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This study presents the measurement, and performance evaluation of an IoT-integrated 

humidity control system for airborne infection isolation rooms (AIIRs), developed in 

accordance with ASHRAE Standard 170. The system features two silica gel panels that 

operate alternately between dehumidification and regeneration, allowing continuous and 

efficient humidity regulation. Environmental monitoring is carried out using a BME280 

sensor and an ESP32 microcontroller, providing real-time measurements of temperature 

and relative humidity. Data are transmitted to Google Firebase and Sheets for cloud-based 

storage, analysis, and visualization, and are used to assess system performance. A 

notification system with a front display and smartphone application alerts users when 

environmental conditions exceed acceptable thresholds. Experimental results show that 

the system maintained an average temperature of 22.63℃ and relative humidity at 54.37% 

RH, both within recommended limits for infection control. The humidity ratio was 

0.00882 kg/kg∙da, below the ASHRAE threshold of 0.012 kg/kg∙da. Each silica gel panel 

sustained RH below 60% for approximately 1.3 hours and was fully regenerated at 100℃ 

within 55 minutes. Overall, the system demonstrates reliable, real-time environmental 

control and offers a cost-effective solution for enhancing indoor air quality and 

strengthening safety for both patients and healthcare personnel in airborne infection 

isolation rooms. 
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1. INTRODUCTION

Airborne transmission of infectious agents in healthcare 

settings is a critical issue in global medicine and public health. 

tuberculosis, an airborne-transmissible disease, poses a 

significant challenge due to its increasing incidence and the 

emergence of multidrug-resistant tuberculosis (MDR-TB). 

Moreover, respiratory infectious diseases caused by emerging 

pathogens, such as SARS, avian influenza (A H5N1), and 

COVID-19, have demonstrated the potential for airborne or 

aerosol transmission under certain conditions [1-5].  

Airborne infectious diseases remain a significant public 

health concern, particularly in enclosed environments. 

COVID-19 alone has resulted in over 472 million confirmed 

cases and 6 million deaths globally since late 2019 [1]. The 

virus’s capacity to transmit via fine aerosols (<5 µm) 

necessitates robust environmental controls, especially in high-

risk settings such as airborne infection isolation rooms (AIIRs) 

[6, 7]. Environmental conditions also affect transmission rates; 

for instance, a study by Wu et al. [8]. Pöhlker et al. [9] 

reviewed the dynamics of respiratory droplets and aerosols, 

emphasizing their key role in transmitting airborne pathogens 

such as tuberculosis, influenza, and SARS-CoV-2. They noted 

that fine aerosols (<5 μm) can remain airborne for long periods 

and travel considerable distances, increasing infection risk in 

enclosed spaces. The study highlights the need for integrated 

environmental controls such as ventilation, air filtration, and 

humidity regulation to reduce airborne transmission, 

especially in high-risk areas like AIIRs. Preventing airborne 

transmission of infectious agents in healthcare facilities 

requires effective and well-implemented measures. Air quality 

control can be achieved through various environmental 

management strategies to reduce the risk of airborne infections 

[10]. These include introducing fresh outdoor air, maintaining 

pressure differentials between areas, controlling airflow 

direction, utilizing air filtration systems, employing ultraviolet 

(UV) lamps, and regulating temperature and relative humidity 

levels. Each air quality control strategy plays a distinct role in 

mitigating airborne infection risks, particularly in AIIRs. 

Ventilation with outdoor air promotes dilution of airborne 

contaminants by increasing the air change rate per hour 

(ACH); at least 2 ACH of outdoor air and a total of 12 ACH 

are recommended to ensure adequate dilution [11]. Pressure 

differential control supports containment by maintaining 

negative pressure between the isolation room and adjacent 

areas, directing airflow inward and preventing contaminated 

air from escaping [12, 13]. High-efficiency air filtration, 

especially using HEPA filters, removes ≥99.97% of airborne 

particles ≥0.3 µm, including Mycobacterium tuberculosis and 

SARS-CoV-2, thereby reducing aerosol recirculation [14, 15]. 
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The integrated application of these three strategies ventilation, 

