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TOM TAT

Phat hién sém sw cé khéi va chdy trong cdc can hé dwoc xem la mot trong nhitng yéu t6 vé
cung quan trong, giup ngan ngua hdu qua nghiém trong do chdy né gdy ra vé con nguwoi va tdi
san. Cac giai phdp phé bién hién ‘nay duogc dp dung la dung cdc loai cam bién vit Iy nhu cam bién
khi ga, cam bién khéi va cam bién nhiét dg gay ra do chady. Tuy nhién, viéc sir dung cam bién vat
Iy s€ ¢6 nhwoc diém la thoi gian phat hién chdm hon so véi viéc két hop nhiéu luong thong tin, dic
biét la két hop véi thong tin hinh anh. Bai bao ndy chung toi dé xuat gidi phdp phdt hién chdy da
thé thire, siv dung két hop cdc cam blen vt ly (Sensor) va cam bién hinh anh (Camera). Trong do,
mé hinh dé xudt ap dung kién thirc vé tri tué nhan tao (Artificial Intelligent-AI) va Internet van vit
(IoT) dé phat hién khéi va chdy dp dung trong méi trwong trong nha. Gidi phdp phdt hién khéi va
chady bang hinh anh si dung gidi thudt chdt loc tri thite (Knowledge Distillation-KD) tir nhiéu mé
hinh gido vién YOLO bdn day dit cho mé hinh YOLO ban rit gon va cho két qud phat hién cao
hon [én téi 10%; mé hinh rit gon cé thoi gian déap vmg nhanh hon so véi cdc mé hinh ban day di
lén toi 8.22 (ms) khi s dung GPU va 51.56 (ms) khi sur dung CPU.

Tir khéa: Mang no ron tich chap; Hoc sdu; Béo chay; Cam bién; Phat hién chay; Pa thé thic
1. MO PAU

Tir thuc t€ va tir céc thdng tin cung cdp trén trang thong tin dién tir Cuc canh sat Phong chéy,
chira chay va ctru nan ctiru ho [1] cho thiy, tinh trang chéy nd tai cac ho gia dinh ngay cang dién
bién phirc tap hon, gia ting ca vé s6 luong Ian muc do thiét hai voi nhitg tac dong tiéu cyuc dén
tinh mang va tai san cua nguoi dan. Bing trudc nhitng bao dong d6, moi ngudoi déan trong ching
ta can phai nang cao y thirc vé phong chay, chéng chéy, chira chéy, tich cuc chu dong trong viéc
bdo vé tinh mang va tai san ban than, xa hoi true cac nguy co hiém hoa ludn rinh rap. Qua do,
giam thiéu ti da cac thiét hai do hoa hoan gay ra. Mot trong nhiing giai phap do la trang bi hé
thdng bao chay, trang bi cac trang thiét bi phong chéng chéy né trong khu vuc sinh séng va noi
lam viéc. Cac hé thong phat hién sém chay no thong thudng hién nay dugc ban trén thi truong
thuong 1a cac thiét bi doc lap dé phat hién khoi riéng, khi ga riéng va phét hién chay riéng [12].
Céc thiét bi nay duoc cac cong ty hoic cac cira hang nhap vé ban cho ngudi dan. Tuy nhién, cac
thiét bi bao khoi va chay nay 1a cac thiét bi roi va mbi thiét bi doc 1ap vai cac thiét bi khac. Ching
¢6 dic diém chung 1a sir dung ngudn dién chung véi dién lugi va sir dung cam bién vat 1y dé phét
hién va bao chay tai chd. Khong thé thuc hién két hop céc ludng thdng tin vaéi nhau, khi nguon
luGi ¢6 sy ¢6 thi thiét bi ding hoat dong va khong thé thuc hién duoc chiic ning bao chay. Bén
canh d6, hé théng bao chéy chi dung cam bién vat 1y thuang phat hién khi cé khoi nhiéu hozc chay
da 16n. Do @6, trong nghién ciru nay chung t6i dé xuat mot hé thong bao chay théng minh da thé
thirc két hop ba loai cam bién vat ly gom phét hién khi ga, phat hién khoi va phat hién chay. Ngoai
ra, hé thong phat hién khoi va chay sir dung thdng tin hinh anh s& gidp phat hién sém su ¢b chay
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trong cac ho gia dinh. Hé théng dé xuit cung cap giai phap chuyén ngudn tu dong gidp hé thong
tiép tuc phat hién sy c6 khi tAich ngudn dién ludi ra khoi mach diéu khién ciia hé thong canh béo,
diéu nay giup ting d6 on dinh cho h¢ thong dé xuét. Hé thdng cung cp giai phap béo chy tai chd
va bao chay tir xa, gui thong tin vé thiét bi di dong nhu dién thoai, may tinh bang khi nguoi ding
ra khoi nha. Chiing t6i ciing dua ra mot sb giai phap hd trg cong tac chira chay nhu: ngat nguon
dién, mé cira, bat bom va khuéch tan khi ga.

