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ABSTRACT 

 In recent decades, with the industrial development, it has brought many 

environmental problems. One of the most concerned by society is the air pollution 

problem which becomes more and more serious all over the world, as well as Macau, 

such as PM2.5. As more and more people focus on air pollution, the demand for the 

instrument for monitoring air quality becomes larger and larger, not only for the more 

sophisticated and expensive instruments but also the low-cost sensors. In this paper, the 

Raspberry Pi was chosen to build low-cost sensor packages. Raspberry Pi is a cheap, 

flexible, fully customizable and programmable small computer board. It also has many 

input and output ways, so that it is a suitable choice. The way of using Raspberry Pi as 

a low-cost sensor and the data obtained by Raspberry Pi sensors with the analysis will 

be shown in this paper. After that, the data which got from Raspberry Pi will be 

compared with the data from instruments from routine measurements. Through 

compared the data between the Raspberry Pi sensor packages and the Dusttrak, the 

correlation between them is very high whether in the indoor condition of ambient 

condition, and the correction formulas are also very accurate. The influences of 

temperature and relative humidity have been proved, although the impact of them was 

not very large. Correction formulas were also developed for the two sensor packages in 

different conditions. Therefore, low-cost sensor packages are promising in giving 

satisfactory performance in air pollution monitoring, and is also cost-effective.  
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CHAPTER 1 INTRODUCTION 

1.1 Objective 

The aim of this project is to construct an air pollution sensor package based on 

Raspberry Pi, a small single board computer. Sensor choice will be explored to evaluate 

the compatibility with the Raspberry Pi. Construction of the sensing and data logging 

will be thoroughly measurement. Performance of the sensor package will be assessed 

against conventional air pollutant analyzers. 

 

1.2 Background 

 Today, with the development of the economy, people’s material life is extremely 

rich, but the environmental problems are getting worse and worse, which has received 

much attention is the air pollution problem. In recent years, a new word had also entered 

everyone’s life, PM2.5. In daily life, the concentration of PM2.5 often be used to 

measure the level of air pollution in an area, the higher the value is, the more serious 

the air pollution, and the concentration of PM has a very big impact on human health, 

so that the concentration of PM2.5 and PM10 is very important to the environment science. 

    With the development of technology, the low-cost sensor has been more and more 

common because it's cheap and portable, it is easy to produce a low cost and convenient 

sensor which can monitor air pollution, such as use Raspberry Pi construct an air 
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pollution sensor package.  

    Raspberry Pi is a cheap, flexible, fully customizable and programmable small 

computer board, it also has much different input and output interface, so that it can 

match several different devices. And Raspberry Pi brings the advantages of PC to the 

domain of sensor, which makes it the perfect platform for interfacing with a wide variety 

of external peripherals so that the Raspberry Pi has been chosen as the base of the low-

cost air pollution sensor package. 

    Due to the limitations of low-cost sensors, the measured data cannot be very 

accurate, after running the Raspberry Pi sensor package, the data obtained needs to be 

optimized by the algorithm. By mathematically modeling the resulting data with 

relatively accurate data, comparing their relevance, such as a linear relationship or an 

inverse relationship, exploring the effect of temperature and humidity on the data 

obtained by Raspberry Pi. 

 

1.3 Scope of Work 

 In this study, the first is a basic understanding of the Raspberry Pi system, after that, 

programmed the codes which controlling Raspberry Pi control sensors sampling in 

Python. Second, set up two Raspberry Pi sensor packages, which can measure the 

concentration of PM2.5, placed both of them in the indoor and ambient environment for 

several days with the precise instrument, compared the obtained data, analyzed their 

relevance with temperature and humidity factor, established mathematical models for 
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optimization. Third, placed one Raspberry Pi package in indoor, one in ambient, the 

data obtained will be optimized by the above method to compare the indoor and ambient 

air quality. Finally, evaluate the performance and advantages and disadvantages of the 

Raspberry Pi sensor package as an air pollution sensor.  
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CHAPTER 2 LITERATURE REVIEW 

2.1 PM2.5 

In recent years China, the environmental problems are getting more and more 

serious, which has attracted people’s attention, the demand for the detection of 

environmental pollution is higher and higher so that the environmental status will 

influence the demand. Among the many atmospheric pollutants, the most concerned is 

PM2.5. 

    PM, which full name is particulate matter, refers to solid particles or droplets 

suspended in the air, and the most we heard in life is PM2.5. The concentration of PM2.5 

is very important to the environmental science, for example, scientists use PM2.5 means 

the content of such particles per cubic meter of air, the higher the value, the more serious 

the air pollution. 

In daily life, the source of PM2.5 is mainly divided into natural sources and 

anthropogenic sources such as fossil fuel combustion, biomass burning, waste 

incineration, the most harmful is the latter. So that in the urban, the traffic has a big 

impact on the concentration of PM2.5. 

The performance of excessive PM2.5 concentrations is smog, the ingredient of smog, 

in the smog, the sulfate, nitrate and black carbon aerosols account for about 60%, among 

them, the black carbon aerosols for about one-third. 

a)    Sulfate: The main source is the combustion of fossil fuels to produce sulfur 
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oxides (e.g. SO2 and SO3), which are formed by a reaction in the gas or liquid phase. 

b)    Nitrate: The main source is the nitrogen oxides (e.g. NO and NO2) produced by 

the reaction of nitrogen and oxygen in the air during high-temperature combustion of 

the fuel, and then formed by reactions. 

c)    Ammonium: Its precursor is ammonia, the main source is the decomposition of 

animal and plant residues or excreta in agriculture and animal husbandry, followed by 

industrial man-made activities. 

d)    Black carbon aerosols: Caused by various factors such as industrial pollution, 

automobile exhaust and biomass burring account 

These show that PM2.5 is harmful to the human body even carcinogenic; it affects 

the scattering of sunlight and absorbs sunlight, it made the sky became black, and 

affected visibility; an inversion of temperature, affecting climate, if the climate is 

changed, it will have very serious consequences.  

As the reason for the lifetime of PM2.5 is long, and the transportability is high so 

that solving the problem of smog is a regional issue. 

2.2 Raspberry Pi 

The Raspberry Pi is a kind of small single-board computers developed in the 

United Kingdom by the Raspberry Pi Foundation to promote the teaching of basic 

computer science in schools and in developing countries. 
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Figure 2.1: Front and rear view of Raspberry Pi 

The Raspberry is a microcomputer which only has the credit card size, and it has all 

the basic function of the computer. The Raspberry Pi has a lot of versions, and 

different versions have different configurations. 

 

Figure 2.2: Side interface of Raspberry Pi 

The Raspberry Pi is a kind of microcomputer motherboard which is based on 

ARM (Advanced RISC Machine) processor, the memory hard disk of it is SD/Micro 

SD card, around the motherboard, there might be 1/2/4 USB interface and a 10/100 

Ethernet interface, so that the Raspberry Pi can connect mouse, keyboard and cable. 

Expect these, the Raspberry Pi also has a video analog signal TV output interface and 

HDMI high definition video output interface. For the Raspberry Pi which shows in the 

figure, it has 4 USB interface, 1 cable interface. 
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Although the Raspberry Pi so small, it has a lot of functions, like video, audio and 

so on. Like all the other PC or laptop which is running Linux, the Raspberry Pi can do 

everything they can do. 

    Because of the Raspberry Pi has different kinds of interfaces on the small 

motherboard, it has all the basic functions of PC, only need to connect monitor and 

keyboard, it can perform tasks like excel, word processing, playing HD video, playing 

games and so on. 

    Raspberry Pi is a very suitable carrier of the low-cost sensor package, as the 

reason for its low cost, flexibility, and powerful functions. It is convenient to measure 

different data by connecting Raspberry Pi and different kinds of sensors, for example, 

the sensors used in this report, such as PM2.5 sensors and so on. 

The advantages are obvious, but there are also many shortcomings, such as for the 

whole sensor package, the cost of Raspberry Pi is much higher than the specific 

function microcontroller so that it also needs to be improved. 
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2.2.1 Raspberry Pi Pinout 

 In this paper, the Raspberry Pi Pinout which is used is 

the serial peripheral interface (SPI). SPI0 pins in BCM 

mode are: 9, 10, 11+ 7/8, SPI0 pins in WiringPI are: 12, 

13, 14+ 10/11. Known as the four-wire serial bus, SPI lets 

your daisy-chain multiple compatible devices off a single 

set of pins by assigning them different chip-select pins, 

which details are 5 pin header, uses 11 GPIO pins.     

