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Abstract 

This paper proposes a fuzzy logic algorithm that evaluates the indoor environmental conditions on 
an urban bus specifically in Metro Manila. This algorithm identifies the value of three indexes: IAQI, 
TCI, and CO2. The Indoor Air Quality Index (IAQI) quantifies the level of indoor air quality of the 
bus. CO2, CO, NO2, O3, TVOC, and PM10 are the input parameters for the fuzzy logic system that 
will determine IAQI. Thermal Comfort Index (TCI) quantifies the indoor thermal condition in four 
levels. The indoor temperature and humidity are the input parameters for the fuzzy logic system that 
will determine TCI. The fuzzy logic program in this study is designed mainly for the bus ventilation 
control system. The created FLS program was able to give good results. The observations from the 
program were the following: as the indoor air pollutants increased, the IAQI decreased; as the level 
of thermal parameters increased, the TCI decreased; and as the CO2 level and temperature increased, 
the number of passengers also increased. 
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Introduction 
Carbon dioxide is a colorless and odorless molecule that consists of one carbon and two 
oxygen atoms. These atoms are covalently bonded which means that an electron is shared 
between the atoms. Carbon dioxide makes up approximately 0.04% of the atmosphere and 
although this gas is not needed by humans, plants that produce oxygen, use carbon dioxide 
during photosynthesis and convert the carbon into sugar (glucose), a process called 
fixation. Humans indirectly benefit from carbon dioxide after all. The two general sources 
of carbon dioxide are natural and human. Natural sources come from environmental 
occurrences that happened without human intervention. Decomposition, ocean release, and 
respiration are some of the examples of these natural sources. Human sources come from 
human acts. Some of these acts are the burning of fossil fuels, deforestation, and industrial 
processes. A high concentration of carbon dioxide causes it to act as a greenhouse gas. 
Greenhouse gases trap heat below the atmosphere which eventually contributes to global 
warming. 

Carbon dioxide is an essential indicator of indoor air quality. A study shows that the 
correlation between the carbon dioxide concentration and ventilation index is significantly 
negative which means that as carbon dioxide increases, ventilation declines [1]. In a study 
done in Michigan schools, the rate of ventilation was acquired using carbon dioxide and the 
number of occupants as parameters [2]. 

Ventilation has a great influence on indoor air quality, thermal comfort, and health. 
Carbon dioxide is usually associated with the ventilation rate of the occupants and the number 
of bio effluents. Some researchers found out that complaints about indoor air quality in an area 
are due to high carbon dioxide concentration and low ventilation rates [3].  
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A study on a mixed-mode ventilation system proposed the evaluation of outdoor 
environmental factors (humidity, temperature, and pressure differential) to determine if the 
outside condition is acceptable for the operation of natural ventilation in a specific type of 
building [4].  

More than half of a person’s lifetime is spent indoors. Many health hazards 
invisibly harm every human inside a closed area. Human health and labor productiveness are 
greatly affected by the indoor environment which is affected by several factors: ventilation, 
pollutants, humidity, temperature, and air exchange rates [5]. Six pollutants and two thermal 
quality indicators will be considered in this study. The pollutants are carbon dioxide (CO2), 
carbon monoxide (CO), Nitrogen Dioxide (NO2), Ozone (O3), Total Volatile Organic 
Compounds (TVOC), and PM10. The two indoor conditions are the indoor temperature and 
humidity of the bus. The parameters chosen for this study are based on the study done by 
Dionova et al. (2020) [6]. 

 

Figure 1. Idea map of the study 

Above is the idea map for this study (Figure 1). First, data about average 
concentrations of air pollutants and thermal quality indicators inside a bus that were observed 
in previous studies will be collected. This can be useful in setting the minimum and 
maximum values of the indoor air quality and thermal quality parameters. Next is to generate 
the threshold values of these parameters which will then be followed by the identification of 
membership functions. For the parameters of thermal quality and thermal condition index 
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(TCI), the classifications will be most comfort, comfort, not comfort, and least comfort. For 
the parameters of indoor air quality and IAQI, the classifications will be good, moderate, 
unhealthy, and hazardous. The IAQI and TCI will be determined using fuzzy rules which 
will then be discussed in the next section. The number of passengers will also be determined 
using the fuzzy method with CO2 and temperature as determining factors. Lastly, a fuzzy 
logic program will be designed using MATLAB. This FLS program will be used in a 
complementary study that aims at controlling the bus ventilation system using the IAQ and 
TQ factors used in this study. 

