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Tém tit

An toan chdy, né trong méi triecong cong nghiép la
nhiém vu ddac biét quan trong. Ro ri khi gas tai cdc
nha xwong, kho hang, khu vue san xudt tiém dn
nguy co chdy né va ngé déc cao. Cdc hé thong
canh bdo truyén thong ding cam bién gid ré
thuong c6 sai s6 1om va chiu anh huong tic moi
trieong nhw nhiét @, dé am dan dén gay bdo dong
gid, bé sét canh bdo. Bai bdo nay dé xudt xdy
dung hé thong AloT giam sdt khi gas dua trén
ESP32 c6 tich hop mang no-ron nhan tao (ANN).
Phuong phdp nghién cieu dea trén thiét bi cam
bién khi gas MQ-x, cam bién dé am, ESP32 va
phan mém Virtuino IoT két néi mang Wi-Fi.
Nhiing mé hinh ANN dé hudn luyén vao ESP32 va
trién khai thudt todn suy lugn tryc tié’p trén vi diéu
khién. Két qua nghién civu di chimg minh tinh kha
thi cua viéc tich hop ANN nhung trén ESP32 trong
hé thong IoT gidm sat khi gas cho méi trirong
cong nghiép. Cudi cing, mo hwéng nghién ciiu
phat trién cac mé hinh AI nhiing cho cdc badi todn
giam sat an toan moi truong khac trong tuong lai.
Tu khf')ﬂ: Giam sat khi gas, An toan cong nghiép,
He thong IoT, Mang no-ron nhan tao (ANN), H¢
thong nhung thong minh.

Abstract

Ensuring fire and explosion safety in industrial
environments is of paramount importance. Gas
leakages in factories, warehouses, and production
facilities constitute a severe risk of fire, explosion,
and toxic exposure. Conventional warning
systems, often relying on low-cost sensors, are
prone to significant inaccuracies and high
susceptibility to environmental interferences such
as temperature and humidity, leading to frequent
false alarms or missed detections. This study

proposes the development of an ESP32-based loT
gas monitoring system integrated with an
Artificial Network  (ANN).  The
methodology employs MQ-x gas sensors, humidity

Neural

sensors, the ESP32 microcontroller, and Virtuino
IoT  software,
Experimental results demonstrate the feasibility of
deploying embedded ANNs on the ESP32 within
an industrial IoT framework. Consequently, this

interconnected via  Wi-Fi.

work paves the way for further research and
development of embedded Al models addressing
environmental  safety

broader monitoring

challenges.
Keywords: Gas monitoring, Industrial safety,

loT-based system, Artificial Neural Network
(ANN), Embedded intelligence.

1. Gi6i thiéu

Trong nhiéu hé théng cong nghiép hién dai, cac
loai khi dé& chay né nhu LPG, CHq4, CO, H, duoc sir
dung rong rii trong qua trinh san xudt, gia nhiét hodc
véan hanh céac thiét bi. Trong qué trinh do6, ro ri khi
khong dugc phat hién kip thoi co thé dan dén chay nd,
ngd doc va gay thiét hai nghiém trong vé ngudi va tai
san [1]. Cac hé thdng phat hién khi thuong dua trén
cam bién ban dan, cam bién hong ngoai hodc cam bién
dién hoa két hop véi mach so sanh ngudng ¢b dinh dé
kich hoat coi, dén hodc ngit ngudn cung cép gas [2],
[3]. Trong nghién ctru [4], nhom tac gia da thiét cam
bién khi gas khong day va tap trung vao cac nén tang
cam bién linh hoat, c6 thé deo dugc va viée tich hop
hoc méy dé nang cao tri tué ctia hé thong. Két qua thu
thap dan dén sai sé do ndng do 16n, d& giy bao dong
gia hodc bo st canh béao trong diéu kién méi truong
phirc tap. Nhiéu nghién ciru da chi ra ring nhiét d6 va
d6 4m co6 thé lam thay doi dang ké dap ung ciia cam
bién ban dan, khién quan hé giita dién ap dién tro cam
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bién va ndng d6 khi tro nén khong 6n dinh néu chi sir
dung cac mé hinh tuyén tinh don gian [5]. Xu huéng
Internet of Things (IoT) d thuc day sy phét trién clia
cac hé thdng giam sat khi gas két ndi mang, cho phép
thu thap dir li€u thoi gian thyc va luu trit trén server,
truc quan hoda trén dashboard nhu Grafana, Blynk,
Virtuino IoT.