pressure control, and filtration provides a multilayered defense 

against airborne transmission, particularly in tropical settings 

where high humidity and temperature can enhance pathogen 

viability [16]. According to the Centers for Disease Control 

and Prevention (CDC) and the American Society of Heating, 

Refrigerating and Air-Conditioning Engineers (ASHRAE), 

significant emphasis has been placed on the Heating, 

Ventilation, and Air Conditioning (HVAC) in hospitals. These 

organizations have established standards and guidelines to 

mitigate the spread of diseases such as COVID-19, MERS, 

SARS, and tuberculosis within hospitals and residential 

buildings. Temperature and relative humidity (RH) are key 

environmental factors that influence the survival and 

transmission of airborne pathogens. Lower temperatures 

(<20°C) enhance the structural stability of viral lipid 

membranes and protein capsids, prolonging viability 

especially for respiratory viruses such as influenza and SARS-

CoV-2 [17, 18]. RH affects both droplet behavior and 

pathogen stability. At low RH (<40%), respiratory droplets 

evaporate quickly, forming droplet nuclei (≤5 µm) that remain 

airborne for extended periods, enabling long-range 

transmission [19]. High RH (>80%), in contrast, maintains 

droplet size and promotes rapid settling, which reduces 

airborne persistence but may increase surface contamination 

[20]. Pathogen sensitivity to RH varies: while influenza virus 

is more stable at low RH, others like respiratory syncytial virus 

(RSV) and some coronaviruses persist better at intermediate 

RH (~50%). Mechanistically, humidity influences salt 

concentration and pH within evaporating droplets, which 

affects capsid integrity and viral infectivity. Combined effects 

of RH and temperature also shape aerosol dispersion, 

stratification, and ventilation efficiency in enclosed 

environments, significantly impacting infection risk in settings 

such as AIIRs [21, 22]. Controlling temperature and relative 

humidity helps to reduce the spread and growth of airborne 

pathogens, as illustrated in Figure 1 [23]. 

 

 
 

Figure 1. Influence of relative humidity on the respiratory 

system and the survival of pathogens [23] 

 

Maintaining indoor air temperature and relative humidity in 

healthcare facilities, especially in negative-pressure AIIRs is 

essential. Still, it remains a challenge due to the hot and humid 

climate in Thailand. Conventional air conditioning systems 

often fail to regulate humidity effectively. According to 

ASHRAE STD 170 and CDC guidelines, AIIRs must maintain 

a temperature between 21–24℃ and a relative humidity level 

between 40–60% RH, with a minimum of 12 air changes per 

hour. However, continuous air exhaust and the high humidity 

of incoming fresh air make it difficult to achieve these 

conditions [24, 25]. 

A case study of Betong Hospital, located in Betong district, 

Yala province, Thailand a highland area surrounded by 

mountains with a hot and humid climate and consistently high 

relative humidity throughout the year is illustrated in Figure 2. 

 

 
 

Figure 2. Outdoor air temperature and relative humidity at 

Beong Hospital 

 

 
(a) 

 
(b) 

 

Figure 3. Distribution of temperature and relative humidity 

indoor and outdoor AIIRs 

 

Figures 3 (a)-(b) show the results of the analysis of 

temperature and relative humidity values indoor and outdoor 

the AIIRs with the ASHRAE STD 170 standards. The yellow 

band represents the acceptable range according to the 

standards, which is 21–24℃ for temperature and 40–60% RH 
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for relative humidity. The blue clusters indicate the measured 

temperature and relative humidity values indoor and outdoor 

the AIIRs. These values fall outside the acceptable range 

specified by the standards. 

Under environmental conditions where temperature and 

relative humidity exceed safety thresholds, researchers 

developed an environmental control system for negative-

pressure airborne infection isolation rooms. The system 

regulates temperature and relative humidity using alternating 

silica gel panels for dehumidification and regeneration. Real-

time monitoring ensures continuous environmental 

assessment. The objective of this study is to evaluate the 

performance of an IoT-integrated dehumidification control 

system and its ability to maintain safe environmental 

conditions. It also seeks to understand how effectively the 

system controls humidity and temperature, and which 

indicators best reflect its operational reliability in a clinical 

context. The system effectively reduces airborne infection 

risks from bacteria, viruses, fungi, and dust mites, enhancing 

safety for patients and healthcare personnel. It is especially 

vital during infectious disease outbreaks to support controlled 

environments and reinforce confidence in patient care. 

 

 

2. LITERATURE REVIEW  
 

Hamdani et al. [26] studied an HVAC control system for a 

negative pressure isolation room at Syiah Kuala University 

Hospital. The system was designed to maintain negative air 

pressure and stable airflow to meet infection control standards. 

