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ABSTRACT

This paper presents a solution for applying loT technology to fire
prevention from household gas leakages. The system consists of a
smartphone application and an 10T circuit which can control equipment’s
power supply, detect gas leakages, and monitor environment temperature.
The smartphone application is built based on the Blynk tool, which is
highly convenient and easy to install. The hardware consists of an
ESP8266 microcontroller that collects data from two sensors, including
DS18B20 temperature sensor and MQ-02 gas detector. The micro-
controller can also alarm with a buzzer and cut off the power supply in
the kitchen through an intermediate relay. The loT circuit is integrated
with an error compensation function, which is determined by the
Levenberg-Marquardt least squares algorithm. In addition, the sensor
data is also removed noised samples with abnormal amplitudes.
Experimental results showed that the 10T circuit can detect gas leakages
and release warning in a timely manner, without the appearance of "fake
alarms" like common gas sensors on the market.

TOM TAT

Bai bdo trinh bay giai phdp iing dung cong nghé IoT trong phong chong
chady do ro ri khi gas h¢ gia dinh. Hé thong gom mot ung dung trén dién
thoai théng minh va mét mach IoT cé kha ndng diéu khién cdp nguon cdc
thiét bi, phdt hién ro ri khi gas va theo doi nhi¢t do moi truong. Phéin mém
dién thoai dwoc xay dung bang cong cu Blynk, tién loi va dé cai dat. Phan
cirng gom vi diéu khién ESP8266 thu thdp dit liéu tir hai cam bién nhiét
dé DS18B20 va cam bién khi gas MQ-02. Vi diéu khién con cé thé bdo
déng bang coi va ngat dién trong nha théng qua mét relay trung gian.
Mach IoT duwoc tich hop ham bu sai 56, xdc dinh b&ng giai thudt binh
phirong t6i thiéu Levenberg-Marquardt. Ngodi ra, dit liéu cam bién ciing
dwoc logi mau nhze~u 6 bién do bat thuong. Két qua thue nghiém cho thdy
gidi phap dé xudt c6 thé phdt hién ro ri khi gas va canh bdo kip thoi, khéng
xudt hién tinh trang “canh béo gia” nhi cdc cam bién gas phé thong trén
thi truong.

1. GIOI THIEU

Theo Cuc canh sat phong chay, chita chay
(PCCC) va cuu nan, ciru ho, chay la mot tai nan gay

thiét hai Ion trong xa hoi hién nay. Chin thang dau
nam 2021, toan qudc xay ra 1.723 vy chay, lam chét
72 ngudi, bi thuong 104 ngudi, gdy thiét hai vé tai
san wdc tinh 332,91 ty dong; va 18 vu nd lam 10
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ngudi chét va 10 ngudi bi thwong (Cuc canh sat
PCCC va CNCH, 2021). Lyc lugng canh sat PCCC
va CNCH da tryc tiép ang ciru 806 vu tai nan va su
¢d, cliru duge 283 nguoi, tim dugc 459 thi thé nan
nhan ban giao cho co quan chirc ning xir 1y. Dong
thoi, luc lwong canh sat ciing huéng dan thoat nan
cho hang nghin nguoi, truc tiép ciu an toan 323
nguoi bi nan trong cac vu chay (Cuc canh sait PCCC
va CNCH, 2021). Nhu vay, chay nd 1a van dé
nghiém trong trong doi séng cia nguoi dan. Chay
khong chi gay ra thiét hai cho mot ca nhan gia dinh,
gdy anh hudng dén trat ty an toan xa hoi ma con giy
thiét hai vé vat cht va ca tinh mang con ngudi.

