, average response times (time between 
app command and actuator movement) were 
measured across four network scenarios. Table 1 
show average response times by network condition. 

To evaluate the system's responsiveness 
under realistic network conditions, average response 
times were recorded across four scenarios: Wi-Fi 
(normal), Wi-Fi (delayed), cellular (normal), and 
cellular (delayed). Response time was operationally 
defined as the interval between the initiation of a 
control command via the mobile application and the 
corresponding actuator activation, verified through 

Firebase data logging and serial output monitoring 
on the ESP32 microcontroller. 
 
Table 1: Average Response Times by Network Condition. 

Network 
Condition 

Mean Response 
Time (sec) 

Standard 
Deviation (sec) 

Wi-Fi 
(Normal) 

0.477 0.16 

Wi-Fi 
(Delayed) 

0.365 0.14 

Cellular 
(Normal) 

0.543 0.22 

Cellular 
(Delayed) 

0.304 0.18 

 
As illustrated in Figure 6, all tested 

configurations exhibited sub-second latency, 
confirming the system’s suitability for real-time 
assistive applications. Notably, the shortest response 
time was observed under delayed cellular conditions, 
averaging 0.304 seconds (SD = 0.18), a result 
potentially attributable to server-side optimizations 
or reduced network congestion during testing. The 
longest response time occurred under normal 
cellular conditions at 0.543 seconds (SD = 0.22), 
which remains well within acceptable parameters for 
responsive control. Wi-Fi scenarios demonstrated 
moderate consistency, with normal-speed Wi-Fi 
averaging 0.477 seconds and delayed Wi-Fi at 0.365 
seconds. These findings validate the robustness of 
the cloud-embedded communication framework and 
its reliability in diverse networking environments 
typical of home-based care contexts. 

 

 
 
Figure 6: Average Response Time by Network Condition 

These results affirm that the Firebase-based 
communication layer and the ESP32’s event-driven 
listening loop are effectively optimized to support 
low-latency data transmission, even under variable 
network conditions. The system's ability to 
consistently maintain sub-second response times 
underscores its suitability for both real-time manual 
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interventions by caregivers and time-scheduled 
autonomous operations. Furthermore, the narrow 
range of standard deviations across all network 
scenarios (SD = 0.14 to 0.22 seconds) indicates 
stable and predictable performance, reflecting the 
system’s resilience against transient fluctuations in 
connectivity and packet transmission delays. 

 
3.3 Power Consumption of Actuator System 

The electric bed system is actuated by three 
independent 12V DC motors designated as the left-
side actuator, right-side actuator, and backrest 
actuator. Each motor is triggered individually based 
on inputs from either the manual control interface or 
the automated repositioning algorithm. To evaluate 
electrical performance and ensure operational safety, 
current draw was measured for each actuator during 
active operation using a digital ammeter connected 
in series with the power supply. The results are 
summarized in Table 2. 

The left-side actuator consistently 
exhibited a marginally higher current consumption, 
with a peak value of 1.13 A exceeding the standard 
safety threshold of 1.00 A typically recommended 
for compact 12V linear actuators. This deviation 
may be indicative of minor mechanical 
inefficiencies, such as increased friction, alignment 
imbalance, or elevated resistance within the linkage 
assembly. In contrast, the right-side and backrest 
actuators operated within normal current parameters 
throughout all test conditions, with no observable 
signs of electrical overload or mechanical strain. 
Furthermore, no thermal shutdowns, current spikes, 
or safety-triggered interruptions were detected in 
any of the actuators during a 30-minute continuous 
cycling test conducted under automatic mode. These 
findings support the system’s overall electrical 
reliability and mechanical resilience under extended 
operation. 
 

Table 2: Actuator Current Consumption During 
Operation. 

Actuator 
Unit 

Nominal 
Voltage 

(V) 

Average 
Current 

(A) 

Peak 
Current 

(A) 

Observation 

Left 
Side 
Motor 

12V 1.01 1.13 Slightly 
exceeds 
typical safety 
threshold 

Right 
Side 
Motor 

12V 0.88 0.96 Within safe 
operating 
range 

Backrest 
Motor 

12V 0.94 1.00 At upper 
limit of 
typical 
tolerance 

3.3.1 Engineering Implications 
The elevated current draw observed in the 

left-side actuator, if left unaddressed, may contribute 
to accelerated mechanical wear, localized thermal 
stress, and eventual degradation of actuator 
performance over time. To mitigate these risks and 
enhance long-term system reliability, future 
iterations of the design should incorporate the 
following enhancements: a) integration of real-time 
current sensing modules for continuous monitoring; 
b) implementation of automated shutdown or alert 
mechanisms triggered by sustained overcurrent 
conditions; c) calibration protocols to align actuator 
torque and maintain mechanical balance; and d) 
longitudinal power profiling to forecast component 
aging trends and enable predictive maintenance 
strategies, particularly in settings where 
uninterrupted operation is critical to patient safety. 