 Figure 2.3: Raspberry Pi SPI Pinout
 

 The pinout information is shown in the next table: 

 GPIO, which means general-purpose input/output, it is an uncommitted digital 

signal pin on an integrated circuit or electronic board whose behavior, including 

whether it acts as input or output, is controllable by the user at run time. 

Table 2.1: Raspberry Pi SPI Pinout information 

Physical 

pin 

BCM pin 

 

Alt 0 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 

11 BCM 17 FL1 SMI SD9 DPI 

D13 

UART0 

RTS 

SPI1 

CE1 

UART1 

RTS 

12 BCM 18 

(PWM0) 

PCM 

CLK 

SMI 

SD10 

DPI 

D14 

I2CSL 

SDA / 

MOSI 

SPI1 

CE0 

PWM0 

19 BCM 10 

(MOSI) 

SPI0 

MOSI 

SMI SD2 DPI 

D6 

AVEOUT 

VID6 

AVEIN 

VID6 

 

21 BCM 9 

(MISO) 

SPI0 

MISO 

SMI SD1 DPI 

D5 

AVEOUT 

VID5 

AVEIN 

VID5 

 

23 BCM 11 

(SCLK) 

SPI0 

SCLK 

SMI SD3 DPI 

D7 

AVEOUT 

VID7 

AVEIN 

VID7 
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24 BCM 8 

(CE0) SPI0 

CE0 
SMI SD0 

DPI 

D4 

AVEOUT 

VID4 

AVEIN 

VID4 

 

26 BCM 7 

(CE1) 

SPI0 

CE1 

SMI 

SWE_N/ 

SRW_N 

DPI 

D3 

AVEOUT 

VID3 

AVEIN 

VID3 

 

35 BCM 19 

(MISO) 

PCM 

FS 

SMI 

SD11 

DPI 

D15 

I2CSL 

SCL / 

SCLK 

SPI1 

MISO 

 

36 BCM 16 FL0 SMI SD8 DPI 

D12 

UART0 

CTS 

SPI1 

CE2 

UART1 

CTS 

38 BCM 20 

(MOSI) 

PCM 

DIN 

SMI 

SD12 

DPI 

D16 

I2CSL 

MISO 

SPI1 

MOSI 

GPCLK0 

40 BCM 21 

(SCLK) 

PCM 

DOUT 

SMI 

SD13 

DPI 

D17 

I2CSL 

CE 

SPI1 

SCLK 

GPCLK1 

For physical pin 12, BCM 18, the PWM0 output of BCM 18 is particularly useful, 

in combination with some fast, direct memory access trickery, for driving tricky devices 

with very specific timings. The WS2812 LEDs on the Unicorn HAT are a good example 

of this in action. 
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2.2.2 Specifications of Raspberry Pi 3 Model B 

The specific information of Raspberry Pi 3 model B is shown in the next figure: 

 

Figure 2.4: Specific Information of Raspberry Pi 3 model B 

 

Table 2.2: Specifications of Raspberry Pi 3 model B 

Version Raspberry Pi 3 Model B 

Release date February 2016 

Target price (USD) $35 

Instruction ARMv8-A (64/32-bit) 

SoC Broadcom BCM2837 

FPU VFPv4 + NEON 

CPU 4× Cortex-A53 1.2 GHz 
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GPU Broadcom VideoCore IV @ 250 MHz (BCM2837: 3D part 

of GPU @ 300 MHz, video part of GPU @ 400 MHz) 

OpenGL ES 2.0 (BCM2835, BCM2836: 24 GFLOPS / 

BCM2837: 28.8 GFLOPS) 

MPEG-2 and VC-1 (with license), 1080p30 H.264/MPEG-4 

AVC high-profile decoder and encoder[20] (BCM2837: 

1080p60) 

Memory (SDRAM) 1 GB (shared with GPU) 

USB 2.0 ports 4 (via on-board 5-port USB hub) 

Power ratings 300 mA (1.5 W) average when idle, 1.34 A (6.7 W) maximum 

under stress (monitor, keyboard, mouse and Wi-Fi 

connected) 

Power source 5 V via MicroUSB or GPIO header 

Size 85.60 mm × 56.5 mm × 17 mm (3.370 in × 2.224 in × 0.669 

in) 

Weight 45 g (1.6 oz) 

Generation 3 
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2.3 Low Cost Sensor 

 With the development of technology, more and more kinds of the sensor had been 

created, different kinds sensors have different characteristics, for example, low-cost 

sensor and high-cost sensor, in addition to their cost, there are also several differences 

between them: 

1. The most obvious difference is the accuracy of them, the data obtained by the 

high-cost sensor is more accurate than the low-cost sensor. 

2. The years of use are differing greatly. 

3. The maintain of the high-cost sensor has very strict requirements, the preserved 

environment must be exacting controlled, and the service cost is also very expensive. 

4. The accuracy of the low-cost sensor is greatly affected by the voltage in our case, 

in order to ensure the accuracy of the date, the voltage supplied to the Raspberry Pi 

must be greater than 5 V.  

5. The low-cost sensor can be replaced frequently. 

6. The weight of low-cost sensors usually is very light, so that mobility is higher. 

7. As the reason of cost, in the same area, the number of low-cost sensor can be 

much higher than the high-cost sensors, so that the density of data might be higher. 

 

Due to the limitations of low-cost sensors, data is often required to be optimized 

by algorithms. 
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The sensor is used in this report is the Plantower PMS7003 Air Quality Sensor, 

which can measure the concentration of PM10 and PM2.5 and PM1 concentration in the 

atmosphere. The photo of the sensor is shown below: 

          

                            

Figure 2.5: PMS 7003 particulate matter sensor 

 

   PMS 7003 is a digital universal particle concentration sensor based on the 

principle of laser scattering. It can continuously collect and calculate the number of 

suspended particles with different particle sizes in the air per unit volume, that is, 

the concentration distribution of particles, and then convert it into mass 

concentration and use a universal digital interface. Formal output. The sensor can be 

embedded in a variety of instrumentation or environmental improvement equipment 

related to the concentration of suspended particulates in the air to provide timely and 

accurate concentration data. 

  As a low cost-sensor, PMS7003 has many advantages: 

1. Real-time response and support for continuous acquisition 

2. Minimum resolution particle size 0.3μm 

3. Six-sided omnidirectional shielding, stronger anti-interference performance 
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4. In and out of the tuner direction, a wide range of applications 

5. Ultra-thin design, only 12 mm, suitable for portable devices 

There are a lot of factors that influence the obtained data by PMS7003, such as 

temperature and humidity. Droplets in the air have the greatest impact on the data if 

they combined with particulate matter so that the value of PM2.5 concentrations will be 

a lager. On the other hand, the PMS7003 only has a small fan, so that the air intake is 

small, then the data which is measured is not very accurate. Other than these, the 

identification of particles may not be very accurate. 

2.4 Python 

 Python is a scripting language that was conceived in the late 1980s by Guido van 

Rossum at Centrum Wiskunde & Informatica in the Netherlands. It is a scripting 

language differs from a true programming language in a few ways, which is usually 

more simple than programming languages such as C, C++, and Java.  

The basic statements and control flow of Python used in the control code are shown 

next: 

1. import: The import statement, which is used to import modules whose functions or 

variables can be used in the current program. 

2. def: The def statement, which defines a function or method. 

3. print: The print statement was changed to the “print()” function in Python 3 

4. for: The for statement, which iterates over an iterable object, capturing each 

element to a local variable for use by the attached block. 
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5. if: The if statement, which conditionally executes a block of code, along with else 

and elif (a contraction of else-if). 

6. with: The with statement, which encloses a code block within a context manager, 

allowing Resource Acquisition Is Initialization (RAII)-like behavior and replaces a 

common try/finally idiom. 

7. pass: The pass statement, which serves as a NOP. It is syntactically needed to create 

an empty code block. 

