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Tom tit:

Bai bao trinh bay qua trinh va két qua thiét ké mot thiét bi do chat lugng khéng khi dua trén viéc
danh gia chi s6 AQI (Air Quality Index). Thiét bi m6 hinh nay nho gon st dung 4 cam bién néng d6
khi (S0,, NO,, CO, 0O3), bui siéu min PM2.5... Hé thdng thiét k& st dung: vi diéu khi€én ARM Cortex
STM32F103 clia STMicroelectronics hoat dong véi dién ap 3.3 V, cac cam bién hoat dong vdi dién ap
5 V. Bd vi diéu khién doc dir liéu cam bién, tinh todn chi s& AQI, x{r ly va déng géi sd liéu... guri dir
liéu vé trung tdm quan ly qua mang cam bién khdng day va hién thi dif liéu tai hién trudng trén man
hinh GLCD. Két qua ctia nghién cfu ndy 1a nguyén mau mét thiét bi do, danh gid chat lugng khong
khi véi kich thudc 192x188x70 mm va sir dung ngudn dién 9-12 V.

T khoa:
AQI, thiét bi do AQI, ARM Cortex.

Abstract:

This paper presents the process and results of designing an air quality measuring device based on
the evaluation of the AQI index (Air Quality Index). This compact device has 4 sensors for gas
concentration (SO,, NO,, CO, 03), super fine dust PM2.5... The system design focuses on:
STMicroelectronics ARM Cortex STM32F103 microcontroller operating with 3.3V voltage, the sensors
operate with 5V voltage. The microcontroller reads sensor data, calculates AQI, processes and
encapsulates data... sends data to management center via wireless sensor network and displays data
in the field on GLCD screen. The result of this study is a prototype of an air quality measuring device
with a size of 192x188x70 mm and using a 9-12 V power source.

Keywords:
AQI; AQI measure devices, ARM Cortex.

1. GIOI THIEU CHUNG

O nhiém khong khi la tinh trang khong
khi trong bau khong khi c6 mét hoac
nhiéu chit 6 nhiém ¢ mic d6 va nong do
c6 thé gay nguy hiém cho stc khoe cua
sinh vat, lam hu hong tai san va giam su
thoai mai trong khéng khi. Céac yéu té

chinh gay ra 6 nhiém khéng khi n6i chung
la do cac hoat dong san xuat cong/néng
nghiép, cac phuong tién giao thong... tao
ra. Dé danh gia chat luong khdng khi
ngudi ta thuong dwa vao chi sé AQI. Chi
s6 AQI md ta mirc d6 ndng do cia mot sb
chat gay hai, do bui... nhu: sulfur dioxide
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(SO2), nitrogen dioxide (NOz), carbon
monoxide (CO), ozon (Os), bui si€éu min
PM2.5.

C6 rat nhiéu dung cu/hé thdng do ludng
chi s6 AQI c6 thé duoc tim thay, nhung
dé co6 dugc mot dung cu do c6 diy du
chirc ning, c6 kha ning két ndi khdng day
- tich hop hé théng... thi chi phi rat cao
[1], [2], cau trac hé thong phuc tap [3].
Do d6, can ¢6 mét cong cu do luong nong
do6 khi thai CO, nhu cac thong sé cua chi
s& 6 nhidm khong khi AQI [1], [4], [5],
[13], [14]. Trong bai bao nay, ching t6i sé
thao luan vé thiét ké thiét bi di dong dé do
chat lugng khong khi thong qua do va
danh gia 7 thong sb: nong do khi sulfur
dioxide (SO), nitrogen dioxide (NO),
carbon monoxide (CO), ozon (O3), bui
siéu min PM2.5, nhiét do, d6 am trong
moi truong.