These findings highlight the critical role of 
power monitoring in embedded medical systems, 
where actuator lifespan, thermal stability, and 
electrical safety directly influence system 
dependability. According to international standards 
such as IEC 60601-1 (Medical Electrical Equipment 
– General Requirements for Basic Safety and 
Essential Performance) and ISO 80601-2-72 
(Particular Requirements for the Basic Safety and 
Essential Performance of Medical Beds), continuous 
current draw exceeding 1.00 A in Class I or II 
medical devices is generally discouraged unless 
compensated by active thermal protection circuits 
and real-time overload management. Adhering to 
these standards is essential for ensuring compliance, 
mitigating electrical hazards, and safeguarding 
patient well-being in clinical and home-care 
environments. 
 

 
 

Figure 7: Current Consumption of Electric Bed Actuators 

Figure 7 provides a comparative analysis of 
average and peak current draw across the three 
actuator units left-side motor, right-side motor, and 
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backrest motor during operational cycles under 
standard load conditions. The horizontal dashed red 
line represents the recommended safety threshold of 
1.00 A, as defined by international medical 
equipment standards IEC 60601-1 and ISO 80601-
2-72. The left-side actuator consistently exceeded 
the threshold, with an average current draw of 1.01 
A and a peak of 1.13 A. This deviation suggests 
elevated mechanical resistance, possibly due to 
misalignment, friction, or suboptimal load 
distribution. Prolonged operation under such 
conditions may accelerate component wear, elevate 
thermal stress, and compromise long-term reliability 
if uncorrected. In contrast, the right-side actuator 
demonstrated optimal performance, with an average 
current of 0.88 A and peak current of 0.96 A, both 
well within the prescribed safety margin. These 
results imply efficient electromechanical behavior 
and minimal energy loss during activation. The 
backrest actuator exhibited borderline performance, 
recording an average current of 0.94 A and a peak 
value at the exact safety threshold of 1.00 A. 
Although within permissible limits, this finding 
warrants close monitoring, particularly under 
extended automatic operation cycles where thermal 
accumulation and actuator fatigue may pose future 
concerns. 

Collectively, these findings emphasize the 
necessity of incorporating real-time current 
monitoring, thermal protection mechanisms, and 
predictive maintenance algorithms in future 
iterations of the system to ensure compliance with 
international safety standards and sustained 
reliability in continuous-care environments. 

 
3.3.2 Engineering Interpretation 

The comparative bar chart clearly 
demonstrates that while the right-side and backrest 
actuators operate within acceptable electrical 
thresholds, the left-side actuator consistently 
exceeds the recommended current limit. This 
anomaly presents a potential risk to system 
reliability, particularly in continuous-use healthcare 
settings. As such, the findings underscore the need 
for integrating the following features in future 
system revisions: real-time current monitoring 
sensors for continuous electrical profiling, dynamic 
load-balancing algorithms to minimize 
asymmetrical mechanical stress, and automatic 
motor cut-off mechanisms to prevent sustained 
overcurrent conditions. Incorporating these 
enhancements would not only mitigate reliability 
concerns but also support regulatory compliance 
with medical device safety standards such as IEC 
60601-1. Moreover, proactive power management 

contributes to extended actuator lifespan, improves 
operational safety, and enhances the system’s 
scalability and readiness for formal certification 
processes in clinical deployment scenarios. 
 
