
 

 

 
Abstract—Indoor air quality and human health have 

proven to be related, but for home environment air quality 

detection system equipment accuracy is not high problem. 

This paper designs an air quality detection system that 

effectively handles the information of indoor air pollution. 

The microcontroller unit (MCU) STC12C5A was taken as 

the core to realize the detection and display of particulate 

matter (PM) 2.5 concentration, temperature, and humidity. 

Compared with the measurements by standard 

instruments, our system was proved effective through tests: 

the relative error of PM2.5 concentration was smaller than 

3μg/m3; the temperature error was within 1℃; the humidity 

error was below 5% relative humidity (RH). This research 

provides an effective way to detect indoor air quality. The 

results of this paper are suitable for home environment and 

have a good application prospect. 

 

Keywords—Air quality; particulate matter (PM) 2.5; 

temperature and humidity: STC12C5A.  

I. INTRODUCTION 
ANY public places belong to indoor environment, such as 
housing, offices, public transit, and hotels. Statistics show 

that at least 80% of our life is spent indoors [1]. Thus, indoor air 
quality is closely related to human health [2]. 

Recent years has seen a continuous deterioration of 
environment in many regions. For example, the frequent 
occurrence of smog weather poses a threat to our health. As the 
main component of smog [3-5], particulate matter (PM) 2.5 
becomes an invisible killer of human health, and attracts 
attention from around the world. 

PM2.5 refers to the particulate matter whose aerodynamic 
equivalent diameter is below than 2.5μm. The main sources of 
PM2.5 include combustion of fossil fuels and exhaust emissions 

 
 

of vehicles [6, 7]. PM2.5 can enter our body through respiratory 
tract, causing cardiovascular and respiratory diseases. 
Therefore, it is very meaningful to explore new ways to detect 
PM2.5 [8-12]. 

To realize rapid detection of indoor air quality, this paper 
designs an air quality detection system, which captures and 
displays the PM2.5 concentration, temperature, and humidity of 
the air, and activates alarms if any of these parameters violate 
the preset alarm thresholds.  

II. OVERALL DESIGN  
Figure 1 provides the block diagram of the overall design for 

our system. Taking microcontroller unit (MCU) STC12C5A as 
the core, our system consists of a temperature and humidity 
sensor DHT11, a PM2.5 sensor GP2Y1051AUOF, an 
audiovisual alarm (buzzer), a liquid crystal display (LCD), and 
a button setting module, to name but a few. 

During the operation, the operator can set the upper limit of 
PM2.5 concentration, as well as the upper and lower limits of 
temperature and humidity by pressing buttons. The ambient 
temperature, humidity, and PM2.5 concentration are collected 
by relevant sensors, and displayed on the LCD. Then, the 
collected data are compared with the preset values of the 
microcontroller unit (MCU), and the light-emitting diode (LED) 
display will show different colors, depending on whether the 
data are above or below the thresholds. If the data violate the 
threshold, the buzzer will give off an alarm. 
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Fig. 1 overall design of our system 

III. HARDWARE DESIGN 
The core of hardware design is the STC12C5A minimum 

system. Meanwhile, the peripheral circuits include temperature 
and humidity sensing module, PM2.5 concentration sensing 
module, button setting module, LCD module, buzzer module, 
and LED display module. 

A. Minimum system circuit 

STC12C5A minimum system consists of three parts: power 
supply, reset, and crystal oscillator. Specifically, the power 
circuit adopts the 5V universal serial bus (USB) power supply 
port; the reset circuit is made up of 10K resistors and a 10μF 
capacitor, When the RST foot is added with a high level lasting 
more than two machine cycles, the SCM begins to reset; the 
crystal oscillator circuit encompasses a 11.0592M crystal 
oscillator and a 30pF capacitor, providing reference frequency 
for other circuits. In addition, because of the single chip P0 port 
no pull resistance, so here access to the 10K exclusion 
resistance, the PO port as the LCD data port. The circuit 
diagram of the minimum system is shown in Figure 2. 

