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ARTICLE INFO ABSTRACT

Received: 15/01/2024 An electronic nose is defined as a smart device for the detection and analysis
of gases. It typically consists of two main components: an array of sensors
23/02/2024 (olfactory system) and an intelligent processing unit (brain). This study
Published: 23/02/2024 presents the design of a gas-sensing device utilizing a multi-sensor chip based
on metal oxide semiconductors (MOS). Surveys measuring the response to

Revised:

KEYWORDS various concentrations of harmful gases, such as NH;, CO, and NO,, were
conducted. The measurement data indicate that the employed multi-sensor

Selectivity chip with three MOS sensors exhibits excellent selectivity for each gas. This
Machine learning outcome also demonstrates that using a sensor array allows for easier
Multi-sensor |dent|f|cat|o_n of gases compar_ed to using a smgl«_a Sensor. Addltlonally,
. several typical machine learning models in artificial intelligence (Al),
Electronic nose including PCA, LDA, SVM, DT, and RF, were employed to analyze gas
Toxic gas detection response data. The performance of these models was evaluated based on the

accuracy rate of gas sample identification. The results reveal that the
utilization of machine learning models has enhanced the efficiency of gas
classification, particularly with models such as DT and RF. This research
may provide valuable contributions to the design of electronic noses for the
analysis of multiple gases in various environmental settings.
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THONG TIN BAI BAO TOM TAT

Ngay nhdn bai: 15/01/2024 Mii dién tir duge dinh nghia nhu mot thiét bi thong minh trong nhén dién
va phan tich khi. Mii dién t& thuong gom hai phan chinh la day da cam
23/02/2024 gy (khiru gidc) va phan mém xir Iy théng minh (ndo bg). Nghién ciru
Ngay ding: 23/02/2024 ndy trinh bay mot thiét ké thiét bi do khi sir dung chip da cam bién trén co
so vat liéu ban dan oxit kim loai (MOS). Cac khao sat d6i vai cac khi doc

Ngay hoan thién:

TU KHOA hai NH3, CO, va NO, tai mot s nong d¢ khac nhau da duoc tién hanh. Dir
- liéu do dép Gng khi cho thay da cam bién sir dung c6 ba vi cam bién MOS

Da cam bien ¢ do chon loc tt voi lan luot timg khi do. Két qua nay ciing chirng minh
Do chon loc viéc sir dung mot da cam bién s& cho phép nhan dién dé dang hon céc khi
Hoc méay S0 V@i viéc chi dung mot cam bién riéng 1¢. Bén canh d6, mot sb md hinh
o hoc may ti€u biéu cta tri tué nhén tao (Al) ciing da dugc st dung dé€ phan
Mui dién tir tich dir liéu dap tng khi, gdm PCA, LDA, SVM, DT, va RF. Hiéu suat
Phat hién khi doc cua cac md hinh duoc déph gia thong qua ti 1€ nhan dién chinh x4c cac

mau khi. K&t qua chi ra ring viéc st dung cac mé hinh hoc may da ting
cuong hiéu qua phan loai khi, dac biét 1a cdic mé hinh DT va RF. Nghién
ctru c6 thé cung cép cac dong gop gia tri cho viéc thiét ké cac miii dién tu
nham (ng dung phan tich da khi trong nhiéu méi trudng khac nhau.
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1. Gigi thigu

Ngay nay, cam bién khi dugc sir dung trong nhiéu linh vyc khac nhau [1], bao gom giam sat
khong khi trong nha va ngoai troi, quan tric méi trudng, klem tra chat luong thyc pham va db
udng, chan doan y sinh... Phuong phap nghién ctru phat trién cac cam blen khi thuong 1a nang
cao cac thong sb do nhay, d6 dap tng, d6 on dinh, do 13p lai, thoi gian séng, va d6 chon loc. Bén
canh viéc (ng dung cac loai vat liéu nhay khi, viéc xdy dung cac da cam bién hay ap dung céac
thuat toan tri tué nhan tao (Artificial Intelligence/Al) dé xu 1y dit liéu va nhan dién khi 1a mot
cach tiép can tiém niang gan dy, xu hudng phat trién thanh cac mii dién tir [2], [3].