8. try: The try statement, which allows exceptions raised in its attached code block to 

be caught and handled by “except” clauses; it also ensures that clean-up code in a 

finally block will always be run regardless of how the block exits. 

9. while: The while statement, which executes a block of code as long as its condition 

is true. 

2.5 Algorithm Optimization 

Due to the limitations of low-cost sensors, the data obtained usually slightly 

different from the actual value, so it needs to be optimized by the algorithm. 

In this experiment, since the PMS7003 uses the principle of laser scattering, the 

data obtained is relatively large, the factors most likely to affect low-cost sensor data 

are temperature and humidity. Mathematical modeling can be used to analyze the 

Raspberry Pi data and accurate data. Under normal circumstances, the Raspberry Pi 

data will larger than the accurate data and they usually have a linear relationship. 
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CHAPTER 3 EXPERIMENT METHOD 

3.1 Equipment 

1. Hardware 

a) Two Raspberry Pi PM2.5 sensor package 

This device is based on the Raspberry Pi 3B, combined with the PMS 7003 

particle sensor to achieve the real-time statistical function of the number of particles 

in the air. The maximum data acquisition speed is about 1 time per second. 

 

Figure 3.1: Running Raspberry Pi PM2.5 sensor package 

i. Raspberry Pi 3 model B motherboard 

  

Figure 3.2: Front and rear view of Raspberry Pi Motherboard 
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ii. PM sensor with Pinboard and dupont line 

 

(a)           (b)           (c) 

Figure 3.3: (a)PMS7003 Air Quality Sensor, (b)Pinboard and (c)Dupont line  

b) Dusttrak II 8532 

The DRX Aerosol Monitor can measure both mass and size fraction at the same 

time and provides a gravimetric sample. In this experience, it is used as a precision 

instrument to derive relatively accurate data compared to Raspberry Pi sensor 

package data. 

Measurement range and accuracy: Aerosol concentration measurement range 

from 0.001 to 150 mg/m3. 

c) Q-Trak 7575 

Q-Trak 7575 provides quick, accurate information to assess key indoor air 

quality (IAQ) parameters. In this experience, the main of its use is recorded the 

temperature and humidity data, to explore the effect of temperature and humidity 

on the accuracy of Raspberry Pi sensor package data. 
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(a)             (b) 

Figure 3.4: (a) Dusttrak II 8532, (b) Q-Trak 7575 

d) Accessories 

i. Raspberry Pi shell 

ii. Micro USB line 

iii. Plug or power bank (Output larger than 5V, 2A) 

iv. Power strip 

v. 16G Micro SD card and card reader 

vi. Cable  

vii. Louver box 

 

Figure 3.5: Accessories  
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Figure 3.6: Louver box 

2. Software 

a) Software on PC 

i.SD card formatter: Format SD card 

(Download from https://www.sdcard.org/downloads/formatter_4/eula_windows/) 

ii.BalenaEtcher: Write the Raspberry Pi system image file to the SD card 

(Download from https://www.balena.io/etcher/) 

iii.Putty: Initial setup of the Raspberry Pi (Download from https://www.putty.org/) 

iv.VNC Viewer on PC: Control the Raspberry Pi, and file transfer between the 

Raspberry Pi and PC 

(Download from https://www.realvnc.com/en/connect/download/viewer/) 

v.Python 3.7 IDLE: Write control program 

(Download from https://www.python.org/downloads/) 

vi.OriginPro 2017: Drawing figures. (Download from https://www.originlab.com/) 

vii.SPSS: Regression analysis of data (Software from UM) 

  

https://www.sdcard.org/downloads/formatter_4/eula_windows/
https://www.balena.io/etcher/
https://www.putty.org/
https://www.realvnc.com/en/connect/download/viewer/
https://www.python.org/downloads/
https://www.originlab.com/
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b) Software on iPhone 

i. Fing: Find IP address. (Download from AppStore.) 

ii. VNC Viewer on iPhone: Control the Raspberry Pi. (Download from AppStore.) 

 

 

 

 

 

 

 

Figure 3.7: Software on PC    Figure 3.8: Software on iPhone 

3. Raspberry Pi system image file: 2018-11-13-raspbian-stretch-full.img 

(Download from https://www.raspberrypi.org/downloads/raspbian/) 

 

  

https://www.raspberrypi.org/downloads/raspbian/
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3.1.1 Hardware Preliminary Setup 

1. Install the Raspberry Pi system 

a) Download the Raspberry Pi system image file from the Raspberry Pi official 

website.  

b) Use SD card reader connect the SD card with the PC 

c) Formatting the SD card with the SD Card Formatter.  

 

Figure 3.9: Formatting the SD card 

d) Write the Raspberry Pi system file raspbian to the SD card with balenaEtcher. 

 

Figure 3.10: Write Raspberry Pi system into SD card 
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e) Insert the system SD card into the card slot of Raspberry Pi, power the Raspberry 

Pi with a power bank. If the red light always on, the SD card is not found; if the red 

light always on, the yellow light flicker, the SD is normal operation. 

 

Figure 3.11: Raspberry Pi normal operation 

2. Initialize the Raspberry Pi 

a) Connecting the Raspberry Pi and PC with cable 

 

Figure 3.12: Connect PC and Raspberry Pi with cable 

  



23 
 

b) Using the cmd to check the IP address of Raspberry Pi. Input “arp –a” and enter. 

The IP address of Raspberry Pi is shown in the red box which is 192.168.137.202. 

 

Figure 3.13: Find IP address of Raspberry Pi 

c) Using Putty to setup Raspberry Pi. Enter the IP address of Raspberry Pi in the Host 

Name, and press open. 

 

Figure 3.14: Open Raspberry Pi with Putty 
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d) Login with the initial name “pi” and password “raspberry” 

 

Figure 3.15: Login Raspberry Pi in Putty 

e) Enter “sudo raspi-config”, start configuration mode. 

 

Figure 3.16: Setting Raspberry Pi with Putty 

After that select “5 Interfacing Options” >> “p3 VNC” >> “Yes”, then then VNC 

Server is enabled.  

In this way, many options of Raspberry Pi can be set. 
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3. VNC desktop setting on PC 

a) Open VNC Viewer on PC, enter the IP address of Raspberry Pi into the block.

 

Figure 3.17: Connect Raspberry Pi in VNC Viewer (PC) 

b) Use the initial username “pi” and password login. 

 

Figure 3.18: Login Raspberry Pi in VNC Viewer (PC) 
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c) Finally, the desktop can be shown on PC by VNC Viewer. 

 

Figure 3.19: Desktop of Raspberry Pi in VNC Viewer (PC) 

4. VNC desktop setting on iPhone 

a) Set the Wi-Fi on the PC VNC Viewer, let the Raspberry Pi and the iPhone use the 

same Wi-Fi. And then disconnect the Raspberry Pi and PC 

 

Figure 3.20: Wi-Fi setting of Raspberry Pi in VNC Viewer (PC) 
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b) Use the app Fing, find the device using the same Wi-Fi as iPhone, and the IP address 

of Raspberry Pi is also shown in the red box, which is 172.20.10.2. 

 

Figure 3.21: Find Raspberry Pi IP address in Fing 

c) Use the VNC Viewer on iPhone, add the IP address of Raspberry Pi as a new remote 

desktop. 

 

Figure 3.22: Connect Raspberry Pi in VNC Viewer (iPhone) 
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d) Login with the initial username “pi” and password “raspberry” 

 

Figure 3.23: Login Raspberry Pi in VNC Viewer (iPhone) 

e) Then the desktop of Raspberry Pi is shown on the iPhone. 

 

Figure 3.24: Desktop of Raspberry Pi in VNC Viewer (iPhone) 
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3.1.2. Connect Sensor with Raspberry Pi 

 The sensor connected to Raspberry Pi by pinboard and dupont line, is shown in 

next figure:  

 

Figure 3.25: Connection of Raspberry Pi and PMS 7003 sensor 

The yellow line is connected VCC pin with VCC pin as the 5V positive electrode, 

the green line is connected GND pin with GND pin as the negative electrode. RX pin 

match to BCM 15 RXD pin with the blue line, TX pin match to BCM 14 TXD pin 

with the purple line, which can transfer data from the sensor to Raspberry Pi. 