Ngoai ra, bai toan xu ly anh trong hé théng sir dung may tinh nhiing, day la thiét bi c6 kich
thudc nho gon, dé lap dat, két ndi va cai dat cac md hinh xur 1y thong tin néi chung ciing nhu xir Iy
anh noi riéng, tuy nhiénching c6 nhugc diém Ia cau hinh thap. Bé c6 phan mém xu ly hinh anh dé
dang cai dat trén hé thong, chiing t6i d& xuat sir dung mé hinh YOLO,d4y 1a mét trong nhitng mo
hinh mang no ron tich chap hiéu qua cho bai toan phat hién va nhan dang déi twong trong anh. Mo
hinh nay duoc cong bd phién ban dau tién vao nim 2016. Cho dén nay, mé hinh YOLO di c6
nhiéu phién ban khac nhau dugc ¢éng bé tir YOLO V1-V9 [3-11]. Tuy nhién, phé bién va dugc
nhiéu nhém nghién ciru va thyc nghiém sir dung hién nay 1a YOLO V5 [7]. Khi sir dung ban day
du cia md hinh YOLO thuong kho dé trién khai trén cac thiét bi may tinh nhing nho gon nhu
Raspberry, Jetson,... Do vay, da c6 nhiéu phién ban thu gon cia cac phién ban tuong ung nhu
YOLO V5n [7] la ban thu gon ciia YOLO V5 [7] ban day du. Tuy nhién, cac ban thu gon ¢ thoi
gian dap mg nhanh nhung d6 chinh x&c khéng cao. Hoc chuyen giao c6 chit loc tri thirc tir cac
chuyén gia la mét trong nhitng giai phap dugc dua ra [1, 14] nham nang cao hiéu qua ciia cac md
hinh hoc sdu. Trong nghién ctru nay, chdng téi thuc hién danh gia hiéu qua va thoi gian dap tng
ctia cac phién ban YOLO V5n véi giai phép hoc chuyén giao cé chit loc tri thirc tir cac chuyén gia
khéc nhau la cac phién ban YOLO day dii gan day nhat gom YOLO V5 [7], YOLO V6 [8], YOLO
V7 [9] va YOLO V8 [10]. Giai phap d& xuét dugc danh gia trén bo co sé dit liéu (CSDL) khoi va
chéy do ching t6i thu thap va gan nhan c6 tén duoc dat 1a EPUfire. Két qua thir nghiém cho thay
giai phap dé xuat dat két qua chinh xéac cao trén bo CSDL EPUFire.

Phan tiép theo cua bai b4o gom cac phan sau day: Phan 2 md ta chi tiét giai phap dé xuit. Két
qua thir nghiém duogc trinh bay trong phan 3. Phan 4 1a muc cudi cing s& trinh bay két luan va
hudng phét trién trong thoi gian tiép theo.