Results showed that the system effectively maintained safe 

environmental conditions, supporting its role in airborne 

infection prevention. 

Similarly, the work by Mehare et al. [27] evaluated a rotary 

dehumidifier with molecular sieve desiccants operating under 

coupled regeneration mode. This approach optimized moisture 

removal and energy efficiency by leveraging waste heat 

recovery, highlighting desiccant-based systems' potential in 

sustainable humidity control. 

Wang et al. [28] emphasized the need for optimizing airflow 

direction and diffuser placement in AIIRs to enhance negative 

pressure stability and infection control. Their research 

supports the necessity for precision in HVAC component 

configuration. 

In addition, Nie et al. [29] compared novel solid desiccants 

with conventional materials, finding that MIL-101(Cr) 

showed up to six times higher moisture adsorption than silica 

gel, thereby promoting enhanced dehumidification in hospital 

settings. Such findings are critical for improving adsorbent 

selection in AIIRs. 

Urrutia et al. [30] evaluated advanced air purification 

technologies across multiple healthcare environments. Their 

findings demonstrated significant clinical and environmental 

benefits, particularly in reducing airborne contaminants. This 

supports the integration of air purification as a complementary 

measure to conventional HVAC systems. 

Stevenson et al. [31] proposed a paradigm shift in infection 

control, emphasizing airborne transmission as a key route for 

disease spread. Their study reinforced the need for 

environmental systems that prioritize humidity and airflow 

control to reduce pathogen survivability and transmission in 

indoor spaces. 

Building on this, Thornton et al. [32] conducted a 

systematic review focusing on HVAC design features, 

particularly the impact of humidity on viral transmission. The 

study concluded that maintaining relative humidity within an 

optimal range could significantly reduce the viability and 

dispersion of respiratory viruses, including SARS-CoV-2. 

From a control engineering perspective, Bahramnia et al. 

[33] applied model predictive control (MPC) to HVAC 

systems for precise regulation of temperature and humidity. 

Their results highlighted that advanced control algorithms can 

enhance indoor air quality by dynamically adjusting 

environmental parameters based on real-time feedback, 

making such approaches suitable for critical environments like 

airborne infection isolation rooms. 

Thiyaneswaran et al. [34] developed an IoT-based 

temperature monitoring and alert system for vaccination 

containers that integrates sensors and microcontrollers to track 

temperature variations. Their system triggers real-time alerts 

using buzzer and lamp modules when temperature exceeds 

defined thresholds, enhancing rapid response capabilities in 

cold chain applications. 

Similarly, Ali and Khan [35] proposed a multi-methods 

decision-making model to assess IoT platforms for COVID-19 

vaccine transportation. The study highlighted the importance 

of selecting appropriate platforms based on functionality, 

flexibility, and alert capabilities to ensure effective tracking 

and risk management throughout the cold chain process. 

Jiang et al. [36] introduced a sustainable cold chain 

management framework based on IoT, focusing on the 

integration of real-time sensors and cloud-based data storage 

using Firebase. The framework demonstrated how centralized 

monitoring and alerting could maintain consistent 

environmental conditions, contributing to the overall 

resilience of vaccine distribution systems. 

Hassan et al. [37] developed an IoT-based health 

monitoring system that tracks temperature, blood pressure, 

and sleep patterns to support chronic disease management. By 

integrating multiple sensors with cloud-based platforms, their 

system enables real-time data collection, alerts, and remote 

access for healthcare providers. The study emphasizes the 

potential of IoT to reduce hospital visits and improve patient 

outcomes, while also noting challenges such as data security 

and energy efficiency. 

Ghani et al. [38] proposed an AI-based scheduling system 

designed to support rehabilitation and home health monitoring 

for patients with coronary artery disease and other 

cardiovascular conditions. The system integrates IoT data with 

artificial intelligence to optimize monitoring schedules and 

personalize care. Their findings show that AI-enhanced IoT 

applications can improve treatment adherence, reduce hospital 

readmissions, and support long-term health management from 

home. 

Rahita et al. [39] reviewed ten years of research on the 

application of IoT in structural health monitoring. Their 

analysis highlights how IoT technologies have transformed 

monitoring practices through real-time data acquisition, 

remote diagnostics, and predictive maintenance. Although the 

study focuses on infrastructure, its insights underscore the 

adaptability of IoT systems to various domains including 

healthcare by demonstrating the scalability, sensor integration, 

and data-driven decision-making that IoT enables. 