 

 

 
Fig. 2 circuit diagram of the minimum system 

B. DHT11 sensor circuit 

DHT11 is a temperature and humidity sensor that outputs 
calibrated digital signals. The stability and reliability of the 
sensor are guaranteed by resistance humidity, negative 
temperature coefficient (NTC) temperature measurement 
components, and digital module acquisition technology. The 
sensor can adapt to various harsh environments, thanks to its 
good quality and strong anti-interference ability [13]. The 
DHT11 sensor is packaged with 4-pin single row for easy 
connection, and can also be packaged in special form according 
to user's request. Figure 3 presents a photo of the DHT11 
sensor. 

 

 
 

Fig. 3 DHT11 sensor 
 

Once the system is powered on, the MCU will send out a 
signal. The DHT11 will make a mode transition after detecting 
that signal. Then, the sensor will send a response signal and 40 
bits of data, kicking off the acquisition of temperature and 
humidity data. After acquiring the data, the high speed mode 
will switch to the low power mode [14]. The communication 
between DHT11 and MCU is illustrated in Figure 4.  

The bus is originally at a high voltage. When the 
communication between MCU and DHT11 begins, the MCU 
sets the bus voltage from high to low. Then, the DHT sends out 
a low level signal after detecting MCU’s signal. Next, the MCU 
will pull up bus voltage and wait for the response from DHT. 
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Fig. 4 communication between DHT11 and MCU 

 
 

Fig. 5 initialization of the DHT11-MCU communication 
 

C. PM2.5 sensing module 

It adopts GP2Y1051AUOF (Sharp, Japan), a powerful dust 
sensor that detects particles above 0.03μm. With high smoke 
sensitivity, the sensor is embedded with photoelectric and 
infrared LEDs. Capable of pinpointing the reflected light of 
dust, GP2Y1051AUOF is widely adopted in air purification 
systems. 

The core of the GP2Y1051AUOF is the LED light source. 
Light is emitted along the optical axis of LED. When the air is 
clean, the LED light is not received by photodiode (PD), and the 
output voltage is low. And if there is dust particles in the air, 
when the dust particles by sensors in the middle of the round 
hole, because of the scattering, LED light source, light is part of 
the photodiode PD detected, therefore has the voltage output, 
and with the increase of concentration of dust particles, the more 
light scattering, sensors, the higher the voltage value of the final 
output. When the air contains dust particles, the voltage value is 
outputted [15]. The output voltage is positively correlated with 
the concentration of dust particles. Figure 6 shows the structure 
of the GP2Y1051AUOF. 

 

 
 

Fig. 6 PM2.5 sensor structure 
 

The data are transmitted through the serial port of the sensor 
and MCU at the baud rate of 2,400 bit/s. In total, there are 7 bits 
transmitted at an interval of 10ms. Figure 7 shows the format of 
data during the transmission. 
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Fig. 7 format of transmitted data 
Note that check bit =Vout(H)+Vout(L)+Vref(H)+Vref(L) 

 
where, Vout=(Vout(H)*256+Vout(L))/1,024*5. 

The PM2.5 sensing module is connected to GND and VCC. 
The transmit (TXD) pin is coupled with the P30 pin of the MCU 
for data transmission. The circuit diagram of the PM2.5 sensing 
module is shown in Figure 8. 

 
 

Fig. 8 circuit diagram of PM2.5 sensing module 
 

D. LCD circuit 

Our system uses a 1602 LCD that can intuitively express 
texts, graphics, symbols, and other contents, the operating 
voltage is between 4.5 and 5.5V. 1602 can display 16 characters 
per line, a total of two lines. There are two types of dot matrix, 
each of which can display a character. The working principle of 
liquid crystal display (LCD) is that under the action of electric 
field, the liquid crystal molecules will have chemical reaction, 
and the arrangement of molecules will change, resulting in the 
electro-optic effect, and the LCD will display all kinds of 
contents. As shown in Figure 9, D0 to D7 of the LCD module 
are connected to P0 port of the MCU; VI pin is connected to 
potentiometer for contrast adjustment. 