2. PHUONG PHAP DE XUAT
2.1. So d0 khoi ciia h¢ thong
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Hinh 1. So do khéi hé thong phat hién khéi va chdy da thé thirc.
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Hé thong phat hién khoi va chay da thé thirc dé xuat duoc ching toi thé hién nhu so d6 khdi
trong hinh 1. Thanh phan dau tién trong hé thong cé khéi dau vao sir dung hai ludng théng tin: (1)
Cam bién vat ly, gdm: cam bién phat hién lira, cam bién phét hién khoi va cam bién phét hién khi
ga; (2) Cam bién hinh anh sir dung camera két ndi tryc tiép voi may tinh nhing dé phat hién va
nhan dang khoi va chay. Thanh phan tiép theo 1a khéi xr ly trung tdm, khéi nay ding dé két hop
cac ludng thong tin dau vao khéc nhau va ching tdi lya chon sir dung mé dun Ardruino Mega
2560. Khdi thir ba la khdi tac dong dau ra. Trong bai bao nay ching toi thiét ké tac dong dau ra
khi phét hién su ¢b gom: (1) Tac dong va/hoic canh bao tai chd véi chudng bao, dén bao, bom cip
nuéc, dong co thong gio, dong co md cira, ro le ngiat dién ludi; (2) Canh bao tir xa bang cach bao
tin t6i ung dung cai dat trén thiét bj di dong.

2.2. Mach thiét ké phat hién khéi va chay sir dung cam bién vat ly

Hé thong bao chay va khoi da thé thac 1a mot giai phap tich hop sir dung nhiéu loai cam bién,
thiét bi dé phat hi¢n va phan ing véi cac tinh hudng chay ndé mot cach hiéu qua. Cam bién khoi
MQ?7 phat hién nong do khai trong khong khi, cam bién khi gas MQ2 nhan dién céc khi gas dé
chay nhu propane, butane va methane; cam bién lira Flame Sensor phét hién anh sang hong ngoai
tir ngon lira, Khi mot trong céc cam bién nay phat hién dau higu bat thuong, tin hiéu dwoc gui téi
bo diéu khién Arduino va bo diéu khién kich hoat quat thong gio, dong co md Cira dé giam nong
d6 khoi, khi gas, va bom nudc dé dap tt lira. Ngoai ra, hé thong con str dung mo dun SIM dé gui
tin nhin canh bao qua SMS dén céc sb dién thoai da duoc 1ap trinh sin, gitip nguoi ding nhan biét
va ¢6 phuong an kip thoi. Véi cac thanh phan nay, hé théng khong chi gilp phat hién va xtr ly tinh
hudng chay né mot cach hiéu qua ma con dam bao an toan va giam thiéu thiét hai téi da cho khu
vuc duoc bao vé. Trong hinh 2 1a hinh anh thiét ké chi tiét hé thong phat hién khéi va chay sir dung
cam bién vat ly.
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Hinh 2. So do thiét ké chi tiét hé thong phdt hién khéi va chdy da thé thirc.
Trong cac su ch gay ra khoi va chay co nhleu nguyén nhan do chay, no hong va chap cua cac

thiét bi dién tir trong cac ho gia dinh. Khi ¢6 sur cd chay xay ra, he thong cap dién ludi c6 thé bi anh
hudng (dit day, chap mach,...). Bé dam bao hé thong van thuc hién duoc cac chirc nang thi viéc
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duy tri nguon nudi 1a can thiét. Do vay, trong bai béo nay ching tdi thiét ké hé théng UPS ty dong
chuyén nguon dy phong khi ¢6 sy ¢6 xay ra, duoc minh hoa trong hinh 3. Trong d6, so dd mach
cua UPS c6 thé cung cap cac dién 4p 12Voc va 5Voc cho mach diéu khién cua hé théng. May bién
ap T1 lay nguon ludi 220Vac ha &p xudng 12V va qua cau B1 chinh luu tao ra ngudn 1 chiéu. Khi
ngudn dién chinh hoat dong, pin s& dugc sac va thu dugc dién ap 12Voc va 5Voc & cac dau ra. Khi
c6 sy ¢ chay xay ra, s& guri tin hiéu ngat nguén ludi va chuyén qua ngudn dién du phong BATT.
12Vge

T
B1

2V

220V¢

100rF

Hinh 3. So do thiét ké hé théng chuyén mach nguon tw dong (UPS).