3.1.3 Coding 

After powering the assembled Raspberry Pi sensor package, the Raspberry Pi will 

boot directly, and the PMS7003 sensor will automatically start measuring and 

recording data, so a program is needed to store the sensor’s measured data in the 

Raspberry Pi. So that there needs a program which named “usart.py” to read the data 
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measured by the PMS7003 sensor and record it with the specific time. 

The specific code of the program “usart.py” is in the appendix. This program can 

be divided into 5 parts: 

1. Line 8-13: Check the sensor data folder of sensor 

2. Line 15-23: Proses the sensor data according to the description format from 

the PMS7003 sensor manual. 

3. Line 25-44: Read the data after processed 

4. Line 47-70: Create a folder named by the local time on the desktop each time 

the Raspberry Pi turn on 

5.  Line 72-106: Save the data as text file into the folder every 10 minuets, record 

boot time and error  

The Python file in PC can be transferred to the Raspberry Pi by the function of file 

transfer when connecting via VNC, and the data file also can be transferred by this 

function from Raspberry Pi to PC. 

After saved the control file on the desktop of Raspberry Pi, it is necessary to let the 

program start automatically by adding a startup code “su pi -c ‘exec 

\home\pi\desktop\usart.py’” to the rc.local file (Raspberry Pi system file) before the line 

“exit 0”. 

By running this program, after data collection by the PMS 7003 sensor, Raspberry 

Pi will call the serial port toolkit, read the serial port data and arrange it according to 

the description format from the PMS7003 sensor manual, save the data to its internal 
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storage (path: ~\Desktop\Data\) automatically. Each time the Raspberry Pi starts up, a 

folder will be created automatically which named as the current time, and all data will 

be saved to this folder. The sensor data defaults to one file every 10 minutes. 

3.1.4 Basic Operation Instructions   

1. Power supply 

Using 5V USB power supply, the recommended supply current is greater 

than 2A, and the minimum is not less than 1A which ensures that the Raspberry 

Pi and sensor works properly. 

2. Start up 

After the power is directly activated by the power supply, the Raspberry 

Pi sensor package will automatically start the system and start data collection. 

3. Network 

As the reason of the built-in clock of Raspberry Pi cannot be timed 

normally during the time when the power is turned off, in order to ensure that 

the data collection result time is same as the real time, it is recommended to 

provide a temporary network for the Raspberry Pi through the mobile phone or 

computer hotspot. 

  Temporary networks do not need to be provided continuously, they only 

need to be enabled for a period of time after power-on. After the Raspberry Pi 

completes automatic time calibration, it can be turned off, which consumes very 

little flow. 



32 
 

  Other than these, since the Raspberry Pi sensor package started recording 

data without correction time, after the Raspberry Pi corrected time, the data of 

a few minutes after booting may not be recorded. 

4. Data check 

The data can be checked after connecting through VNC viewer, the data 

file can be seen directly on the desktop. The file path is: Desktop\Data\. 

The name of the data folder is the system time when the Raspberry Pi starts 

up. The file named “BootAt****.txt” means the data collection script starts 

normally and the start time. The file named “ErrAt****.txt” means the data 

collection script error. Other files name only contains the time, the general time 

name interval is 10 minutes, which conations all the data collected by the 

sensor. 

Another thing needs to note is, in order to use the higher performance of 

serial port 0, the Bluetooth of the Raspberry Pi is turned off by default and 

connected to serial 1, the system's console function is turned off. Otherwise, 

no data will be written to the Raspberry Pi. 

5. Shut down 

It is recommended to use VNC viewer shut down the Raspberry Pi, it is 

not recommended to directly power off, because, in this way, the system card 

is easily being damaged. 
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3.2 Arrangement of Measurement 

In order to analyze and correct the data of the Raspberry Pi sensor package better, 

the measurement has been divided into 3 parts, which are indoor measurement, ambient 

measurement, and the indoor & ambient comparative measurement. 

The types of data are the same for the 3 different measurements, which are: 

1. PM2.5 concentrations (µg/m3) measured by Raspberry Pi sensor packages and 

Dusttrak. 

2. Temperature (°C) which measured by T-trak. 

3. Relative humidity (%) which measured by T-trak 

3.2.1 Indoor Measurement 

Time: 25/03/2019 23:15-29/03/2019 21:03 

Location: 4057, E11 Building-Faculty of Science and Technology, University of Macau, 

Macau. Open window, with air conditioning opening, outside the window is the garden. 

 

Figure 3.26: Plan view of 4th Floor-E11, 4057 in red mark 
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Equipment: 2 Raspberry Pi sensor packages, Dusttrak and Q-trak placed on a table 

which about 1 meter from the window. 

 

Figure 3.27: Indoor measurement equipment placement 

3.2.2 Ambient Measurement 

Time: 29/03/2019 22:55-08/04/2019 21:52 

Location: Roof floor, E11-Faculty of Science and Technology, University of Macau, 

Macau. Open environment, one side is the road (Alumni Avenue) and the other side is 

the garden. 

 

Figure 3.28: Ambient measurement location 
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Figure 3.29: Ambient measurement specific situation 

Equipment: 2 Raspberry Pi sensor packages and Q-trak placed on the upper layer of the 

louver, Power strip and Dusttrak placed on the lower layer of the louver. 

 

Figure 3.30: Ambient measurement equipment placement in louver 

3.2.3 Indoor and Ambient Comparative Measurement 

Time: 08/04/2019 22:09-15/04/2019 15:32 

Location: 

 Indoor: Same as the indoor measurement. 
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 Ambient: Same as the ambient measurement. 

Equipment:   

 Indoor: 1 Raspberry Pi sensor package placed on a table which 1 meter from the 

window. 

 

Figure 3.31: Comparative measurement equipment placement (indoor) 

 Ambient: 1 Raspberry Pi sensor packages and Q-trak placed on the upper layer of 

the louver, Power strip and Dusttrak placed on the lower layer of the louver. 

 

Figure 3.32: Comparative measurement equipment placement in louver (ambient) 



37 
 

CHAPTER 4 RESULT AND DISCUSSION 

 After assembled and set up the 2 Raspberry Pi sensor packages, placed them in the 

experimental location with Dusttrak and Q-trak, then the data will be obtained after 

running.  

 The Raspberry Pi sensor package records a wide variety of data, including the 

concentration of PM1, PM2.5, and PM10 in standard particulate matter (CF=1) and 

atmospheric environment two different conditions, which unit is µg/m3, and also 

involving the number of particle matters of different particle sizes in 0.1 liters of air. In 

this study, the concentration of PM2.5 is the subject of analytical and inquiry. 

 After analysis the data of standard particulate matter (CF=1) and atmospheric 

environment, it can found that they are quite similar even most of them are the same in 

the ambient condition, only the data of the early stage of indoor measurement a little 

different (<0.1 µg/m3). Therefore, in this study, only use the data in standard particulate 

matter (CF=1) condition to express the concentration of PM2.5. 

 Because the Raspberry Pi sensor packages record at least one data per second, there 

are about 100,000 pairs of data per data for each Raspberry Pi, but the Dusttrak and Q-

trak record one data per minute, so the data obtained by Raspberry Pi sensor packages 

need to be processed as an average per minute. In addition, the data obtained by Dusttrak 

also need to be corrected by the next formula: 

𝑪𝟎 = 𝟎. 𝟐𝟗 × 𝑪𝑫𝒖𝒔𝒕𝒕𝒓𝒂𝒌 

After data processing, two PM2.5 concentrations obtained by each Raspberry Pi 
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sensor packages, one PM2.5 concentration obtained by Dusttrak, and also the 

temperature and humidity data of Q-trak corresponding to each minute will be seen as 

one pair of data to analyze. There are 5629 pairs of data of indoor measurement, 14338 

pairs of data for ambient measurement, 6166 pairs of data for indoor and ambient 

comparative measurement. 