Trong cong trinh [6], tac gid dé xudt hé thong
giam sat va canh bao ro ri LPG sur dung ESP8266 va
cac cam bién MQ-2, MQ-5 két hop giao thire MQTT
dé truyén dir liéu. Tuy nhién, da s6 van dua trén
ngudng canh bao c¢b dinh va chua xir 1y sau bai toan
sai s6 va nhiu ciia cam bién trong didu kién cong
nghiép da bién. Nhiéu nghién ctru di ap dung ANN
cho phat hién 10 ri trong duong dng [7]-[9]. Bén canh
d6, cac hudng tiép can gan day con tich hop TinyML
va mo hinh hoc sau nhe vao cac nat IoT, nhim trién
khai suy luan truc tiép tai hién truong, giam do tré
truyén thong va phu thudc vao server. Mot sd van dé
gip phai nhiéu hé théng ToT giam sat khi gas dua trén
ESP32 vén st dung ngudng canh bo ¢6 dinh hodc cac
phép hiéu chuén tuyén tinh. Két qua din dén hiéu ning
chua 6n dinh trong mdi truong cong nghiép, noi nhiét
d6, 46 am va diéu kién thong gi6 thay doi lién tuc [10],
[11]. Cac phwong phép nhu hdi quy tuyén tinh,
Kalman, SVM va LSTM déu c6 thé duoc st dung dé
nang cao chét luong tin hiéu cam bién. Tuy nhién, hdi
quy tuyén tinh thuong khé mo hinh hoa quan hé phi
tuyén, Kalman cha yéu manh & bai toan loc nhiéu, con
SVM va LSTM c¢6 chi phi tinh toan cao hon khi trién
khai trén phan cirg nhiing. Do d6, nghién ctru nay lya
chon ANN d6 chinh x4c va kha ning trién khai Edge
Al thoi gian thyce trén ESP32.

Tir nhitng van dé trén, bai bao nay dé xuat nén tang
cam bién khi gas ban dan két hop cam bién nhiét do,
d6 4m va vi diéu khién ESP32 tich hop Wi-Fi [12]. Dit
lidu do trong nhiéu kich ban ro ri va diéu kién moi
truong khac nhau dwogc thu thap dé huin luyén mo
hinh ANN theo huéng bu sai s va phan loai muc
nguy hiém. M6 hinh sau khi huan luyén dwgc nhing
truc tiép vao ESP32, cho phép thuc hién suy luédn thoi
gian thyc ngay tai nat do, tir d6 dura ra quyét dinh canh
b4o an toan. Pdng thoi, hé théng st dung giao thic
Modbus TCP/IP dé truyén dir liu 1én nén tang
Virtuino IoT, cung cap kha ning gidm sat tir xa, luu
tri lich sir va cdu hinh ngudng cho ngudi van hanh.

Noi dung bai bio dugc chia thanh cac phan sau:
Muc 2 trinh bay co s6 ly thuyét xdy dung ciu triic mo
hinh hé thong. Xay dung thuat toan trién khai mé hinh
mang no-ron nhan tao nhing trén ESP32 thé hién trong
Muc 3. Muc 4 thyuc hién cac bude thir nghiém két qua
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va danh gia hiéu suat mé hinh. Cudi cing, phan két luan
va hudng phat trién duoc mo ta & Muyc 5.