2.3. Hé théng phat hién khoi va chay sir dung thong tin hinh anh
2.3.1. Co so dir liéu khoi va chay EPUFire

Trong nghién ctru ndy, ching toi thuc hién cai dat, thu thap bo CSDL khoi va chay trong diéu
kién trong nha. Ngoai ra, ching tdi thuc hién tim kiém trén mang Internet cac video, hinh anh vé
su ¢b khoi va chay trong nha. Viéc két hop tir nhiéu ludng thong tin s& c6 duoc bo CSDL da dang,
phong pht vé su ¢6 khoi, chay khéac nhau tai nhiéu thoi gian va dia diém khac nhau. Chung t6i dat
tén bo CSDL kh6i va chay tu thu thap véi tén 1a EPUFire. Hinh v& 4 minh hoa mét s6 hinh anh
khéi va chay trong bo CSDL EPUFire cua ching toi. Bo CSDL nay c6 dic diém l1a c6 hinh anh vé
cac su cb khoi va chay tai cac ngir canh trong nha, diéu kién nén phirc tap va tai céc thoi diém, dia
diém hoan toan khéac nhau trong nhiéu ngay. Bo6 CSDL EPUFire thu dudi dang video va hinh anh.
V6i phan dir lidu tu thu thap chdng toi sir dung méay quay la HiK-Vision DS-2CD2643G2-1ZS
cung cip anh mau RGB vai toc do thu thap 30 (fps), d6 phan giai anh 2688x1520 (pixels). Mdi
video c6 d6 dai 1 phut dén 10 phat. Véi phan dit liéu thu thap trén Internet, thong tin gdbm ca video
va hinh anh tai nhiéu d6 phan giai khéc nhau. Bo CSDL tong hop nay sau khi thu thap duoc chiing
t6i chuyén sang dang anh, Iy mau (3fps) va thuc hién gan nhan bang cong cu Labellmg véi hai
loai nhan 1a khéi va chay. Tong sb hinh anh duoc l1dy mau dé gan nhan c6 7424 anh c6 hinh anh
vé chéy, 6939 anh cd khai, 3240 anh c6 ca khoi va chay. Ngoai ra, nhom tac gia ciing thu thap
thém cac mau dit liéu khdng cé anh khéi va chay véi s6 luong anh 13 2000 anh. Hinh 4 sau day
minh hoa mét s6 hinh anh vé khéi va chay trong bo CSDL EPUFire.

(b) Hinh @nh khai

Hinh 4. Minh hoa mét s6 hinh anh trong bo CSDL EPUFire.
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Véi bo CSDL khoi va chay, ching t6i thuc hién gan nhan vai anh chi ¢6 khoi thi chi cd mot
vung anh khoi dugc khoanh vung va dugc gan nhén 1a 0, vai anh chi c6 chay thi vang anh chia
dam chay dugc khoanh vung va gan nhan la 1. Ngoai ra, véi anh c6 ca khoi va chay chung toi sé
khoanh vung khoéi va gan nhén la 0, khoanh vung chay va gan nhéan la 1. B CSDL nay s& duoc sir
dung dé danh gia mo hinh phat hién khoi va chay bang hinh anh. Toan bo qua trinh danh gia dinh
lwong dugc thuc hién chi tiét trong muc 3. Tir két qua danh gia, chung t6i lya chon md hinh va st
dung toan bo CSDL EPUFire nay dé huan luyén mé hinh thuc té.

2.3.2. Phdan mém phdt hién khéi va chdy diing théng tin hinh danh

Trong phan phat hién va nhan dang khéi va chay sir dung thdng tin hinh anh, chiing t6i sir dung
chit loc tri thie cho mé hinh YOLO V5 nano tir céc phién ban tir YOLO V5, YOLO V6, YOLO
V7 va YOLO V8 nhu minh hoa trong hinh 5 sau day.