 

4.1 Indoor Measurement Data and Analysis 

 In this measurement, the duration is 3 days 21 hours, 48 minutes and the data 

specific situation is shown in the next table: 

Table 4.1: Indoor measurement maximum, minimum, average and median data 

 Maximum Minimum Average Median 

Raspberry Pi package 1 µg/m3 105.36 11.73 33.26 31.97 

Raspberry Pi package 2 µg/m3 69.46 11.73 30.23 30.83 

Dusttrak µg/m3 58.87 7.83 18.83 17.98 

Q-trak Temperature °C 23.80 20.90 22.13 22.10 

Relative humidity % 76.60 67.70 72.59 72.70 

The PM2.5 concentration trend in timeline is shown in next figure: 
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Figure 4.1: Indoor PM2.5 concentration trend 

 From the above figure, there are all three peaks of the three lines, and all appear at 

the same time, it can found there is a high correlation between the data obtained by 

Raspberry Pi sensor packages and Dusttrak in indoor condition. For the three different 

kinds of data, the data measured by Raspberry Pi sensor package 1 is the highest, the 

data measured by Dusttrak is the lowest.  

The specific correlation analysis is shown in the next parts. 

4.1.1 Consistency Test 

 To test the consistency of the two Raspberry Pi sensor packages’ data, using the 

data of Raspberry Pi 1 as the x-axis, the data of Raspberry Pi 2 as the y-axis, the 

following figure can be obtained: 

 

Figure 4.2: Consistency test (Indoor measurement) 
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 From the figure, it can find that without considering the effects of temperature 

and humidity, the relationship between the data of two Raspberry Pi sensor package is: 

𝒚 = 𝟎. 𝟗𝟗𝟗𝟕𝒙 − 𝟏. 𝟏𝟏𝟕𝟓 

 which x is the data measured by Raspberry Pi sensor package 2 (µg/m3), y is the 

data measured by Raspberry Pi sensor package 1 (µg/m3), and the R2=0.9821, so that 

the consistency between the two Raspberry Pi sensor packages is very high in the 

indoor condition, without considering the effects of temperature and humidity. 

4.1.2 Comparison between Raspberry Pi and Dusttrak 

 To compare the relevance between two Raspberry Pi sensor package data and 

Dusttrak data, using the data of Raspberry Pis as the x-axis, the data of Dusttrak as the 

y-axis, the following figure can be obtained: 

 

Figure 4.3: Comparison between Raspberry Pis and Dusttrak (Indoor measurement) 
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From the figure, it can find that without considering the effects of temperature 

and humidity, the relationship between the data of two Raspberry Pi sensor packages 

and Dusttrak are: 

𝒚 = 𝟎. 𝟓𝟓𝟔𝟑𝒙 + 𝟎. 𝟑𝟐𝟔𝟑 

 which x is the data measured by Raspberry Pi sensor package 1 (µg/m3), y is the 

data measured by Dusttrak (µg/m3), and the R2=0.9837. 

𝒚 = 𝟎. 𝟓𝟓𝟐𝟐𝒙 + 𝟏. 𝟎𝟖𝟓𝟕 

 which x is the data measured by Raspberry Pi sensor package 2 (µg/m3), y is the 

data measured by Dusttrak (µg/m3), and the R2=0.9863. 

Therefore, the correlation between the two Raspberry Pi sensor packages and 

Dusttrak is very high in the indoor condition, without considering the effects of 

temperature and humidity.  

Used the average of two Raspberry Pi data as the x-axis and Dusttrak data as the 

y-axis, plotted a scatter plot which shown in the next page:  

 

Figure 4.4: Raspberry Pi data correction formula (Indoor measurement) 
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Then the correction formula of Raspberry Pi in indoor condition without 

considering the effects of temperature and humidity can be obtained: 

𝒚 = 𝟎. 𝟓𝟓𝟔𝟖𝒙 + 𝟎. 𝟔𝟐𝟓𝟕 

which x is the data measured by Raspberry Pi sensor package (µg/m3), y is the 

accurate PM2.5 concentrations (µg/m3), and the R2 is 0.9895, which means that this 

formula is very precise. 

4.1.3 The Effect of Temperature and Humidity on Raspberry Pi’s Data  

 In this part, exploring the effect of temperature and humidity on Raspberry Pi 

sensor package data, with regression analysis. Use the relative humidity, temperature 

and Dusttrak data as the independent variables and Raspberry Pi data as the dependent 

variable, put into SPSS for regression analysis, then the following table can be obtained:  

Table 4.2: Correlations (Indoor measurement) 

Correlations 

  RPi RH T Dusttrak 

Pearson 

Correlation 

RPi 1.000 -0.187 -0.310 0.995 

RH -0.187 1.000 0.410 -0.146 

T -0.310 0.410 1.000 -0.272 

Dusttrak 0.995 -0.146 -0.272 1.000 

Sig. (1-

tailed) 

RPi   0.000 0.000 0.000 

RH 0.000   0.000 0.000 

T 0.000 0.000   0.000 

Dusttrak 0.000 0.000 0.000   

N RPi 5629 5629 5629 5629 

RH 5629 5629 5629 5629 

T 5629 5629 5629 5629 

Dusttrak 5629 5629 5629 5629 
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Table 4.3: Model summary (Indoor text) 

Model Summary 

Model R R Square 

Adjusted 

R 

Square 

Std. Error 

of the 

Estimate 

1 .996a 0.992 0.992 1.17484 

a. Predictors: (Constant), Dusttrak, RH, T 

 

Table 4.4: Coefficientsa (Indoor text) 

Coefficientsa 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. B 

Std. 

Error Beta 

1 (Constant) 27.547 0.677   40.670 0.000 

RH -0.203 0.008 -0.031 -24.010 0.000 

T -0.595 0.027 -0.030 -22.299 0.000 

Dusttrak 1.754 0.002 0.982 790.325 0.000 

a. Dependent Variable: RPi 

From Table 4.3 and Table 4.4, it can found that the relationship between the 

relative humidity, temperature, and Dusttrak data and Raspberry Pi data is: 

𝒚 = −𝟎. 𝟐𝟎𝟑𝒙𝟏 − 𝟎. 𝟓𝟗𝟓𝒙𝟐 + 𝟏. 𝟕𝟓𝟒𝒙𝟑 + 𝟐𝟕. 𝟓𝟒𝟕 

which x1 is relative humidity (%), x2 is temperature (°C), x3 is the Dusttrak data 

(µg/m3), y is the Raspberry Pi data (µg/m3), which R2=0.992. Therefore, the data 

measured by Raspberry Pi is negatively correlated with relative humidity and 

temperature, positively correlated with data measured by Dusttrak in the indoor 

condition. 

From the Table 4.2, the Pearson correlation between Raspberry Pi data and 

Dusttrak data is high which is 0.995, the Pearson correlation between relative 
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humidity and the temperature is relatively low, which are respectively -0.187 and -

0.310. That means the data of Raspberry Pi is more affected by the Dusttrak data, less 

affected by the relative humidity and temperature. 

Then the correction formula of Raspberry Pi data in the indoor condition is: 

𝒚 = 𝟎. 𝟏𝟏𝟔𝒙𝟏 + 𝟎.𝟑𝟑𝟗𝒙𝟐 + 𝟎. 𝟓𝟕𝟎𝒙𝟑 − 𝟏𝟓. 𝟕𝟎𝟓 

where x1 is relative humidity (%), x2 is temperature (°C), x3 is the measured data 

of Raspberry Pi sensor package(µg/m3). 

4.2 Ambient Measurement Data and Analysis 

 In this measurement, the duration is 9 days 22 hours 57 minutes, and the data 

specific situation is shown in the next table: 

Table 4.5: Ambient measurement maximum, minimum, average and median data 

 Maximum Minimum Average Median 

Raspberry Pi package 1 µg/m3 133.96 13.06 43.65 35.91 

Raspberry Pi package 2 µg/m3 127.48 11.79 41.97 34.07 

Dusttrak µg/m3 72.50 8.41 23.92 19.72 

Q-trak Temperature °C 29.30 20.30 24.35 23.90 

Relative humidity % 82.80 70.50 76.33 76.70 

The PM2.5 concentration trend in timeline is shown in next figure: 
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Figure 4.5: Ambient PM2.5 concentration trend 

 From the above figure, there are all nine peaks of the three lines, and all appear at 

the same time, it can found there is a high correlation between the data obtained by 

Raspberry Pi sensor packages and Dusttrak in ambient condition. For the three 

different kinds of data, the data measured by Raspberry Pi sensor package 1 is the 

highest, the data measured by Dusttrak is the lowest.  

