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Introduction  

The rapid development of Information and Communication Technology (ICT) has accelerated digital 

transformation in various sectors, including healthcare services. According to Atzori et al., IoT enables physical 

objects to communicate and exchange information through internet-based networks, allowing real-time data collection 

and processing [1], [2], [3]. The integration of IoT with web-based information systems has opened opportunities for 

healthcare institutions to improve operational efficiency, environmental monitoring, and public information 

dissemination. Through IoT technology, healthcare facilities can provide accurate and up-to-date information while 

simultaneously monitoring environmental conditions that may affect patient comfort and safety [4], [5]. Previous 

studies have demonstrated that ESP32-based IoT systems can provide real-time environmental monitoring and remote 

observation capabilities through internet connectivity [6]. 

Puskesmas Makrayu Palembang, as a primary healthcare facility, provides various healthcare services such as 

immunization programs, maternal and child healthcare, Posyandu activities, and general medical examinations. 

However, service information is still disseminated through conventional media such as bulletin boards and direct 

announcements. These methods often result in delayed information updates and limited accessibility for visitors. In 

addition, environmental information such as temperature and air quality is not currently integrated into the public 

information system, despite its importance for healthcare environments, particularly for patients with respiratory 

conditions. Therefore, a more effective and integrated information management system is required to improve 
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information dissemination methods, resulting in limited accessibility and inefficient information updates. This study aims to 

design and implement a website-based information management and environmental monitoring system using Arduino Uno as the 

main controller and ESP32 as the communication module. The proposed system integrates a website-based information 

management platform, Firebase Realtime Database, P10 LED matrix display, DHT22 temperature sensor, MQ135 air-quality 

sensor, and buzzer notification mechanism within a unified IoT architecture. The research adopted a system development 

approach consisting of literature study, field observation, system requirement analysis, system design, implementation, and 

testing. The implementation results demonstrated that website data synchronization, Firebase communication, ESP32 

connectivity, LED matrix display operation, sensor integration, and overall system integration were successfully achieved during 

prototype testing. Information entered through the website could be displayed correctly on the running-text display in real time, 

while environmental information obtained from the DHT22 and MQ135 sensors could be processed and displayed 

simultaneously. The evaluation focused on functional verification of communication, synchronization, display operation, and 

sensor integration within a prototype environment. However, the system was evaluated only at the prototype level due to limited 

deployment opportunities and research time constraints, and therefore does not yet fully represent continuous operational 

conditions in healthcare facilities. Consequently, aspects such as long-term ESP32–Firebase communication stability, data 

transmission latency, system consistency under prolonged operation, and performance under high communication loads were not 

evaluated in this study. The proposed system nevertheless provides a practical foundation for integrated healthcare information 

management and environmental monitoring applications in primary healthcare facilities. 
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healthcare service quality and public awareness. Real-time air-quality monitoring using ESP32 and cloud-based 

communication has been shown to support environmental awareness and remote monitoring capabilities [7]. 

Several previous studies have explored the implementation of Internet of Things (IoT) technology for 

environmental monitoring applications. Pangestu and Paniran developed an IoT-based temperature and humidity 

monitoring system using ESP32 and DHT11 sensors, demonstrating the effectiveness of real-time environmental 

monitoring through internet connectivity [8]. Kusumah et al. designed a web-based temperature and humidity 

monitoring system for data-center environments, enabling real-time observation and warning mechanisms [9]. 

Mi'rajtania et al. implemented an ESP32 and DHT22-based monitoring prototype capable of providing reliable 

environmental information in real time [10]. Solihat et al. developed an ESP32-based air-quality monitoring system 

utilizing MQ135 and MQ2 sensors to detect hazardous gases and classify air-quality conditions [11]. Furthermore, 

Haritsah and Uranus integrated ESP32, DHT22, MQ135, and cloud-based visualization platforms to support 

environmental monitoring and remote data access [12]. These studies demonstrate the effectiveness of IoT 

technologies for environmental monitoring; however, the integration of healthcare information management, 

environmental monitoring, and running-text information dissemination within a single platform remains limited.  

Among the identified challenges, the most critical issue at Puskesmas Makrayu Palembang is the lack of an 

integrated digital information management system. Service schedules, public announcements, and healthcare 

information are still disseminated through conventional methods, which often result in delayed updates and limited 

accessibility for visitors. As a consequence, information may not be received promptly by patients and the general 

public. Environmental monitoring, including temperature and air-quality observation, is considered a complementary 

feature that enhances healthcare services by providing additional information regarding environmental conditions. 