3.4 User Satisfaction Survey 

To evaluate the system’s usability, 
accessibility, and perceived effectiveness, a 
structured user satisfaction survey was administered 
to a cohort of 20 third-year nursing students from 
Boromarajonani College of Nursing, Songkhla. 
These participants were selected as representative 
end-users due to their hands-on caregiving 
experience and baseline familiarity with healthcare-
related technologies. The survey instrument 
employed a five-point Likert scale (1 = strongly 
disagree to 5 = strongly agree) across six key 
dimensions of usability. Prior to deployment, the 
questionnaire underwent content validation by three 
domain experts specializing in medical informatics, 
human–computer interaction, and assistive device 
design. Reliability testing yielded a Cronbach’s 
alpha coefficient of 0.87, confirming a high level of 
internal consistency. The quantitative results of the 
survey are presented in Table 3. 
 
Table 3: User Satisfaction Ratings by Criteria (n = 20). 

Evaluation 
Criteria 

Mean 
(x̄) 

SD Interpretation 

Ease of 
installation and 
setup 

4.2 0.52 High 

Interface design 
and clarity 

4.35 0.48 Very High 

Responsiveness 
to commands 

4.2 0.49 High 

Reliability and 
error-free 
operation 

4.3 0.44 Very High 

Appropriateness 
for use in 
patient care 
setting 

4.5 0.47 Very High 

Overall 
satisfaction 

4.32 0.46 Very High 

 
Qualitative observations and participant 

feedback. Participants provided valuable qualitative 
feedback that complemented the quantitative survey 
results. The majority noted that the distinction 
between the manual and automatic operational 
modes was intuitively clear, and that switching 
between modes was seamless. The mobile 
application's user interface was frequently 
commended for its simplicity, logical organization, 
and cross-platform compatibility with both Android 
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and iOS devices. Several participants also proposed 
potential enhancements to improve future versions 
of the system, including: a) integration of voice 
control or touchless gesture commands to support 
accessibility; b) implementation of audio alerts to 
notify users when automatic repositioning is 
initiated; and c) real-time visual feedback on 
actuator status, such as a "movement complete" 
notification. Overall, the system received favorable 
evaluations across all usability dimensions, with all 
criteria achieving mean scores exceeding 4.20 on a 
5-point scale. The highest-rated attribute was the 
system’s suitability for patient care applications 

(mean = 4.50), highlighting its potential for 
deployment in both clinical and home-care settings. 
Standard deviations for all measured items remained 
below 0.52, indicating a high degree of consensus 
among participants. These findings reinforce the 
system’s high usability and acceptance among non-
technical healthcare users. From a design 
perspective, the results emphasize the effectiveness 
of applying human-centered design principles and 
intuitive mobile interaction models in the 
development of Internet of Things (IoT)-based 
assistive technologies. 
 

 
 

 Figure 8: User Satisfaction Radar Chart 

Figure 8 illustrates a radar chart depicting 
user satisfaction across six core usability dimensions 
of the developed IoT-based electric bed control 
system. Each axis of the chart represents a specific 
evaluation criterion, rated on a five-point Likert 
scale (1 = strongly disagree to 5 = strongly agree). 
The highest-rated dimension was Care 
Appropriateness (mean = 4.50), indicating strong 
user confidence in the system’s relevance and 
effectiveness within real-world patient care 
scenarios. This aligns with the system’s intended 
role in supporting bedridden individuals through 
automated and reliable repositioning functionalities. 
High ratings were also recorded for Interface Clarity 
(mean = 4.35) and System Reliability (mean = 4.30), 
suggesting that participants found the application 
both intuitive to use and stable during operational 

testing. The dimensions of Responsiveness and 
Installation & Setup received slightly lower, though 
still positive, scores (both mean = 4.20), pointing to 
minor areas for future enhancement in system 
feedback speed and initial configuration workflows. 
The aggregated Overall Satisfaction score of 4.32 
reflects a broadly favorable reception, with minimal 
variability across dimensions. The uniform, 
symmetric shape of the radar plot visually confirms 
the balanced performance of the system across all 
usability categories, reinforcing its suitability for 
end-users with limited technical backgrounds, such 
as nursing students. These results highlight the 
efficacy of incorporating human-centered design 
(HCD) methodologies into the development process 
of assistive healthcare technologies. They further 
emphasize the importance of aligning system 
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features with frontline caregiver expectations—
namely, clarity, stability, and operational simplicity. 
 
3.5 System Reliability and Stability 

The long-term operational reliability and 
stability of the system were evaluated to determine 
its robustness under realistic usage scenarios. This 
included a continuous performance test in automatic 
mode over a period of 30 minutes (15 full 
repositioning cycles), as well as stress testing for 
manual commands, Firebase communication, and 
microcontroller responsiveness under fluctuating 
network conditions. 