In this study, a fuzzy logic system that can be utilized for urban bus ventilation 
controllers will be designed. The evaluation of IAQI and TCI in this study is different from 
the study of Dionova et al. (2020) in such a way that the IAQI will be determined by six 
pollutants instead of the four pollutants. The previous study (Dionova et al., 2020) used CO2, 
CO, NO2, and O3 for the evaluation of IAQI. PM2.5, VOC, Temperature, and Humidity were 
used for determining TCI. In this study, VOC and PM2.5 will be eliminated from the input 
parameters for TCI because these criteria do not primarily define the status of thermal 
comfort instead, these can be more applicable in determining indoor air quality as these 
(VOC and PM2.5) share compositions in air content. Total Volatile Organic Compounds 
(TVOC) and PM10 were included in the input parameters for IAQI.  TVOC stands for Total 
Volatile Organic Compound. Different compounds can be classified as VOCs and the term 
TVOC is used to be more specific. Examples of VOCs are benzene, toluene, ethylbenzene, 
O-xylene, and many more. In this study, it is specified that the total amount of all types of 
VOCs will be measured. PM2.5 is changed to PM10 because the amount of PM10 is related to 
the amount of PM2.5 and coarse particles which means that it acts as a representative for other 
types of particulate matter [3]. Thermal Comfort Index (TCI) is to be determined by only 
two parameters: temperature and humidity. 

Theory 

Pollutants Exposure Limits and Ranges of Concentration Inside Buses 
The range of the membership functions of the pollutants is based on previous studies. 
Although the membership functions that are used in this study are based on the study of 
Dionova et al. (2020) [6], the exposure limits of the pollutants are reviewed to know if the 
threshold values used by the said study apply to urban buses. The exposure limits will be the 
basis for acceptable indoor air quality conditions. Table 1 shows the exposure limits of CO2, 
CO, NO2, and O3. The standards are taken from Health Canada Exposure Guidelines for 
Residential Indoor Air Quality (Canadian), ASHRAE, OSHA, WHO, and U.S. EPA 
National Ambient Air Quality Standards (NAAQS/EPA)  

Table 1. Exposure Limits Based on Different Standards 

CO2 (ppm) CO (ppm) [7] NO2 (ppm) [7] O3 (ppm) [7] 

1000 (ASHRAE 
& OSHA) 

5000 (OSHA) [7] 
 

25.0 (1 h) (Canadian) 
28.0 (1 h) (WHO) 

35.0 (1 h) (NAAQS/EPA) 
35.0 (NIOSH REL) 

50.0 (OSHA) 
25.0 (ACGIH) 

0.09 (1 h) (Canadian) 

1 (15 min) (NIOSH REL) 
5 (C) (OSHA) 

0.02 (8 h) (Canadian) 

0.2 (<= 2h) ACGIH 
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Table 2 shows the average concentrations inside buses in different countries. The 
range of CO2 concentration is based on the thesis study of Allana, Docta, Javier, Ong, & 
Razo (2016) [8]. Although this study is not published, the researcher himself (Allana) was 
part of the group who conducted the said study so the data that will be used for this study is 
reliable. The other air pollutants (CO and NO2) were taken from other studies [9][10].  

Table 2. Average Concentration of Air Pollutants Inside a Bus Based on Previous 
Studies 

CO2 (ppm) CO (ppm) [9] NO2 (ppm) [10] O3 (ppm) 

1000–8000 
(Phl)[8] 

 

2.00 (HK) 
30.2 (Mexico) 
11.6 (Taipei) 

8.20–10.0 (Denver) 
4.00–8.00 (Washington) 

0.0150–0.0310 (Texas) 
0.0304–0.1170 (L.A.) 

0.0440 (Sydney) 
0.0690 (Hong Kong) 

0.1080 (Paris) 
0.0310 (Perth) 

0.0709 (Birmingham) 

No study was 
found. 

Table 3 shows the average values of thermal quality indicators and indoor air 
pollutants. These numbers were taken from previous studies that involved urban buses. The 
first two columns show the average values of TCI input parameters. The third column shows 
the average values of TVOC taken from three countries [11][12][13]. There are no values 
shown in the fourth column because there were no studies found that provide PM10 
measurements inside a bus. 

