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ABSTRACT

This study focused on the development of a CO2
concentration control system for automobiles to enhance
user safety. Drivers often use an air conditioning system in
recirculation mode for extended periods, leading to elevated
COgz levels in the cabin, which poses a risk of gas poisoning
and health issues. The author designed and tested a system
that employs sensors to monitor CO2 levels continuously.
Unlike previous studies, this system integrates automatic
ventilation controls and window operations to maintain a
safe cabin environment. The study also examined potential
gas poisoning scenarios and assessed the system's
effectiveness in mitigating these risks. The results indicated
a significant reduction in COz levels through measures such
as adjusting air intake modes and lowering windows. This
research not only offers technological solutions but also
raises awareness about the health safety of air conditioning
users. These findings promise practical improvements to the
automotive industry, ensuring safer travel for users.

safety not only protects users' health but also
reflects the automotive industry's commitment

In the context of increasingly complex
and hazardous traffic conditions, consumer
concerns regarding car safety are paramount.
Modern consumers prioritize not only
aesthetic design and engine performance but
also health safety and life protection in the
event of a collision. Safety technologies, such
as automatic braking systems, blind spot
warnings, airbags, and driver assistance
systems, have become critical factors in car
selection. Additionally, global safety standards
such as Euro NCAP and IIHS significantly
influence purchasing decisions. Emphasizing

to reducing accidents and safeguarding the
community.

A key health and safety concern for
consumers is the CO2 concentration inside the
vehicle. Health organizations, including the
World Health Organization (WHO) and
Vietnamese Ministry of Health, recommend
that CO» levels in indoor environments should
not exceed 1,000 ppm. Measurement should be
implemented to reduce CO: concentrations in
enclosed spaces, particularly those where
many people gather. Studies have shown that
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varying CO levels can negatively affect
human health. For instance, CO;
concentrations of 1,000 ppm or higher can
impair cognitive performance and decision-
making abilities (Azuma et al., 2018). Other
studies have linked CO; levels as low as 1,000
ppm to inflammation, reduced cognitive
abilities, bone loss, kidney stones, oxidative
stress, and endothelial dysfunction (Jacobson
etal., 2019).

Some studies suggest that adverse effects
may occur even at lower COz levels. For
example, respiratory symptoms have been
reported in children exposed to indoor CO2
concentrations above 1,000 ppm (Azuma et
al., 2018). Additionally, CO; exposure as low
as 700 ppm is associated with building-related
symptoms (Azuma et al., 2018). Although no
specific threshold has been universally
established for indoor air quality, CO
concentrations of 700—1,000 ppm or higher are
known to potentially harm human health.
Further research is needed to understand the
long-term effects of low-level CO2 exposure,
especially in enclosed environments, such as
automobiles (Azuma et al., 2018).

Table 1. Classification of CO; concentration
effects (Goh et al., 2021).

CO; (ppm) Five levels of influence
Clow - Chigh

340-600° Good
601-1000° Moderate
1001-1500 Unhealthy for sensitive

group

1501-2500? Unhealthy
2501-5000°¢ Very unhealthy

Based on previous studies, there is clear
evidence of the negative impact of the CO>
concentration in the vehicle cabin on human
health. Therefore, it is necessary to limit the
impact and warn of the CO; concentration in

vehicles. Some studies have addressed this
issue, such as building an in-vehicle air quality
monitoring  system that allows direct
transmission of air quality data to a mobile
application for monitoring (Goh et al., 2021).
Another study evaluating the CO>
concentration in a vehicle cabin showed that
when the ventilation system was set to
recirculation mode, the CO: concentration
could increase to over 800 ppm within 10 min
in all tested vehicles (Jung, 2013). In general,
previous studies have mainly focused on the
warning of current CO> levels in the cabin
without providing specific solutions to reduce
the CO> concentration in the vehicle. The new
point in this study is that the author has
established a system that directly intervenes in
controlling the operation of the wind mode on
the air conditioner and the window-lift system
to control the increase in CO> concentration in
the car cabin.

