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Abstract. The objective of this work is to develop an 

airborne infection isolation room (AIIR) with the air control 

system. The commercial sensors and the proportional 

integral derivative (PID) control were used in the control 

system. All sensors were calibrated before use for the 

system. User interface was developed by using LabVIEW. 

Key parameter for design of the control system was 

capability of pressure reduction, i.e. -2.5 Pa. Flow 

distribution in the AIIR with the variation of outlet position 

at 10, 60 and 100 cm height was also analyzed to find 

proper position. From design and development of the 

system, the tests showed that from the start of operation, the 

system with PID control decreased room pressure to each 

setpoint, i.e. -2.5, -4 and -6 Pa, in 15 seconds and 

maintained the pressure at the setpoint with stability. The 

outlet at 10 cm height showed low level of air dispersion 

and turbulence, while 60 cm height provided back flow and 

high dispersion of air. 
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1. Introduction 

The rapid spread of viral infectious diseases, 

Coronavirus Disease 2019 or COVID-19, occurred in a wide 

area around the world [1], including in Thailand. Medical 

resources preparation is essential to deal with this situation 

[2]–[5]. COVID-19 is a respiratory disease. It is necessary 

to separate the patient in a single negative-pressure room 

with one-way ventilation to prevent germs from the patient 

spreading to others. The ventilation principle in the room 

must not flow as a typical air-conditioned room. Usually, 

the negative pressure room for air infection patients is the 

single patient room with severe symptoms.  

The pressure in the room can be controlled by the 

proportional integral derivative (PID) control if used closed 

loop control cannot control pressure. As shown in the 

previous works, PID controller and other techniques were 

applied to control the pressure of the sleep device. This 

control concept successfully balanced the pressure [6]. Li et 

al. [7] also showed that PID control can tackle the tuning 

parameters to improve the quality of indoor air. Other 

successful works using PID control are available in [8]–

[11]. 

The negative-pressure rooms available in hospitals are 

still limited compared to the increasing of patients and the 

spread throughout the country. Therefore, it is important to 

prepare urgent medical facilities to accommodate these 

numbers of patients. Although the situation of Covid-19 

epidemic has a tendency to reduce the number of infections 

at present and also Thailand has declared it as an endemic 

disease. But being prepared to add a negative pressure 

chamber is also very necessary [12], especially the 

development and construction of low-cost airborne isolation 

rooms. Therefore, this study aims to develop an airborne 

infection isolation room with the air control system. 

2. Methodology 

2.1 Sensor and Calibration 

The available commercial sensors are used for a 

negative pressure room. The parameters from sensors need 

to be calibrated such as temperature, humidity and pressure. 

The sensor specifications have been shown by Table 1. 
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Sensor Specification 

Number Features Range Accuracy 

TMP36 
Temperature 

Sensors 
-40 to150°C ± 1 C 

AMT2001 
Humidity 

Sensor 
0~99 RH ± 0.5 % 

XGZP164 Pressure Sensor -1 to 1 kPa ± 0.3 Pa 

Table 1 Sensor specification 

 

These sensors were calibrated in the microclimate 

control room, where air temperature and relative humidity 

can be controlled separately. The calibrations of temperature 

and humidity had been conducted in 5 repetitions at level of 

confidence 95%. The Non-inverting Amplifier (IC Op amp 

LF353) was used to amplify the system with the gain of 8. 

The low-pass filter at 50 Hz was used to screen the error and 

noise. 

In this research, the pressure difference between the 

isolate room and the ambient was measured. The pressure 

range of 0 – 10 Pascal was designed. The minimum value of 

negative pressure is at 2.5 Pa. To design the low-pressure 

measurement, the technique of inclined manometer at 1:10 

degree is sin (9
o
) has been applied as shown in Fig. 1. Water 

temperature is at 25 C and density of 997 kg/m
3
. Pressure 

was calculated by equation (1): 

∆P = ρ g sin(θ) ∆h                                                  (1) 

From the sensor calibrations of temperature, humidity 

and pressure, the relationship between these three 

parameters and voltage are along the linear equation of y = 

ax + b. The equations are used with LabVIEW program to 

display on a computer and control the room. 