Table 3. Average Values of Thermal Quality Indicators and Indoor Air Pollutants 
Inside a Bus Based on Previous Studies 

Temperature 
(℃) 

Humidity 
(%) 

TVOC PM10 

20–30[8] 40–60[8] 195.00 µg/m3 (Taegu,Korea) [11] 

2164.2 µg/m3 (Taipei, Taiwan) [12] 

53.000 µg/m3 (Prague, CR) [13] 

 

Table 4 shows the range of TVOC with the level of acceptability based on human 
health hazards. The data used in Table 4 is taken from [14]. This data is used as a reference 
for the membership function of TVOC. 

Table 4. Acceptable TVOC Levels that a Person can Inhale [14] 

TVOC Level mg/m3 Level of Concern 

< 0.3 mg/m3 Low 

0.3 to 0.5 mg/m3 Acceptable 

0.5 to 1 mg/m3 Marginal 

1 to 3 mg/m3 High 
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Table 5 shows the exposure limits of PM10 based on different standards [15][16]. 
These values are used as the basis for the membership function of PM10 which is necessary 
for generating a fuzzy logic system.  

Table 5. Exposure Limits of PM10 Based on Different Standards 

Standards PM10 Exposure Limit 

European Union [15] 

 

National Ambient Air Quality Standard [16] 

California Ambient Air Quality Standard [16] 

50.00 µg/m3 (24 hrs. averaging period) 
40.00 µg/m3 (1-year averaging period) 

150.0 µg/m3 (24-hour average) 
50.00 µg/m3 (24-hour average) 

Threshold Values 
The threshold values for the parameters were taken from the study of Dionova et 

al. (2020) [6]. The values were reviewed and adjusted for urban bus applications. Table 6 
shows the IAQI parameters (CO2, CO, NO2, O3, TVOC, and PM10) and how they will be 
defined in four levels (Good, Moderate, Unhealthy, and Hazardous). The range of CO2 
concentration is increased to 8000 ppm because the highest recorded level of CO2 almost 
reached 8000 ppm (Figure 4). The other parameters were reviewed. The basis in determining 
the threshold points for CO2, CO, NO2, and O3 are from the data presented in Table 1 and 
Table 2. The value of a parameter will fall under “good” or “moderate” membership if it is 
within the standards stated in Table 1. Meanwhile, the basis in determining the threshold 
points for TVOC and PM10 are the data presented in Tables 3 to 5. All values on the first row 
correspond to “Good” membership. All values on the second row correspond to “Moderate” 
membership. All values on the third row correspond to “Unhealthy” membership. All values 
on the last row correspond to “Hazardous” membership. 

Table 6. Threshold Points for IAQI Parameters 

CO2 

(ppm) 
CO 

(ppm) 
NO2 

(ppm) 
O3 (ppm) TVOC 

(mg/m3) 
PM10 

(mg/m3) 
IAQI Membership 

0–606 0–2 0–0.025 0–0.028 0.0–0.3 0.00–0.03 1–1.5 Good 

520–1020 1.8–8.5 0.02–0.2 0.025–
0.055 

0.3–0.5 0.02–0.05 0.5–1 Moderate 

800–1520 7–10 0.09–0.4 0.05–0.08 0.40–1.1 0.04–0.16 0–0.5 Unhealthy 

1480–
8000 

9–50 0.3–5 0.076–0.1 1.0–3.0 0.15–0.20 -1.5–0 Hazardous 

The temperature and humidity are adjusted based on the data recorded by the 
researcher’s previous study on urban buses [8]. Table 7 shows the TCI parameters 
(Temperature and Humidity) and how they will be defined in four levels (Most Comfort, 
Comfort, Not Comfort, and Least Comfort). All values on the first row correspond to “Most 
comfort” membership. All values on the second row correspond to “Comfort” membership. 
All values on the third row correspond to “Not comfort” membership. All values on the last 
row correspond to “Least comfort” membership. 
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Table 7. Threshold Points for TCI Parameters 