Therefore, improving the effectiveness of information dissemination is prioritized while simultaneously integrating 

environmental monitoring capabilities into a single platform. 

Although previous studies have successfully implemented IoT-based monitoring systems and digital information 

displays, most of them focus on individual functionalities and are evaluated under limited operational conditions. 

Existing research generally emphasizes either environmental monitoring or digital information dissemination 

separately. For example, previous studies have demonstrated the effectiveness of ESP32-based monitoring systems 

and cloud-based communication platforms for environmental monitoring and remote observation [6], [7]. Other 

studies have focused on digital information display systems and web-based information management applications [3], 

[13], [14]. Furthermore, the implementation of healthcare information services, environmental monitoring, automatic 

scheduling, and warning notification mechanisms within a unified architecture remains relatively underexplored [3], 

[13], [14]. This research gap highlights the need for a comprehensive IoT-based architecture capable of integrating 

information management and environmental monitoring while supporting real-time communication and centralized 

data management for healthcare environments. 

Although previous studies have demonstrated the effectiveness of IoT technologies in environmental monitoring 

and digital information dissemination, several important limitations remain. Most existing systems have been 

evaluated only under prototype-scale conditions and focus on specific functionalities such as environmental 

monitoring, information display, or cloud-based communication separately. Consequently, important aspects 

including communication stability between ESP32 and cloud services, long-term operational reliability, 

synchronization consistency, and scalability under expanded deployment conditions remain insufficiently explored. 

Furthermore, previous studies generally have not evaluated system performance in multi-node environments involving 

additional sensors, multiple rooms, or multiple information points. As a result, the scalability and practical 

applicability of such systems in larger healthcare environments remain unclear. These limitations highlight the need 

for an integrated IoT-based architecture capable of combining healthcare information management and environmental 

monitoring while supporting centralized data management and real-time communication. 

To address these limitations, this research proposes a Website-Based Information Management and Environmental 

Monitoring System using Arduino Uno and ESP32. The system integrates a website-based information management 

platform, LED matrix running-text display, DHT22 temperature sensor, MQ135 air-quality sensor, Wi-Fi 

communication, Firebase database, and buzzer notification mechanism. Service information entered through the 

website is automatically synchronized with the running-text display, while environmental parameters are continuously 

monitored and displayed in real time. The buzzer functions as an early warning system when environmental conditions 

exceed predefined thresholds.  

The objective of this study is to design and implement an integrated IoT-based system capable of managing 

healthcare service information and monitoring environmental conditions in real time at Puskesmas Makrayu 

Palembang. The proposed system is expected to improve the effectiveness of information dissemination, simplify 

information management processes for healthcare personnel, and provide visitors with additional environmental 

information through a centralized digital platform.  

The main contribution of this research is the development of a unified IoT-based healthcare information system 

that integrates website-based information management, automatic running-text scheduling, real-time temperature 

monitoring, air-quality monitoring, and warning notification mechanisms into a single platform. Unlike previous 
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studies that focused on individual functionalities, this research combines information dissemination and environmental 

monitoring to support smarter and more responsive healthcare services in primary healthcare facilities. 

Method  

A. Research Framework 

This research adopted a system development approach consisting of six stages, namely literature study, field 

observation, system requirement analysis, system design, system implementation, and system testing. The research 

framework was designed to ensure that the proposed system addressed the identified problems and met the operational 

requirements of Puskesmas Makrayu Palembang. The overall research framework is presented in Figure 1. 

 
Figure 1. Research Framework 

The research framework used in this study consists of six sequential stages, namely literature study, field 

observation, system requirement analysis, system design, system implementation, and system testing. The literature 

study stage was conducted to identify theories, technologies, and previous studies related to Internet of Things (IoT), 

environmental monitoring, and web-based information systems. Field observation was performed at Puskesmas 

Makrayu Palembang to analyze the existing information dissemination process and identify operational requirements. 

System requirement analysis was carried out to determine the hardware and software specifications needed for system 

development. Subsequently, system design was conducted to develop the proposed architecture, electronic circuit 

design, and operational workflow. The implementation stage involved integrating hardware and software components 

into a functional prototype. Finally, system testing was performed to evaluate communication, synchronization, 

display functionality, hardware integration, and overall system operation. 

