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ABSTRACT

This study attempted to design an intelligent,
portable device as hardware for dust measure-
ment by IMHEN. The device is able to collect a
specific dust level, the time and location of var-
ious measurements, and environment parameters
such as temperature, relative humidity, atmos-
phere pressure, etc. The device’s design used the
programmable Arduino Mega 2560 board as the
main processing unit. The device is small,
portable, battery-operated which makes it to be
suitable for mobile measurement of environment
parameters. Additionally, the device has been
applied to monitor dust concentration at differ-
ent time scale in some main routes of Hanoi city.
The analysis of monitoring results showed that
there were differences of dust concentrations at
off-peak hours among different routes. The total
dust concentration (TSP) observed that some
roads such as La Thanh, Lang Ha, surounding
Road No.3, Tran Duy Hung, Nguyen Chi Thanh
were higher 1.5 to 2 times than the permissible
limit value according to QCVN 05:2013/BTNMT 
Keywords: Mobile dust monitoring device,

Dust pollution, Hanoi city.

1. Introduction
In the present, the growing trend and air pol-

lution were intensively tracked through the en-
vironment paramters to have a better monitoring
solution. Instead of using big and static measur-
ing stations, human developed the compact,
multi-functional and intelligent device (De-
varakonda, 2013; Mead et al., 2012; Yu et al.,
2013). With the development of integrated cir-
cuits, one modern device can integrate many
functions inside that is very nessessary .

In big cities, air pollution was more and more
serious along with the significant increase of ur-
banization. The monitoring of air quality, espe-
cially the dust concentration in the air, was a
essential requirement to improve the efficiency
of environmental quality monitoring. The mo-
bile dust monitoring device might assist in mon-
itoring dust pollution in real time and space in
cities. The main objective of this study was to
design, install and integrate a set of compact,
multifunctional and intelligent dust and meteor-
ological element monitoring device.

The device was designed and assembled for
mobile monitoring of dust, temperature, humid-
ity, pressure and GPS navigation parameters.
The data from the device was utilized to develop
a current pollution map of the TSP dust concen-
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tration on some main streets of Hanoi City.
2. Methodology
2.1. The design and installation of mobile

dust monitoring device 
The mobile dust monitoring equipment is

configured as follows: a sensor, timer, GPS re-
ceiver, LCD touch screen, central processor unit,
GPS navigation, sensor of temperature and hu-
midity, time reader, and memory card that are
connected to the central processor unit through
different interfaces. The central processor unit
has a function to control the operation of these
parts. When the device starts working, the sen-
sors collect data on dust concentration and other
meteorological parameters such as humidity,
temperature, air pressure, coordinates and time;

and record these parameters in memory cards. 
The research team has summarized and de-

signed based on a number of similar mobile
monitoring methods implemented in other stud-
ies (Table 1). In this study, a dust monitoring de-
vice in the environment was concerned. The
main requirements for the device are: 1) Col-
lecting the dust level measurement from an ex-
ternal professional instrument device; 2) The
location, time and other parameters (tempera-
ture, humidity, atmospheric pressure, etc) to as-
sociate with the dust measuring point; 3) The
device should be portable and battery-operated;
4) It has a built-in LCD screen to display various
parameters and the dust level itself; 5) It also has
built-in memory storage to exchange the data.

Table 1. A number of mobile dust measurement methodologies in the world

Author Means of 
observation Device Parameter Time

Kaur et. al (2007) Walk TSI P-Trak 8525 
A high-flow 
personal sampler 
(HFPS) 

Dust (superfine 
particle counting) 
PM2.5 

1s 

Isakov et. al 
(2007) 

Minivan Mobility analyzer 
TSI 3071 and 
Particle counting 
equipment TSI 
3010 

Dust (superfine 
particle) 

30s 

Airparif (2009) Tricycle for 
carrying goods 

P-Trak 
Thermo Scientific 
42i 

Dust (superfine 
particle) 
NO; NO2; NOx 

1s 

60s 
Wallace  et. al 
(2009) 

Van Thermo Scientific 
42i 

NO; NO2; NOx 10s 

Dionisio et. al 
(2010) 

Walk Dust-Trak 8520 PM10; PM2.5 60s 

Vogel et. al (2011) Put in Backpacks 
(walking or going 

by bicycle) 

GRIMM OPC and 
GRIMM Nano 
check 

Dust (superfine 
particle); PM10; 
PM2.5; PM1 

60s for superfine 
particle and 6s for 

dust 
Dons et. al (2011) Put in Backpacks AethLabs AE51 BC 300s 
Adams et. al 
(2012) 

Van GRIMM 1.107 
Monitor Lab 8850 
Thermo Scientific 
48 

PM2.5 

SO2 
CO 

1s 
1s 
1s 

The general schematic of the device is pre-
sented on the Fig. 1.