Trong cac vu chay da xay ra, ro ri khi gas trong
khong gian bép 1a mét trong nhing nguyén nhan chu
yéu, boi vi hién nay viéc sir dung bép gas dang phd
bién trong cong dong. Gas khong chi duoc sir dung
trong sinh hoat gia dinh ma con dugc ung dung
nhiéu trong cic diy chuyén san xuat trong cong
nghiép,... Tuy nhién, sir dung gas tiém an nguyén
nhan chay nd do ro ri gas ma ngudi ding khong phat
hién kip thoi. Ngoai ra, ro ri gas cling anh huéng lon
dén suc khoe, tinh mang cua nhitng ngudi vé tinh
hit phai (Khan, 2020). Hién nay, nhiéu gia dinh da
Iip cac hé thdng bao chay tich hop nhiéu tinh ning
diéu khién nha théng minh (Ana et al., 2017; Saeed
et al., 2018). Tuy nhién, cac hé théng tich hop nay
c6 gia thanh cao va khong phai h gia dinh nao cling
¢6 thé tiép can dugc. Trong khi d6, nguy co chay nd
do ro ri khi gas khong loai trir gia dinh nao, ma tham
chi con c6 nguy co cao ¢ nhimg gia dinh c6 thu nhap
thap.

Viéc trang bi cac bd cam bién bao chay, bao ro
ri khi gas d6c lap trén thi truong hién nay khong c6
chte ning canh bao tir xa, néu gia chu khong c¢6 &
nha. Diéu nay t6 ra bt loi, khi ngudi lao dong phai
di lam ma binh ga & nha lai ro ri. Ngoai ra, khao sat
cho thiy cac bg canh béo ro ri khi gas pho thong trén
thi truong c6 tinh trang “canh bao gia”. Viéc khic
phuc han cac ché nay khong qua kho khan, boi vi
cac mach 10T hién nay da dugc phat trién rat tot, co
thé trién khai dugc vao cac tng dung IoT gié ré
(Danh et al., 2020) va giai quyét dugc nhiéu van dé
phurc tap cho nguoi dan (Nghe et al., 2020a; Nghe et
al, 2020b).

Nghién ciru nay phat trién mot Gng dung cong
nghé ToT phong chdng chay nd do ro ri khi gas tir
khong gian bép. Cong nghé nay dap tng nhu cau cho
cac gia dinh thu nhap thip, thiét bi lap dat c6 gia
thanh ré, dé mua va 1'f1p dat trong cac ho gia dinh. Hé
thng 1oT bao gom mot module phan cing va phan
mém. Phan cung sir dung vi diéu khién ESP8266 ¢
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két ndi vé6i 2 cam bién nhiét do va khi gas. Phan
mém 1a mot tng dung trén dién thoai, dung ma
nguén m& Blynk. Phuong phép binh phuong t6i
thleu Levenberg-Marquardt dugc (ng dung dé bu
sai s6 cuia cac cam bién.

2. PHUONG PHAP NGHIEN CUU
2.1. So db tdng quan ciia hé théng

Trong khong gian bép gia dinh, khi khi gas ro ri
ra moi trudng dat ndng d6 nhat dinh, chi can xuét
hién mdi I, su cb chay s& xay ra. Tir dién tién trén,
hé thong phan cting vai vi diéu khién ESP8266 dugc
xdy dung dé thu thap dir liéu khi gas va nhiét d6 moi
truong, nho 2 cam bién do khi gas MQ-2 (Hanwei
Eletronics Co. Ltd., 2021) va do nhiét d6 DS18B20
(Dallas Semiconductors, 2021) phd bién trén thi
trudng trong nudc.

Bat déu

Heé IoTdoc gia tri
moi trrdng

Vot nguong

Béo dong bing tin
nhan va coi

Ngit ngudn thiét
bi dién

Hinh 1. So' d6 téng quan cia hé théng

Nguyén tic hoat dong cua hé thong duoc trinh
bay nhu Hinh 1. Theo d6, hé théng 10T cap nhat lién
tuc tin hi¢u moi truong tir cam bién gas bag cam bién
nhiét. Khi mot trong hai thong sb nay vuot nguong
can thiét, he thong sé giri tin nhan SMS truc tiép dén
dién thoai cua gia chu va bat coi dé canh bao c6 su
cd. Cuél cung, dé dam bao an toan, hé théng sé tu
dong ngat ngudn cac thiét bi dién duoc diu véi role
cip ngudn cua hé théng.