AbdelRaheem et al. [40] presented the design and 

deployment of a synchronized IoT-based structural health 

monitoring system. Their framework demonstrates the 

capability of IoT to provide real-time, coordinated data from 

multiple sensors for enhanced structural analysis. While 
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centered on infrastructure, the study reinforces the broader 

utility of IoT systems in precision monitoring, timely alerts, 

and system integration principles that are equally valuable in 

healthcare and other critical applications. 

Nasution et al. [41] demonstrated that a webcam-based 

contactless respiratory rate monitoring system achieved high 

accuracy and repeatability, particularly when imaging the 

collarbone area. Their findings highlight the potential of low-

cost imaging systems for continuous vital sign monitoring in 

clinical environments. 

 

 

3. METHODS  
 

The study on the operation of airborne infectious isolation 

rooms referenced the ANSI/ASHRAE/ASHE Standard 170-

2017: Ventilation of Health Care Facilities and data from the 

U.S. Centers for Disease Control and Prevention (CDC). It 

also included field data collection at Betong Hospital in 

Betong district, Yala province. Based on this information, the 

researcher applied these findings to the design and 

development of airborne infectious isolation rooms at the 

Department of electrical technology, Yala technical college, 

Mueang District, Yala province, following the guidelines 

established by the Engineering Institute of Thailand [42].  

Figure 4 illustrates the components of an airborne infectious 

isolation rooms designed to control the environmental 

conditions in the room to prevent the spread of airborne 

pathogens to the external environment. The design and 

development of this system concentrate on key aspects, such 

as the design of the relative humidity control system, the 

assessment of humidity dehumidification efficiency, and the 

creation of a monitoring and notifications system. 

Table 1 specifies that air pressure must not exceed -2.5 

Pascals to maintain negative pressure within the room. The 

recommended temperature range is 21–24℃, with relative 

humidity between 40–60%. Additionally, an air change rate of 

at least 12 ACH is required to ensure consistent air exchange 

within airborne infection isolation rooms. 

 

Table 1. Parameters that must be maintained within 

standard limits 

 
No. Parameter Value 

1 Air Pressure < -2.5 Pa 

2 Air Temperature 21-24℃  

3 Relative Humidity 40 – 60% RH 

4 Air Change Rates >12 ACH 

 

 
 

Figure 4. Components of the airborne infectious isolation 

rooms control system 

 

3.1 AIIRs 

 

In this study, researchers constructed an airborne infection 

isolation room with negative pressure in accordance with the 

Model 3 standards of the Engineering Institute of Thailand. 

Figure 5 presents the AIIRs design, while Figure 6 provides an 

image of the actual room.

 

 
 

Figure 5. AIIRs specifications 
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Figure 6. AIIRs based on model 3 of the EIT 

 

 
 

Figure 7. Flowchart of silica gel dehumidification and 

regeneration process 

 

3.2 Control system for dehumidification and regeneration 

 

The environmental control system developed in this study 

employs alternating silica gel panels that function in a cyclical 

process of dehumidification and regeneration. During each 

cycle, one panel adsorbs moisture from incoming air while the 

other undergoes regeneration through the application of heat, 

typically via warm air, to restore its moisture absorption 

capacity. This configuration enables continuous humidity 

control without interrupting airflow or inducing thermal 

instability [43]. Unlike conventional air conditioning (AC) 

systems, which achieve dehumidification as a secondary effect 

by cooling air below its dew point through energy-intensive 

refrigeration cycles, the silica gel system directly targets 

moisture removal [44]. As a result, it delivers higher energy 

efficiency and better environmental stability, particularly in 

AIIRs, where precise humidity control is essential for infection 

prevention and patient well-being [45]. The system’s modular 

design further enhances operational flexibility and adaptability 

under varying environmental conditions [46]. 

The dehumidification and regeneration process using silica 

gel in an environmental control system the dehumidification 

and regeneration process in an environmental control system 

is designed to ensure efficient humidity control by alternating 

between two silica gel units, Silica A and Silica B.  

Figure 7 illustrates the operation of a dual-unit silica gel 

system designed for continuous humidity control. Initially, the 

system measures relative humidity and compares it to 

predefined standards. If the humidity exceeds the threshold, 

Silica A is activated to absorb moisture until saturation. Once 

saturation is reached, Silica A enters the regeneration phase, 

and the system switches to activate Silica B for moisture 

absorption. This alternating process allows one unit to 

regenerate while the other dehumidifies, ensuring 

uninterrupted operation. The cycle repeats until humidity 

levels stabilize within the target range, enhancing 

environmental control efficiency, particularly in critical 

settings such as isolation rooms. 