In summary, while most previous studies
have focused on assessing the air quality in
offices, public places, or indoor environments,
this study aimed to measure the CO2
concentration in car cabins and evaluate the
associated health risks under various
conditions. = The author will conduct
experiments to gather data on CO; levels and
assess air quality. Based on the experimental
results, the author will develop and calibrate
control methods for the CO; control system to
ensure optimal operation and minimize the risk
of poor air quality in vehicles. Implementing
this system will enhance safety, reduce the risk
of COz-related health issues and accidents, and
improve passenger comfort by maintaining an
optimal air quality. Additionally, it will raise
awareness about the importance of proper
ventilation and help meet the evolving safety
standards in the automotive industry.

2. RESEARCH METHODOLOGY
2.1. System Model Used in the Study
2.1.1. Equipment Used in the Experimental

e The CO> gas sensor utilized in this
study was the MH-Z19B NDIR module, which
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has a measurement range of up to 5000 ppm
and an accuracy of £ (50 ppm + 3% of the
measured value). It operates at a voltage of 5V
and within the temperature range of 0—50°C.

eThe Arduino R3 controller was
programmed to implement the most optimal
control method.

e The PIR infrared sensor module, HC-
SR501, was incorporated into the system to
detect human presence.

‘ Power Supply ‘

|

MH-Z19B NDIE. COZ
SENSOR 1,2

CONTROLLER
ARDUINO UNO R3

Module

H | R

A/CWIND
MOTOE.

Figure 1. Block diagram of the “CO,
Concentration Control System”

A system model for measuring and
controlling the CO> concentration in a car
(Figure 2) was utilized in this research to
enhance air quality and improve the health of
drivers and passengers.

Sensor Installation Plan: Given that CO; is
approximately 1.52 times denser than air, it
tends to settle in the lower layers of the car's
interior. Therefore, an optimal sensor
arrangement is crucial for accurate CO
measurement. The author was positioned the
CO; sensor at the air outlet vents near the floor
of the air conditioning system of the car,
ensuring effective data collection with minimal
interference.

2.1.2. Operating Principle of the CO; Control
System in Vehicles

This study proposes a model for a CO>
concentration control system in a vehicle using

an Arduino controller and applying a fuzzy-
control algorithm. To implement fuzzy logic,
the input variable was defined as the CO>
concentration measured from the sensor. The
CO: concentration was chosen as the control
threshold for the system, based on the results
of several studies. Specifically, one study has
shown that CO, concentrations of 1500-2500
ppm can significantly impair cognitive
performance and the ability to perform
complex decision-making tasks (Allen et al.,
2015). Another study has also shown that
human exposure to COz concentrations
ranging from 2000 ppm to 5000 ppm can lead
to mild negative effects on cognitive function
(Satish et al., 2012). Based on these results, the
author concluded that allowing the CO
concentration in the vehicle cabin to exceed
2000 ppm will affect the health and safety of
the driver. Therefore, we set a threshold of
2000 ppm to activate the CO: control system.

COy sensor data in time
series

1

Controller

Vent motor
(RECIRC)

Arduino Uno R3

COz>2000ppm (605)
AIC= ON

Vent motor

IG=0ON
PIR = HIGH

COz> 2000ppm (60s)
A/C= OFF
1G = OFF;
PIR = HIGH

HORN = HIGH
Auto window lift
motor 30%

Figure 2. Control logic diagram of CO;
concentration control system

Case 1: Engine Running and Air
Conditioning System Active When the MH-
Z19B sensor detects CO2 levels above 2000
ppm and the PIR infrared sensor confirms
human presence. The CO: control system
activated the air intake motor to switch to the
outside air intake mode for 7 min. The system
then re-checked the CO; levels. If the levels
remain above 2000 ppm, the outside air intake
mode continues for an additional 60 s. If the
CO; levels drop 700 ppm, the system reverts
to the recirculation mode, as initially set by the
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driver. If the outside air intake mode fails, the
system lowers the windows to ensure that the
CO; levels remain safe.