During the 30-minute automatic mode 
performance evaluation, the system demonstrated 
robust operational reliability across all measured 
parameters. All 15 scheduled repositioning cycles 
were executed successfully, achieving a 100% task 
completion rate with no errors, skipped intervals, or 
control delays observed throughout the testing 
period. The ESP32 microcontroller maintained 
uninterrupted connectivity with the Firebase 
Realtime Database, confirming its capacity to handle 
continuous real-time command monitoring without 
resets or communication losses. The actuators 
exhibited consistent response intervals, with a mean 
repositioning time of 2.003 minutes (SD = 0.045 
minutes) per cycle. This reflects a high degree of 
timing accuracy and confirms that the control logic-
maintained synchronization throughout the test, with 
no evidence of temporal drift or mechanical 
instability. These results collectively validate the 
system’s capability for extended autonomous 
operation in automatic mode, supporting its 
application in care environments where scheduled 
movement and unattended reliability are essential. 

In a separate test session designed to 
evaluate manual operation reliability, a total of 30 
consecutive repositioning commands were initiated 
through the mobile application under varying 
network conditions, including both Wi-Fi and 
cellular connections in normal and delayed states. 
The objective was to assess system responsiveness, 
command integrity, and communication robustness 
under typical connectivity scenarios. All 30 
commands were successfully executed, resulting in 
a 100% actuator activation success rate with no 
communication failures or packet loss. The mean 
system response time remained consistently below 
0.6 seconds, across all network configurations. 
Neither command queuing delays nor device-side 
failures were detected throughout the test cycle. 
These results affirm the system’s capacity to handle 
real-time manual intervention effectively, even 

under moderate network latency. The stable 
performance can be attributed to Firebase’s resilient 
data queuing and synchronization architecture, as 
well as the ESP32’s optimized polling and interrupt-
driven command execution logic. Collectively, these 
features ensure that the system can maintain 
operational continuity and responsiveness in 
practical deployment scenarios involving 
intermittent or variable connectivity. 

Although the system demonstrated high 
functional reliability across all tested scenarios, one 
minor electrical concern was observed. Specifically, 
the left-side actuator exhibited a current draw 
exceeding the 1.00 A threshold, as specified in 
relevant international standards (IEC 60601-1 and 
ISO 80601-2-72) for medical electrical equipment. 
Despite this, no instances of thermal overload, 
system reset, or actuator malfunction were recorded 
during continuous operation, suggesting that the 
mechanical assembly and circuit design offer 
sufficient thermal tolerance and electrical headroom. 
To further enhance operational safety and long-term 
reliability, future iterations of the system should 
incorporate real-time current monitoring 
mechanisms. Integrating a feedback loop via the 
ESP32 microcontroller, combined with threshold-
based alerts or watchdog timers, would enable 
proactive fault detection and automated responses to 
emerging electrical anomalies. Such features would 
bring the system into closer alignment with safety-
critical design standards required for medical device 
certification and continuous-care applications. 

Throughout the system evaluation phases, 
the Firebase Realtime Database consistently 
exhibited sub-second response times, averaging 
below 0.5 seconds across all four network 
conditions. All user-initiated commands were 
accurately logged, executed, and acknowledged 
within the database, ensuring full traceability and 
verifiability of user interaction and system behavior. 
This high level of communication fidelity combined 
with robust timing precision and fault-free execution 
demonstrates the system’s operational stability and 
network resilience under both routine and stress-
tested conditions. The architecture’s ability to 
maintain state coherence and reliable command 
processing, regardless of network fluctuation or 
duration of use, supports its applicability in real-
world home healthcare contexts where intermittent 
connectivity and extended operation are common. 

The consolidated results are presented in 
Table 4, summarizing the system's performance 
across both functional and communication 
dimensions under controlled testing conditions. 
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Table 4: System Reliability Summary. 