2.2. Thiét ké h¢ IoT trén cong cu Blynk

C6 nhiéu phan mém hd trg cac tng dung cong
nghé 10T don gian. Trong nghién ctu nay, nhom st
dung phan mém Blynk (Durani et al., 2019; Alani et
al., 2021) d@é thu thap dir liéu tir cac cam bién, gui
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thong tin canh bao va diéu khién ngat ngudn dién.
Uu diém chinh ctia cong cu nay 1a cho phép nguoi
lap trinh ¢ the tuy chinh giao di¢n theo mong mudn
ma khong can lap trinh tryc tiép trén may tinh. Phan
mém Blynk bao gom céc chiic ning co ban 1a: (i)
Blynk App cho phép tao céac giao di¢n tir Widget co
san; (ii) Blynk Server cho phép truyén tai thong tin
2 chiéu giira server va phan cing (Blynk Server co
thé dung cong nghé dam may cua Blynk hoic c6 thé
cai dat trén mdy ca nhan); (iii) Blynk Libraries la thu
vién cung cap két néi phan cting dén may chu, xu 1i
cac 1énh dén va di. Mot giao dién trén dién thoai
dung cong cu Blynk dugc minh hoa trén Hinh 2.

X Temperature 3ED86 Q oeo
) & (
Nt ? 3

Hinh 2. Giao dién Blynk cia hé théng

Giao dién tng dung cta nghién ctru nay (Hinh
2) cung cap hai chtrc ning do nhiét do va nong do
khi gas. Nhiét d6 c6 thang do tir 0 d&én 100 do va
ndng d6 khi gas c6 thang do tir 0 dén 9999 ppm. Hé
thdng s& chép dén canh bao khi nhiét d6 hoic ndng
d6 khi gas vuot ngudng dat trudc. Trong khi do, vi
diéu khién s& bao dong bang coi va ngat nguon cac
thiét bi dién gia dinh dé bao vé an toan.

2.3. Thiét ké phén cing

So d6 mach dién cua hé théng dwoc trinh bay
trong Hinh 3. Theo d6, h¢ théng gom 1 vi diéu khién
Node-MCU ESP8266 sir dung thu vién Arduino. Vi
diéu khién nay c6 nguon hoat dong ¢ mic 3.3V.
Cam bién MQ-02 dung dé do nong do khi gas va
cam bién DS18B20 dung xac dinh nhiét d6 trong
khong gian bép. Cam bién gas MQ-02 két ndi véi
ESP8266 tai chan 1, chic nang A0. Pay 1a chan ngd
vao cua bo bién ddi twong tu - s6 AD 10 bit cua vi
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diéu khién. Twong tu, cam bién DS1307 két ndi voi
vi diéu khién théng qua dién tro R1 kéo 1én tai chan
28. Hé théng dwoc mo phong trén Proteus (Hinh 3a)
trude khi dwoc ché tao mach thyc nghiém (Hinh 3b).
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(b) Mach dién thuc nghiém
Hinh 3. So' 46 mach cia hé théng

2.4. Giai thuit bi sai sé cim bién

Thir nghiém thiét bi canh bao khi gas pho thong
trén thi truong cho thay véi gia thanh ché tao re,
nguoi ding ho gia dinh co thé dé dang tiép can. Tuy
nhién, cac bo canh bao khi gas pho thong nay co do
tin cay khong cao. Nham han ché tinh trang “canh
bdo gia” twong tu cac bo canh bao gas phd thong,
ham bu sai s cho cam bién duoc tién hanh xay
dung. Nguyén nhan cua hién tugng nay duoc xac
dinh 1a do cac thiét bj canh bao trén khong c6 chirc
ning bu sai sé cam bién khi gas. Thuc té khao sat
cho thiy diy do tuyén tinh ciia module cam bién gas
nam trong khoang tir 4.000 ppm dén 6.000 ppm.
Trong khi d6, dac diém cua khi gas 1a bay hoi ngau
nhién trong khong khi, véi d6 dao dong mai truong
cao tir 100 ppm dén 9.999 ppm. Tirc 1 cam bién van
hanh ngoai tam tuyén tinh cta né, do d6 két qua thu
duge co sai s6. Ngoai ra, giai thuat doc cam bién
trong cac thiét bi canh bao gas phd thong ciing
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khong c6 chic ning loai trir cic mau nhiéu cé gia tri
16n bat thuong cling gép phan gy ra canh bao gia.