Case 2: Engine Off-Air Conditioning
System Inactive If CO, levels rise owing to
factors such as human presence, fire,
explosion, or exhaust gas leaks, and the PIR
sensor detects people in the car, an alarm is
triggered to warn the occupants. If CO> levels
continue to rise above 3000 ppm after 5 min,
the Arduino controller lowers the windows by
approximately 30% to allow outside air to
enter, reduce CO» levels, and mitigate health
risks.

2.2. Experimental Description

Vehicle: The experiment used a Hyundai
Accent 2022 AT with a cabin air volume of
approximately 4.4 m? The experiment
involved a person seated in a driver's seat.

Location: The experiment was conducted
outdoors with a stationary vehicle. The
experiments were performed in the morning,
between 07:00 and 12:00. Experimental
Scenarios: The author conducted experiments
under various conditions, including internal air
intake modes, switching to external air intake,
and open or closed windows.

2.2.1. Experimental Scenarios

Internal Air Intake (RECIRC): The
initial conditions were set with the air
conditioning system in the RECIRC mode, one
person in the car, an average cabin temperature
of 27°C, and the fan speed at the lowest
setting. The author measured and collected
data on the gradual increase in CO;
concentration in the cabin.

External Air Intake (FRESH): This
experiment was conducted with the car doors
fully closed, air conditioning system in
FRESH mode, fan speed at the lowest setting,
and average temperature of 27°C. The initial
CO> concentration was approximately 2090
ppm. The purpose was to measure the gradual
decrease in CO2 concentration and evaluate air

quality improvement when the control system
was active.

Open Windows: This test was performed
with the engine off, the air conditioning
system inactive, one person in the car, and the
doors initially closed. The CO> control system
was set to lower the front windows by 30%
when the CO:; concentration reached
approximately 2100 ppm. This test evaluated
the effectiveness of lowering windows to
improve air quality.

The CO:> concentration data for these
scenarios were collected using an MH-Z19B
sensor over a period of 20—40 min. The data
were sent to the Arduino R3 control module,
converted to a serial format, and transmitted to
the computer's COM port. Real-time data were
collected every second. Microsoft Visual
Studio 2022 was used to collect and save the
data in Excel for analysis. These data were
used to calibrate and optimize the CO> control
system.

CO2 sensor 1 PIR sensor

2/

CO2 sensor 2

é Arduino Uno R3

Figure 3. Device Layout Diagram on the
Hyundai Accent 2022

2.2.2. Processing data from sensors

To ensure the accuracy of CO;
concentration measurements in the car cabin,
two sensors were employed to collect data,
which were then sent to the Arduino controller.
The average value of the real-time data from
both sensors was used by the Arduino to

control the actuators.
_ Xy T Xy
Xirxy = D

(1)

in which
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X;rx) 18 the COz value used for the control
at the (i)th second,

X, is the CO> value measured by sensor
1 in the (i)th second,

X5, is the CO> value measured by sensor
2 at the (i) second.

An average calculation was also used to
determine the CO: concentration outside the
vehicle. This was based on consecutive
measurements taken every second over a 15-
minute period during the experiment. This
average value is utilized to set up and calibrate
the CO: control system, and serves as a
benchmark for evaluating the performance of
the system.

2900 Y
i=] “i(nx) (2)

Mean,, = 900 ~ 722 ppm

in which Mean,;, is the average value of CO:
ratio outside the vehicle

3. RESULTS AND DISCUSSIONS
3.1. RECIRC mode

Data on CO; concentration measurements
inside the car were collected and processed,
resulting in graphs that illustrate the changes
in COz levels.

Graph of CO2 concentration in air

Ratio CO2 (ppm)

Time (min))

| ~—— External Air Environment Internal Air Environment in Vehicles |

Figure 4. Graph of CO; ratio in the car when in
RECIRC mode

The graph in Figure 4 shows a rapid
increase in COz levels when the air conditioner
was set to recirculation mode. Over a 20-
minute period, the CO; levels rose from 719
ppm to approximately 2000 ppm. Studies have
indicated that prolonged exposure to CO;
levels between 1000 and 3000 ppm can
negatively impact on cognitive health (Zhang
et al., 2016). The experimental results
highlighted the potential health risks
associated with continuously increasing CO»
levels. It is important to note that the data were
collected from one person in the car; with
more occupants, the CO> levels would rise
even faster. Addressing the rapid increase in
COgz levels is crucial.