Hién thi
=
£ =
Cam Vi xir IV K&t ndi
bidn [ T Y ™1 knhéng day
Nguoén
dién

Hinh 1. So dd thiét bj

Hé théng (hinh 1) bao gdm mot MCU
dong ARM Cortex sé& doc dir liéu tir cac
cam bién, danh gia - xa ly di liéu, tinh
toan chi s6 AQIL Sau d6 cac dir liéu thu
thap duoc hién thi trén man hinh GLCD
tai hién truong, chuyén dit lisu vé hé
thdng quan ly qua mang khong day

(LoRA, Ethernet). Ngoai ra thiét bi con cé
chirc ning canh béo bang dén chi thi
LED, loa chip khi ngudng chat luong
khéng khi o cac dai nguy hiém, nguy hai
khac nhau.

Noi dung chinh bao gém céc van dé nhu:
1) giGi thiéu so lugc chi s6 AQI dung dé
danh gia chat lugng khdng khi; 2) thiét ké
phan cing thiét bi; 3) to chiic phan mém;
4) ché tao va danh gia thar nghiém.

2. CHi SO AQI

Theo [6], chi sé chat lwong khong khi
Viét Nam (VN_AQI) la chi sé dugc tinh
todn tir c4c théng sé quan trac cac chat &
nhiém trong khong khi & Viét Nam.

Chi s6 chat lwong khong khi dugc tinh
theo thang diém (bang 1) twong Gng Véi
biéu tuwgng va cac mau sic dé canh bao
chat lugng khong khi va muc do anh

hudng tai strc khoe con nguoi.
|i+1 — Ii
AQl, =——=———

“BP,-BP

i+1

(C,—BR)+1, (1)

Trong do:

AQIy: Gié tri AQI caa thong sb x;

BPi: Nong do gigi han duéi cua gia tri
thdng sé quan tric tuong tng véi mic;
BPi.1i: Nong do gii han trén cua gia tri
thdng sb quan tric twong tng VGi muc i+1;
li Gia tri AQI & murc i da cho trong bang
tuong (ng Vi gia tri BP;;

li+1: Gia tri AQI & muc i+1 cho trong bang
tuong (ing Va4i gia tri BPi+1;

Cx: Gi4 tri quan tric trung binh 1 gid caa
théng sb x.
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Cac chi sé néng do PB;, Ii dugc xac dinh
trong phu luc cia Quyét dinh s
1459/QD-TCMT. Pon vi tinh caa PB; 1a
pg/m?. Chi sé6 AQI dién ta chat lugng
khong khi xac dinh theo (2) [6]

AQI =max(AQl, ) ()

Chi sé chét luong khong khi dugc phan
thanh 6 mic nhu trong bang 1 [6].

Bang 1. Chét lwgng khéng
khi danh gia qua chi sé AQI

(ISSN: 1859 - 4557)

Chi s6 AQI |Chat lwong Mau
201-300 R4t x4u Tim
301-500 | Nguyhai | Nau

3. CAU TRUC HE THONG PHAN CU'NG
VA PHAN MEM

3.1. Thiét ké phan cieng
Phan ctng cua thiét bj duoc thiét ké su
dung vi diéu khién STM32F103RCT6 va

module LoRA, module ESP8266. Noi
dung chinh cua qué trinh thiét ké tap trung

Chiso AQI| Chat l,“’(-mg Mau Va0 cac van dé nhu doc dit liéu tir phan tir
0-50 Tot Xanh sensor, chuan hoa dit liéu, tinh toan gia tri
51.100 Trung van AQl, ké} noi mang LORA thuc hién
binh g truyén so liéu [3, 7]. Cac van dé nhu:
101-150 Kém Da cam bang thong, luu trir, ’t(‘)i uu hoéa ning
p lugng tiéu thu cua thiét bi... chua duoc
151-200 Xau bo néi,l [% ) ’ ;
QM7 L LoRA Wifi
Cam bien CO ADCY, module | | module
MQ-131
Cam bién O3 > UART1 t ¢ UART2
ADC2
ME4
Cam bién 502 [oml oc —» GLCD 12864
MCU
CambiénNO2 | STM32F103RCT6 —
ADC4 Phim theu
GP2Y1010AUOF khién
Cam bién bui PM2.5 ADC'S
A TR — UART3
Céam bién nhiét do A £
Cam bién do 4m —> RS232 Ngudn cap

Hinh 2. So’ db khdi phan cirng thiét bi do chat lwgng khéng khi

Mach xu ly trung tdm si dung MCU
STM32F103RCT6 161 Cortex M3. Pay la
MCU c6 nhiéu tinh ning manh ddng thoi
tiéu thy ning luong thip do d6 nd phu
hop cho viéc thiét ké.