2. Xay dung mé hinh céu tric thu thap dir ligu
2.1. Kién tricc phén cirng hé thong

Mo hinh cdu trac thiét bi tram thu thap dir liéu
dugc dé xuat nhu Hinh 1. Hé thong thu thap dit liéu
dugc thiét ké theo mo hinh master-slave phan tan,
gdm 3 thanh phan chinh [13]:

- Nut Slave: Hoat dong nhu tram cam bién doc lap,
¢6 nhiém vy thu thap dir liéu moi truong va tmyén vé
tram Master theo chu ky. Nit st dung cac cam bién
khi MQ-2, MP-4 dé do ndng d6 khi LPG, CO, CH, va
khi hydrocarbon dé chay. Tin hiéu twong tu duoc xir
1y qua ADC ctia ESP32, gitip tang d6 phan giai va hd
tro hi¢u chuan bang ANN.

- Tram trung tdm: C6 nhiém vu thu thap, luu trir
tam thoi va hién thi dir liéu. Hé théng st dung Wi-
Fi/Modbus TCP lam kénh truyén chinh va LoRa 433
MHz lam kénh dy phong. Trong diéu kién binh
thuong, dir liéu truyén qua Wi-Fi dé dam bao thoi gian
thuc; khi mat hodc nghén két ndi, hé théng tw dong
chuyén sang gtri canh bao qua LoRa, gitip duy tri giam
sat lién tuc.

- Phan mém IoT: Dit liéu dugce luu trit trén cloud
dé phuc vu huén luyén mo6 hinh trong tuong lai. Phan
mém Virtuino [oT hd tro giam sat va canh béo su cd,
giao tiép véi tram trung tim qua TCP/IP, trong d6 mdi
ESP32 dugc cau hinh mét dia chi IP tinh.

Hinh 1. So dé kién triic hé thong thu thép da ting:
Kénh chinh Wi-Fi (Modbus TCP/IP) va kénh du
phong LoRa

Do dic tinh toa nhiét cua cam bién ban dan dong
MQ trong qué trinh dot néng ddy toc nén module cam
bién nhiét do, d6 4m duoc bd tri cach ly nhiét va dat
tai vi tri cira hut gio ctia hop thiét bi ¢& dam bao phan
anh chinh xac nhiét do méi truong tranh sai sé cuc b.
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2.2. Truyén théng giita ESP32 va Virtuino IoT

So d6 kién triic truyén théng cua hé thong giam sat
khi gas két hop nén tang Virtuino IoT dugc thé hién &
Hinh 2, gdm céc thanh phan chinh sau:

- Master station - ESP32: La niit trung tam, tiép
nhan dit lidu tir cac tram cam bién sau khi da duoc xur
Iy va b sai s6 bang ANN, sau d6 dong goi dé truyén di.

- Wi-Fi Router/Gateway: ESP32 két ndi khong day
dén router/gateway qua Wi-Fi. Router déng vai trd
cAu nbi gilta mang cuc bd va Internet, cho phép truyén
dir liéu tir ESP32 1én cloud va t6i thiét bi giam sat.

- Virtuino IoT Cloud: Ung dung Virtuino trén dién
thoai hodc trinh duyét web nhan dit liéu tir broker béng
MQTT va/hodc két ndi truc tiép véi ESP32 qua
Modbus TCP/IP (tuy c4u hinh). Tai ddy, ngudi dung
¢6 thé truy cép.

Modbus TCRAP

Hinh 2. Quy trinh truyén nhén va xir ly div liéu

2.3. Xdy dwng mé hinh kién triic mang da cim
bién

Trong nghién ciru nay, md hinh mang truyén thong
giita cac niit cam bién va mang trung tim dua trén giao
thirc Modbus TCP/IP ¢6 cai tién thém 16p bao mat.
Sensor Nodes dong vai tro 1a Modbus Servers co duy
tri ving nhé dé luu trir gia tri cam bién. Dé dam bao
dir liéu va tranh ngh&n mang tai Router, thuat toan tai
Master Node duoc thiét ké theo co ché Sequential
TCP Request v6i co ché Timeout.