Phat hién, nhan dang & a cu
kn, nhen Két qua cia
o khéi va chdy Softmax Gido vién 4
(YOLO V8 - Teacher 4)
Phit hng_n, [\hal:l dang Két qua cda
[ khéi va chay Softmax Gido vién 3
(YOLO V7 —Teacher 3)
~— 1 khoi va chdy Zei;g tiaé;ug
(YOLO V6 - Teacher 2)
Phat hl?fl, f\hal:l dang Két qua cla
S khoi va chiy Softmax Gido vién 1
(YOLO V5 — Teacher 1)
Dlstlllatlun
__ . L 1
Phat hién, nhan dang T
én, nhgn Két qua cha
+ khoi va chdy 'W Sinh vién
(YOLO V5s Student)

han dang
(Ground
Truth)

Hinh 5. Minh hoa mét sé hinh anh cia bé CSDL FireEPU.

M® hinh chit loc tri thirc chuyén giao trong hinh 5 dugc thuc hién théng qua ham méit mat co
s& tir nghién ctru [1]. DAy 1a ham thyc hién két hop cia ham mat mét cua sinh vién L, (Student
Loss) va ham mat mat két hop giita hai gido vién thdng qua cac siéu tham s6. Diém khac bigt voi
[1] la trong nghién cttu nay ching t6i thuc hi¢n chuyén giao tri thirc tir 1an luot bdn gido vién deé
khao sat mé hinh chuyén giao nao phi hop voi CSDL khdi va chay trong hé théng dé xuét cua
chang tdi trong hinh 1.

Trong lan chuyén giao va chit loc tri thirc dau tién giira gi4o vién 1 (YOLO V5) véi hoc sinh
Lyp, (Distillation Loss 1), cac ham mat mat co sé ching tdi sir dung 1a CE (Cross Entropy) [17],
ham mét mét tong hop cia md hinh thi nhat (KD1) dugc biéu didn nhu trong cong thic (1).

]
Distillation Siéu tham e
Loss 4 s6 4
T
Siéu tham
503
Siéu tham
562
Siéu tham
» . »
501

¥
Distillation
Loss 3
[ Y

Phit hién, nhan dang

Distillation
Loss 2

Li(y,y5,5%) = Li(y,¥%) + a1Lkp1(¥%, ¥°) =z(yll09yl ) +a2(yf1109yf) )

L
Ham chuyén giao thir hai thuc hién chét loc tri thic tir hai gido vién 1 (YOLO V5) va gido vién
2 (YOLO V6) thong qua ham mat mat tong hop cia mo hinh thi hai (KD2) nhu biéu dién trong
cbng thirc (2) sau day:
Lz()"}/’i';’?) = Ll(%}/ﬁ:}/’?)\"‘ asznz(}ﬁz,;’?) = L(y,¥%) + 0‘1LKD1(37F1’}/’§)
+ aZLKDZ(ytZIyS)

Z(yllogy ) + alz(yl Yogy®) + azZ(yl 2logy?s)

(2)
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Ham chuyén giao tht ba thuc hién chét loc tri thuc tir ba giao vién 1 (YOLO V5), giao vién 2
(YOLO V6) va gido vién 3 (YOLO V7) thong qua ham mat méat tong hop caa md hinh thir ba
(KD3) nhu biéu dién trong cdng thtc (3) sau déy:

L3()’:3/’§'?) = L,(y.¥% }’A)+ a3LKD3(37\15/\) = Li(y,y%) + a1LKD1(}7t\1'5’-§)

+ aZLKDZ(y 2,y )+ astus()’ 3,y )

Z(yLIOgyl )+ aq Z(yl Hogy®) + a, Z(yltZIOgyls) + az Z(yl logy?)

Ham chuyen giao thir tu thuc hién chat loc tri thuc tir ca bon giéo vién gom: gido vién 1 (YOLO
V5), giao vién 2 (YOLO V6), giao vién 3 (YOLO V7) va giao vién 4 (YOLO V8) thong qua ham
mat mat tong hop caa mé hinh thir tw (KD4) nhu biéu dién trong céng thurc (4) sau day:

L4(y,37§,?) = L3(y,5/\5,2) + 054LKD4()7E"§’:S) = L(y,y%) + ijKm(};t\l'i’\s)

+ azLKDZ(ytZ;yS) + astnz(yt3;ys) + a4LKD4(yt4;yS)

Z(yllogyl )+ a; Z(yl tlogys) + a; Z(yl 2logy?) ()

®3)

+ ag Z(yl logy®) + ay Z(yl “logy?)