B. Literature Study and Field Observation 

The literature study was conducted by reviewing scientific journals, conference papers, books, and technical 

documentation related to IoT technology, Arduino Uno, ESP32 communication modules, Firebase Realtime Database, 

DHT22 temperature sensors, MQ135 air-quality sensors, and web-based information systems. Field observation was 

carried out at Puskesmas Makrayu Palembang to identify existing problems in healthcare information dissemination 

and determine the functional requirements of the proposed system. 

IoT systems generally consist of sensing devices, communication networks, cloud services, and application layers 

that enable real-time data acquisition and processing [16]. Razzaque et al. further explained that middleware 

technologies play an important role in facilitating communication between heterogeneous IoT devices and cloud 

platforms [17]. 

Field observation was performed at Puskesmas Makrayu Palembang to analyze the existing information 

dissemination process and identify operational requirements. The observation revealed that healthcare information 

was primarily delivered through conventional methods, resulting in limited accessibility and inefficient information 

updates. 

C. System Requirement Analysis 

Based on the results of literature study and field observation, the system requirements were classified into hardware 

and software requirements. The hardware components included an Arduino Uno microcontroller as the main 

controller, an ESP32 communication module, a DHT22 temperature sensor, an MQ135 air-quality sensor, a P10 LED 

matrix display, a buzzer alarm, switching power supplies, and communication infrastructure. The Arduino Uno was 
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responsible for processing sensor data, controlling the LED matrix display, and activating the buzzer when 

environmental thresholds were exceeded. Meanwhile, the ESP32 module provided internet connectivity and enabled 

real-time communication between the hardware subsystem and Firebase Realtime Database. 

The ESP32 communication module was selected due to its integrated Wi-Fi capability, low power consumption, 

and suitability for Internet of Things (IoT) applications. Previous studies have shown that ESP32 provides reliable 

performance for environmental monitoring and web-based communication systems while maintaining stable wireless 

connectivity through its integrated Wi-Fi and Bluetooth features [18], [19], [20]. 

The MQ135 sensor was selected because of its capability to detect harmful gases and evaluate air-quality 

conditions in real-time monitoring systems [21]. The DHT22 sensor was utilized to monitor environmental 

temperature due to its stable digital output and suitability for IoT-based environmental monitoring applications [22], 

[23]. 

The software requirements consisted of Arduino IDE, Firebase Realtime Database, HTML, CSS, JavaScript, and 

HTTP-based communication services. Firebase Realtime Database was utilized to provide real-time synchronization 

between the website platform and IoT devices [24], [25], [26]. The HTTP protocol was employed to facilitate data 

exchange between the communication module and cloud services [27], [28]. 

D. System Design and Implementation 

The proposed system was designed to integrate healthcare information management and environmental monitoring 

within a single IoT platform. Service information entered through the website interface was stored in Firebase 

Realtime Database. The ESP32 communication module retrieved the information and transmitted it to the Arduino 

Uno controller through serial communication. Wi-Fi communication enables real-time wireless data exchange 

between embedded devices and internet-based services [23]. Environmental data were collected using DHT22 and 

MQ135 sensors and processed by the Arduino Uno before being displayed on the LED matrix running-text display. 

The DHT22 sensor provides digital temperature measurements with sufficient accuracy for environmental monitoring 

applications [22], [23]. A buzzer was activated automatically when environmental conditions exceeded predefined 

thresholds.  

The proposed architecture follows the common IoT paradigm in which sensing devices communicate with cloud 

services through wireless networks. Similar architectures have been widely adopted in smart-city and smart-healthcare 

applications due to their scalability and real-time communication capabilities [29], [30]. Similar ESP32-based 

architectures have been successfully implemented for weather and air-quality monitoring applications, enabling real-

time telemetry and remote observation through internet-based communication [6]. The overall system architecture is 

illustrated in Figure 2. 

 
Figure 2. Proposed System Architecture 

Figure 2 illustrates the proposed system architecture. The website serves as the primary interface for healthcare 

personnel to manage service schedules and public information. Data entered through the website are stored in Firebase 

Realtime Database and synchronized through internet connectivity. The ESP32 communication module retrieves 

information from Firebase and exchanges data with the Arduino Uno controller through serial communication. The 

Arduino Uno acquires environmental data from the DHT22 temperature sensor and MQ135 air-quality sensor, 

processes the acquired data, controls the P10 LED matrix display, and activates the buzzer when predefined 

environmental thresholds are exceeded. This architecture enables centralized information management while 

supporting environmental monitoring and real-time information dissemination. 