Nghién ctru ndy nham hudng toi thiét ké, ché tao mot thiét bi do hiéu qua cac khi doc hai
NHs, CO, va NO,, sir dung da cam bién MiCS-6814. Chip cam bién bao gém céc vi cam bién khi
dua trén vat liéu oxit kim loai ban dan (Metal Oxide Semiconductor -MOS), duoc thiét ké hoat
dong & cac cong suét gia nhiét khac nhau. Uu diém chung caa cac cam bién khi MOS 1a d6 dap
g, d6 nhay, d6 bén, va @ 6n dinh cao [4]-[6]. Viéc sir dung chip da cam bién mang lai nhiéu
loi ich nhu giam thiéu kich thuéc thiét bi va mic tiéu thu dién nang. Phan Ién cac cam bién khi
thong dung khac trén thi truong co cong suit tiéu thu 1én t6i hang trim hoic hang nghin mW,
trong khi chip MiCS-6814 c¢6 cong suat tiéu thy téi da 1a 81 mW. Mit khac, cac thuat toan hoc
may (machine learning) tiéu biéu trong Al c6 thé dugc ap dung vao xur 1y dir liéu dap ung khi,
gitip nang cao do chinh xac phat hién khi, ciing nhu ting cudng do chon loc cua hé cam bién.
Ngoai ra, cac ung dung két néi thiét bi do véi Internet, song Wifi hay song dién thoai ciing s&
duogc cha y van dung, giup nguoi ding c6 thé giam sat cac thong s6 do tir xa, hay nhan duoc cac
canh bao kip thoi.

Céc phan tiép theo ctia bao cio md ta ki hon vé thiét ké cua thiét bi do khi, khao sat mach do
thong qua hé phan phdi khi chudn. Do dap tmg khi cta chip da cam bién ddi véi cac khi doc hai
NHj3, CO, va NO, dugc thu thap va trinh bay. Dt li¢u do sau do dugc xtr ly va phan tich boi cac
mo hinh hoc may thong dung. Nhitng két qua c6 duoc gop phan dua ra cac dé xuét tin cay dé cai
tién thiét bi do khi, ting cudng su phat hién chon loc cac khi dc hai trong méi trudng thuc té.

2. Phuong phap nghién ciru
2.1. Thiét ké mach do khi

Hinh 1 mo ta so d6 khéi cac thanh phan thiét ké chinh cua thiét bi do khi, gdm c6 chip da cam
bién khi MiCS-6814 voi kha nang phat hién nhiéu loai khi khac nhau, nhw NHg, CO, NO,, Hy, va
nhiéu loai hoi hitu co (VOCs); cam bién DHT22 dung dé do nhiét d6, d6 am méi trudong khi do;
module vi diéu khién ESP-WROOM-32 cho phép két n6i Wifi va xir 1y dit ligu tir cac cam bién
dén bo truyén phat dir liéu; module SIMO00A cho phép truyén phat dit liéu do vé mdy tinh hay
dién thoai thong qua song GSM/GPRS va giao tha¢ MQTT; man hinh LCD két ndi V61 vi diéu

khién qe hién thi cac thong tin chinh tai hop do; va ngudn dién mét chiéu 5 V cung cip ning
lugng 6n dinh cho cac b6 phan cia mach do hoat dong.

N _ | Module
Ngubdn cap 5 VDC | SIM900A ) ..... i

Smartphone

Chip da cdm bién

o - Module VPK Wifi BLE SoC ESP32
khi MiCS-6814 - ESP-WROOM.32 ol

Cam bién do J PC
nhiét do, d6 &m

DHT22 Man hinh LCD

Hinh 1. So d6 khai thiét ké thiét b do khi sir dung déy cam bién
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Chip da cam bién MiCS-6814 gém 3 vi cam bién loai vat liéu ban dan oxit kim loai (MOS).
Hinh 2(a) md ta mach nguyén 1y hoat dong ciia chip cam bién MiCS-6814. Mdi cam bién MOS
c6 mot dién trg gia nhiét riéng (Ry). Cong suat gia nhiét co thé duoc diéu chinh bang cach méc
ndi tiép dién tro gia nhiét véi mot dién tré ngoai va mot nguon dién mot chiéu. Phan dién tro
nhay khi (Rs) thay d6i khi moi truong khi do thay doi, va co thé duge xac dinh thong qua nguyén
1y chia 4p. Gia sir, mot ngudn V. duoc cung cap cho dau mach mic ndi tiép R, va R, dién ap nut
ndi hai dién trg doc vé 13 V, (tuong ty nhu thiét ké trong hinh 2(a)), thi Rs duoc xac dinh boi:

R, = Ro/[(Vc/Vo) -[] (1)