The specific correlation analysis is shown in the next parts. 

4.2.1 Consistency Test 

To test the consistency of the two Raspberry Pi sensor packages’ data, using the 

data of Raspberry Pi 1 as the x-axis, the data of Raspberry Pi 2 as the y-axis, the 

following figure can be obtained: 
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Figure 4.6: Consistency test (Ambient measurement) 

From the figure, it can find that without considering the effects of temperature 

and humidity, the relationship between the data of two Raspberry Pi sensor package is: 

𝒚 = 𝟎. 𝟗𝟖𝟎𝟒𝒙 − 𝟎. 𝟖𝟐𝟏𝟖 

 which x is the data measured by Raspberry Pi sensor package 2, y is the data 

measured by Raspberry Pi sensor package 1, and the R2=0.9855, so that the 

consistency between the two Raspberry Pi sensor packages is very high in the ambient 

condition, without considering the effects of temperature and humidity. 

 

4.2.2 Comparison between Raspberry Pi and Dusttrak 

To compare the relevance between two Raspberry Pi sensor package data and 

Dusttrak data, using the data of Raspberry Pis as the x-axis, the data of Dusttrak as the 

y-axis, the following figure can be obtained: 
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Figure 4.7: Comparison between Raspberry Pis and Dusttrak (Ambient text) 

From the figure, it can find that without considering the effects of temperature 

and humidity, the relationship between the data of two Raspberry Pi sensor packages 

and Dusttrak are: 

𝒚 = 𝟎. 𝟓𝟑𝟕𝟏𝒙 + 𝟎, 𝟗𝟖𝟕𝟕 

 which x is the data measured by Raspberry Pi sensor package 1, y is the data 

measured by Dusttrak, and the R2=0.9877. 

𝒚 = 𝟎. 𝟓𝟒𝟐𝟐𝒙 + 𝟏. 𝟏𝟔𝟕𝟐 

 which x is the data measured by Raspberry Pi sensor package 2, y is the data 

measured by Dusttrak, and the R2=0.9816. 

Therefore, the correlation between the two Raspberry Pi sensor packages and 

Dusttrak is very high in the ambient condition, without considering the effects of 

temperature and humidity.  

y = 0.5371x + 0.4781
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Used the average of two Raspberry Pi data as the x-axis and Dusttrak data as the 

y-axis, plotted a scatter plot which shown in next:  

 

Figure 4.8: Raspberry Pi data correction formula (Ambient measurement) 

Then the correction formula of Raspberry Pi in ambient condition without 

considering the effects of temperature and humidity can be obtained: 

𝒚 = 𝟎. 𝟓𝟒𝟏𝟔𝒙 + 𝟎. 𝟕𝟑𝟔𝟕 

which x is the data measured by Raspberry Pi sensor package, y is the accurate 

PM2.5 concentrations, and the R2 is 0.9883, which means that this formula is very 

precise. 

4.2.3 The Effect of Temperature and Humidity on Raspberry Pi’s Data 

In this part, exploring the effect of temperature and humidity on Raspberry Pi 

sensor package data, with regression analysis. Use the relative humidity, temperature 

and Dusttrak data as the independent variables and Raspberry Pi data as the dependent 

variable, put into SPSS for regression analysis, then the following table can be obtained:  
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Table 4.6: Correlations (Ambient measurement) 

Correlations 

  RPi RH T Dusttrak 

Pearson 

Correlation 

RPi 1.000 -0.153 -0.289 0.993 

RH -0.153 1.000 -0.134 -0.179 

T -0.289 -0.134 1.000 -0.292 

Dusttrak 0.993 -0.179 -0.292 1.000 

Sig. (1-

tailed) 

RPi   0.000 0.000 0.000 

RH 0.000   0.000 0.000 

T 0.000 0.000   0.000 

Dusttrak 0.000 0.000 0.000   

N RPi 20504 20504 20504 20504 

RH 20504 20504 20504 20504 

T 20504 20504 20504 20504 

Dusttrak 20504 20504 20504 20504 

 

Table 4.7: Model summary (Ambient measurement) 

Model Summary 

Model R R Square 

Adjusted 

R 

Square 

Std. Error of 

the Estimate 

1 .993a 0.987 0.987 2.47529 

a. Predictors: (Constant), Dusttrak, RH, T 

 

Table 4.8: Coefficientsa (Ambient measurement) 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. B 

Std. 

Error Beta 

1 (Constant) -14.750 0.528   -27.922 0.000 

RH 0.175 0.006 0.026 30.816 0.000 

T 0.051 0.008 0.006 6.424 0.000 

Dusttrak 1.809 0.002 0.999 1151.904 0.000 

a. Dependent Variable: RPi 
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From Table 4.7 and Table 4.8, it can found that the relationship between the 

relative humidity, temperature, and Dusttrak data and Raspberry Pi data is: 

𝒚 = 𝟎. 𝟏𝟕𝟓𝒙𝟏 + 𝟎.𝟎𝟓𝟏𝒙𝟐 + 𝟏. 𝟖𝟎𝟗𝒙𝟑 − 𝟏𝟒. 𝟓𝟕𝟎 

which x1 is relative humidity (%), x2 is temperature (°C), x3 is the Dusttrak data 

(µg/m3), y is the Raspberry Pi data (µg/m3), which R2=0.987. Therefore, the data 

measured by Raspberry Pi is positively correlated with relative humidity, temperature 

and the data measured by Dusttrak in the ambient condition. 

From the Table 4.6, the Pearson correlation between Raspberry Pi data and 

Dusttrak data is high which is 0.993, the Pearson correlation between relative 

humidity and the temperature is relatively low, which are respectively -0.153 and -

0.289. That means the data of Raspberry Pi is more affected by the Dusttrak data, less 

affected by the relative humidity and temperature. 

Then the correction formula of Raspberry Pi data in the ambient condition is: 

𝒚 = −𝟎. 𝟎𝟗𝟕𝒙𝟏 − 𝟎. 𝟎𝟐𝟖𝒙𝟐 + 𝟎. 𝟓𝟓𝟑𝒙𝟑 + 𝟖.𝟎𝟓𝟒 

where x1 is relative humidity (%), x2 is temperature (°C), x3 is the measured data 

of Raspberry Pi sensor package(µg/m3). 

4.3 Indoor and Ambient Comparative Measurement Data Analysis and 

Discussion 

In this measurement, because of the storage of Dusttrak is not enough, the data of 

Dusttrak is from 08/04/2019 22:07 to 13/04/2019 4:52, the duration is 4 days 6 hours 

45 minutes, but the whole comparative measurement is from 08/04/2019 22:07 to 
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15/04/2019 15:32, so that the duration of the whole comparative measurement is 6 days 

17hours 25 minutes, and the data specific situation is shown in the next table: 

Table 4.9: Comparative measurement maximum, minimum, average and median data 

 Maximum Minimum Average Median 

Raspberry Pi package 1 

(Ambient) 

µg/m3 118.61 3.10 35.93 30.79 

Raspberry Pi package 2 

(Indoor) 

µg/m3 60.31 3.24 18.30 17.75 

Dusttrak (Ambient) µg/m3 69.60 2.03 14.06 12.47 

Q-trak Temperature °C 30.10 21.00 21.17 24.6 

Relative humidity % 87.80 75.20 82.05 81.5 

The PM2.5 concentration trend in timeline is shown in next figure: 

 

Figure 4.9: Indoor & Ambient PM2.5 concentration trend 

 From the above figure, it can found that the data measured by Raspberry Pi sensor 

package 1is higher than Dusttrak in ambient condition, both of them have a wide 

range of changes, the data measured by Raspberry Pi 2 in the ambient condition has a 

small range of variation. 

 From the above two parts, the correction formulas of Raspberry Pi in indoor 
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condition are: 

                      𝒚 = 𝟎. 𝟓𝟓𝟔𝟑𝒙 + 𝟎. 𝟑𝟐𝟔𝟑                     (1) 

 which x is the data measured by Raspberry Pi sensor package 1 (µg/m3), y is the 

data measured by Dusttrak (µg/m3), without considering the effects of temperature and 

humidity. 