The electronic circuit configuration of the proposed system is presented in Figure 3. The Arduino Uno served as 

the main controller responsible for sensor acquisition, environmental data processing, display management, and 

buzzer activation. The ESP32 module was utilized as a communication interface to exchange information between the 

hardware subsystem and Firebase Realtime Database through Wi-Fi connectivity. 
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Figure 3. Electronic Circuit Design 

Figure 3 presents the electronic circuit design of the proposed system. Arduino Uno functions as the primary 

controller responsible for sensor acquisition, environmental data processing, display control, and buzzer activation. 

The DHT22 sensor is connected to the digital input interface for temperature monitoring, while the MQ135 sensor is 

connected to the analog input interface for air-quality monitoring. The ESP32 communication module communicates 

with the Arduino Uno through serial communication and provides internet connectivity through Wi-Fi 

communication. The P10 LED matrix display is connected to the output interface of the Arduino Uno to present 

healthcare information and environmental monitoring data. In addition, a buzzer module is integrated as a warning 

mechanism that is automatically activated when environmental conditions exceed predefined threshold values. 

E. System Workflow 

The workflow of the proposed system is shown in Figure 4. After initialization, the ESP32 attempts to establish a 

Wi-Fi connection and access the Firebase database. The system retrieves service information while simultaneously 

collecting temperature and air-quality data from the sensors. The acquired information is processed and displayed on 

the LED matrix. If abnormal air-quality conditions are detected, the buzzer is activated as an early warning 

mechanism.  

 
Figure 4. System Workflow 

Figure 4 illustrates the operational workflow of the proposed system. The process begins when healthcare 

personnel enter service information through the website interface. The information is then stored in Firebase Realtime 

Database and synchronized through internet connectivity. The ESP32 communication module retrieves the stored 

information and transmits it to the Arduino Uno controller. Simultaneously, the Arduino Uno collects environmental 

data from the DHT22 and MQ135 sensors. The acquired information is processed and displayed on the P10 LED 

matrix in real time. When environmental conditions exceed predefined threshold values, the buzzer is activated to 

provide an early warning notification. This workflow enables continuous interaction between the website platform, 

cloud database, communication module, sensors, and display subsystem. 
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F. System Testing 

System testing was conducted to evaluate the functionality and integration of both hardware and software 

components. The testing procedure consisted of several stages, including hardware and software preparation, 

communication testing between Firebase and ESP32, website data input testing, LED matrix display testing, sensor 

functionality testing, warning system testing, hardware integration testing, electrical filtering circuit testing, and 

overall system integration testing. The purpose of these tests was to verify the reliability of data communication, 

information synchronization, display operation, and interaction among all system components before deployment. 

Results and Discussion  

A. Device and System Preparation 

Before system testing was conducted, all hardware and software components were prepared and configured 

according to the proposed architecture. The hardware components consisted of an Arduino Uno microcontroller as the 

primary controller, an ESP32 communication module, a P10 LED matrix display, DHT22 temperature sensor, MQ135 

air-quality sensor, buzzer module, switching power supplies, and Wi-Fi communication infrastructure. The software 

components included a PHP-based website, Firebase Realtime Database, Arduino IDE, and a web browser for 

information management. All components were assembled and configured to ensure proper operation during the 

testing phase. 

Prior to testing, all hardware connections were verified to ensure proper operation. The Arduino Uno controller 

was programmed using Arduino IDE, while the ESP32 communication module was configured to access the local 

Wi-Fi network and Firebase Realtime Database. Sensor calibration and display verification were also performed 

before executing the testing scenarios. 

B. System Connectivity Testing 

System connectivity testing was performed to evaluate communication between the website platform, Firebase 

Realtime Database, ESP32 communication module, and Arduino Uno controller. During testing, the ESP32 

successfully connected to the Wi-Fi network and synchronized data from Firebase in real time. The synchronized 

information was then transmitted to the Arduino Uno through serial communication and processed without 

communication failures. 

 
Figure 5. ESP32 Integration with P10 Panel 

During testing, the ESP32 module was first connected to a Wi-Fi network. After successful connection, the module 

accessed Firebase Realtime Database and retrieved service information stored through the website interface. The 

retrieved data were then transmitted to the Arduino Uno through serial communication. The testing results demonstrate 

that the ESP32 communication module successfully performed its role as an interface between the cloud database and 

the hardware subsystem.  

C. Website Data Input Testing 

Website data input testing was conducted to evaluate the functionality of the information management platform. 