 

 
 

Fig. 9 circuit diagram of LCD module 

E. Buzzer module 

The buzzer module serves as an alarm system. In this paper, 
the active buzzer can directly output the level, the single chip 
microcomputer does not need to continuously send out high and 
low levels, only need to output high or low levels. In this way, 
the program design of SCM will be greatly simplified. As shown 
in Figure 10, the alarm system will start and give off an alarm, 
when the collected data violate the preset thresholds. 

 

 
 

Fig. 10 circuit diagram of buzzer module 

F. Button setting module 

The parameters required by the MCU are set on a keyboard, 
which offers three buttons, namely, “Settings”, “Plus”, and 
“Subtract”. The lower limit of temperature, upper limit of 
temperature, lower limit of humidity, upper limit of humidity, 
and upper limit of PM2.5 concentration can be set by pressing 
the “Settings” button once, twice, three times, four times, and 
five times, respectively, wait about 0.5 seconds, the system will 
be set up successfully. The upper and lower limits can be 
increased or decreased by pressing “Plus” and “Subtract”, 
respectively. After setting a limit, the “Settings” button should 
be pressed again, and the limit will come into effect after 0.5s. 
Figure 11 shows the circuit diagram of button setting module. 

 

 
 

Fig. 11 circuit diagram of button setting module 
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G. LED display circuit 

LED lights are often used as circuit indicators. The LED 
display circuit in this paper uses 5 LED lamps. When the circuit 
starts to work, the upper limit and lower limit of temperature and 
humidity and the upper limit of PM2.5 concentration need to be 
set first. After that, if the external environment changes, when 
the temperature and humidity or PM2.5 concentration is not 
within the range set by the system, the corresponding LED 
indicator light will be lit accordingly, and they will not affect 
each other. The circuit connection is shown in Figure 12. 

 
 

Fig. 12 circuit diagram of LED display circuit 

IV. SOFTWARE DESIGN 

A. 1602 LCD programming 

The liquid crystal display part adopts LCD1602. First of all, 
before the LCD begins to display, it must first determine a 
position, indicating where to show; Then, the liquid crystal in 
the display of content is a bit by bit, when each display a string 
of characters or a number, only need to complete a positioning 
at the beginning, after each display of a character, the liquid 
crystal will automatically jump to the next position, do not need 
to reposition each character. Figure 13 shows the workflow of 
the 1602 LCD program. 

 

 
 

Fig. 13 flow chart of 1602 LCD 

B. DHT11 sensor programming 

Before reading temperature and humidity data, the MCU 
must send a start signal to the DHT11 sensor. Upon receiving 
the signal, the sensor will make a mode transition, and start to 
measure the required data. Then, humidity, temperature, and 
check bits will be sent to MCU in sequence. After that, the MCU 
checks if the data are correctly transmitted. If there is any error, 
the data will be directly discarded; otherwise, the data will be 
saved and sent to the LCD. Figure 14 shows the workflow of 
DHT11 sensor. 

 
 

Fig. 14 flow chart of DHT11 sensor 

C. General program 

The general program of our air quality detection system 
includes MCU initialization, data reading, data processing, 
result display, and alarm. The general program was written in 
the Keil µVision IDE development system. The various 
functions were realized in C-language. The overall program 
needs to achieve the functions are: the first is to start the 
function of the LCD display, display content, alarm value and 
serial port initialization; Then, the system will receive the 
temperature and humidity data signal collected by the DHT11 
sensor, and read the temperature and humidity measurement 
results for display; After receiving the data signal collected by 
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the PM2.5 sensor and reading the PM2.5 measurement results 
for display; Then, the program will judge whether the 
temperature, humidity and PM2.5 concentration just read are 
within the alarm range set previously. If they exceed the set 
range, an acousto-optic alarm will be started. Trigger to 
determine whether the setting button is pressed, if yes, it will 
enter the alarm range setting; There is a brief delay, at which 
point it completes one cycle and begins the next cycle. Figure 15 
shows the workflow of ours system. 

D. System simulation 

 
 

Fig. 15 flow chart of our system 
 

Our system was simulated on Proteus. The simulation 
program (Figure 16) was downloaded into the simulation circuit 
after the completion of the overall circuit design. However, 
Proteus does not have any components of PM2.5 sensing. Thus, 
a virtual serial port driver and STC in-system programming 
(ISP) software were selected to generate PM2.5 concentration 
signals. During the simulation, once the MCU received 
abnormal data, the system issued an alarm and turned on the 
corresponding LED. 