Test Item Result Interpretation 
Automatic 
Repositioning 
Execution 

100% success 
(15/15 cycles) 

Excellent timing 
precision 

Manual 
Command 
Execution (30 
cycles) 

100% success 
(30/30 
commands) 

High manual 
control 
reliability 

Firebase 
Communication 
Integrity 

All commands 
synced, 0% 
data loss 

Stable database 
synchronization 

Response Time 
Under Network 
Variations 

< 0.6 sec in all 
conditions 

Consistently 
responsive 
system 

System Crashes 
or Freezes 

None observed High OS and 
MCU stability 

Actuator Faults 
Detected 

None observed Reliable 
actuator 
mechanism 

Overcurrent 
Detection (Left 
Motor) 

Over threshold 
(1.13 A), no 
failure 

Recommend 
fault monitoring 

Continuous 
Operation (30 
minutes) 

No 
interruption, 
stable 
performance 

Suitable for 
long-term 
deployment 

 
Table 4 provides a comprehensive 

summary of the reliability assessment outcomes for 
the proposed smartphone-based IoT control system 
for electric hospital beds. The evaluation 
encompassed eight critical dimensions, addressing 
both system-level stability and component-level 
performance under extended operation and variable 
network conditions. 

All 15 scheduled cycles in automatic mode 
were successfully completed over a 30-minute 
continuous session, affirming the accuracy of the 
internal scheduling logic and the robustness of 
Firebase-to-ESP32 communication. Thirty manually 
initiated commands were executed without failure 
across both Wi-Fi and cellular networks, including 
under induced latency. This demonstrates 
dependable input recognition and execution, 
confirming the responsiveness and integrity of the 
user control interface. All transmitted control 
commands were received and logged without packet 
loss, ensuring synchronization between the mobile 
application and embedded system. This integrity is 
critical for traceability and remote supervision. 

Despite varying network conditions, all 
response times remained within the sub-0.6 second 
range, verifying the system’s capability for real-time 
interaction—an essential attribute for time-sensitive 
healthcare tasks. No crashes, freezes, or unexpected 

microcontroller resets occurred throughout testing, 
signifying firmware robustness and reliable task 
scheduling on the ESP32 platform. Both the right-
side and backrest actuators operated without any 
detected faults, indicating sound electromechanical 
integration and sustained motion accuracy under 
load. The left actuator registered a peak current of 
1.13 A slightly above the IEC/ISO recommended 
threshold of 1.00 A. Although no thermal or 
functional anomalies occurred, this condition 
warrants the inclusion of active current monitoring 
and fault protection mechanisms in future designs. 
The system sustained uninterrupted operation in 
automatic mode for 30 minutes, exhibiting no 
functional degradation or data integrity loss, thereby 
confirming its readiness for deployment in home-
based care environments with limited oversight. 

In summary, the findings presented in 
Table 4 confirm that the system performs reliably 
across all critical operational domains. With the 
exception of the left actuator’s current anomaly, all 
components demonstrated compliance with safety 
and performance expectations. These results support 
the system’s applicability in real-world caregiving 
settings where reliability, autonomy, and low-
latency response are paramount. 
4. DISCUSSION 

4.1 Functional Performance Evaluation 
The developed smartphone-based IoT 

control system for electric hospital beds exhibited 
robust performance in automated repositioning, with 
all scheduled cycles completed accurately and 
without interruption. This level of operational 
precision aligns with recent advancements in IoT-
enabled healthcare systems, which increasingly 
emphasize automation to improve care quality and 
resource management. For example, Arpitha et al. 
(2025) [8] presented a comprehensive Smart 
Hospital Management System incorporating IoT and 
AI technologies for enhanced monitoring and 
service efficiency. Although their scope was 
broader—encompassing hospital-wide operations—
the successful deployment of automation in both 
studies highlights the growing relevance of 
intelligent systems in healthcare delivery. In a more 
focused approach, Hudec et al. (2021) [9] introduced 
a smart monitoring solution utilizing textile-based 
pressure sensors to passively observe patient 
positioning. Their system, while effective for 
bedsore prevention, lacked the proactive 
repositioning functionality addressed by the present 
study. The integration of active repositioning offers 
a distinct advantage, as it not only prevents 
complications arising from prolonged immobility 
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but also reduces reliance on caregiver intervention. 
Complementing these findings, Nichols et al. (2025) 
[10] achieved low-latency motor control for 
prosthetic applications via Raspberry Pi and 
CANopen over EtherCAT. Their emphasis on 
communication speed resonates with the current 
system's achievement of sub-0.6 second response 
times, reinforcing the critical importance of minimal 
latency in real-time medical device control, 
particularly in patient-centric applications. 
Moreover, Arpitha et al. (2025) [8] underscored the 
necessity for system reliability in healthcare IoT 
systems, demonstrating how AI integration 
contributed to reduced emergency response times. 
The current study mirrors this emphasis on 
reliability, with continuous operation tests 
confirming the system’s stability under varying 
network conditions a crucial requirement for home-
based care and unsupervised deployment. Finally, 
the usability evaluation conducted with nursing 
students indicated strong acceptance, particularly in 
perceived care appropriateness (𝑥 ̄ = 4.50). This 
aligns with previous research on user perception of 
IoT-integrated hospital beds, which found positive 
responses regarding safety, interface clarity, and 
patient comfort. These results reaffirm the central 
role of human-centered design in ensuring the 
successful adoption of healthcare technologies 
among frontline users. 
 