Vi thiét ké mach cong suét cho phan gia nhiét ciia chip MiCS-6814 nhu hién tai, cac cam
bién MOS trén chip lan luot co6 do dap ung va do chon loc cao véi cac khi NH;, CO, va NO,.
Cam bién DHT22 1a cam bién tich hop thong dung, do duoc ca nhiét do va do am trong moi
truong, voi dai do rong va do chinh xac kha cao. Mo-dun ESP-WROOM-32 14 mdt chip vi diéu
khién da dung, duoc str dung nhiéu trong cac thiét ké mach Wifi/Bluetooth. Module GSM/GPRS
SIM900A duoc thiét ké bai hing SIMCOM, 1a mot mo-dun truyén dir liéu khong day nho gon va
tin cdy, hoat dong tu dong trén cac tan s 900/1800 MHz, hoic dai tan sé duoc thiét 1ap qua tap
lénh AT (Attention command, tap Iénh chuin duoc hd trg boi hau hét cac thiét bi di dong nhu
dién thoai di dong). Giao thuc MQTT (Message Queuing Telemetry Transport) dugc st dung dé
truyén dit liéu, tin nhin v& dién thoai, hodc may tinh. Mot mach 6n 4p nguon mot chiéu dau ra 5
V ciing da duoc thiét ké. So dd mach nguyén 1y két ndi cac thanh phan cua thiét bi do duoc thé
hién trong hinh 2(b).
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Hinh 2. So do6 nguyén Iy mach doc chip da cam bién khi va mach diéu khién thiét b do

2.2. Cai dit hé théng do khi chudn

Hinh 3 thé hién so dd khéi hé théng phan phéi va do khi chuan lip dat tai phong thi nghiém
Nanosensors, Truong Dai hoc Phenikaa. Hé thong cho phép thir nghiém cac nong do khi do khac
nhau voi d6 chinh xac cao. Cac thanh phan chinh cua hé thdng gém co6 budng khi do (bén trong
dat chip da cam bién khi), cac chai khi do co6 ndng d6 xac dinh, may nén khi va bo loc tao khi
nén, cac 6ng dan truyén khi, va bo diéu khién tron khi. Khi do dugc tron véi khi nén sau bo loc
may nén khi theo ti 1¢ thé tich nhit dinh dé tao ra ndng d6 khi do mong muébn di qua budng do.
Bo6 diéu khién hé tron khi vira c6 ché do diéu khién thu cong, vira c6 ché do diéu khién tu dong
thong qua cac thong sd cai ddt trén mot phan mém may tinh, sir dung lap trinh giao dién
LabVIEW. Trong qua trinh do khi, tin hidu tir cac cam bién dugc truyén vé vi diéu khién. Sau do,
dir liéu do duoc tinh toan va hién thi trén man hinh LCD, ciing nhu duoc truyén vé may tinh dé
xu 1y va luu trir.
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Hinh 3. So do hé thong do va kiém tra khi chuan
3. Két qua va ban luan

3.1. Di# liéu dap veng khi

Trong khao sat thir nghiém véi cac khi chuan tai phong thi nghiém, dit liéu dién tro nhay khi
(Ry) cuia cac vi cam bién MOS di duoc thu thap va xir Iy trén may tinh. Ban dau, khi nén (khi
sach chua co6 khi do) dugc dua vao budng khi va do dé xac dinh gié tri dién tré nén (Rs,). Sau do,
lan luot cac khi do NH3, CO, va NO, da dugc khao sat va xac dinh cac gia tri dién tré do khi (ng)
tai mot sb nong d9 khac nhau. Trong do, NH3, CO 1a cac khi khir (Rgg < Rsa) duoc do tai cac nong
do 10; 25; 50; 75; va 100 ppm. Trong khi NO, 1a khi oxy héa (R > Rsa) dugc do tai cac ndng do
1; 2,5; 5,0; 7,5; va 10 ppm. Cac nong do mdi khi dugc khao sat deu nam trong kha niang phat hién
boi cac cam blen MOS cua chip MiCS-6814 (NH3: 1-500 ppm; CO: 1-1000 ppm; NO,: 0,05-10
ppm). Dit liéu dap ung khi ciia cac cam bién MOS ddi véi timg khi tai mdi nong do theo thong 18
[71, [8] 1a cac gia tri Rss/Rsq cho khi khir, hodac R/Rsa cho khi oxy hoa.
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Hinh 4 (a;b;c) 1an luot biéu dién dir liéu dap tng khi trong thir nghiém cuaa ba cam bién MOS
S1, S2, S3 trén chip MiCS-6814 ddi vai lan lugt cac khi NH;, CO, va NO,. Trong hinh 4(a), cam
bién S1 c6 do dap tng khi tt nhat v6i khi NHa, v6i gia tri ting dan tir 1,5 dén 10,3 twong tng voi
tang ndng do; cam bién S2 co6 do dap ung ting nhe tir 1,1 dén 2,5; trong khi cam bién S3 c6 do
dap ung gin nhu khong ddi bang 1. Trong hinh 4(b), cac cam bién S1 va S3 giir nguyén do dap
g bang 1 ddi véi khi CO, riéng cam bién S2 co do dap ung véi khi CO tang dan tir 1,7 dén 3,4.
Tuong tyu trong hinh 4(c), cam bién S3 c6 d6 dap wng véi khi cao nhét véi khi NO, va gia tri ting
dan tir 1,6 dén 20,7 khi ting ndng d6 khi do; trong khi cac cam bién S1 va S2 c6 gia tri thay ddi
khong dang ké. Nhu vay, cac cam bién S1, S2, va S3 ¢6 do chon loc tét lan luot voi cac khi NHg,
CO, va NO,. D& dang nhan thay, néu chi sir dung mot cam bién MOS riéng 1¢ thi chi ¢ thé phat
hién t6t mot loai khi. Viéc sir dung ddng thoi ba cam bién s& gop phan dang ké kha ning nhan
dién hay phan loai ca ba khi.
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3.2. Néng cao dp chon loc khi sir dung cdc thudt toan hoc may