2.2 Experimental Setup 

This work is to design and build an automatic air control 

system in a negative pressure room. The prototype will be 

applied to the fieldwork negative pressure room. The design 

was based on studies in a variety of operating conditions. 

The parameters or experimental conditions will be adjusted 

in accordance with the characteristics of Thailand weather 

conditions. In addition, production costs, operating costs, 

maintenance costs, and energy costs will be analyzed 

together with the performance of the prototype for the 

possibility of further use in the industrial sector. 

For the pressure control principle, inlet air blower was 

set at a constant speed. Flow and pressure inside the room 

was controlled by adjusting the speed of outlet air blower. In 

order to obtain an additional rate of outside air in the range 

over 12ACH and the pressure inside the room is negative 

less than 2.5 Pa or the specified value, the outlet air blower 

was controlled. It was relied on the air flow sensor F2 and 

the pressure sensor P1 which measure the difference 

pressure between the atmospheric pressure and the pressure 

inside the room. The signals were sent to the controller C2, 

data acquisition D1 and to computer to be calculated. The 

computed data sent signals back to data acquisition D1 and 

controller C2 to adjust the speed of motor at C4 according to 

the settings on the computer as shown in Fig. 2. 

 

 

Fig. 1  Inclined manometer at 1:10 degree 

 

 

Fig. 2 Measurement and control system design. 
 

To design and construction control system, control 

commands will be programmed. Proportional Integral 

Derivative Control (PID) was used to display and control 

the pressure value to be in accordance with the specified 

values and in accordance with the standards [10]. The 

advantage of PID control is that system will adjust the error 

of the controlled value to be close to the desired value by 

relying on the results feedback of the data until a stable 

control value is obtained. This makes PID control more 

accurate and stable as shown in Fig. 3. The system is 

displayed and can be controlled at the computer screen as 

shown in Fig. 4. Pressure, temperature and humidity 

information are displayed and recorded. It has capable to 

adjust the pressure, air condition and lighting control. 

Experimental conditions at -2.5 to -6 Pa with adjustment of 

Kc, Ti and Td as shown in ผดิพลาด! ไม่พบแหล่งการอ้างอิง. 

 

Fig. 3  Pressure setting conditions with PID control. 
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Fig. 4 User interface. 

 

Parameter Value 

Pressure (Pa) -2.5, -4, -6 

PID setting condition 

Kc 1, 1.4 

Ti 0.01, 0.015 

Td 0.001 

Table 2 Experimental Condition 

2.3 Air Flow Simulation in the AIIR 

Computational fluid dynamics (CFD) was used to 

analyze flow pattern in the AIIR to find the proper position 

of the outlet. In this work, the proper position of the outlet 

was studied by changing the height from 10, 60 and 100 cm 

above the floor, while the inlet was kept at a position on the 

ceiling. The position of outlet was on the wall behind the 

patient. However, the model of patients and bed were not 

put in simulation because this work focused on the control 

system. The model of patients and bed are considered in the 

future works. The dimension of model is 2.44 m width × 

3.27 m length × 2.77 m height as shown in Fig. 5 and the 

boundary conditions as shown in Table 3. 

 

Inlet Outlet 

Duct sizing 0.9 m2 

Cartesian (X,Y,Z) 

U = 0 m/s, V = 3 m/s ,W = 0 m/s 

T= 300 K 

Standard k-ɛ 

Duct sizing 1.2 m2 

Fixed Pressure 

Gauge Pressure = 0 

T =300K 

Standard k-ɛ 

Table 3 Boundary conditions 

 

The governing equations used are shown in equation 

(2) to (4): 

   
  
   (  )                        (2) 

 

  
(  )    (   )        ( )              (3) 

 

  
(  )    ( (    ))    (      )           (4) 

 

Fig. 5 Model of the airborne infection isolation room for simulation. 

 

Where , t, v, p,   , g, F, E,  keff, T and Sh  are density, 

time, flow velocity, pressure, stress tensor, gravity, 

momentum sink term, total energy, effective conductivity, 

temperature and volumetric heat source, respectively. The 

assumption referred to [13] to reduce the calculation 

complexity. The flow in AIIR was steady, incompressible 

flow and no slip wall condition. The inlet velocity used for 

simulation was 0.25 m/s with the turbulence intensity of 

2%. The atmospheric pressure was assigned for the outlet. 