Temperature (℃) Humidity (%) TCI Membership 

20.0–25.0 40.0–45.0 2.25–3.00 Most Comfort 

24.0–27.0 45.0–51.0 1.50–2.25 Comfort 

26.0–28.0 50.0–55.0 0.750–1.50 Not Comfort 

27.5–30.0 54.0–60.0 0.00–0.75 Least Comfort 

The threshold points presented in Table 8 (for the number of passengers) are based 
on the researcher’s data which can be seen in Figures 4, 5, and 6. The researcher 
approximately decided what the values will be for a given membership function. The full 
capacity of an urban bus is 50 passengers. The indoor CO2 concentration and temperature 
will serve as input parameters for a fuzzy logic system that will determine the number of 
passengers inside the bus. This method of determining the number of passengers is supported 
by the chart shown in Figures 4 and 5. In Figure 4, the average CO2 concentration increased 
as the number of passengers increased. Same with Figure 5 where temperature also increased 
as the number of passengers increased. The fuzzy rules were designed and calibrated based 
on the actual data gathered by the researcher. The membership labels of CO2 and passengers 
are combined in the third column of Table 8. The membership labels of CO2 concentration 
are divided into eight (1k, 2k, 3k…8k). The same goes for membership labels of the number 
of passengers (0–20, 10–30, 20–40… 70–80). 

Table 8. Threshold Points for The Number of Passengers and its Input Parameters 

CO2 
(ppm) Passengers Membership 

(CO2) 
Membership 
(Passengers) 

Temperature 
(℃) Membership 

0–2000 0.0–20 1k 10 20–25 Low 

1000–3000 10–30 2k 20 24–29 Medium 

2000–4000 20–40 3k 30 28–30 High 

3000–5000 30–50 4k 40 
  

4000–6000 40–60 5k 50 
  

5000–7000 50–70 6k 60 
  

6000–8000 60–80 7k 70 
  

7000–8000 70–80 8k 80 
  

Fuzzy Rules for IAQI and TCI 
The fuzzy rules for determining IAQI and TCI in Tables 9 and 10 are based on fuzzy rules 
created by Dionova et al. (2020) [6]. The fuzzy logic system is generated using MATLAB. 
The second column of Table 9 represents the membership of CO, NO2, and TVOC. The 
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second row represents the membership of CO2, O3, and PM10. The remaining table (with font 
color black) determines the IAQI membership. The rules are used in this manner, for 
example, if the measured values of CO/NO2/TVOC (with font color green) fall under “Good” 
membership and the values of CO2/O3/PM10 (with font color red) fall under “Moderate” 
membership then the IAQI will be equivalent to “Moderate”.  

Table 9. Fuzzy Rules for IAQI 

  
CO2/O3/PM10 

  
Good Moderate Unhealthy Hazardous 

CO/NO2/TVOC 

Good Good Moderate Moderate Unhealthy 

Moderate Moderate Moderate Unhealthy Unhealthy 

Unhealthy Moderate Unhealthy Unhealthy Unhealthy 

Hazardous Unhealthy Unhealthy Unhealthy Hazardous 

In table 10, the second column (with font color green) represents the membership 
of temperature. The second row (with font color red) represents the membership of humidity. 
The remaining table (with font color black) determines the membership of TCI. The fuzzy 
rules for TCI follow the procedure in the fuzzy rules for IAQI (Table 9). 

Table 10. Fuzzy Rules for TCI 

  
Humidity 

  

Most 
Comfort Comfort 

Not 
Comfort 

Least 
Comfort 

Temperature 

Most 
Comfort 

Most 
Comfort Comfort Comfort 

Not 
Comfort 

Comfort Comfort Comfort 
Not 

Comfort 
Not 

Comfort 

Not 
Comfort Comfort 

Not 
Comfort 

Not 
Comfort 

Not 
Comfort 

Least 
Comfort 

Not 
Comfort 

Not 
Comfort 

Not 
Comfort 

Least 
Comfort 

The fuzzy rules for determining the number of passengers are presented in Table 
11. The number of passengers depended more on the CO2 concentration than the temperature 
because the temperature is affected by the weather and air-conditioning system whereas CO2 
is greatly affected by the number of passengers. There is a correlation between CO2 level 
and the number of passengers since the passengers of the bus greatly contribute to the CO2 
production inside the bus. 
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Table 11. Fuzzy Rules for The Number of Passengers 

Fuzzy Rules: Number of Passengers 

  Temperature (℃)  

  Low Medium High 

CO2 (ppm) 

