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Abstract- The purpose of this paper is to present and design a 

device that could monitor air quality in a certain place even in 

indoor or outdoor for human healthcare. This device could detect 

a Particulate Matter 2.5 (PM2.5) for an air quality in the area. 

This paper presents the system development by using Matlab for 

graphical indicator, and using Arduino UNO as an input/output 

data to detect dust and gas quality. Using the Arduino device, it 

uses Optical Sharp Dust Sensor to measure air quality for 

existence of a dust. Also using an analog gas sensor  (QM-NG1) 

for detecting hydrogen that could give out an alarm for a gas 

leak. And its uses LM35 to measure a temperature at a measured 

place. For this prototype, this paper proposes using APC220 as a 

connection between prototype and serial main monitor on a 

computer by using RF wireless radio connection. All the value has 

been mentioned will be interpreted in MATLAB. This research 

project is useful for air quality for department of environment. 
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I. INTRODUCTION 

 

Air supplies us with oxygen which is essential for our bodies 

to live, it contains 99.99% of nitrogen, oxygen, water vapor, 

combustion gas. Air is precious that most of us take for 

granted. Air supplies oxygen, which is important to our bodies. 

In 99.99% pure air contains 78% of nitrogen, 21% oxygen, and 

another 0.99% contains argon, carbon dioxide and other 

gases[1]. Our time at indoor in school, at office, or at home can 

put us to breathing risk. Some pollutants that could be 

chemical, germs, dust, living organism, molds, radon and 

rodents can cause a health problem to human such as sore 

eyes, breathing problems, burning the mouth or throats, 

dizziness, fatigue and headaches. The worst case scenario 

could be asthma, acute respiratory system, heart disease, or 

even lung cancer in long terms. People did not know the exact 

air quality that acceptable which could harm the human health. 

The old style is to use a double sided tape put in a room and 

left for a week. This paper shows how to design a system that 

could precisely and measure a density of dust without going to 

the exact place. The prototype use radio frequency (APC220) 

for wireless connection. The other method to measure air 

quality is by using Graywolf but will be costly equipment to 

the proposed method.[2] 

Air quality can be expressed by concentration of several 

pollutants such as carbon monoxide, sulfur dioxide, nitrogen 

dioxide and ozone. The threshold values specified by the EEA 

for these pollutants are 10mg/m3, 350µg/m3, 40µg/m3, and 

120µg/m3 respectively.[1] Generally, industrialized country 

nowadays the population citizen is spending about 80% to 90% 

of the time inside the building, so people are exposed to 

harmful indoor pollutants. These projects are separately 

measuring CO (carbon dioxide), temperature and humidity 

[1].Air monitoring is useful policy support to; 

•Establishing emission control legislation i.e determining the 

maximum allowable emission rates that will define air quality 

standards. 

•Selecting locations of future sources of pollutants, to 

minimize their environmental impact. 

•Planning the control of air pollution episodes, i.e defining 

immediate strategies to avoid severe air pollution episodes in 

certain zones. 

•Assessing responsibility for existing air pollution levels. 

Air pollution is the result of a complex phenomenology 

involving several aspects, like emission and chemical-

transformation processes, transport and dilution phenomena 

connected to the dynamic of atmospheric layers [3]. 

In the air quality, it have a liquid droplet and solid particle that 

could be found around us, it called particulate matter (PM). 

PM have two category, the first one is 10µm that called PM10, 

and second category is more smaller than 2.5µm. It called 

PM2.5.  PM10  pose a health concern because when people 

inhale it will enter the respiratory system because of the PM is 

about 10µm. But more worst case PM was at PM2.5, people 

inhale the air that contain PM2.5 could enter to the lungs and 

interrupts a breathing system. It very worse for asthmatic 

patients also could happen of aggravation of respiratory and 

cardiovascular disease.    
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The effect of particulate matter on human health have been 

extensively studied in the past decades. The results are that 

fine dust can be a serious health hazard.[4] 

More of our time at the indoor, does not matter in school, 

at the office, or at home. That could put us as human to the 

breathing risk. Some pollutants could be chemical, germs, 

dust, living organism, molds, radon and rodents. This can 

cause a health problem to human such as sore eyes, breathing 

problems, burning in a mouth or throats, dizziness, fatigue 

even headaches. 

II. METHODOLOGY 

The developed system is divided into two parts, as shown in 

figure 3. The first part is to develop a prototype that could 

measure an air quality using Microcontroller Arduino with 3 

attached sensors. A sensor that used in the prototype is LM35 

for temperature sensor, analog gas sensor for detection a 

hydrogen, and Sharp Optical Dust sensor for detection dust 

density. 