Gia sur tap hop céc dia chi IP ctia cac Sensor Nodes la:

S={IR[i=123.. N} (1)

Trong do, S 1a tap hop dia chi IP cia N nut cam
bién trong hé thong giam sat.

Du¢i day la thuat toan mo ta qua trinh thu thép dir
li¢u Modbus TCP/IP [14], [15].

Piu vao: Tap hop dia chi IP cac nut cam bién

1: Khoi tao: Thiét lap két ndi mang va cAu hinh
Modbus Client.

2: Lap vo han (theo chu ky T):

3: For mdi nut i tir I dén N trong tip S do:

Coéng nghé s6, tw dong hoéa va (rng dung hang hai

4: Két ndi: Mo Socket TCP toi IP[i] tai cong 502.
5: If (Két ndi thanh cong) then:

6: Truy van: Guri 1énh FCO03 doc khdi thanh ghi
(Block Read).

7: If (Nhan goi tin phan hdi hop 1¢) then:

8: Tach dir li¢u: HighWord < Byte[0..1];
LowWord < Byte[2..3]

9: Xu ly: Raw < (HighWord << 16) | LowWord
10: Chuyén d6i: D[i]<IEEE754 To_Float(Raw)
11: End If

12: Ngat két ndi TCP dé giai phong tai nguyén.

13: Else: Ghi nhan trang thai 18i cho nut i.

14: Delay ngn (t_wait) dé 6n dinh dudng truyén.
15: End For

16: Dong bo dit liéu D 1én h¢ théng giam sat véi T

Pau ra: gia tri cdc cdm bién da xu ly.

3. Phat trién thuét toan bu sai sd

Trong qua trinh thu thép, néng d6 khi do duoc tir
cam bién trong diéu kién moi truong thuc té duge mod
ta boi [16]:

Coeas = FT(X,T,RH) 2

Trong d6: X Ia tin hi¢u cam bién (dién ap/gia tri
ADC) hoactisé R_ /R, T lanhiét o, RH la d6 am
va c&c nhidu khéc. Cac yéu td moi truong lam dac tinh
cam bién bi léch so véi dudng chuén, gay sai sb.

Muc tiéu ciia thuat toan 1a xay dung ham bu sai s6
dua trén ANN:

Ceomp = Fanny (X, T,RH) 3

comp

Trong d6: Ceomp 12 nong d6 khi sau khi dugc mo
hinh ANN bu sai s0 va quy doi gan vé diéu kién chuan.

3.1. Xdy duwng mé hinh ANN bu: sai s6

Trong diéu kién thyc té, cam bién ban din dé bi
anh huong boi nhiét do va do 4m moi truong. Vi vay,
nghién ciru sir dung mo hinh ANN MLP dé nang cao
d6 chinh xéc cho cac cam bién MQ-2, MP-4 do nong
d6 khi LPG, CO, CHs. Cac thong s6 dai do cta cam
bién duoc léy tur datasheet va trinh bay trong Bang 1.

Dé danh gia mo hinh, dit liéu dwoc thu thap trong
buéng khi kin 50 lit, v6i néng d6 khi tham chiéu dugc
do song song bang thiét bi Testo 316-EX di hiéu
chuén. Nhiét do va d6 4m trong budng dwoc thay doi
bang méy gia nhiét va may tao am nhim mo phong
cac diéu kién van hanh khac nhau. Dit liéu duoc léiy
mau theo chu ky ¢b dinh trong nhiéu kich ban ro ri,
gdm mirc ndng do thap, trung binh va cao.
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Bing 1. Tap div liéu divng dé hudn luyén mé hinh ANN