2.3.3. Thang do danh gia (Metric)

Pé danh gia hiéu qua cia md hinh YOLO, ching t6i st dung cac chi tiéu do chinh xac P
(Precision), d¢ triéu hdi R (Recall) va va do chinh xac trung binh mAP (Mean Average Precision).
Trong d6, d6 chinh xac thu duoc trén tap dir liéu thir nghiém la thude do danh gia d6 hiéu qua cua
md hinh qua cac thong s6 d6 chinh xac P va do triéu hdi R. Do chinh x4c P duoc dinh nghia 14 ti
Ié cuia viing khi va chéay phat hién tir hé thong chia cho viing khéi va chay dung (Ground Truth)
minh hoa bai cong thirc (5) sau day:

- _TPTP 5)
+ FP
Do tridu hdi R dugc dinh nghia 14 ti 1é cia viing khoi va chay phat hién ding trén tdng s6 viing
6 trong anh nhu minh hoa bai cong thie (6) sau day:
TP
- TP+FN
MJi 16p s& tinh duge do chinh xac trung binh trén K mau cho mét lan thir nghiém la:
Yie=1Px
K

Nhu vay, do chinh x&c trung binh mAP ctia N = 2 16p (twong (ing Vi 16p khdi va 16p chay) cho

mai lan thir nghiém duoc dinh nghia theo cong thire (7) sau day:

(6)

AP; =

1 N
mAP = Nz AP, )

Trong do, TP (True Positive) 1a téng sb6 du doan dung duoc phan 16p vao dung; FP (False
Positive) tong so du dodn sai dugc phan I6p vao ding; FN (False Negative) tong so dy doan sai
dugc phan 16p vao sai; va TN (True Negative) la tong so du doan ding dugc phan 16p vao sai, N
la tong so I6p. Két qua danh gia hé thong sé duoc thuc hién va trinh bay chi tiét trong muc 3.
2.3.4. Giao thitc (Protocol)

Trong bai b4o nay, chiing t6i chia bo CSDL EPUFire thanh 10 phan bang nhau. Sau do, chiing
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t6i str dung phuong phép “Leave-one-subject-out” [1, 2] dé thuc hi¢n 10 lan thir nghiém. Trong
do6, tai mdi lan thir nghiém, tdm phan dir liéu duoc st dung dé huan luyén mé hinh, mot phan dé
validation va mot phan dé danh gia (test) mé hinh. Tai mdi lan thir nghiém nay s& co do chinh xéac
Pj, Rj, mAPj (j=(1,..,M), M=10). B¢ chinh xac ciia mot CSDL dat duoc bang cach Iy trung binh
cua 10 lan danh gia mé hinh v6i do chinh xac P (Precision) nhu trong cong thire (8) sau day:

M=10 p.
pozih ®)
M
Do tridu hdi R (recall) cua ca co so dit lidu dugce tinh nhu trong cong thire (9) sau day:
294;110 R,
R= U= J ©)
M

Do chinh xéac trung binh mAP dugc tinh trung binh cho tat ca cac lan thir nghiém nhu trong

cong thuc (10) sau:
?_/I==110 mAPJ
M

2.4. Lwu dd thuat toan hé thong phat hién khéi va chay da thé thirc

Luu d6 thuat toan cia hé thong dugc minh hoa nhu trong hinh 6 sau day. Trong d6, hé théng
phét hién khoi va chay bang hinh anh duogc wu tién phat hién va tic dong cao hon hé thdng ding
cam bién vat ly. Bat cir khi ndo phéat hién c6 su ¢é khéi hoic chay thi s& thuc hién chuyén ngudn
cip déu tién, sau d6 thuc hién béo va chira sy ¢b tai chd rdi méi thuc hién béo su ¢ tir xa.

mAP = (10)