 

 

 

       

       

       

       

       

       

       

        

 

 

     

A. STRUCTURE  

 

 

a. Prototype of Data Acquisition System 

The prototype acquisition system consists of sensing unit and 

base serial monitor. The sensing unit includes LM35 for 

temperature, QM-NG1 for analog gas sensor, and Sharp 

Optical Gas Sensor to detect and measure the density of dust. 

The ARDUINO UNO microcontroller is used to measure a 

sensing unit and convert to voltage. For connection between 

prototyping and serial monitor, this system uses an APC220 

radio data module that is used in the radio frequency system, it 

is a wireless system for short to middle range prototyping 

(approximately 1km without walls). Figure 2 shows a 

prototype development for air quality monitoring. 

 

Figure 2: A prototype for measuring an air quality 

 

Figure 3 : Prototype development architecture 

 

Figure 4 : Schematic of the system prototype 
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Figure 1: flow chart for air quality monitoring system 
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b. Microcontroller 

This project is to develop a prototype by using ATMEGA 328 

microcontroller that is embedded to ARDUINO UNO. It has 

14 digital input/output pins (of which 6 can be used as PWM 

outputs), 6 analog inputs, a MHz ceramic resonator, a USB 

connection, a power jack, an ICSP header, and a reset button. 

It contains everything needed to support the microcontroller; 

simply connect it to a computer with a USB cable or power it 

with an AC-to-DC adapter or battery to get started. Figure 5 

shows an Arduino UNO. 

 
Figure 5 :An Arduino UNO 

 

c. APC220 Radio Data Module 

APC220 is a highly versatile, low  power radio solution that is 

easy to setup and intergrate into any project using a wireless 

RF link (PDF APC220). It is perfect for WSN (wireless sensor 

network) for sensing the other place. This system is intefaced 

with MCU through TTL and connected to the serial monitor 

(PC) to another APC220 though TTL/USB converter. Figure 6 

shows the connection of APC220 to a serial monitor. 

 

Figure 6: Block diagram Serial Monitor and APC220 connection. 

d. Lm35 Precision Centigrade Temperature Sensors 

LM35 series are precision integrated-circuit temperature 

sensors, an output voltage linearly proportional to centigrade 

temperature.  It does not need any calibration or trimming to 

acquire an accuracies of ±¼°C at room temperature and ±¾°C 

in −55°C to +150°C temperature range. The LM35 is low 

output impedance, linear output, and precise inherent 

calibration make interfacing to readout or control circuitry 

very easy to configure. This sensor could operate from 4 to 

30V and less than 60µA current drain which means the sensor 

is low power consumption. Figure 6 the principle of detection 

for LM35. For temperature sensing, it already been scaled for 

10mV/deg C. [5]. In the normal room temperature, recorded 

using thermometer is 28°C, so the normal output value 

measured using multimeter is 280mV. For coefficient 

calculation equation using Arduino, the analog value could be 

converted to temperature by this following formula : 

 

𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 = 𝑎. 𝑎𝑛𝑎𝑙𝑜𝑔𝑅𝑒𝑎𝑑(4) ∗ 0.3414  

 

which mean (a) is a name of a prototype that paired to serial 

monitor, an (analogRead) command is for read an analog data  

from a sensor and could converted to real value temperature by 

using 𝒂𝒏𝒂𝒍𝒐𝒈𝑹𝒆𝒂𝒅(𝟒) ∗ 𝟎. 𝟑𝟒𝟏𝟒 calculation. (4) is define as 

an analog pin. 

 

 

Figure 7:The principal of detection circuit LM35 temperature 

sensor [5]. 

 

e. Qm-Ng1 Analog Gas Sensor 

Gas sensor uses SnO2 material as impressible material. SnO2 

material is most advanced in the world at present, and being 

usually in commercial production. Characteristic of this sensor 

is very sensitive for all flammable and very poisonous gas. 

Figure 8 shows the circuit diagram of the sensor. 

 

Figure 8: circuit diagram for analog gas sensor. 

The voltage of load resistance can be per 0.80v of dispersion 

(Vdg-Va) (inductive time) when sensor meets the hydrogen of 

500ppm in 10 seconds. The voltage of load resistance can be 
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per .80v of dispersion (Vdg- Va) (Resumptive Time) when 

sensor leave the hydrogen of 500ppm  in 30 seconds[6]. The 

development system of the gas sensor is when the value 

exceed 900, it will trigger an alarm for warning people around 

that place for cautious. When it exceed the warning value, it 

will show the situation that people will have trouble breathing. 

 

f. Optical Dust Sensor Sharp GP2Y1010AU0F 

GP2Y1010AU0F is a dust sensor by the optical sensing 

system. An infrared emitting diode (IRED) and a 

phototransistor are diagonally arranged into this device. It 

detects the light of dust in the air. It is very effective to detect 

very fine particle like dust, smoke, cigarette smoke [7]. Figure 

9 shows a circuit diagram of sharp optical dust sensor. 