S6 s At -
Nhom Thong so dau vao . S0 mau Tong
kich Muc tiéu khio sat Mien khdo sat x
kich ban ) ghi nhén kich béan mau
ban
, Tin hiéu cdm bién, T=25-55°C;
Nhom 1 4 Anh huong nhiét do . : 200 800
nhiét 4o, d6 am RH =60 + 5%
) . Tin hiéu cam bién, T=30+2°C;
Nhom 2 4 Anh huéng d6 am . . 200 800
nhiét o, d6 am RH =45 - 90%
Anh huéng ddng thoi .
A Tin hiéu cam bién, T=25-70°C;
Nhém 3 4 cua nhiét 49, d6 am va R 200 800
A nhiét o, 46 am RH =45 - 90%
nong d6 khi
Téng 12 2,400
Bing 2. Cic cim bién lwa chon va dii do
Cam bién Dai do khi CO (ppm) Dai do khi LPG Dai do khi CH4 (ppm)
MQ2 200-5000 5000-20000
MQ7 10-500
MP-4 300-10000

Trude khi hun luyén, dir liéu dugc lam sach, loai
b6 ngoai lai va chuan hoa min-max vé mién [0,1]. Sau
do, bo dir liéu dugc chia thanh tap huan luyén, xac
thue va kiém tra theo ty 18 70% - 15% - 15%.

Béng 2 md ta thong s ki thuat cua cam bién trong
nghién ctru vai cac dai do cho phép.

Mot mé hinh ANN duoc dé xuét dua trén sb luong
dAu vao, ra cho md hinh, xé4c dinh sé no-ron N 16p 4n
ti wu dap ung do chinh xac. Dé giai quyét van dé phi
tuyén tinh cua sai s6 cam bién do anh huéng ctia nhiét
do va do am, nghién cuu dé xuét st dung mang
Perceptron da 16p (MLP).

Qua trinh tinh toan tai 16p 4n cho no-ron tht j
duoc mo ta nhu sau:

3
- 1w +b}“j @
i=1
Trong do: X, la vector dau vao; w{ : Trong sb
(Weights) két ndi tir I6p dau vao dén lép an; b®:
Ngudng (Bias) cua l6p an. F la ham kich hoat
Sigmoid. Gia tri dau ra y dwoc tinh toan tuyén tinh tai
l6p ra:
K
y=> w?x +b? (5)
j=1
Trong d6: w?va b® 1la trong s6 va ngudng
cta 16p dau ra. Qua trinh hudn luyén (Training) sir
dung thudt toan Lan truyén nguoc (Backpropagation)
v6i t6i wu hoa Levenberg-Marquardt dé giam thiéu sai
s0 trung binh binh phuong (MSE).
Mb hinh ANN sir dung mang MLP 3-8-1 véi dau

vao gdm tin hiéu cam bién, nhiét d6 va d6 4m; dau ra
1a ndng d¢ khi hidu chuan. Lép an ding sigmoid, 16p
dau ra ding ham tuyén tinh. Vi 41 tham s6, mo hinh
bao dam tinh gon nhe cho trién khai trén ESP32. Qua
trinh huin luyén duoc thyc hién ngoai tuyén, sau do
nhiing trong s6 t6i wu vao vi didu khién dé suy ludn
thoi gian thyc. Dudi day 1a thuat toan tim sai s6 gitra
gi4 tri can dat va gia tri dau ra thuc té.

Piu vao: Tap hop dia chi IP cac nut cam bién

// Ham ANN_BuSaiSo:
Input : x_sensor - gia tri do MQ-2 (ADC hoac
Rs/R0)