On this schematic, there are following main
functional blocks:
(1) Dust sensor
The dust measuring device (Haz-Dust HD

1100) was selected for this study. This is a mod-
ern dust equipment using the scattering imaging

method so that it ensures high accuracy and re-
liability. Furthermore, the device also has exter-
nal memory to store data
(https://www.skcinc.com/catalog/). The specifi-
cations are described as below:Measuring range:
0.01 - 200 mg/m3 (1 to 20,000 µg/m³);  Particle
size: 0.01 - 120µm; Accuracy: ± 0.02 mg/m3;
Sensitivity is less than 0.01 mg/m3; Alarm sys-
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tem setting feature; Battery: Ni-Cad recharge-
able battery; Continuous operating time is more
than 8 hours; Battery charging time is from
10~12 hours; Output signal (analogue): 0~2V;
Operating conditions: Humidity is less than 95%
(without steam condensation); Dimension:
9x3x1.5.

- Weight: 0.9kg

(2) Central processor unit 
This paper selected the Arduino Mega 2560

as the main microcontroller board. The board is
based on the ATmega2560. It has 54 digital
input/output pins (of which 15 can be used as
PWM outputs), 16 analog inputs, 4 UARTs
(hardware serial ports), a 16 MHz crystal oscil-
lator, a USB connection, a power jack, an ICSP
header, and a reset button (https://www.ar-
duino.cc/en/Guide/). 

(3) Display screen
The graphical LCD screen Nextion

NX4832K035 was selected in order to increase
the display capability. It has also a built-in touch-
pad to interact with the user so that we do not
need to provide an additional keypad for in-
putting commands (https://nextion.tech/).

(4) Memory card
A flash memory card with capacity around

4GB is sufficient for general purposes of this de-
vice (Youngblood, 2015). It could be used to
continuously record and store data for a period of
12 months.

Fig. 1. The general principle diagram of mo-
bile dust monitoring device

Fig. 2. The dust measuring device HD-1100

Fig. 3. The Arduino Mega 2560 Board

Fig. 4. The GLCD with TouchPad 
from Nextion

Fig. 5. The SD card and its connection with Ar-
duino Mega 2560 Board 23
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(5) GPS navigation
GPS L70-R: For GPS location of the measur-

ing points, we use the very popular IC L70-R
from Quectel (https://www.quectel.com/).

(6) Pressure sensor
BMP085: To measure the atmospheric pres-

sure, we use the sensor BMP085 made by Bosch
as shown in following figure
(http://wiring.org.co/learning/libraries/).

(7) Temperature and humidity sensor
DHT21: In this paper, this study uses the

DHT21/AM2301 temperature and relative sen-
sor from AOSONG (Aosong Electronics Co.,
Ltd.). The specifications as below: Power sup-
ply: 1.8 - 3.6V; Power consumption: 0.5uA at
1Hz; Communication: I2C standard; I2C Speed
max: 3.5MHz; Noise level: 0.02hPa (17cm);
Measuring range: 300hPa ~ 1100hPa (9000m to
-500m); Response time: 7.5ms; Weight: 1.18g;
Size: 21mm x 18mm; Operating temperature: -
40 to 85°C.

(8) IC timer
DS1307: To have correct time of the meas-

urements, the device uses a RTC (Real Time
Clock) IC DS1307.

Fig. 6. The GPS L70-R and its connection
schematic 

Fig. 7. The atmospheric pressure sensor
BMP085 and its schematic connection with Ar-

duino Mega 2560

Fig. 8. The atmospheric pressure sensor
BMP085 and its connection schematic with Ar-

duino Board

Fig. 9. The RTC DS1307 and its connection
schematic with Arduino Board



(9) The results of design and installation
The device is powered by 5V battery. The

above designs and descriptions was fully imple-
mented and successfully tested. The resulted de-
vice is very light and compact (with the
dimensions of 12cm x 7cm x 4cm). The main
board of the device is shown in the Fig. 10.

The tests have confirmed all the design re-
quirements are fulfilled; all the signals are col-
lected successfully and correctly. The data can
be easily copy into the PC since the file is in
FAT32 format. The monitoring data from the
mobile device is in the excel file format with pa-
rameters namely ID, time, date, temperature, hu-
midity, pressure, dust concentration, longitude
and latitude. The data is continuously recorded
after each step within 5 seconds.
(10) The equipment calibration 
To ensure the accuracy of monitoring data,

the mobile dust measuring device has been cali-
brated and certified by the Vietnam Metrology
Institute (the registration number of DK 05).

2.2. Mobile dust monitoring
The scope of monitoring was the traffic roads

(La Thanh, Lang Ha, Ring Road No. 3, Tran
Duy Hung, Nguyen Chi Thanh) in the urban dis-
tricts of Hanoi City.The monitoring time period
was the implementation of mobile TSP dust
monitoring has been conducted from December
26, 2018 to January 5, 2019 with two time
frames as peak hour (from 6 to 9 hours and from
17:00 to 20:00), and off-peak hour (the

remaining time frames)

The monitoring data from the mobile device
was added to the excel file format with parame-
ters namely ID, time, date, temperature, humid-
ity, pressure, dust concentration, longitude and
latitude. The data were continuously recorded
after each step within 5 seconds. 

Thereafter, the ArcGIS software (the latest
version of ArcGIS 10) has been utilized to de-
velop dust pollution maps for the monitoring
routes. 