4.2 Response Time 

The developed smartphone-based IoT 
electric bed control system demonstrated an average 
response latency of less than 0.6 seconds across a 
variety of network environments, indicating a high 
level of responsiveness appropriate for real-time 
patient care scenarios. This result aligns with 
broader trends in smart healthcare, where IoT 
integration plays a pivotal role in enhancing clinical 
efficiency and patient monitoring. For example, 
Arpitha et al. (2025) [8] proposed a Smart Hospital 
Management System incorporating IoT and artificial 
intelligence (AI) algorithms to optimize patient 
tracking and resource allocation. Although their 
scope encompassed a broader range of hospital 
operations, the integration of automation in both 
studies illustrates the expanding role of intelligent 
systems in healthcare service delivery. A contrasting 
approach was adopted by Hudec et al. (2021) [9], 
who developed a smart IoT platform equipped with 
textile-based pressure sensors aimed at monitoring 
patient position for the prevention of pressure ulcers. 
Unlike the current study, which introduces active 
repositioning to reduce caregiver burden and 
improve patient outcomes, Hudec’s solution 

emphasized passive monitoring, thus highlighting a 
complementary but less interventionist strategy. In 
terms of communication responsiveness, Nichols et 
al. (2025) [10] implemented real-time motor control 
for prosthetics using Raspberry Pi with CANopen 
over EtherCAT. Their focus on ultra-low latency 
communication resonates with the present system’s 
performance, reinforcing the critical need for timely 
actuation in assistive medical technologies. 
Moreover, Arpitha et al. (2025) [8] emphasized 
system reliability as a core requirement for smart 
hospital environments, reporting significant 
improvements in emergency response times through 
the use of AI-enhanced monitoring. The present 
system similarly demonstrated uninterrupted 
functionality during prolonged continuous testing 
across variable network conditions, reinforcing its 
robustness and suitability for deployment in 
decentralized or home-based care settings. Usability 
findings further substantiated system effectiveness. 
A structured survey among nursing students yielded 
high satisfaction levels across all usability 
dimensions, with the highest ratings assigned to care 
appropriateness (mean = 4.50). These outcomes are 
consistent with previous research into nursing 
perspectives on smart bed systems, which have 
reported favorable attitudes towards IoT integration 
in patient care, particularly regarding safety and ease 
of use. Collectively, these results underscore the 
importance of applying human-centered design 
principles in the development of healthcare 
technology platforms. 
 