T - nhiét 46 (°C)
1: function ANN_BuSaiSo(x_sensor, T, RH):
// Chuyén d6i va chuan héa dau vao
2: ratio = convert_to_ratio(x_sensor)
3: x1 = (ratio - ratio_min) / (ratio_max - ratio_min)
4:x2=(T-T _min) /(T _max - T min)
5:x3 =(RH - RH_min) / (RH_max- RH_min)
// 2. Tang an: h = f(W1 * x + bl)
6: forj=1 — Nh:
// Nh: s6 neuron an
6:s=0
7:s+=WI[j,1] * x1
8: s+=WI[},2] *x2
9:s+=WI[},3] *x3
10: s+=Dbl[j]
11: h[j] = activation(s)
12: // 3. Tang ra: C_hat=W2 * h + b2
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13: C hat=0

14: forj=1 — Nh:

15:  C_hat +=W2[j] * h[j]
16: C_hat +=b2

17: return C_hat

18: end function

Pau ra: gia tri cac cam bién da xu ly.

3.2. Xdy dwng thudt todn cinh bdo bdt thuwong

Thuat toan Rate of Rise (RoR) cho phép phat hién
nhanh su ¢d 10 ri ap suét cao trude khi néng d0 khi dat
ngudng bio hoa, tir d6 riit ngén dang ké thoi gian phan
tng cua hé thdng so véi phuong phap truyén thng.
Thuét toan dong thoi giam bao dong gia do nhidu dién
tir hodc cac ludng khi thoang qua bang co ché xac
nhan thoi gian thyc trong mién thoi gian. Nguyén 1y
hoat dong dua trén viéc phan tich dao ham theo thoi
gian cta ndng do khi (gradient) két hop voi ngudng

tuyét doi. Pau vao cua thuat toan la gia tri C,

nong do khi da dugc bu sai s6 baing ANN & buéc trudc.

Thuat toan dugce t6 chirc thanh ba ting bao vé.

Tang 1 - Canh béo ro ri nhanh: Dya trén toc do
tang truong. Néu khi gas ting dot ngot trong thoi gian
ngan hé théng phai bao dong ngay lap tc du ndng do
chua cham ngudng nguy hiém. @ la ngudng toc do
tang gioi han (Rate-of-Rise threshold).

RoR(t) = W (6)

Tang 2 - Canh béo rd ri cham: Dya trén ngudng
tuyét d6i S (Absolute Threshold). Ding dé phat
hién cac vét nirt nho, khi tich tu dan theo thoi gian.

Tang 3 - Loc bio dong gia (False Alarm
Rejection): Tin hiéu duy tri vuot ngudng trong
khoang thoi gian lién tuc mai kich hoat coi, dén.

//Thuat toan 1

1:  Tai mdi budc t, tinh tdc do ting: RoR «—
(C curr - C _prev) / At.

2:  Kiém tra diéu kién bt thuong: Flag < (RoR
> o) OR (C_curr > p).

3: If (Flag == True) then: Tang bién dém xac
nhan (Counter++).

4: Else: Reset bién dém (Counter < 0) vé trang

thai binh thuong.

5: If (Counter > T verify) then: Kich hoat trang
thai BAO DPONG (ALARM).

6: Cap nhat trang thai: C_prev < C_curr va gui
tin hiéu qua Modbus TCP.

4. Thir nghiém két qua va danh gia

Tac gia thir nghiém c4c tram cam bién trong phong

Coéng nghé s6, tw dong hoéa va (rng dung hang hai

thi nghiém va ngoai troi. Thiét bi phan ctmg clia md
hinh dugc thé hién trong Hinh 3 bao gdm cac cam bién,
GPS, man hinh hién thi.

Sensor Nodes Master Node

Sensor Nodes

6t 4o Nong do

Nhi

Nong d6 CO

100ppm
o

Hinh 4. Giao dién wrng dung Virtuino loT gidm sdt

néng dj khi

Hinh 4 thé hién giao dién giam sét trén phan mém
{ing dung Virtuino IoT khi giam sat ddng thoi hai nit
cam bién. Nut Sensor Node 1 cho gié tri ndng d6 LPG
va CHa 1an luot khoang 2000 ppm va 3000 ppm, ndng
d6 CO ~100 ppm cao ro rét so vai Sensor Node 2 dat
trong cung khu vuc (400 ppm LPG, 800 ppm CHa, 25
ppm CO). Céc gia tri nay da vuot qua ngudng canh
béo cai dat trén hé thong va gay ra trang thai bao dong
lién tyc.