 

𝒚 = 𝟎. 𝟏𝟏𝟔𝒙𝟏 + 𝟎.𝟑𝟑𝟗𝒙𝟐 + 𝟎.𝟓𝟕𝟎𝒙𝟑 − 𝟏𝟓. 𝟕𝟎𝟓          (2) 

where x1 is relative humidity (%), x2 is temperature (°C), x3 is the measured data 

of Raspberry Pi sensor package(µg/m3). 

 

 The correction formulas of Raspberry Pi in ambient condition are: 

𝒚 = 𝟎. 𝟓𝟒𝟏𝟔𝒙 + 𝟎. 𝟕𝟑𝟔𝟕                    (3) 

which x is the data measured by the Raspberry Pi sensor package, y is the 

accurate PM2.5 concentrations, without considering the effects of temperature and 

humidity. 

 

𝒚 = −𝟎. 𝟎𝟗𝟕𝒙𝟏 − 𝟎. 𝟎𝟐𝟖𝒙𝟐 + 𝟎. 𝟓𝟓𝟑𝒙𝟑 + 𝟖. 𝟎𝟓𝟒        (4) 

where x1 is relative humidity (%), x2 is temperature (°C), x3 is the measured data 

of Raspberry Pi sensor package(µg/m3). 

Since the Q-trak placed in ambient in the comparative measurement, only the 

ambient condition had the relative humidity and temperature data. Therefore, using the 
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formula (1) to correct the indoor data, using the formula (4) to correct the ambient 

data, then the next table can be obtained: 

 Table 4.10: Corrected Raspberry Pi maximum, minimum, average and median data 

 Maximum Minimum Average Median 

Corrected Raspberry Pi 

package 1 (Ambient) 

µg/m3 68.69 5.14 23.18 20.40 

Corrected Raspberry Pi 

package 2 (Indoor) 

µg/m3 34.21 2.48 10.82 10.51 

Used the corrected Raspberry Pi 1 data as the x-axis and Dusttrak data as the y-

axis, which between 08/04/2019 22:07 to 13/04/2019 4:52, plotted a scatter plot which 

shown in next:  

 

Figure 4.10: Comparison of corrected Raspberry Pi data and Dusttrak data 

The above figure showed that the relationship between corrected Raspberry Pi 

data and Dusttrak data, which the formula is: 

𝑦 = 1.021𝑥 − 0.0386 

 where x is the corrected data of Raspberry Pi sensor package 1(µg/m3), y is the 

Dusttrak data, and the R2 is 0.9598. Since the slope equal to 1.021 which is quite close 

y = 1.021x - 0.0386
R² = 0.9598
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to 1, the intercept is 0.0386 which is quite close to 0, the corrected Raspberry Pi data 

are highly similar to the Dusttrak data. Therefore, the corrected Raspberry Pi data can 

be seen as accurate data. 

 But at the same time, the above figure also shown the correction of Raspberry Pi 

data of low PM2.5 concentrations is more accurate than high PM2.5 concentrations. The 

reason for this phenomenon might be the performance of low-cost sensor is poor. 

4.3.1 Indoor and Ambient PM2.5 Concentration Trend Analysis and Discussion: 

The corrected PM2.5 concentration trend in timeline is shown in next figure: 

 

Figure 4.11: Corrected Indoor & Ambient PM2.5 concentration trend 

From the above figure, it showed that general trend of the concentration of PM2.5 

in the indoor and ambient condition is similar, the trend was stable in the first two 

days (08/04/2019-09/04/2019), and fluctuated greatly in the last five days 

(10/04/2019-15/04/2019). The ambient PM2.5 concentrations have more fluctuating, it 
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has a bigger range, the indoor PM2.5 concentrations are more stable, might because the 

air convection of ambient is high, the contaminants are more likely to accumulate or 

spread. 

Most of the time, the ambient PM2.5 concentrations are higher than the indoor 

PM2.5 concentrations, but when the PM2.5 concentrations of ambient are extremely 

low, the PM2.5 concentrations of indoor is higher than ambient, as the reason of indoor 

air convection is less than ambient, the concentration of PM2.5 changes less.  

The weather of Macau is shown in the next table: 

Table 4.11: Macau historical weather 

Date Weather Wind direction Air quality 

index 

08/04/2019 (Mon) cloudy 3 level southeast wind 18 

09/04/2019 (Tue) cloudy 4 level southeast wind 18 

10/04/2019 (Wed) cloudy 3 level southwest wind 22 

11/04/2019 (Thu) thunder shower 3 level southeast wind 25 

12/04/2019 (Fri) thunder shower 4 level northeast wind 20 

13/04/2019 (Sat) rainstorm 4 level southeast wind 37 

14/04/2019 (Sun) heavy rain 3 level northeast wind 30 

15/04/2019 (Mon) heavy rain 4 level northeast wind 38 

By combining daily specific weather and wind direction, the ambient PM2.5 

concentrations of 08/04 to 09/04 were low and steady might because the weathers 

were cloudy, wind directions were southeast (Zhuhai, suburban area), which are not 

conducive the accumulation of pollutants. The ambient PM2.5 concentrations of 10/04 

to 15/04 were high and unstable might because the weather were thundershower or 

rainstorm, the wind direction was southwest (Macau, urban area), which easy to cause 

air quality degradation. 
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4.3.2 Diurnal Analysis and Discussion 

The diurnal analysis can be divided into two parts, ambient diurnal analysis, and 

comparison diurnal analysis. 

1. Ambient diurnal analysis 

Use the corrected Raspberry Pi data (A) and the Dusttrak data (B) of each hour of 

ambient measurement, plot a figure as the following: 

 

Figure 4.12: Ambient diurnal distributed 

 From the above figure, the trend of PM2.5 concentrations was stable in every day 

during the measurement, and there are two PM2.5 concentration peak of every day, 

which are about at 5:00 and 20:00, which might because of the rain during the 
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measurement. 

2. Comparison diurnal analysis 

Use the corrected ambient Raspberry Pi data and the corrected indoor Raspberry 

Pi data of each hour of comparison measurement, plot a figure as the following: 

 

Figure 4.13: Ambient and indoor diurnal distributed 

 From the above figure, the concentration of indoor PM2.5 is lower than the 

concentration of ambient, the trend of indoor PM2.5 concentrations was more stable 

than the trend of ambient PM2.5 concentrations in every day during the measurement. 

The peaks of ambient measurement are 5:00 and 20:00, the low valley is appearing in 

8:00, the reason for this abnormal phenomenon might be the rain during the 

measurement. 
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4.3.3 Air Quality Analysis and Discussion 

The daily average of PM2.5 concentrations in the indoor and ambient condition is 

shown in the next table:  

Table 4.12: Daily average of PM2.5 concentration 

Date Indoor PM2.5 average 

concentration (µg/m3) 

Ambient PM2.5 average 

concentration (µg/m3) 

08/04/2109 (Mon) 11.77 9.50 

09/04/2109 (Tue) 11.55 10.72 

10/04/2109 (Wed) 14.07 13.64 

11/04/2109 (Thu) 15.05 19.62 

12/04/2109 (Fri) 7.09 13.53 

13/04/2109 (Sat) 9.58 15.02 

From the standard value of air pollutant concentration in Macau, the daily average 

concentration of PM2.5 must be less than 75µg/m3, the annual average concentration of 

PM2.5 must less than 35µg/m3, so that the air quality of the above six days are 

standards compliant. 
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CHAPTER 5 CONCLUSION 

5.1 Summary 

 In this study, the Raspberry Pi sensor packages had been built up by Raspberry Pi, 

PMS 7003 PM2.5 sensors, after control code written and placed at a suitable location, 

then conducted a several weeks sampling by both the Raspberry Pi sensor package and 

Dusttrak in indoor, ambient condition.  

After processed data obtained by Raspberry Pi sensor packages, it was found that 

there was a high correlation between the two Raspberry Pi sensor packages data, the 

performance of them is very similar. 

 Compared to the data obtained by Raspberry Pi sensor packages and the Dusttrak 

data, there was also a high correlation between the two Raspberry Pi sensor packages 

data and Dusttrak data. But the Raspberry Pi low-cost sensor packages overestimated 

the PM2.5 concentration compared with the Dusttrak data were influenced by 

temperature and humidity. By the regression analysis, the correction formulas can be 

obtained: 

  𝒚 = 𝟎. 𝟓𝟓𝟔𝟑𝒙 + 𝟎. 𝟑𝟐𝟔𝟑                    (1) 

 which x is the data measured by the Raspberry Pi sensor package 1 (µg/m3), y is 

the data measured by Dusttrak (µg/m3), without considering the effects of temperature 

and humidity. 