Dé khic phuc cac nhuoe diém nay, mot giai phap
cai thién va kiém soat cac module cam bién duoc
xdy dung. Phan mém hé thdng s& duogc tich hop tinh
ning khic phuc sai s6 cam bién khi gas. Dé thuc
hién duoc yéu cau nay, cac thi nghiém thu thap dir
liéu do khi gas dong thoi bang mach IoT va thiét bi
chuan duoc thiét 1ap. Thiét bi duoc chon 1a may do
gas chuan cong nghiép TETGAOL trén Hinh 4 véi
thong s6 ky thuat trong Bang 1. Gia tri do tir thiét bi
nay duoc ding dé 1am co s dé so sanh véi dir liéu
do cua mach 10T, nham danh gi4 sai sb. Giai thuat
binh phuong ti thiéu Levenberg-Marquardt (Moré,
1978; Jebur et al., 2018) duoc ap dung dé xay dung
ham bu sai s cho cam bién.

e
.

Hinh 4. Thiét bi do gas chuin TETGAO1
Bing 1. Thong sé ky thuat cia thiét bi TETGAO1

Dic diém Gia tri
Pham vi 0-9999 ppm (v&i metan)
bac diém Phat hién khi dé chay

Do chinh xac Sai s6 < 1% (v6i metan)
Do nhay cam < 50 ppm (véi metan)
Thaoi gian khoi dong 30 giay

Thoi gian cho 120 giay
b0 dai cap. 0.45m
Hién thi két qua Man hinh LCD

Thuyc té cho thdy khi gas bay hoi ngu nhién vao
moi tredng, ¢ cac vi tri khac nhau s€ cho ra cac gia
tri do dac khac nhau. Pé c6 thé nhan dang dugc ham
quan hé giira gia tri ndng d¢ khi gas doc tir mach loT
va gia tri doc duoc thiét bi chuan, 2 dau do cam bién
khi gas duoc b tri canh nhau. Mot lugng gas bat ky
s& dugc chi dong cho ro ri ra méi truong xung
quanh dau do cua 2 thiét bi. Gia tri mdi lan do cua 2
thiét bi s& dwoc ghi lai dé thiét ké ham quan hé.

Tap hop cdc gia tri do bér]g mach IoT la X va cac
gia tri do bang thiét bi chuan la y, ta thu dugc 2
vector dix liéu:

X =%, Xg 11 X |

1
Y =[Y1:Y20:¥n] @
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v6i n = 100 mau. Biéu dién 2 vector dit lidu (x, y)
trong Bang 2 va Hinh 5, ta thiy nong d6 khi gas do
dugc bang cam bién x; bi sai léch so vai ndng do do
bang thiét bi TETGA100 y;.

Biang 2. Dir ligu do bing mach IoT va thiét bi

chuan
Thir tu Mach IoT Thiét bi TETGAO1
mau Xi (ppm) yi (ppm)
1 940 740
2 1.105 838
99 9.727 8.710
100 7.957 8.781

9000

8000 f; P

7000

£
& 6000 ‘,.""

[72]
&, 5000 a
- — + —Mach loT
7 —-=-—Thiet bi TETGA100
2000 "/:,f,
1000 F

0
0 20 40 60 80 100
So mau thi nghiem

Hinh 5. Biéu dién dir ligu thwc nghiégm
Viéc bu sai s6 cam bién do khi gas MQ-02 dugc
su dung trong mach IoT la viéc xac dinh ham quan
hé (2), dwa trén tap hop n mau dir ligu do (xi, vi),
bang giai thuat binh phuong téi thiéu Levenberg-
Marquardt (Marquardt, 1963).

y="f(xp) @)

\

Mong do kh
(5] B
Q (=]
s B

véi p 1a vector tham sé caa ham ().
Goi Err?(p) 1a sai s6 binh phuong tdi thiéu:

Yi - fA(Xil p)l2
oY,

n

Err?(p)=)

i=1

@)

vé6i oy 1a sai s6 phép do khi 1dy mau dit liéu yi.
Giai thuat binh phwong tdi thiéu dugc dung dé
tim tham s6 p ciia ham f()) véi ham muc tiéu (4):

2

Yi- f(xil p)
oy,

mpin Errz(p):mgnii 4)
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V& mit toan hoc, dé Err?(p) dat cuc tiéu thi:
d ;o T oD »
—Err’(p)=2 y-f(p) W— y-f(p)
ap ap

of (p)

o ©

=2 y-f(p)TWi

—2 y-f(p) WI—0

v6i W 1a ma trdn duong chéo trong sb
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Theo Marquardt (1963), ta cap nhat (6) bai:

[IWI+ M Jh=3"W y- f(p) @

trong d6, hé s6 A\ dwoc khoi tao du l6n dé dam
bao ho theo hudng xudng doc nhat; I 1a ma trén don
vi dong cap véi J. Qua trinh 13p lai, néu Err?(p+h)
> Err(p), thi ting \. Nguoc lai, néu Erry(p+h) <
Err?(p), thi giam \. Cac gié tri cua A dwoc chuan hoa
thanh céc gia tri cua JTWJ, ttre 1a:

4\ Curve Fitting Tool - O X
File Fit View Tools Desktop Window Help A X
o o [l S SR e | BEDEO
y =flx) +
Custom Equation i [ Auto fit
Fit name: |y = f(x)
¥ =flx Fit
Xdata: | cambien i
= |1la*x"3+b*x"2+c*x+d Stop
Ydata: | thietbi i
Z data: (none) S
Fit Options...
Weights: |(none) S
Results
9000 |
General model: e -
(1) = a*x " 3+b*xh 2 +cin+d 8000 [ * ;hflfi’)‘(;’s cambien il
Coefficients (with 95% confidence bounds): | i
a= -24460-08 (-3542-08,-135¢-08) oLy
b = 00003527 (0.0002028, 0.0005027) 6000 | 4
c= -0.2541 (-0.8798,0.3717) 5
d= 7311 (-46.14, 1508) 35 5000 | g
g
Goodness of fit: CUED |y b
SSE: 1.19e+07 3000 | 4
R-square: 0.9788
Adjusted R-square: 0.9781 2000 [ n
RMSE: 352.1
1000 N
L . L L . . L L
1000 2000 3000 4000 5000 6000 7000 8000
cambien
Table of Fits ®
Fit name Data Fit type SSE R-square DFE Adj R-sq RMSE # Coeff Validation ... Validation S... Validation R...
Hy-f) |thietbivs. ca.. [a%*3+b*x*.. [11900e+07 [09788 |os log7a [3520790 |2 | | |

Hinh 6. Giai thuat Lavenberg-Marquardt trén cong cu cftool cia MATLAB

W,=1/0; va J = [8f/8p] 12 ma tran Jacobian.

Theo Marquardt (1963), dé tim cyc tri cua
Err’(p), ta dinh nghia tham s6 h 1a budc di chuyén
cua tham s6 p theo hudng xuong doc ve gid tri cuc
tieu. Gia tri cap nhat tham so h dé Err?(p) dat cuc tri
duoge xac dinh tr OErr*(p + h) / Oh, tic la:

0 . 2
—Err“(p+h)

T
~2 y-f(p) WJI+h'3Twah
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J"WJ +Xdiag J'WJ [h=J3"W y-f(p) (8)

Diém thuan lgi cia nghién ctru nay 1a giai thuat
binh phuong t5i thiéu Levenberg-Marquardt dugc
MATLAB tich hop sin vao cong cu Curve Fitting
Toolbox, cho phép st dung Iénh truc tiép hodc dung
cong cu cftool dé xac dinh ham quan hé (2).

Dix liéu thuc nghiém Hinh 5 cho thay gié tri cam
bién MQ-02 va thiét bi chuan ting khong theo ham
tuyén tinh. Gi4 tri nho nhit caa cam bién do duoc 1a
gan 1.000 ppm, trong khi thiét bi do duoc chi hon
700 ppm. Khi ndng d6 dudi 3.800 ppm, gia tri cam
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bién cho két qua cao hon thiét bj chuan. Nguoc lai,
khi ndng do6 khi gas trén 3.800 ppm, gia tri do bang
thiét bi chuan lai cao hon cam bién. Dé co6 thé hiéu
chinh gia tri cam bién theo thiét bi chuan, viéc xac
dinh ham bu sai s6 (2) 1a rat can thiét. Ham b sai s6
nay dugc udc luong theo dang sau:

y="f x p =ax’ +bx? +cx+d 9)