 

 

Figure 9 : Circuit diagram of optical dust sensor. 

g. Wireless Setting Using Apc220 Radio Module 

Prototype using a wireless connection to interact with serial 

monitor, it needs to be paired between APC220 to serial 

monitor, figure 10 shows an example for RF magic setting for 

paired between serial monitor and prototype development. 

`  

Figure 10: Configuration for RS232-TTl to prototype. 

The connection must be paired between serial monitor and 

prototype, figure 11 shows RS232-TTL with APC220  are 

plugged in into serial monitor configuration. 

 

Figure 11: RS232-TTL plug in to serial monitor 

 

III. RESULT AND DISCUSSION 

Before defining the prototype, it must be paired with the serial 

monitor first. The pairing connection between Arduino 

Prototype and Serial monitor laptop via APC220 radio data 

module and RS232-TTL shield for radio data module. The 

setting is using RF magic software developed by a company 

that provided APC220 radio data module by using this 

following setting to serial monitor: 
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Figure 12: Configuration for RS232-TTl to prototype. 

PC series is for connection between ports at serial monitor and 

Arduino Prototype. The studies done in the room, it will show 

the changing of temperature, gas and dust value when people 

enter the room and start smoking cigarette. 

 

  

a. Gas Sensor Interaction with Time 

The prototype has been tested in a normal room that contain a 

cigarette smoking person. Figure 13 shows the interaction 

between gas and time in a normal room environment,  

 

Figure 13: Graph of showed for gas concentration with time 

Figure 13 showed gas  response with the time, normal gas 

graph value in a room at 700.  At 4000 second time to 6000 

second time, a person approach and they start to smoke 

cigarette. The reading value of gas sensor is increased to a 

maximum value of concentration, it was 838 at 4935 second. 

That indicator showed the smoker produce carbon monoxide 

and the worst case scenario it will cause carbon dioxide 

poisoning. This indicator shows if the value of gas exceed 900, 

it will cause serious harm to health. 

 

Figure 14:A graph showed the maximum for two people smoke in a same 

room in 4000 to 5500 second range. 

 

b. Temperature Sensor Response With Time 

For the temperature monitoring figure 15 showed the 

increasing of the temperature when people approach to smoke. 

The normal temperature in a room is 32.2 ° C. 

 

Figure 15 : Graph of reaction of temperature versus time in a small room. 

The temperature in a room showing an increasing at 7000 

second by 9000 seconds, the analog value can be converted to 

temperature by using the following formula: 

𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 = 𝑎. 𝑎𝑛𝑎𝑙𝑜𝑔𝑅𝑒𝑎𝑑(4) ∗ 0.3414.  

This formula is used in a MATLAB software to do a real time 

monitoring temperature. 

Normal temperature 32.2° C 
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Figure 16:Graph showed at 525 second,temperature change when people start 

smoking. 

Graph in figure 16 showed the changing temperature at 525 

second. It is because people enter the room and start smoking 

at 525 seconds . The temperature changed because of smoke 

and heat from cigarettes[8]. 

c. Optical Dust Sensor Response 

Figure 17 showed the monitoring in the room for dust density 

versus time. The prototype has been assembled in a same 

room. It shows dust density normally in the room, but 

sometimes it could reach 0.2 mg/m3 shows the room is full of 

particles in a normal condition. 

 

Figure 17: A graph showed monitoring at a normal room dust density versus 

time (second) 

 

Figure 18: A graph showed the maximum value of dust density versus time 

(second) in a zoom mode 

TABLE I 

Voltage versus Dust Density 

Voltage Dust density mg/m3 

0.55 -0.01 

0.61 0.00 

0.62 0.01 

0.63 0.01 

0.71 0.02 

0.72 0.02 

0.74 0.03 

0.75 0.03 

0.83 0.04 

0.84 0.04 

1.03 0.08 

1.33 0.13 

1.78 0.2 

 

Figure 18 showed the maximum value of dust density in 

normal room with a random smoker. Table 1 shows a response 

between voltage and dust density. From the table it shows of 

that measured voltage increases, the dust density also 

increases. 

Figure 19 shows the response between voltage and dust 

density, table 1 described a linear graph produced. For 

increasing dust density, it shows the increasing of voltage is 

happening . 

 

Figure 19: Graph of dust density versus Output Voltage 

Temperature changed when 

smoker start smoke. 

X = Time (second) 

Y= Temperature (C) 
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Figure 19 shows the graph is proportional between dust density 

and output voltage, when the compact dust density is 

increasing, the voltage would also increase. 

IV. CONCLUSION 

For the conclusion, this paper shows the response between 

voltage and dust density are directly proportional. The studies 

showed, the approaching person in a small room could change 

the temperature for smoke existence. The smoke density could 

change the temperature. 
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