1k 10 10 20 

2k 10 20 30 

3k 20 30 40 

4k 30 40 50 

5k 40 50 60 

6k 50 60 70 

7k 60 70 80 

8k 60 70 80 

Methodology 
The design of the Fuzzy Logic System (FLS) found in Figure 2 is based on the study of 
Dionova et al. (2020) [6]. The parameters are grouped into two, namely, IAQI and TCI. IAQI 
stands for Indoor Air Quality Index while TCI stands for Thermal Comfort Index. The input 
parameters under IAQI are CO2, CO, NO2, O3, TVOC, and PM10. The input parameters 
under IAQI are grouped into three fuzzy logic systems (FLS). IAQ1 is the first FLS that will 
evaluate CO2 and CO. IAQ2 is the second FLS that will evaluate NO2 and O3. IAQ3 is the 
third FLS that will evaluate TVOC and PM10. After getting the IAQI values for each group, 
the values will be added up. The total sum of IAQ1, IAQ2, and IAQ3 is the IAQI. The 
temperature and humidity are used to determine the TCI.  

 

Figure 2. Fuzzy Logic System 
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Results 
The researcher together with his (undergraduate) colleagues researched the ventilation 
assessment inside a public urban air-conditioned bus in Metro Manila. The route of the buses 
in the study is in EDSA. The researchers used a measuring device called CO2 Meter 
(Benetech GM8802 Carbon Dioxide Meter) that has an actual range of 0–8200 ppm with the 
basic error of ± 50 ppm and response time < 30 seconds (Figure 3). It can also measure 
humidity and temperature. The measurements were monitored in the front, middle, back, and 
outside of the bus in three different parts of the day (morning, noon, and evening). The data-
gathering is conducted for six non-consecutive days (February 17, 2016 to March 20, 2016) 
[8]. The gathered data are the sources of the charts illustrated in Figures 4, 5, and 6.  

 

Figure 3. Benetech GM8802 carbon dioxide meter 

The membership function for carbon dioxide concentration and the number of 
passengers is based on the researcher’s thesis study. In their study, the CO2, temperature, 
and humidity readings were gathered in the front, middle, and back parts of the bus. The CO2 
level outside the bus was also recorded. Figure 4 illustrates the level of CO2 concentration 
for a particular range of passengers. It can be concluded that as the number of passengers 
increases, the CO2 concentration inside the bus also increases [8]. 

 

Figure 4. Average CO2 concentration as a function of the number of passengers inside an 
air-conditioned urban bus [8] 
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In Figure 5, a discrepancy can be seen in the domain of 0–10 passengers because 
the temperature is quite high compared to the temperature for 11–20 passengers. The 
temperature for a lesser population should be lower than the temperature with a higher 
population because humans generate heat. The discrepancy can also be seen in ranges 61–
80 (population) wherein the temperature is lesser than the lower ranges of the population. 
The errors in Figure 5 might be caused by the small quantity of data recorded in these 
domains of data. During the gathering of data, buses having ranges of 0–10 and 71–80 
passengers rarely happened. Having a small amount of data to compare can affect the 
accuracy of the parameter being measured. In this study, an average temperature setting is 
assumed at 25 to 26 ℃ for 0–10 passengers and about 28–30 ℃ for 61–80 passengers. 

 

Figure 5. Average temperature as a function of the number of passengers inside an air-
conditioned urban bus [8] 

In Figure 6, it can be seen the humidity inside the bus is maintained between 40% 
and 60%. The lowest humidity is recorded when the bus had 0–10 passengers. The humidity 
exceeded 50% when the number of passengers inside the bus ranged from 61–80. 

 

Figure 6. Average humidity as a function of the number of passengers inside an air-
conditioned urban bus [8] 
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The main result of this study is a fuzzy logic program that was generated using 
MATLAB. Figure 7 shows the MATLAB rule viewer made for determining IAQ1 and IAQ2. 
CO2 and CO are the input parameters for IAQ1. For IAQ2, the input parameters are NO2 and 
O3. Figure 8 shows the MATLAB rule viewer for IAQ3 and TCI. The input parameters for 
IAQ3 are TVOC and PM10. For TCI, the input parameters are temperature and humidity. 
Figure 9 illustrates the MATLAB rule viewer for determining the number of passengers. The 
input parameters used to determine the number of passengers through fuzzy logic are the 
indoor CO2 concentration and temperature. 