Véi cong cu cftool, vector tham s p = [a, b, c,
d] d& dang duoc xac dinh. Hinh 6 thé hién su tién
dung ctia cong cu cftool nay trén MATLAB. Trong
do, giai thuat Levenberg-Marquardt dugc cai dat do
6n dinh theo phuong phap phan du tuyét dbi it nhat
(least absolute residuals — LAR). Tur dit liéu thuc
nghiém, ham bu sai s6 dugc xéac dinh 1a:

y =0,9572x° +0,4854x°

+0,8003x 40,1419
Ngoai ra, viéc loai mau nhiéu c6 gia tri I6n b~€it
thui)rng c6 vai tro quan trong trong viéc Iog mau
nhiéu. Nghién ctru nay ap dung giai thuat rat don

gian (Ngon va ctv., 2021) nhu sau:
(k)= x(k=1), if x(k)=nx(k-1)

1 xK), otherwise

Trong (11), x(k) 1a gia tri cam bién gas do dugc
tai thoi diém k va x(k-1) 1a gia tri cam bién do duoc
& thoi diém lay miu trude do. Trong do, n € R* 1a
hé s6 thuc nghiém (nghién ctru nay chon 7 = 2).

3. KET QUA VA THAO LUAN

(10)

(11

Sau khi tich hgp ham bu sai s6 (10) va ham loai
mAu nhiéu (11) 1én vi diéu khién, mach ToT dugc
thuc nghiém dé kiém ching do tin cdy cua phuong
phap xir 1y tin hiéu da dé xuat. Nghién ctru da tlen
hanh lai cac thuc nghiém tuong ty nhu khi thu mau
dir liéu. Tuc 13, mot luong khi gas nhét dinh dugc
chu dong cho 1o ri ra mdi trudng tai vi tri 2 dau do
ciia mach IoT va thiét bi chuan dwoc dit gan nhau.
Gia tri ciia cam bién duoc truyén 1én Blynk bang
cong nghé IoT, trong khi gié tri do cua thiét bi chuan
dugc thé hién trén man hinh LCD ciia n6. Két qua
cua lan do kiém chung dugc minh hoa trén Hinh 7.
O Hinh 7, gia tri do dugc cua mach IoT dat duogc 1a
1.013 ppm, trong khi d6 gié tri cua thiét bi chudn 1a
1.020 ppm. Pay 1a mot sai s6 rat nho néu so sanh
V6i cac két qua do trudce khi tich hop ham bu sai s6
va k¥ thuat loc nhiéu.

M6t s6 mau dit liéu thuc nghiém so sanh két qua
do kiém bang mach IoT va thiét bi TETGAS100
dugc minh hoa trén Hinh 8. Két qua cho thiy ham
y=f(x) c6 do bam cao ddi véi tap dir lidu thuc
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nghiém. Thir nghiém duoc tién hanh véi 100 lan do
kiém cung luc hai thiét bi, cho sai s6 do khi gas cua
mach IoT dat dugc 1a 9 + 0,5 ppm véi d6 tin cay uéc
dat 1%.

X Temperature 3ED86

Hinh 7. Thuc nghiém hoat déng cia mach loT
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Hinh 8. Kiém chirng ham bu sai s6 cam bién
C6 thé thidy ham bu sai s cam bién dung giai
thuat binh phuong t6i thiéu Levenberg-Marquardt
dugc trién khai mot cach don gian nhung mang lai
hiéu qua tot trong viéc hiéu chinh két qua do khi gas
bang cam bién phé thong theo thiét bi chuan. Viéc
két ndi internet va hién thi cac két qua do trén dién
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thoai di dong thong qua vi diéu khién ESP8266 va
cong cu Blynk (Hinh 8) da tré' nén phd bién va don
gian. Do d6, ndi dung nay khong dugc dé cap nhiéu
trong bai bao.

Thyuc nghiém mach loT dé xac dinh ro ri khi gas
trong gian bép trong suét thoi gian thir nghiém chua
phat hién tinh trang “canh bao gia” nhu cac thiét bi
canh bdo gas phé thong trén thi trudng. Ngoai ra,
v6i phan mém tng dung trén dién thoai di dong, cho
phép ngudi dung theo ddi dugc tinh trang khi gas va
nhiét do trong khong gian bép mot cach lién tuc,
gitp ho yén tdm hon dbi véi nguy co chay nd.
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