3. Results and discussions
To evaluate the monitoring results from the

Fig. 10. The designed product

Fig. 11. Mobile dust monitoring by 
motorcycles

Fig. 12. The monitoring route: La Thanh -
Lang Ha - Le Van Luong - surrounding Road
No.3 (Khuat Duy Tien) - Tran Duy Hung -

Nguyen Chi Thanh road

Nguyen Anh Dung et al./ Vietnam Journal of Hydrometeorology, 2019 (2-1): 21-28
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device, the survey team conducted a parallel
monitoring of Haz Dust 1100 and Met one GT-
521. Monitoring time was 8-9 hours on May 1,
2017. Observing route was in Nguyen Xien
Street, start-point coordinates (20.97252,
105.8195), end-point coordinates (20.99149,
105.8032). The recording time of Haz Dust 1100
was 5 seconds. The recording time of Met one
GT-521 device was 10 seconds. The results pre-
sented the current situation of TSP dust concen-
tration according to peak and off-peak hours in
some traffic routes in Hanoi City from mobile
monitoring data.

The TSP dust concentration on traffic routes
depended upon the density of vehicles, the
amount of dust on roadbeds and surrounding
construction activities. It was seen that even in
off-peak hours, the TSP dust concentration was
also fairly high on the route of La Thanh, Tran
Duy Hung and Nguyen Chi Thanh. The moni-

tored value was from 0.2-0.3mg/m3. Further-
more, many monitoring locations such as
Nguyen Chi Thanh - La Thanh crossroad,
Nguyen Chi Thanh - Chua Lang crossroad have
been monitoring value of 0.3-0.5mg/m3 that ex-
ceeded the National Technical Regulation
05:2013/BTNMT (average 1 hour).

The Fig.15 indicates the concentration of TSP
dust during off-peak hours in La Thanh, Lang
Ha, Le Van Luong, Khuat Duy Tien, Tran Duy
Hung and Nguyen Chi Thanh road. The dust
level during off-peak hours was much higher
than off-peak hours (from 1.2 to 1.5 times). Ad-
ditionally, most of the monitoring positions ex-
ceeded the permissible standard. The areas of
high TSP dust concentration consisted of La
Thanh street, Nguyen Chi Thanh - Lang inter-
section and Lang Ha - Lang intersection. The ob-
served value ranged from 0.5 to 0.6mg/m3 and
exceeded the permitted value by 1.5 - 2 times.

Through the monitoring results, it could be
noticed that dust pollution sources on the inner
roads mainly come from the rolling dust from
road surface and transportation.

The mobile dust monitoring equipment was
designed and assembled on some main roads of
Hanoi city. In the process of monitoring, the re-
search team has found that the device has some
advantages and disadvantages as follows: 1) It
is a mobile monitoring device which easily in-

          Fig. 14. The TSP dust concentration during off-
peak hours at some traffic routes

Fig. 15. The TSP dust concentration during off-
peak hours at some traffic routes

Fig. 13. The results of TSP dust concentration 



stalled on traffic vehicles such as electric bicy-
cles, motorcycles, cars, etc; 2) The sensor head
has a firm structure; 3) Many parameters includ-
ing as measurement time, dust concentration,
temperature, humidity, pressure and location
(GPS) could be monitored; 4) The display unit
(LCD screen) has a small size, compact; and
could display many types of data at the same
time; 5) The equipment operates continuously
and stably; 6) The equipment is easy to use and
operate; 7) The device automatically records
data after a period of 5 seconds and could store
statistic for long periods (about 12 months); 8)
The device records data as a .csv file (compati-
ble with excel), therefore, it is easy to extract and
process data; 9) It is the suitable monitoring
equipment for electric bicycles or motorcycles;
10) The device could easily replaces the sensors
once a problem or failure occurs; 11) Sensors are
supplied by reputable manufacturers, it is there-
fore easily obtained in case of requiring replace-
ment; 12) It has competitive price compared to
mobile monitoring systems with the same func-
tion.

Besides, there are some disadvantages in this
equipment such as: 1) The device only indirectly
monitors TSP dust, and the PM10 dust could be
observed through the percentage of TSP dust; 2)
The threshold dust concentration (or allowed
monitoring limits) of the device: 0.01 mg/m3; 3)
The device could not be utilized in rainy condi-
tions; 4) The monitoring results are written di-
rectly to memory cards, the device has no online
data port; 5) The data shows error when moving
in complex terrains that leads to fluctuations in
vehicles (electric bicycles, motorcycles, cars,
etc.) installed the mobile dust monitoring equip-
ment; 6) The device does not monitor the wind
speed and wind direction; whereas, wind param-
eters considered as the main factors, directly af-
fect the monitoring results of dust concentration
on traffic routes.
4. Conclusion
The study has presented about the design of a

portable dust measurement device. By using pro-

grammable Arduino board, the device is com-
pact, accurate and well-connected with the Haz
Dust device as expected. The further upgrades
may include as wireless connection between the
device and the host computer, or other environ-
mental parameters to be measured.

The device has been applied for mobile dust
monitoring in some main streets of Hanoi city.
The observation process has shown that the de-
vice operates stably with high accuracy.
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