 

Figure 7. MATLAB rule viewer for IAQ1 (left) and IAQ2 (right) 

 

Figure 8. MATLAB rule viewer for IAQ3 (left) and TCI (right) 

 

Figure 9. MATLAB rule viewer for the number of passengers 
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The rule viewer of MATLAB is used to enter different input values to see the 
results. In Table 12, different input values of IAQ1, IAQ2, and IAQ3 are entered into the rule 
viewer to see the IAQ results and to examine how the FLS will function. Input values that 
exemplify each membership status are simulated in four cases: Case 1 - Good, Case 2 - 
Moderate, Case 3 - Unhealthy, Case 4 - Hazardous. It was observed that as the indoor air 
pollutants increased, the IAQI decreased.  

Table 12. Results of Input Values of IAQ1, IAQ2, and IAQ3 

Case CO2 CO IAQ1 NO2 O3 IAQ2 TVOC PM10 IAQ3 

1 500 1 1.25 0.01 0.01 1.25 0.2 0.01 1.25 

2 1000 6 0.339 0.08 0.03 0.75 0.35 0.035 0.75 

3 1200 8 0.251 0.2 0.06 0.251 0.9 0.1 0.251 

4 6000 30 -0.75 3 0.1 -0.75 3 0.2 -0.75 

Table 13 shows the different input values of TCI that are entered into the rule 
viewer to see the TCI output and examine how the FLS will function. Input values that 
exemplify each membership status are simulated in four cases: Case 1—Most Comfort, Case 
2—Comfort, Case 3—Not Comfort, Case 4—Least Comfort. It was observed that as the 
temperature and humidity increased, the TCI decreased. 

Table 13. Results of Input Values of TCI 

Case Temperature Humidity TCI 

1 20.0 40.0 2.76 

2 25.5 47.0 1.87 

3 26.0 53.0 1.12 

4 30.0 60.0 0.24 

Table 14 shows the different input values of the number of passengers that are 
entered into the rule viewer to see the number of passengers and examine how the FLS will 
function. Input values that exemplify each membership status were simulated in four cases. 
Since the CO2 input parameter has 8 membership status, only four were chosen. Some CO2 
input values that can represent two membership statuses are used. See Table 8 to understand 
better the input values and membership status used in the simulation. It was observed that as 
the CO2 level and temperature increased, the number of passengers also increased. 

Table 14. Results of Input Values of Number of Passengers 

Case CO2 Temperature 
No. of 

Passengers 

1 600 20 10 

2 3000 25 30 

3 4500 27 45 

4 8000 30 77 
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Conclusions 
Many studies considered using fuzzy logic to analyze environmental conditions in different 
locations. The indoor and outdoor environments were both examined. In this research, the 
indoor environmental quality of an urban bus is analyzed by using fuzzy logic. The FLS 
created through this study can be utilized in a bus ventilation control system. The indoor air 
quality is determined using different parameters. Determining these parameters will give a 
perception of how good indoor air quality is. This can be utilized in equipment used in 
maintaining IAQ. In this study, the indoor air quality and thermal comfort in an urban bus 
were evaluated which can be useful in controlling the ventilation system. The parameters 
that were used to determine the indoor air quality are CO2, CO, NO2, O3, TVOC, and PM10. 
Temperature and humidity were used to evaluate the thermal comfort inside the bus. This 
paper used a fuzzy logic system that can administer the decision-making process of a CO2 
variable demand ventilation system. CO2 concentration, Indoor Air Quality Index (IAQI), 
and Thermal Comfort Index (TCI) are used as variables that will determine the overall indoor 
environmental quality of an urban bus that can be utilized in bus ventilation systems. The 
results from the case studies showed that lower values of air pollutants gave high IAQ levels 
and as the values increased, the IAQ level decreased. For example, 500 ppm of CO2 and 1 
ppm of CO resulted in an IAQ of 1.25. A 500 ppm CO2 level and 1 ppm CO level are low 
and not hazardous to health based on environmental standards and previous studies. A CO2 
level of 6000 ppm and a CO level of 30 ppm resulted in a negative IAQ. The same was also 
observed for the case studies done for the TCI. The TCI level was high when the temperature 
and humidity readings were low. As the readings increased, the TCI level decreased. For 
example, at 20 °C and 40% humidity, the TCI is 2.76 which is high. On the other hand, at 
30 ℃ and 60% humidity, the TCI is 0.24 which is low. For the case studies for determining 
the number of passengers, it was observed that as the CO2 level and temperature increased, 
the number of passengers also increased. At 600 ppm (CO2) and 20 ℃, the number of 
passengers is 10 but when the parameters were increased to 8000 ppm (CO2) and 30 ℃, the 
number of passengers is 77. 
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