 

 
 

Figure 8. Dehumidification system using silica gel desiccant 

 

A.D.E.V = Air Damper Electric Valve 

State 1: 

A.D.E.V. 1: ON = position 1-2, OFF, position 3 A.D.E.V. 

3:  

ON, position 1-2, OFF, position 3 

A.D.E.V. 2: ON= position 1-3, OFF, position 2A.D.E.V. 4:  

ON, position 1-3, OFF, position 2 

State 2: 

A.D.E.V. 1: ON = position 1-3, OFF, position 2A.D.E.V. 3:  

ON, position 1-3, OFF, position 2 
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A.D.E.V. 2: ON= position 1-2, OFF, position 3A.D.E.V. 4:  

ON, position 1-2, OFF, position 3 

 

Figure 8 illustrates the overall process of dehumidification 

and regeneration using a dual-panel silica gel system. Air 

damper electric valves (A.D.E.V.) are used to regulate airflow 

throughout the system. Specifically, A.D.E.V. 1 and A.D.E.V. 

2 control the air intake into silica gel panels A and B, 

respectively, while A.D.E.V. 3 and A.D.E.V. 4 manage air 

discharge with two distinct roles. A.D.E.V. 3 directs hot 

exhaust air from the regeneration process out of the system to 

prevent heat accumulation, whereas A.D.E.V. 4 delivers 

conditioned fresh air from the dehumidification process into 

the isolation room. The functions of these valves alternate 

based on the operating cycle. In the dehumidification mode, 

incoming cold air typically below 12℃ with relative humidity 

above 80% RH is passed through a silica gel panel. As the air 

flows through, moisture is absorbed by the silica gel, reducing 

the relative humidity to below 60% RH. During this process, 

the silica gel gradually changes color from blue to pink, 

indicating that it has reached saturation. Once fully saturated, 

the silica gel undergoes a regeneration phase in which hot air, 

approximately 100℃, is passed through the panel to desorb 

the absorbed moisture. The silica gel then returns to its original 

blue color, indicating readiness for the next dehumidification 

cycle. The system is designed to alternate between 

dehumidification and regeneration every 1 hour and 30 

minutes. While one silica gel panel is regenerating, the other 

actively dehumidifies the air, enabling continuous operation 

without interruption. In this experiment, 2 kg of silica gel was 

used, with an air suction velocity of 8.76 m/s and an airflow 

rate of 156 CFM, demonstrating effective and reliable 

humidity control suitable for AIIRs. 

The environmental control system in AIIRs includes a fresh 

air inlet, ante room, and negative-pressure isolation room. 

Filtered air enters to maintain air balance, while the ante room 

adds a barrier against contamination. The isolation room uses 

silica gel panels for humidity control and negative pressure to 

contain airborne pathogens. An electric air damper regulates 

airflow to enhance infection control, as shown in Figure 9.  

 

 
 

Figure 9. Silica gel desiccant-based dehumidification system 

components 

 

3.3 Measuring instruments 

 

Various physical parameters within AIIRs operating under 

negative pressure were systematically measured in this study. 

Temperature and relative humidity were recorded using the 

SL300TH Data Logger, while air velocity was assessed via the 

FLUKE 922 Digital Anemometer. To capture high-

temperature conditions during the regeneration process, a 

YUGO MY-64 multimeter in conjunction with a Type K 

thermocouple was employed. Detailed specifications of the 

measuring instruments utilized are presented in Table 2. 

 

Table 2. Specifications of measuring instruments 

 

Equipment 
Measuring 

Property 
Range Accuracy 

Supco SL300 TH 

Temperature 
Relative 

Humidity Range 

-40℃ to 

158℃ 

RH 0 to 

99% 

+/- 0.5℃, 

+/-2% 

RH 

YUGO 

Series MY-64 with 

Thermocouple 

Tye K 

Temperature 
-20℃- 

1000℃ 
+/-1% 

FLUKE 922 

Digital 

Anemometer 

Air Velocity 

250-

16,000 

fpm 

1-80 m/s 

+/-2.5% 

 

3.4 Measurement data analysis 

 

The mathematical modeling of dehumidification 

performance and Moisture Removal Capacity is described in 

this section [47, 48].  
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The Moisture Removal Capacity (MRC) represents the 

mass flow rate of moisture removed.  
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3.5 Monitoring and notifications system 

 

The monitoring and notification system installed at the 

entrance of airborne infectious isolation rooms (AIIRs) is 

designed to monitor essential environmental conditions, 

particularly temperature and humidity.  