The convergence criterion is the residual error of variables 

less than 0.0001. The iteration number was 5,000 cycles. 

For illustration, the center room-cut plane showing in Fig. 6 

was used to represent air flow in the AIIR. 

 

Fig. 6 The plane for illustration at the center of the AIIR. 

 

As shown in the figure of flow distribution, the velocity 

at the inlet and outlet was different, because of the 

difference of flow area. However, the flow rates at the inlet 

and outlet are similar with the residual error less than the 

order of 10-6 kg/s as shown in the mass flow summary 
below shown in Fig. 7. 
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Fig. 7 The mass flow summary below 

3. Results and Discussion 

3.1 Calibration of Sensors  

The results of temperature sensor calibration (TMP36) 

are shown in Fig. . The Non-inverting Amplifier, IC Op 

amp LF353, was used with the gain of 8. The low-pass 

filter, 50 Hz, was used to measure the error and noise; 

including the linear equation, confidence value and error of 

measurement.  
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Fig. 8 Comparison of voltage and temperature sensor tmp36 at humidity 
60% 

 

The humidity calibration at temperature of 25 
o
C is 

shown in Fig. 9. The signal was amplified with the gain of 3 

and filtered through the 50 Hz low-pass filter.  
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Fig. 9 Comparison of voltage and humidity sensor AMT2001 at 25oC 

 

Since the negative pressure was low, the pressure 

measurement was designed at most 10 Pa by IC 

Instrumentation Amplifiers INA129 as shown in Fig.10. 

The Signal amplifying with the gain of 5,000 and the low-

pass filter, 50 Hz, were used. 
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Fig. 10 Comparison of voltage and water difference 

 

From the experimental results, it was found that when 

the pressure was adjusted at -2.5 to -6 pa and also adjusted 

Kc = 1, Ti = 0.01 and Td = 0.001 by LabVIEW. The 

overshoot and undershoot had occurred along the pressure 

range at 6 to 12 second respectively before entering the set 

pressure. when changed the values to Kc = 1.4, Ti = 0.015 

and Td = 0.001, entering the set pressure did not show the 

overshoot or overshoot. That means the Kc and Ti values 

effect the convergence as shown in 11. 
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Fig. 7 Pressure on step response 

3.2 Effect of Outlet Position on Flow Pattern 

in AIIR 

Flow distribution change due to the position of outlet 

is shown in Fig.12. As expected, it is clear that the 

difference of outlet position resulted in flow pattern. Air 

stream from the inlet can partially move to the outlet in case 

of outlet height of 10 and 60 cm in Fig.  (a) and (b), 

respectively. The direction of flow will pass the position of 

patient head (around 60 cm height and near the right wall). 

The outlet at 10 cm height provided downward flow and 

move out of the room which is good to control germ 

dispersion, while air stream in case of the outlet at 60 cm 

height hit the corner of the room and move backward along 

the floor air resulting in swirl near to the opposite wall. For 

outlet height of 100 cm, air was highly dispersed to 

everywhere in the room with backward pattern. This was 

worst for the AIIR because it is possible that germ from the 

patient and the floor can be dispersed by high dispersion of 

air. From the simulation, the outlet at 10 cm height was 

recommended for this work. Flow distribution in the AIIR 

y-cut as shown in Fig.13(a)-(c). 

4. Conclusion 

PID control was applied to the control system. Low-

cost operating system can reduce the room pressure as low 

as -6 Pa. For the operations, the control system successfully 

maintained room pressure at the desired setpoint. The outlet 

at 10 cm height was recommended for the AIIR to reduce 

the air dispersion in the room.  

The future works extending from this work were 

planned. The first work will focus on the control system 

with low-cost operating system for multiple AIIRs, followed 

by the system parametric study to enhance the performance 

and the energy efficiency of the system. In addition, flow 

analysis with the complexity of the model, including 

patients, doctor or nurse and objects in the room, will be 

considered. 

 

 

 

Fig. 12 Flow distribution in the AIIR x-cut at outlet height of (a) 10 cm, (b) 

60 cm and (c) 100 cm. 

 

 

 

 

Fig. 13 Flow distribution in the AIIR y-cut at outlet height of (a) 10 cm, (b) 

60 cm and (c) 100 cm. 
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