Khéi cam bién do ndng d6 khi sir dung

céc loai: MQ7, MQ131, ME4, B43F.
Khdi cam bién do bui sir dung cam bién
GP2Y1010AUOF cua hang Sharp. Ngoai
ra con bo sung thém cac cam bién do
nhiét d6 (dS18b20) va cam bién do d6 4m
(DHT22).
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Giao tiép mang cuc bo sir dung cong nghé
LoRA, giao tiép dién rong st dung két ndi
Ethernet qua module ESP8266. Hién thi
thong sb tai hién truong trén man hinh
GLCD 12864. Nguén dién cap 9-12 V sau
d6 dugc phan chia 6n ap thanh cac nguon
3.3 V va 5.0 V dé cap cho MCU, cam
bién va cac module chirc ning.

3.2. Do lwong tham sé néng dé céac
chét

Nong d6 cua 4 (bdn) loai chat khi CO, O3,
SO2, NOz dugc do bai cong thuc (2) [8].

d
a
- 2
P=| ¢ @)

——cC
\Y,

Trong d6: Px, Vi lan luot 12 ndng do chat
khi x va dién ap do dugc trén kénh dau ra
cua cam bién; cac hé sb a, b, ¢ va d lan
luot 1a cac tham sé dic trung cua chét khi
x dugc xac dinh qua dic tinh cam bién
cho trong ho so k¥ thuat caa thiét bi.

0
A 0@

IRED Wh
i (D V-LED
Dust through hd_e M 00 (@ LED-GND
S ALED
L oJe ——1to0® @ S-GND
/ "’% ® vo
Dust or Smoka parfide E Amplifier Circuit 0® ® Vee
PD

[FugE'SEM —0 @
) case
% %

Hinh 3. Cam bién bui PM2.5 GP2Y1010AUOF
Déi véi cam bién bui PM2.5, dé thuc hién
doc duoc gia tri lwong bui PM2.5 thuc
hién theo cac budc: bat LED hong ngoai
trong khoang thoi gian 280 us; doc dién

&p ra cua cam bién; tré 40 ps; tit LED.
Sau d6 thuc hién chu ky 1y mau méi. Do
nhay ciia cam bién bui 12 0,5 /100 pg/m?.

Cong thae xac dinh lugng bui PM2.5 khi
sir dung kénh AD 12-bit dé doc dit liéu
[8, 9, 10].

_ 56:I'XVPM 2.5

24006 —-100 (3)

Trong d6 Vemzs 1a dién ap dau ra ciia cam
bién bui.

3.3. Thiét ké phan mém

Phan mém hé théng thuc hién bang ngon
ngtr C, su dung trinh bién dich Keil C cho
ARM. Luu d6 chuong trinh chwong trinh
chinh thé hién trén hinh 4. K¥ thuat déng
goi dir lidu, t6 chuc giao thuc, két ndi
truyén thong khong day duoc to chirc nhur
trong [3], [11].

| caidathé théng |
N|

V]

Ngét? ):;alz
i
Do cac ndng dd khi, bui min, nhiét
do, dé am
v
Tinh AQIx va AQl
-

Luwu trr dit liéu trong EEPROM,
Hién thj dit liéu trén GLCD
v

Delay

Hinh 4. Lwu db thuat toan chwong trinh chinh
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4. KET QUA NGHIEN ClPU VA THIET
KE

San pham hoan thién thé hién trén hinh 5,
hinh 6. Thiét bi dugc thiét ké thanh hai
tang layout. Tang dudi 1a cac module cam
bién. Tang trén la cac module MCU,
GLCD, LoRA, Wifi, nguén... Toan bd
cac module thiét bi duoc dat trong vo hop
PVC kich thudc 192x188x70 mm.