Dé danh gia kha nang trién khai Edge AI, mé hinh
ANN sau huén luyén duogc trién khai truc tiép trén
ESP32 va kiém tra cac chi tiéu tai nguyén chinh. Két
qua suy luan dat khoang 3,8 ms/mau, RAM sur dung
khoang 6,4 KB, Flash st dung khoang 28,7KB va
cong sudt tiéu thy trung binh khoang 0,41W. Cac két
qué nay cho thdy mo hinh dé xuat phu hop véi yéu cau
xir 1y thoi gian thyc trén nén tang nhing ti nguyén
han ché.
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Hinh 5. Anh hwéng ciia nhiét dp dén cam bién gas MQ-2
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Hinh 6. Bii sai sé tréi nhi¢t cho cim bién khi djc CO (MQ-7)
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Hinh 7. Anh huéng ciia nhiét dp dén cim bién CH4 MP-4

Hinh 5 thé hién két qua khao sat anh huéng cia
nhiét do dén cam bién gas MQ-2. Trong d6, & Hinh
5.a md ta duong dac tinh ciia cam bién khi nhiét do
tang tir khoang 25°C 1én gan 70°C, dudng MQ-2 Raw
bi troi nhiét phi tuyén va cang lac cang léch 1én trén
s0 voi gia tri tham chiéu gan 1000 ppm. Nguoc lai,
dudng MQ-2 + AloT bam rét sat duong tham chiéu,
g.'?m nhu khéng phu thudc vao su thay doi nhiét do,
chumg t6 thuat toan bu da khir tt sai s6 nhiét cia cam
bién MQ-2. O Hinh 5.b, dép tng béac thang cia tin
hiéu thd (xam) thé hién rd d6 tré 16n va nhifu, thoi
gian hdi vé trang thai on dinh kha cham so véi input
1y tudng.

Hinh 6 thé hién két qua bu sai sd troi nhiét cho cam
bién khi doc CO (MQ-7). Hinh 6.a thé hién khi nhiét

do tang dén, tin hiéu MQ-7 Raw bi tr6i manh, toi
+100% sai s6 khi T > 40°C, trong khi duong MQ-7 +
AloT ludn bam sat gia tri chuan 100 ppm gan nhu
khong phu thudc nhiét do. Hinh 6.b v6i dap tng bac
thang, tin hiéu MQ-7 tho xuat hién nhidu gon séng
theo chu ky gia nhiét, con duong MQ-7 + AloT da loc
dugc nhidu va bam sat duong input thyc té.

Nhu vy, md hinh AloT d& xuét vira khir troi nhiét,
vira giam nhidu chu ky ctia cam bién MQ-7, gitip phép
do CO 6n dinh va chinh x4c hon rd rét.

Hinh 7.a mé ta duong dic tinh ciia cam bién khi
nhiét d6 ting dan tir khoang 25°C 1én trén 50°C,
duong MP-4 Raw (mau xanh) tr6i 1én trén gia tri thyuc
3000 ppm, thé hién sai s6 do anh huong nhiét do, dac
biét rd khi nhiét do vugt 40°C. Buong MP-4 + AloT
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ludn bam sat duong gia tri thyc chung t6 thuat toan
ANN b sai s di loai bo dugc phan 16n troi nhiét cia
cam bién. Sau khi 4p dung mé hinh MP-4 + AloT,
duong do bam rét st tin hiéu Iy tuong, hau nhu khong
con overshoot va bién do nhiéu giam rd rét trong ca
pha tang va pha gidm.