The system collects and processes the data locally before 

transmitting it to a cloud-based platform, allowing for real-

time access and data recording. Current readings are clearly 

displayed on a screen outside the isolation room, enabling 

healthcare staff to quickly assess conditions without entering 

the room. If any value falls outside the defined safety range, 

the system automatically triggers visual and audio alerts to 

inform staff of the abnormality. The structure and function of 

the system are illustrated in Figure 10 which presents the block 

diagram of its operation. 

Figure 11 shows details of the monitoring and alert system 

for airborne infectious isolation rooms (AIIRs). A BME280 

sensor measures temperature and humidity, sending data via a 

Node MCU (ESP32) to Google Firebase for real-time 

monitoring and Google Sheets for record-keeping. If values 

exceed safety thresholds, another Node MCU activates a 
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buzzer and warning light at the room entrance. Users can 

check real-time data via smartphone, allowing quick responses 

to abnormal conditions. The system ensures continuous 

environmental control and enhances safety for patients and 

staff. 

 

 
 

Figure 10. Block diagram of the monitoring and notifications 

system 

 

Figure 12 illustrates the programming process for the IoT 

control system using MIT App Inventor, a visual programming 

tool for developing mobile applications. The image displays 

the block-based commands used to connect and control 

environmental monitoring components, such as receiving data 

from the BME280 sensor via Node MCU and displaying the 

measured values in a user-friendly format on a smartphone 

interface. 

Figure 13 shows the script written in Google Apps Script, 

which is used to manage data transmitted from Firebase to 

Google Sheets in a cloud-based system. This script handles 

data integration from sensing devices, including timestamp 

logging, temperature, and relative humidity values. It also 

provides automatic notifications when measured parameters 

exceed the defined thresholds. This enables system operators 

to monitor the status of airborne infection isolation rooms in 

real time without being physically present. 

 

 
 

Figure 11. Details of the monitoring and notifications system 

 

 
 

Figure 12. Programming with MIT App Inventor for IoT system control 
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Figure 13. Google Apps Script 
 

 

4. RESULTS AND DISCUSSIONS  
 

A temperature and humidity control system was developed 

for airborne infection isolation rooms to maintain conditions 

within 21–24℃ and 40–60% RH, in accordance with 

ASHRAE Standard 55/170-2017 and ISO 7730. The 

experiment, conducted under real weather conditions similar 

to Betong Hospital, ensures accuracy and reliability. 
 

4.1 Dehumidification process for AIIRs 

 

This study presents the development and evaluation of a 

system for precise measurement and control of temperature 

and relative humidity in airborne infection isolation rooms, 

with a focus on the dehumidification process to ensure that 

indoor environmental conditions comply with recommended 

standards. The dehumidification system consists of two 

identical panels, designated as Silica Gel A and Silica Gel B, 

to differentiate their alternating roles in the adsorption 

regeneration cycle. Each panel measures 30 cm × 30 cm and 

is filled with approximately 2 kilograms of spherical silica gel 

beads. The silica gel exhibits an average pore diameter of 2.5 

nanometers, a specific surface area of around 750 m²/g, and an 

equilibrium adsorption capacity of up to 37% of its dry weight 

at 100% relative humidity. These properties enable efficient 

moisture removal from the air in a negative-pressure isolation 

room environment. By operating in alternating cycles where 

one panel adsorbs moisture and the other undergoes thermal 

regeneration using heated air the system maintains continuous 

and stable humidity control [49]. The experimental results of 

the dehumidification process are illustrated in Figure 14. 

The blue line indicates the external relative humidity (78–

85% RH), while the orange line shows the internal humidity 

controlled by alternating Silica Gel A and B. Both gels 

demonstrate similar moisture absorption performance, 

reducing indoor humidity to as low as 45% RH and averaging 

54.37% RH per cycle. Each cycle lasts approximately 1 hour 

and 30 minutes. While one silica gel unit operates, the other 

undergoes heat-based regeneration. This alternating process 

ensures continuous and stable humidity control within the 

isolation room. 