Thong sé cua thiét bi:

= Po chi s6 AQI trong pham vi [10, 500];
= Do cic thong sd: néng do khi NO,
SOz, CO, Oz; do bui PM2.5; nhiét do; do
am;

= Két ndi mang LORA, mang Ethernet;

= Pién ap nguon cap 9-12 V.

Biéu dd dit liéu thu thap chi sb AQI dugc
do tai Van phong Khoa Dién, Truong Dai
hoc Cdong nghiép Ha Noi ngay 20/03/2022
thé hién trén hinh 7, hinh 8. Qua4 trinh do,
thr nghiém, nhom nghién cau sir dung
may do AQI TES-5321 (sai s6 1 rpm khi
tc do do > 1000 rpm) dé cin chinh va
thir nghiém hé théng.

Hinh 5. Thiét bj do AQl

Két qua thu duoc sai sb cua thiét bi khi

(ISSN: 1859 - 4557)

danh gia chi s6 AQI va nhiét do so véi
thiét bi do miu 1a +6 (don vi do AQI) va
+1°C. V6i sai sb trén cd thé thay thiét bi
duoc thiét ké ché tao hoan toan phu hop
cho viéc danh gia chat luong khéng khi.

Hinh 6. Thir nghiém thiét bi do AQI

Chi s& AQI ngay 20/03/2022

M

100

50

12h00 13h00 14h00 15h00 16h00 17h00

—=@=—Thiét bi m3du =®=Thiét bj do

Hinh 7. Két qua do AQl

Nhiét d6 ngay 20/03/2022
40

30'—0/‘\0—.——0

20
10

12h00 13h00 14h00 15h00 16h00 17h00

—=@=—Thiét bi mdu =®=Thiét bj do

Hinh 8. Két qua do nhiét do
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Dé kiém thu kha nang phat hién 16i khung
truyén va giai thuat phan tach/xa ly di
liéu, nhom tac gia da thuc hién 25 lan
truyén dan dir liéu khong day tur thiét bi
Ién PC qua mang LoRA. Két qua cho thay
giao thuc truyén théng phat hién duogc
100% I3i trong khung truyén. Trén thuc té
véi phuong thire t6 chic giao thirc duoc
thiét lap nhu trong [3], st dung ma kiém
tra 16i CRC-16 thi x&c suat phét hién dugc
15i 18n ti 99.9985%.

Test device
System Sensor Nodes Plot

105 W |

Chi sé AQI

‘T B

Hinh 9. Thir nghiém truyén dir ligu tir thiét bi
Ién may tinh

OUTPUT 7E 00 OF 1225 A1 (

O Auto Clear Send

5. KET LUAN

Thiét bi do chat lwong khong khi thong
qua viéc danh gid chi sé6 AQI da duoc
nghién cuu, thiét ké trén hé thong nhing

ARM Cortex, két qua thir nghiém cho
thay:

= He¢ théng thiét bj duoc thiét ké hoat
dong trong moi treong trong nha, hoac
mdi truong dugc che chan tranh mua-gio
da hoat dong 6n dinh, danh gia dugc chat
lugng khéng khi ¢ mac tin cay, chinh xac.

= Ngoai tinh nang hién thi, quan sét di
liéu tai hién truong trén man hinh GLCD,
hé théng con cé chire nang truyén dit liéu
vé hé thdng trung tam thong qua mang
LoRA/IOT nhim ting cudong kha ning
tich hop hé théng dién rong.

Bén canh nhiing két qua tich cuc da dat
dugc con mot sé van dé can quan tam
nghién cau hoan thién hon ntta nhu: 1)
nghién ciu giam thiéu cong suat tiéu thu
cua thiét bj dé huéng toi viéc st dung
hiéu qua thiét bi trong méi truong mang
cam bién tich hop; 2) nghién cau nang
cao do an toan truyén dan thong tin, do
chinh xac cua thiét bi do...

LO1 CAM ON

Bai bdo nay dwoc thuc hién véi su ho tro
kinh phi tir dé tai nghién cizu khoa hoc
cap B¢ Céng Thuwong nam 2021, md so-
PT.BO.147/21, thugc Hop dong so
147.2021.DT.BO/HPKHCN.
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