𝒚 = 𝟎. 𝟏𝟏𝟔𝒙𝟏 + 𝟎.𝟑𝟑𝟗𝒙𝟐 + 𝟎.𝟓𝟕𝟎𝒙𝟑 − 𝟏𝟓. 𝟕𝟎𝟓          (2) 
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where x1 is relative humidity (%), x2 is temperature (°C), x3 is the measured data 

of Raspberry Pi sensor package(µg/m3). 

 The correction formulas of Raspberry Pi in ambient condition are: 

𝒚 = 𝟎. 𝟓𝟒𝟏𝟔𝒙 + 𝟎. 𝟕𝟑𝟔𝟕                    (3) 

which x is the data measured by Raspberry Pi sensor package, y is the accurate 

PM2.5 concentrations, without considering the effects of temperature and humidity. 

𝒚 = −𝟎. 𝟎𝟗𝟕𝒙𝟏 − 𝟎. 𝟎𝟐𝟖𝒙𝟐 + 𝟎. 𝟓𝟓𝟑𝒙𝟑 + 𝟖. 𝟎𝟓𝟒        (4) 

where x1 is relative humidity (%), x2 is temperature (°C), x3 is the measured data 

of Raspberry Pi sensor package(µg/m3). 

Then used the correction formula processed the indoor and ambient data of 

Raspberry Pi sensor package, verify the accuracy of the correction formula. 

Finally, a simply performed air quality was analyzed with the corrected data of 

Raspberry Pi in the compression measurement. 

5.2 Conclusion 

 In this study, the low-cost sensor packages were built up successfully, then the 

different measurements were conducted with them, the data in different conditions were 

obtained and analyzed. 

    By compared the data between the different Raspberry Pi sensor packages, the 

consistency between the two Raspberry Pi sensor packages is very high whether in the 

indoor condition or ambient condition. 

    Through compared the data between the Raspberry Pi sensor packages and the 
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Dusttrak, the correlation between them is very high whether in the indoor condition of 

ambient condition, and the correction formulas are also very accurate. Then the low-

cost sensor package has great performance and cost-effective. 

    From the correction formulas of different conditions, the influences of temperature 

and relative humidity have been proved, although the impact of them was not very large. 

By the way compared the PM2.5 trend of indoor and ambient, the openness of space 

has a great impact on the degree of change of PM2.5 concentrations, as the reason of the 

different levels of air circulation. 

5.3 Recommendations 

 From this study, the low-cost sensor package is easy to build up, and the corrected 

data of low-cost sensor are quite similar to the precise instrument so that the low-cost 

sensor has very good development prospects because it’s more cost effective. 

There are many improvements, such as do a constant test if conditions permit, and 

correct the high PM2.5 concentrations and low PM2.5 concentrations with different 

correction formula, in this way the correction data of high and low PM2.5 concentrations 

can be guarantee accurate. In addition, after added the temperature and humidity sensor 

on the Raspberry Pi sensor package, the correction formula can be adding into the 

control code, then the data which does not need to process can be directly obtained. 

The Raspberry Pi sensor package compares with Dusttrak, although there are still 

many shortcomings of the Raspberry Pi sensor, there are also many advantages, such 

as: 
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1. The Raspberry Pi sensor package has lower quality than the Dusttrak, it is 

easier to carry out. 

2. The storage of Raspberry Pi sensor package is much bigger than the Dusttrak, 

more data can be recorded. 

3. The function of measure temperature and humidity which are important for 

correcting of PM2.5 concentrations can be added into the Raspberry Pi sensor 

package by adding a new sensor. But the Dusttrak doesn’t have the function of 

measuring temperature and humidity, if the temperature and humidity data 

need to be obtained, the only way is measured with other instruments at the 

same time. 

From all above, low-cost sensor package has a great development prospect. 
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APPENDIX 

The control code is shown below which named “usart.py”: 

1. #!/usr/bin/python   

2. # -*- coding:utf-8 -*-   

3. import serial   

4. import time, os   

5. import traceback   

6.  

7. def CRCcheckFail(srlData):   

8.     CRCsum = sum(srlData[0:27]) + 0x42 +0x4d   

9.     dataCRC = srlData[28] * 256 + srlData[29]   

10.     # print('CRCsum = ', CRCsum)   

11.     # print('dataCRC = ', dataCRC)   

12.     return dataCRC != CRCsum   

13.    

14. def dataProcess(srlData):   

15.     # dataLength = srlData[0:1]   

16.     data = list(range(12))   

17.     for i in range(11):   

18.         data[i] = srlData[ 2 + i * 2] * 256 + srlData[ 3 + i * 2]   

19.            

20.     # dataVersion = srlData[26]   

21.     # dataErrNo = srlData[27]   

22.     return data   

23.    

24. def dataRead(s):   

25.     srlData = s.read(30)   

26.     # srlData = list(map(ord,srlData))   

27.     # print(srlData)   

28.    

29.     # CRC check   

30.     if CRCcheckFail(srlData):   

31.         print('CRC fail!')   

32.         return   

33.    

34.     data = dataProcess(srlData)   

35.     print('data = ', data)   

36.        
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37.     return data   

38.     # dataLength = srlData[0:1]   

39.     # dataVersion = srlData[26]   

40.     # dataErrNo = srlData[27]   

41.    

42.     # print('dataVersion = %d, dataErrNo = %d'%(dataVersion, dataErrNo ))   

43.      

44. def dataSave(data, path):   

45.     LocalTime = time.strftime("%Y%m%d\t%H%M%S", time.localtime())   

46.        

47.     fileName = time.strftime("%Y%m%d-%H%M", time.localtime())   

48.     fileNameList = list(fileName)   

49.     fileNameList[-1] = '0'   

50.        

51.     with open(path+''.join(fileNameList)+'.txt', 'a') as f:   

52.         f.write(LocalTime)   

53.         for i in range(12):   

54.             f.write('\t%d' % data[i])   

55.         f.write('\r\n')   

56.            

57. if __name__ == '__main__':   

58.        

59. #    time.sleep(20)   

60.     path = '/home/pi/Desktop/Data/'   

61.     if not os.path.exists(path):   

62.         os.makedirs(path)   

63.        

64.     path = path + time.strftime("%Y%m%d-%H%M%S/", time.localtime())   

65.     os.makedirs(path)   

66.        

67.     LocalTime = time.strftime("%Y%m%d-%H%M%S", time.localtime())   

68.     with open(path+ 'BootAt'+LocalTime+'.txt', 'w') as f:   

69.         pass   

70.    

71.     srl = serial.Serial("/dev/ttyAMA0", 9600)   

72.        

73.     try:   

74.         if srl.isOpen():   

75.             print('Sensor Running...')   

76.                

77.             while True:   

78.                    

79.                 # read 1 byte data from the usart port   
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80.                 tmp = ord(srl.read(1))   

81.                 # print(tmp)   

82.                 if tmp == 0x42:   

83.                        

84.                     tmp = ord(srl.read(1))   

85.                     # print(tmp)   

86.                     if tmp == 0x4d:   

87.                         data = dataRead(srl)   

88.                         dataSave(data, path)   

89.                            

90.                         continue   

91.                    

92.                 print('data lost')   

93.    

94.             if srl != None:   

95.                 srl.close()   

96.     except BaseException:   

97.         LocalTime = time.strftime("%Y%m%d-%H%M%S", time.localtime())   

98.        

99.         with open(path+'Err'+LocalTime+'.txt', 'w') as f:   

100.       

101.        f.write(traceback.format_exc())   

102.             print(traceback.format_exc() 

The price of the Raspberry Pi PM2.5 sensor package is: 

Equipment Price 

Raspberry Pi 3 Model B 35USD (285MOP) 

SD Card (16GB) 25MOP 

PMS 7003 Sensor 70CNY (85MOP) 

Other Accessories 100MOP 

SUM About 500MOP 

 