 

 
 

Figure 14. Dehumidification performance using Silica gel A and B 
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Figure 15. Distribution of relative humidity and temperature in AIIRs 

 

 
 

Figure 16. Comparison of humidity ratio in airborne infection isolation rooms with standard values 

 

 

 
 

  

Figure 17. Evaluation of humidity control performance based 

on RH and humidity ratio 

Figure 18. Relationship between adsorption efficiency and 

moisture removal capacity of the humidity control system 
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Figure 15 illustrates that most temperature and humidity 

data points in the isolation room remained within the desired 

range, confirming that the system is effective in maintaining 

stable conditions. While some deviations occurred due to 

external factors, the average temperature and relative humidity 

were 22.63℃ and 54.37% RH, respectively indicating 

consistent environmental control. 

Figure 16 illustrates the comfort zone for temperature and 

humidity ratio in AIIRs. The yellow box marks the acceptable 

range, with the red dashed line at the maximum limit of 0.012 

kg/kg∙da. The measured value, shown by the blue dashed line, 

is 0.00882 kg/kg∙da within standard limits. This confirms 

effective humidity control, supporting infection prevention 

and patient safety. 

 

4.2 Performance evaluation based on relative humidity 

and humidity ratio 

 

The relationship between relative humidity (RH) and 

humidity ratio (HR) is critical for ensuring accurate and energy 

efficient humidity control in AIIRs. RH, being temperature-

dependent, may fluctuate with ambient temperature changes 

and potentially result in misinterpretation when used as a sole 

parameter. For instance, a decrease in temperature may cause 

an increase in RH without any actual rise in moisture content, 

leading to unnecessary dehumidifier activation. In contrast, 

HR is an absolute indicator of moisture content in the air and 

remains stable regardless of temperature variations, providing 

more reliable input for automated control systems. 

Maintaining RH below 60% is also vital, as higher RH levels 

promote microbial growth in HVAC systems, thereby 

increasing the risk of infection. Monitoring both RH and HR 

enables environmental control systems to maintain more 

stable indoor air quality, prevent false system responses, and 

enhance patient safety particularly in tropical climates where 

temperature fluctuations are frequent [50, 51]. 

The scatter plot presented in Figure 17 illustrates a positive 

correlation between humidity ratio (0.0084–0.0094 kg/kg∙da) 

and relative humidity (40–60% RH) within the AIIR. As the 

humidity ratio increases, the relative humidity 

correspondingly rises, indicating the effective performance of 

the humidity control system. While the majority of data points 

align with the expected trend, several outliers are observed 

when the humidity ratio exceeds 0.0092 kg/kg∙da, suggesting 

minor deviations under elevated moisture conditions. 

 

4.3 Adsorption efficiency and moisture removal 

performance 

 

Moisture Removal Capacity (MRC) represents the amount 

of moisture a system can extract per hour, whereas adsorption 

efficiency indicates the system's ability to absorb and retain 

water vapor effectively. Both metrics are critical for evaluating 

the performance of humidity control systems, particularly in 

environments requiring precise regulation. 

Figure 18 shows a strong positive correlation between MRC 

and adsorption efficiency. As MRC increases, so does 

efficiency, with data points forming a consistent linear trend, 

indicating stable and reliable system performance. 

 

4.4 Regeneration process for silica gel desiccant in AIIRs 

 

The regeneration process is essential for maintaining silica 

gel’s moisture adsorption efficiency. In this experiment, heat 

was applied to release retained moisture through thermal 

diffusion. Controlled heating ensured safe desorption without 

damaging the gel. The results of this process are summarized 

below, as shown in Figure 19. 

 

 
 

Figure 19. Temperature variation during the regeneration 

process 
T1: Air inlet temperature 

T2: Air outlet temperature 

T3: Air exhaust temperature

 

  
(a) (b) 

  

Figure 20. Data collection and analysis using Google Sheets 

The moisture desorption process of silica gel begins at 

maximum moisture content, visually indicated by a pink 

coloration. Upon heating to 100℃ (T1), moisture is rapidly 

released, followed by a gradual decline in desorption rate as 

the gel approaches dryness. When fully regenerated, the silica 

gel turns blue, with the entire process taking approximately 55 

minutes. The rear surface of the panel (T2) maintains an 

average temperature of 69℃, while the exhaust air 
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temperature (T3) averages 59℃, reflecting the system's 

internal heat transfer dynamics during regeneration. 