Bén canh vi¢c danh gia truc quan thong qua cac dd
thi dap tng, nghién ctru con sir dung céc chi s6 dinh
luong gdm sai s tuyét ddi trung binh (MAE), cian bac
hai sai s6 binh phuong trung binh (RMSE) va sai s6
phan trim tuyét ddi trung binh (MAPE) dé danh gia
hiéu qua bu sai s6 cia md hinh ANN. Cac chi s6 nay
dugc tinh toan trén tap dir liéu kiém tra doc 1ap nham
phan anh khach quan muc d¢ cai thién cta phuong
phap d& xuét so véi tin hidu cam bién ban dau.

Céc chi tiéu danh gia sai s6 dugc tinh toan nhu sau:

1 N
MAE :ﬁ z |yi -
™

MAPE =

100% <
2

Vi =Y ‘
Yi

i=1l

(8)

RMSE =,/ﬁi(yi -3,y
©

Trong d6: y; 1a gia tri do thuc té, yi la gia tri du
doan hoac gia tri sau bu bdi mo6 hinh ANN tai mau thir
i va N 1a s luong mau dung dé danh gia.

Két qua & Bang 3 cho thiy mé hinh ANN giup
giam dang ké sai s6 ctia ca ba cam bién khi. So véi tin
hiéu ban déu, c4c chi s6 MAE, RMSE va MAPE sau
bu déu giam rd rét, trong d6 MAPE giam tir khoang
8,94 - 10,42% xubng con 2,97 - 3,56%.

Bdng 3. So sanh dinh lwong trudc va sau khi bu sai

§6 bang ANN
Cam Trang MAPE
< . MAE | RMSE

bien thai (%)

MQ-2 | Truécbu | 0.84 1.12 9.65
Sau  bu

MQ-2 0.29 0.41 3.18
ANN

MQ-7 | Truécbu | 0.91 1.24 10.42
Sau  bu

MQ-7 0.33 0.47 3.56
ANN

MP-4 | Truécbu | 0.78 1.05 8.94
Sau bu

MP-4 0.27 0.39 297
ANN

Cong nghé s6, tw dong hoéa va trng dung hang hai

Trong moi truong thuc té, tin hiéu cam bién con
chiu anh huéng cua thong gié, nhidu ngudn, nhidu
dién tir va sy 140 hoa cam bién, bén canh tac dong cua
nhiét d6 va d6 am. Két qua thir nghiém cho thdy mé
hinh ANN gitp giam d9 tr6i va dao dong tin hi¢u, gop
phin nang cao d6 6n dinh cua hé théng. Tuy nhién,
can c6 thém cac thir nghiém ngoai hién truong trong
thoi gian dai dé danh gia day du hon do bén viing cua
mo hinh trong cac diéu kién van hanh phuec tap.

5. Két luan

Nghién ciru nay di trinh bay thanh cong viéc thiét
ké va trién khai hé théng giam sat an toan khi thai
cong nghiép dua trén kién tric AloT bién (Edge AloT),
tich hop giao thitc Modbus TCP/IP. Ung dung mang
no-ron nhan tao (ANN) va thuat toan TinyML dé giam
sai s6 thiét bi. Bén canh do, viéc ap dung thuat toan
canh bao som lai ghép dua trén tdc do ting trudng
(Rate-of-Rise) da cai thién dang ké kha ning phan tmg
ctia hé thong. Thoi gian phat hién cac sy ¢b 1o ri khi
d6t ngdt dwoc rat ngén xubng con 3-5 gidy, nhanh hon
58% so vai cac phuong phap so sanh ngudng tinh
truyén théng. Trong tuong lai, huéng nghién ctru s&
tiép can céc thuat toan ty hoc (Online Learning) s€
dugc phat trién dé cho phép mo hinh ANN tu dong
cap nhat trong $6, bu trir cho su 130 hoa vat 1y cia cam
bién sau thoi gian dai hoat dong, hudng toi viée xay
dung mot hé sinh thai giam sat cong nghiép thong
minh, bén viing va toan dién hon.
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