Tiép theo, mot sb thuat toan hoc may tiéu biéu trong Al dugc ap dung dé xu 1y dit lieu dap
Gmg khi tir diy cam bién. Pau tién, phuong phap phan tich thanh phan chinh (Principal
Component Analysis/ PCA) duoc str dung dé bién doi dir liéu [9]. Thong s6 dap tmg khi tir ba
cam bién MOS tai mdi nong do khi do dugc dit 1a mot dau vao cua PCA. Mdi khi do & 5 ndng do
khac nhau. M&i ndng d6 duoc thu thap dit liéu 20 lan. Nhu vy, tong cong c6 300 diém dir liéu
cho 3 khi duoc khao sat. Pau ra ciia PCA ciing 1a cac diém dir liéu ba thanh phan, nhung gié tri
cuia cac thanh phan duoc sip xép theo tht tw quan trong giam dan (PC1, PC2, PC3). Hinh 5(a)
cho biét ti s6 phuong sai cia cac thanh phan PC1, PC2, va PC3 lan luot 1a 77,09%; 21,86%; va
1,05%. Hinh 5 (b) thé hién cac diém dir lidu dau ra PCA, v&i nhém céc diém cing mau dai dién
cho mot loai khi. Két qua cho thay tap hop cac diém dir liéu dau ra PCA ciia mdi khi kha tuyén
tinh, va ba duong c6 xu huéng chum lai khi ndng do khi do giam dan vé 0 (khi nén). Diéu nay c6
thé 1am suy giam hiéu qua nhan biét cac khi tai ndng d6 thap. May mén 1a cac thuét toan hoc may
¢6 thé duoc sir dung dé giai quyét van dé nay.
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Tiép theo, mot sb thuat toan phan cum tiéu biéu dugc ap dung, bao gdm Phan tich biét s6
tuyén tinh (Linear Discriminant Analysis-LDA) [7], My vecto hd trg (Support Vector Machine-
SVM) [10], Cay quyét dinh (Decision Tree-DT) [11], va Ring ngiu nhién (Random Forest-RF)
[12]. Tap dit liéu dau ra PCA dugc chia d6i ngiu nhién. Mot nira tap dit liéu (50%, hay 150 diém)
ding cho dao tao cac md hinh, va mot nira con lai (50%) cho kiém thir cac mé hinh di dao tao.
Két qua nhan dang cac miu khi dugc thé hién théng qua cic ma tran du doan trong hinh 6. D&
théy, cac mo hinh LDA va SVM chi dat d6 chinh xac 1a 93,3% (twong ung 140/150 mau khi dugc
nhan dién dang). Ca hai mo hinh déu nhan dién sai 10 mau khi NH; 1a NO,. Trong khi, cac mo
hinh DT va RF phan loai ding tat ca cac mau khi kiém thu, dat duoc hiéu qua nhan dién vuot troi
la 100%. Nhu vay, sir dung cac mo6 hinh hoc may cho phép tang cuong manh mé kha nang nhan
biét va phan loai khi.

4. Két luan

Mot thiét bi do da khi doc hai (NHs, CO, va NO,) di duogc phat trién dua trén chip da cam bién
MOS. M&i cam bién MOS hoat dong & mét cong suét gia nhiét khac nhau va c6 do chon loc khac
nhau ddi véi timg khi. Viéc str dung ddng thoi nhiéu cam bién MOS da duoc chirng minh hiéu qua
hon so véi sir dung cam bién don 1¢ trong viéc xac dinh cac loai khi. Cac két qua ciing cho thiy mot
s6 md hinh hoc may tiéu biéu da nang cao hiéu qua phan tich dir liéu dap tmg khi cua thiét bi do.
Trong d0, cac phuong phap DT va RF thé hién mot cach xuat sic kha niang phan biét va nhan dién
cac mau khi. Nhirng két qua nay gop phan bd sung cac phuong phap thiét ké téi vu thiét bi do khi,
cling nhu tang cuong manh mé do chinh xac phat hién khi dc trong moéi truong.

Lé&i cam on
Nghién ciru nay duoc tai tro boi Truong Pai hoc Phenikaa cho Pé tai mi sé PU2023-1-A-05.
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