 

4.5 Monitoring and notification system 

 

This system provides real-time temperature, and relative 

humidity data. The information is displayed at the room 

entrance, accompanied by audible alarms and flashing lights 

for notifications. Additionally, the data is accessible in real-

time on smartphones, enhancing the convenience of 

monitoring. 

Figure 20 illustrates effective real-time monitoring using 

Google Sheets. Graph (a) shows stable indoor temperature 

compared to outdoor fluctuations, while Graph (b) shows 

controlled indoor humidity. The system alerts users when 

values exceed limits, enabling timely intervention. 

Table 3 shows real-time monitoring of temperature, 

humidity, and pressure from the environmental sensor system. 

The data includes timestamped entries collected via the 

BME280 sensor and transmitted through the IoT-based 

monitoring platform. 

 

Table 3. Data logging using Google Sheets 

 
Number Sensor Date Time Temperature Humidity Pressure 

2 12/9/2022 0:02:03 23.93 83.25 100,982.92 

1 12/9/2022 0:01:01 27 75.3 100,929.81 

2 12/9/2022 0:03:01 23.93 83.24 100,982.92 

1 12/9/2022 0:02:01 27.03 75.2 100,928.39 

1 12/9/2022 0:03:00 27.04 75.15 100,925.84 

2 12/9/2022 0:04:00 23.94 83.19 100,978.04 

2 12/9/2022 0:05:03 23.95 83.19 100,976.66 

2 12/9/2022 0:06:01 23.96 83.08 100,976.70 

1 12/9/2022 0:05:01 27.07 75.04 100,923.98 

2 12/9/2022 0:07:01 23.97 83.09 100,976.75 

1 12/9/2022 0:06:02 27.10 74.98 100,920.98 

1 12/9/2022 0:07:01 27.11 74.95 100,916.71 

2 12/9/2022 0:08:04 23.97 83.12 100,974.03 

1 12/9/2022 0:06:54 27.11 74.84 100,917.19 

1 12/9/2022 0:07:04 27.12 74.79 100,919.63 

2 12/9/2022 0:09:02 23.98 83.08 100,970.00 

1 12/9/2022 0:08:08 27.13 74.83 100,916.80 

1 12/9/2022 0:09:05 27.14 74.77 100,916.01 

1 12/9/2022 0:10:01 27.15 74.78 100,912.83 

2 12/9/2022 0:11:05 23.98 83.03 100,967.29 

1 12/9/2022 0:11:00 27.15 74.66 100,910.64 

2 12/9/2022 0:12:05 23.98 83 100,969.16 

2 12/9/2022 0:13:03 23.97 83.01 100,968.94 

 

 
5. CONCLUSION  

 

These conclusions underscore the stability of temperature 

and relative humidity within AIIRs, as well as the 

effectiveness of the environmental control system in 

maintaining conditions that comply with recommended 

standards. The study was conducted through a comprehensive 

process of measurement and performance evaluation of an 

IoT-integrated system, which enabled real-time monitoring 

and analysis. The key findings are summarized as follows: 

• Stability of temperature and humidity  

The control of temperature within the AIIRs at 22.63℃ and 

relative humidity at 54.37% RH complies with ASHRAE 

Standard 55/170-2017 and ISO 7730. These values indicate 

thermal comfort and effective room temperature and humidity 

regulation. The ability of the system to maintain this stability 

significantly reduces the risk of airborne infection 

transmission. 

• Relationship between humidity ratio and relative 

humidity 

The system demonstrates a positive correlation between the 

humidity ratio and relative humidity within the AIIRs. This 

relationship reflects the responsiveness of the system to 

changes in humidity levels and highlights its effectiveness in 

managing and maintaining the desired humidity conditions. 

 

• Monitoring and notifications 

The system provides real-time monitoring through Google 

Sheets and Apps Script, enabling remote access and 

management of environmental conditions. Automated alerts 

via smartphone notifications and on-site alarms ensure timely 

corrective actions, enhancing operational efficiency and 

environmental control in AIIRs. 
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NOMENCLATURE 

 

RH Relative humidity 

MRC Moisture removal capacity (Kg/h) 

ηdeh Dehumidification effectiveness  

V Velocity (m/s) 

𝜔1 Inlet humidity ratio (kg / kg dry air) 

𝜔2 Outlet humidity ratio (kg / kg dry air) 

Greek symbols 

 

𝜌 density of air (kg/𝑚3)  

𝜔 humidity ratio (kg / kg dry air) 

 

Subscripts 

 

p dehumidification 

w water vapour 

da dry air 
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