4.3 Power Consumption of Actuator System 

The developed smartphone-based IoT 
electric bed control system demonstrated efficient 
power utilization, with actuator operations 
maintained within acceptable energy thresholds in 
accordance with international safety standards. This 
performance supports the growing emphasis on 
energy-efficient solutions in healthcare technology, 
where minimizing power consumption contributes to 
system longevity, patient safety, and regulatory 
compliance. A parallel initiative by Arpitha et al. 
(2025) [8] proposed a comprehensive Smart 
Hospital Management System employing IoT and 
AI frameworks to optimize patient monitoring and 
resource allocation. While their system addressed a 
broader operational scope, the shared focus on 
energy-conscious architecture across both studies 
highlights the strategic role of IoT in sustainable 
healthcare innovation. Contrastingly, Hudec et al. 
(2021) [9] developed a sensor-based IoT monitoring 
solution using textile pressure sensors for posture 
surveillance in bed-ridden patients. Although their 
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design centered on passive detection, as opposed to 
active repositioning, the low-power architecture 
aligns with energy-saving goals. The current study 
extends this paradigm by coupling active mechanical 
control with power-aware design, thus providing a 
more proactive intervention against pressure ulcer 
development. Nichols et al. (2025) [10] also reported 
on real-time motor actuation using Raspberry Pi and 
CANopen over EtherCAT for assistive prosthetics. 
Their emphasis on reliable communication and 
controlled power usage corresponds with the present 
system’s capacity to execute repositioning cycles 
without thermal overload or overcurrent failure. 
Both systems underscore the relevance of responsive 
and efficient control in medical devices where 
reliability is critical. In addition to technical 
evaluation, the current study’s prolonged operational 
testing confirmed uninterrupted system stability 
under various network conditions, reinforcing the 
robustness of the ESP32-Firebase architecture. 
These findings mirror those of Arpitha et al. (2025) 
[8], who noted the importance of system reliability 
in emergency response contexts, particularly in 
under-resourced healthcare environments. User 
feedback further supported the system's clinical 
utility. Survey responses from nursing students 
revealed high satisfaction across all dimensions, 
especially in care appropriateness (mean = 4.50). 
These findings are consistent with previous studies 
reporting positive reception toward IoT-integrated 
smart beds, particularly among frontline caregivers 
who prioritize usability, safety, and reliability. 
Collectively, the results emphasize the necessity of 
incorporating user-centered design and energy-
efficient operation in developing next-generation 
assistive medical technologies. 
 
4.4 User Satisfaction Survey 

The evaluation of user satisfaction for the 
developed smartphone-based IoT electric bed 
control system revealed consistently high ratings 
across all assessed dimensions, reflecting strong 
acceptance and usability among non-technical 
healthcare users. The survey, conducted with 20 
third-year nursing students who possessed relevant 
caregiving experience, employed a five-point Likert 
scale to assess six usability domains: interface 
clarity, system responsiveness, reliability, ease of 
setup, care appropriateness, and overall satisfaction. 
The instrument’s internal consistency was confirmed 
by a Cronbach’s alpha of 0.87, indicating strong 
reliability. The highest-rated dimension was care 
appropriateness (mean = 4.50), signifying the 
system's practical relevance and effectiveness in 
patient care contexts. Similarly, interface clarity 

(mean = 4.35) and system reliability (mean = 4.30) 
received favorable scores, indicating that users 
found the application intuitive and functionally 
stable. Slightly lower but still strong ratings were 
observed for responsiveness (mean = 4.20) and 
installation & setup (mean = 4.20), suggesting minor 
areas for improvement in configuration guidance or 
real-time feedback responsiveness. 

Qualitative feedback further supported the 
quantitative results. Participants highlighted the 
simplicity of toggling between automatic and 
manual control modes and expressed appreciation 
for the platform’s cross-compatibility with Android 
and iOS devices. Suggestions for enhancement 
included the integration of voice commands, 
auditory alerts for repositioning, and real-time 
actuator feedback notifications. These findings align 
with broader trends in healthcare technology 
research, where perceived usefulness, ease of use, 
and intuitive interface design are consistently 
identified as key factors influencing user satisfaction 
and adoption. The survey results reaffirm the 
importance of human-centered design principles, 
especially in assistive medical technologies intended 
for home-based or low-resource environments. In 
conclusion, the high user satisfaction observed in 
this study underscores the system’s readiness for 
practical deployment and its potential to improve the 
quality of care for bedridden patients. 
 
4.5 User Satisfaction Survey 

The developed smartphone-based IoT 
electric bed control system exhibited high reliability 
and operational stability throughout extended 
evaluation periods and under variable network 
conditions. The system maintained uninterrupted 
functionality during a continuous 30-minute 
automatic test cycle, successfully executing all 
scheduled repositioning operations without delay, 
actuator fault, or communication loss. Additionally, 
manual mode testing under four distinct network 
scenarios (Wi-Fi and cellular, both normal and 
delayed) resulted in zero packet loss, a 100% 
actuator activation rate, and a mean response time of 
less than 0.6 seconds. These outcomes highlight the 
system’s resilience in the face of fluctuating 
connectivity—a critical requirement for assistive 
technologies intended for home-based patient care. 

This reliability performance is consistent 
with several contemporary studies in the domain of 
IoT-based healthcare systems. For instance, Shaari 
et al. (2024) [11] proposed a hospital bed 
management platform integrating real-time 
monitoring and data acquisition to enhance patient 
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flow and bed utilization. Their findings emphasized 
that system robustness is vital to reducing patient 
wait times and optimizing hospital operations. 
Similarly, Ayouni et al. (2023) [12] developed a 
smart hospital bed with integrated deep learning 
algorithms for posture detection, achieving a high 
true-positive rate of 95% with minimal false 
positives—underscoring the necessity of precise, 
stable performance in patient monitoring systems. 