3.2. Switching to FRESH mode

To mitigate the rise in CO> levels, the
author proposed switching the air conditioning
system from RECIRC to FRESH air intake
mode.

Graph of CO2 concentration in air
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Figure 5. Graph of CO; ratio measured in the car
when switching to FRESH mode

As shown in Figure 5, when the CO»
control system switched the air intake mode
from RECIRC to FRESH at 23 min and 27 s
(with CO; levels at 2093 ppm), the CO; levels
began to decrease rapidly.
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Table 2. CO; ratio values measured in the car
during the experiment.

RECIRC FRESH
Measured CO2 19 5101 093 756
ratio (ppm)
Measurement ) ), 356 5357 29.26

time (minutes)

Based on the data in Table 2, it is evident
that within just 6 min of switching the air
intake mode from RECIRC to FRESH, the air
quality in the car significantly improves. The
COy levels,
hazardous levels, decreased to approximately
756 ppm, which is which is a safe level. With
the FRESH mode method in
approximately 6 min, the system helped
reduce the CO2 in the cabin by
approximately 64% compared to the original.
This demonstrates that by configuring the CO>
control system to switch the air intake mode of
the air conditioning system, it is possible to
enhance the air quality in the car and mitigate
the health risks for the occupants.

which were previously at

control

ratio

3.3. Window down mode

The measurement results of this method
are shown in Fig.6.

| Internal Air Environment in Vehicles

Table 3. CO; levels in the car measured when
lowering the windshield

Fully Lowered
closed windshield 30%
windshield
Measured
CO»ratio 873 2117 2108 1066 1052
(ppm)
Measurement
time 0.01 16,13 16,14 37,14 40,26
(minutes)

Figure 6. Graph of CO; levels in the car when the
window is lowered

From the graph in Figure 6, it can be
observed that the CO: levels in the car
changed as follows: Initially, the CO; level
started at 873 ppm and gradually increased
because of the occupants' exhalation, reaching
2117 ppm after 16 min and 13 s. According to
Table 1, this level of air quality is detrimental
to human health if the exposure is prolonged.
To avert potential dangers, the control system
activated a warning bell and lowered the two
front windows by 30% at 16 min and 14 s.

Upon lowering the two front windows by
30%, the CO; levels began to decrease,
reaching 1066 ppm at 37.14 minutes.
However, this reduction is not steady because
the air quality depends on the amount of air
entering the front doors. Between 37.14 and
40.26 minutes, the CO2 levels fluctuate
between 1066 and 1052 ppm, as shown in
Table 3. This fluctuation can be attributed to
the balance between the incoming outside air
and CO> from human breath. At approximately
1000 ppm, this level does not significantly
impact on the health of car occupants (Fan et
al., 2023). Although this method helps control
the CO; levels, it is slower than the FRESH
mode and should be used as a backup when
the FRESH mode is unavailable.

The window-lowering control method
reduced the CO> concentration in the cabin by
approximately 50% compared with the initial
level within 21 min. However, compared with
the FRESH mode, the time required to achieve
COz control was longer. In addition, lowering
the car window also poses some risks, such as
affecting the safety of the children in the car
and the security of the vehicle. Therefore, this
method should only be applied as a backup
measure when the FRESH mode of the air-
conditioning system cannot be implemented.

Overall, the experimental results indicate
the positive impact of the CO> control system
in cars, effectively reducing CO; levels and
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enhancing the safety and health of occupants.
Additionally, the study highlights the common
misconception that using an air conditioning
system in the RECIRC mode for extended
periods does not affect health. This
underscores the importance of monitoring the
air quality in cars. Integrating CO; control
systems with car air-conditioning systems can
also prevent accidents, particularly for children
left in cars.