 
 

Fig. 16 simulation diagram 

V. SYSTEM TEST 
To verify the accuracy and function of our system, the 

temperature, humidity, and PM2.5 measured by our system 
were compared with the data captured by standard instruments. 
The contrastive standard instruments include an SDL307 
PM2.5 mass spectrometer to measure the concentration of 
PM2.5, and a TASI-622A temperature and humidity meter to 
measure the temperature and humidity. Table 1 compares the 
data of our system with those of the standard instruments at 9 
time points in an indoor environment test. It can be seen that the 
relative error of PM2.5 concentration was smaller than 3μg/m3; 
the temperature error was within 1℃; the humidity error was 
below 5% relative humidity (RH). The results demonstrate the 
high accuracy of our system. 

Besides the accuracy test, a series of functional tests were 
carried out to verify the functions of our system. Before the test, 
the lower and upper limits of temperature were set to 18℃ and 
34℃, respectively; the lower and upper limits of humidity were 
set to 30%RH and 55%RH, respectively; the limit of PM2.5 
concentration was set to 30μg/m3. 

Then, six functional tests were organized by control variates 
method. Each time, a single variable among temperature, 
humidity, and PM2.5 concentration was placed in alarm range. 
Specifically, the temperature was adjusted to 16℃ and 35℃ 
respectively by an air conditioner; the humidity was adjusted to 
25% RH and 60% RH respectively by a humidifier and a drier; 
the PM2.5 was generated by passing pulverized coal through a 
vibrating screen, making the local PM2.5 concentration reach 
35μg/m3. The results of functional tests (Table 2) show that our 
system issued alarmed whenever temperature, humidity, or 
PM2.5 concentration violated the thresholds. 

 

 

Table 1. Results of indoor environment test 

Time 

points 

Measured 

PM2.5 

concentration 

Standard PM2.5 

concentration 

Measured 

temperature 

Standard 

temperature 

Measured 

humidity 

Standard 

humidity 

6:00 8μg/m3 6μg/m3 20℃ 20℃ 52%RH 51%RH 
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8:00 9μg/m3 11μg/m3 24℃ 25℃ 49%RH 52%RH 
10:00 7μg/m3 10μg/m3 26℃ 26℃ 45%RH 45%RH 
12:00 9μg/m3 9μg/m3 26℃ 26℃ 43%RH 45%RH 
14:00 10μg/m3 8μg/m3 26℃ 27℃ 43%RH 43%RH 
16:00 11μg/m3 12μg/m3 24℃ 23℃ 40%RH 44%RH 
18:00 15μg/m3 18μg/m3 23℃ 22℃ 46%RH 48%RH 
20:00 13μg/m3 13μg/m3 20℃ 19℃ 55%RH 52%RH 
22:00 13μg/m3 15μg/m3 17℃ 16℃ 59%RH 54%RH 
 

Table 2. Results of functional tests. 
Thresholds Measured results LEDs Buzzer 
17℃ 17℃ LED1 On 
34℃ 35℃ LED2  On 
30%RH 25%RH LED3 On 
55%RH 60%RH LED4 On 
30μg/m3 35μg/m3 LED5 On 

VI. CONCLUSIONS 
This paper designs an STC12C5A-centered indoor air quality 

detection system, and proves that the system can detect and 
display PM2.5 concentration, temperature, and humidity of the 
indoor air. During the verification tests, whenever the measured 
data violated the thresholds, the system could issue an alarm 
with the buzzer and corresponding LED light; the relative error 
of PM2.5 concentration was smaller than 3μg/m3; the 
temperature error was within 1℃; the humidity error was below 
5% RH. In addition, our system boasts a simple circuit structure, 
convenience in operation, and broad application prospects. 
Overall, our research provides a suitable way to measure the air 
quality in indoor environments. This system can only detect 
PM2.5, and has no function of detecting formaldehyde, Benben 
and other common harmful gases in home. Adding harmful gas 
detection function will be the focus of our next research. 
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