In another study, Nunes et al. (2024) [13] 
implemented a wireless biomonitoring solution for 
untethered patients. The system underwent multi-
day clinical trials, and its evaluation metrics 
confirmed reliable communication, sustained data 
transmission, and system integrity across dynamic 
hospital environments. These findings further 
substantiate the importance of consistent system 
performance in real-world clinical applications. 

From a systems engineering perspective, 
Bures et al. (2022) [14] emphasized resilience as a 
defining characteristic of IoT deployments, 
particularly in critical infrastructure. Their work 
identified device failure tolerance, communication 
continuity, and data integrity as pillars of robust IoT 
system design. Complementing this, Singh et al. 
(2023) [15] proposed a parametric evaluation 
taxonomy to assess IoT reliability, emphasizing the 
need for standardized assessment frameworks in this 
domain. 

Taken together, these comparative studies 
reinforce the reliability outcomes observed in the 
present work. The system's consistent 
responsiveness, absence of communication faults, 
and resilience under operational stress validate its 
readiness for long-term deployment in home-care 
settings. The findings also underscore the role of 
real-time feedback loops, microcontroller efficiency, 
and cloud-based synchronization as core elements in 
achieving dependable IoT-enabled medical devices. 
 
4.6 Limitations and Future Work 

While the study’s empirical findings are 
compelling, a comprehensive evaluation 
necessitates a discussion of its inherent limitations, 
which also serve as a foundation for future research. 

The primary limitation of this study is the 
elevated electrical current consumption observed in 
the left-side actuator, which reached a peak of 1.13 
A—surpassing the recommended safety threshold of 
1.00 A as stipulated by international standards (e.g., 
IEC 60601-1 and ISO 80601-2-72) for medical 
electrical equipment. While this anomaly did not 
result in a system failure during the short-term 

evaluation, it presents a potential long-term 
reliability risk, including accelerated component 
wear and thermal stress. This finding highlights the 
need for a more robust power management design in 
future iterations. 

Secondly, the study’s external validity is 
constrained by its limited sample size. The 
evaluation involved a homogeneous group of 20 
third-year nursing students, and the short continuous 
testing period of 30 minutes may not fully reflect the 
system’s performance and long-term usability in 
real-world, dynamic home care environments. The 
manual mode, in particular, demonstrated higher 
temporal variability, indicating that its effectiveness 
is contingent on the availability and responsiveness 
of the caregiver. 

To address these limitations, future work 
should focus on three key areas. 

 Enhanced Safety Mechanisms 
Implement real-time current monitoring 

sensors and automated shutdown protocols to 
prevent sustained overcurrent conditions and ensure 
full compliance with international safety standards.    

 Longitudinal Clinical Validation 
Conduct a more extensive, long-term study 

with a larger, more diverse group of actual 
caregivers and patients in a home care setting to 
assess the system’s reliability and usability over 
time. 

 Advanced Control Algorithms 
Develop intelligent, adaptive repositioning 

algorithms that can learn from user input and 
environmental factors, reducing the reliance on 
manual intervention and optimizing energy 
consumption. 
 
5. CONCLUSION 

This study successfully demonstrated the 
design and practical implementation of a 
smartphone-based IoT system for controlling 
electric hospital beds, specifically tailored to home 
healthcare applications. The system integrates 
hardware and software components into a cohesive 
platform that enables both manual and automated 
repositioning functions. Through a modular 
architecture built on the ESP32 microcontroller and 
Firebase cloud services, the design ensures real-time 
responsiveness and remote accessibility. 
Experimental results validated the system's 
reliability, responsiveness, and energy efficiency. 
The implementation phase confirmed that the 
proposed system meets practical requirements for 
home use, particularly in terms of ease of operation 
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and support for long-term caregiving tasks. Usability 
testing further indicated high user satisfaction, 
especially among non-technical caregivers. The 
findings support the feasibility of deploying this 
system as a scalable and low-cost assistive 
technology. Future improvements may focus on 
adaptive control strategies, personalized care 
algorithms, and integration with electronic medical 
records to broaden clinical applicability. 
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