Healthcare personnel could add, modify, and delete service information through the web-based interface. The 

information entered into the website was successfully stored in Firebase Realtime Database and synchronized with 

the hardware subsystem in real time. 
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Figure 6. Website-Based Information Management Interface 

Several service schedules and public information messages were entered through the website interface. The test 

evaluated create, update, and delete functions as well as data synchronization performance between the website and 

Firebase Realtime Database. 

Based on the testing results, the website successfully managed healthcare information and service schedules. All 

data modification functions operated correctly, allowing healthcare personnel to update information efficiently 

through the web interface. 

D. LED Matrix Display Testing 

LED matrix display testing was conducted to verify that information entered through the website could be 

displayed correctly on the P10 running-text display. Various information messages were tested to evaluate 

synchronization and readability. Testing was performed using different service schedules, public announcements, and 

scrolling-speed configurations to evaluate display readability and synchronization performance. 

 
Figure 7. Running Text Display Implementation 

The testing results show that all information entered through the website was successfully displayed on the LED 

matrix display. The scrolling mechanism operated properly, and the displayed text remained readable without 

character distortion or synchronization delays. 

E. Sensor and Warning System Testing 

Sensor and warning system testing was conducted to evaluate the integration of the DHT22 temperature sensor and 

MQ135 air-quality sensor with the Arduino Uno controller and LED matrix display. The objective of this testing stage 

was to verify that environmental information could be acquired, processed, and displayed correctly. 

The classification of air quality was determined based on predefined MQ135 sensor threshold values established 

during system configuration. Values below the threshold were categorized as “BAIK” (Good), while values exceeding 

the threshold were categorized as “BURUK” (Poor). 

 
Figure 8. Environmental Monitoring Display under Normal Air-Quality Conditions 

Figure 8 shows the monitoring result when the MQ135 sensor detected acceptable air-quality conditions. The system 

classified the environmental condition as “BAIK” (Good), while the DHT22 sensor measured the ambient temperature 

at 33°C. The acquired information was processed by the Arduino Uno and displayed on the LED matrix in real time. 
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Figure 9. Environmental Monitoring Display under Poor Air-Quality Conditions 

Figure 9 presents the monitoring result when the MQ135 sensor detected poor air-quality conditions. Under this 

condition, the system classified the environment as “BURUK” (Poor), indicating that the predefined threshold value 

had been exceeded. The DHT22 sensor continued to provide temperature measurements that were displayed together 

with the air-quality information.  

The testing results demonstrate that the DHT22 and MQ135 sensors were successfully integrated into the proposed 

system and capable of providing environmental information through the LED matrix display. When the MQ135 sensor 

detected air-quality values exceeding the predefined threshold, the system classified the condition as “BURUK” (Poor) 

and activated the buzzer as an early-warning mechanism. These results indicate that the proposed system can perform 

both environmental monitoring and warning functions in real time. 

F. Hardware Integration and Electrical Filtering Circuit Testing 

Hardware integration testing was performed to evaluate the interaction among all hardware components, including 

Arduino Uno, ESP32, sensors, LED matrix display, and power supply subsystem. The objective of this test was to 

verify that all components operated as a unified system. 

 
Figure 10. P10 LED Matrix Configuration 

Figure 10 shows the configuration of the P10 LED matrix display consisting of multiple interconnected LED 

modules. The modules were connected through HUB75 interfaces and power distribution lines to form a larger display 

area capable of presenting healthcare information and environmental monitoring data. During testing, the Arduino Uno 

successfully controlled all LED matrix modules simultaneously, processed sensor data, and communicated with the 

ESP32 communication module without operational issues. The display operated normally without missing characters, 

synchronization errors, or communication interruptions. 

 
Figure 11. Power Supply Configuration 

Figure 11 presents the power supply configuration used to support the electrical requirements of the LED matrix 

display. Multiple switching power supplies were connected to distribute electrical power across the P10 modules and 

maintain voltage stability during operation. The testing results showed that the power supply subsystem was capable of 

providing sufficient current and voltage for the display without causing noticeable brightness fluctuations or system 

instability. 

 
Figure 12. Electrical Filtering Circuit 
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Figure 12 shows the implementation of an electrical filtering circuit using a capacitor connected to the power 

distribution line. The capacitor functions as a filter to reduce voltage ripple and electrical noise generated by the LED 

matrix load. During testing, the filtering circuit improved power stability and helped maintain consistent system 

operation, particularly when the display was operating continuously. 