4. CONCLUSION

In this study, we developed a CO>
concentration control system for vehicles that
significantly reduces the risk of carbon dioxide
poisoning for occupants. The author conducted
experiments on the system's operation,
utilizing control solutions such as switching to
the FRESH outside air intake mode and
controlling the lowering of the car windows.
The experimental results demonstrated the
effectiveness of the system in rapidly reducing
CO; levels inside the vehicle. The method of
controlling the intake of outside air through an
air conditioning system proved to be more
effective in reducing CO; levels and was
selected as the primary control solution.
Additionally, the experiment showed that
lowering the windows also improved air
quality, although this method takes longer and
depends on the external wind speed, making it
a backup solution if the air intake motor fails.
The research findings demonstrated a
significant reduction in CO; concentration
within the car cabin through various methods,
such as modifying the air intake of the air
conditioning system, which led to a 64%
decrease in CO> levels. Additionally, lowering
the car window resulted in a 50% reduction in
the COz concentration.

In conclusion, integrating a CO: control
system with a car’s air conditioning system is
crucial as it holds considerable potential for
improving air quality and safeguarding the
health of occupants. While the CO2 control
system offers numerous benefits, it also
presents certain limitations, including a
potential slowdown in the cooling efficiency

of air-conditioning systems. Furthermore,
lowering the window to reduce CO: levels,
although effective, may raise concerns
regarding travel safety and risk of theft.
Nevertheless, in terms of protecting driver
health, this option remains a valuable solution.

The next phase of this research will focus
on enhancing the system’s accuracy by
transitioning to a  more  powerful
microcontroller such as ESP32 (Espressif).
This microcontroller supports Wi-Fi and
Bluetooth connectivity, which makes it ideal
for IoT applications. With a 32-bit processor,
the ESP32 is capable of running more
advanced algorithms than the Arduino,
opening up new possibilities for CO; control
systems. These include the integration of
additional features such as anti-theft measures,
child alarms, and air quality monitoring via a
mobile application. In the future, the author
aims to enhance the applicability of this
research by testing the system across a range
of vehicle models under various operational
conditions.
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THIET KE VA THU NGHIEM HE THONG KIEM SOAT NONG PO
KHi CO; TRONG XE O TO HYUNDAI ACCENT
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THONG TIN CHUNG TOM TAT

Ngay nhan bai: 13/12/2024 Nghién clru nay tap trung vao viéc phat trién hé thong
. kiém soat ndng d6 CO cho 6 t6 dé ting cudng sy an toan

Ngay nhan bai stra: 19/3/2025 cho ngudi dung. Nguoi 1ai xe thuong st dung hé thong

diéu hoa khong khi ¢ ché d6 tuan hoan trong thoi gian dai,
dan dén ndng do CO; trong cabin ting cao, gy ra nguy co
ngd doc khi va cac van dé vé sire khoe. Tac gia di thiét ké
va thir nghiém mot hé thong sir dung cac cam bién dé lién
tuc theo ddi nong do CO,. Khong gidng nhu cac nghién

Ngay duyét dang: 21/3/2025
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TU KHOA

Kiém sodt CO>;

Ngé doc CO: trong xe;

Ché dé lay gié diéu hoa;

Chadt lwong khi trén xe;
Ti lé khi CO,.

ctru trude day, hé thdng nay tich hop cac diéu khién thong
gi6 tu dong va hoat dong cua cira s6 dé duy tri méi truong
cabin an toan. Nghién ciru cling xem xét cac tinh hubng
ngd doc khi tiém an va danh gia hiéu qua cia hé thong
trong viéc giam thiéu nhimng rai ro nay. Két qua cho thay
néng do CO, giam déng ké thong qua cc bién phap nhu
diéu chinh ché d6 ldy gié va ha thap ctra s6. Nghién ciru
nay khong chi dua ra cac gidi phdp cong nghé ma con
nang cao nhan thirc vé an toan strc khoe ctia nguoi st dung
diéu hoa khong khi. Nhitng phat hién nay hira hen nhimg
cai tién thiét thuc cho nganh cong nghiép 6 t6, dam bao
viéc di chuyén an toan hon cho nguoi ding.
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