The implementation of the filtering circuit was particularly important because the P10 LED matrix modules require 

relatively high current during operation, which may introduce voltage ripple and electrical noise into the power 

distribution network. During testing, the capacitor-based filtering circuit contributed to maintaining stable power 

delivery and reducing fluctuations that could potentially affect communication and display performance. No unexpected 

display flickering, controller resets, or communication interruptions were observed during prototype operation, 

indicating that the filtering circuit effectively supported stable system performance. The observation was conducted 

continuously during the prototype testing sessions and no instability was detected. 

G. Overall System Integration Testing 

Overall system integration testing was conducted by operating all hardware and software components 

simultaneously. The testing process began when healthcare personnel entered information through the website interface. 

The information was then stored in Firebase Realtime Database, synchronized through the ESP32 communication 

module, transmitted to the Arduino Uno controller, and displayed on the LED matrix display. Simultaneously, 

environmental information obtained from the DHT22 and MQ135 sensors was processed and displayed in real time.  

 

  

Figure 13. System Integration Result Showing Website Synchronization and Environmental Monitoring Display 

Figure 13 illustrates the integrated operation of the proposed system. Healthcare information entered through the 

website was successfully synchronized with Firebase Realtime Database and retrieved by the ESP32 communication 

module. The retrieved information was transmitted to the Arduino Uno controller and displayed on the P10 LED matrix 

together with environmental monitoring information generated from the DHT22 and MQ135 sensors. The results 

demonstrate that all subsystems were able to operate concurrently without synchronization conflicts during prototype 

testing. 

The testing results demonstrate that all hardware and software components operated successfully as an integrated 

Internet of Things (IoT) platform. Information entered through the website was successfully synchronized with Firebase 

Realtime Database and retrieved by the ESP32 communication module. The retrieved data were then transmitted to the 

Arduino Uno controller and displayed on the LED matrix display in real time. Simultaneously, environmental 

information obtained from the DHT22 and MQ135 sensors was processed and displayed together with healthcare 

service information. Figure 13 demonstrates that information dissemination and environmental monitoring functions 

can operate simultaneously on a single display platform. No communication failures, synchronization errors, or display 

interruptions were observed during prototype testing. 

Conclusion  

This study successfully designed and implemented a website-based information management and environmental 

monitoring system using Arduino Uno as the main controller and ESP32 as the communication module for Puskesmas 

Makrayu Palembang. The developed system integrates a website platform, Firebase Realtime Database, P10 LED 

matrix display, DHT22 temperature sensor, MQ135 air-quality sensor, and buzzer notification mechanism within a 

unified Internet of Things (IoT) architecture. The implementation results demonstrated that healthcare information 

entered through the website could be synchronized automatically and displayed on the LED matrix in real time. 

Environmental monitoring information, including temperature and air-quality conditions, could also be processed and 

displayed successfully, while the warning mechanism operated correctly when predefined thresholds were exceeded.  

The testing results further demonstrated that website synchronization, Firebase communication, ESP32 

connectivity, LED matrix display operation, sensor integration, and overall hardware-software interaction functioned 

correctly within the prototype environment. Information entered through the website could be displayed in real time, 
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while environmental monitoring information was processed and presented simultaneously on the display platform. 

These results indicate that the proposed architecture is capable of supporting integrated information dissemination and 

environmental monitoring services in primary healthcare facilities. 

Despite the successful implementation of the proposed system, several limitations remain. First, the system was 

evaluated only at the prototype level and has not been tested continuously under real operational conditions in 

healthcare facilities. Therefore, the long-term stability, reliability, and performance of the proposed IoT system remain 

unknown. Second, the evaluation focused primarily on core functionalities such as website synchronization, Firebase 

communication, LED matrix operation, and hardware integration, without comprehensive analysis of communication 

latency, system load, network performance, and long-term operational durability. Third, the integration of DHT22 and 

MQ135 sensors was limited to functional implementation, and quantitative validation such as sensor accuracy testing, 

calibration procedures, and environmental measurement verification was not conducted. Finally, the system currently 

provides only basic monitoring and information dissemination functions and has not yet incorporated advanced 

features such as mobile-based real-time notifications, historical data analytics, or multi-location deployment.  

Future research may focus on long-term operational testing, sensor calibration and validation, performance 

evaluation under different network conditions, implementation of mobile notification services, integration of historical 

data analysis, and scalability testing across multiple healthcare facilities to improve system reliability and practical 

applicability. 
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