Khoi tao hé thong

Doc tin hiéu khdi va chay tir
module hinh anh

A = - Béo khdi tai chd , -
Chuyén nguén cap . Chi¥a khoi tai chd Bao khoi tir xa

A = - Béo chaytaichd p .
Chuyén nguén cap - Chita chiy tai chd Bao chay tlr xa

Doc tin hiéu khoi va chay tur
module cdm bién vat ly

Bo khdi tai chd

Chira khéi tai chd Bdo kndi tir xa

1 Chuy&n ngudn cap
] Chuyén ngudn cip

< Chuyén ngudn cap

Bao chay tai chd

Chira chay tai chd Bao chdy tir xa

Bao do ga tai ché
Ddng co ma clra

Bdo db gatirxa

Hinh 6. Luru do thudt todn hé thong phat hién khéi va chdy da thé thire.
3. KET QUA THU NGHIEM
Phan mém thuc hién trén may tinh CPU Intel Core i5-11400H, GPU NVIDIA GeForce GTX
1650, bd nhd Ram 8 GB. Ngon ngix 1ap trinh st dung la ngbn ngit Python. Thir nghiém cai dat vai
kich thuéc mé (batch size) 1a 64; tbc do huin luyén mé hinh (learning rate) 1a 10; sé Ian lap
(epochs) la 100. Céac thir nghiém thuc hién sir dung cho céc gido vién 1 (YOLO V5), 2 (YOLO
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V6), 3 (YOLO V7), va 4 (YOLO V8); sinh vién la m6 hinh YOLO V5n. Céc danh gia dugc tién
hanh gom: (1) B9 chinh xac phat hi¢n khoi va chay trén cac phién ban YOLO khac nhau; (2) Do
chinh xac phat hién khéi va chay trén cac phién ban chuyén giao tri thuc (KD) tir cac phién ban
YOLO khéc nhau; (3) Thoi gian dap tng cua mo hinh KD (Time cost).
3.1. B§ chinh xac phat hién khéi va chay véi mé hinh YOLO

Trong phan nay ching toi s& thuc hién danh gia do chinh xéc doc Iap cua ting phién ban YOLO
trén bo CSDL khai va chay EPUFire gom: YOLO V5n, YOLO V5-V8. Day la nhiing phién ban
mai nhat cia mo hinh YOLO dén thoi diém hién tai. Két qua dugc thé hién vai ba tiéu chi danh
gia l1a Precision, Recall va mAP nhu trong bang 1 sau day.

Bing 1. DJ chinh xdc phat hién khéi va chdy bang hinh dnh.

M®b hinh | Precision (%) | Recall (%) | mAP (%)
YOLO V5n 89.2 86.1 88.6
YOLO V5 96.5 96.7 96.0
YOLO V6 97.5 96.4 97.0
YOLO V7 97.6 98.2 98.7
YOLO V8 98.3 97.7 98.1

Két qua trong bang 1 nay cho thay:

- Céc phién ban YOLO V5n véi cau hinh nhe thi dat két qua thap hon han (89.2%, 86.1% va
88.6% trong hang 2 cua bang 1) so vai phién ban YOLO V5 cau hinh day du (96.5%, 96.7%, va
96.0% trong hang 3 cua bang 1).

- Cac mo hinh YOLO céu hinh dy du c6 phién ban cao hon dat do chinh xéc cao hon so Vi
phién ban thap hon trén ca ba tiéu chi danh gia Precision, Recall va mAP (Tur hang 3 dén hang 6
cua bang 1). Trong @6, YOLO V8 dat két qua cao nhat trong hang 8 cua bang 1 céc gia tri (98.3%,
97.7% va 98.1%).

- Ca&c mob hi[]h YOLO V5-V8 c6 do chinh xac cao nay sé& duoc st dung,véi vai tro lan luot 12
cac gido vién de huan luyén chuyen giao tri thirc cho mo hinh sinh vién c¢é cau hinh rdt gon YOLO
V5n. Chi tiét danh gia duoc thyc hién trong muc 3.2 sau day.

3.2. D) chinh xic phat hién khoéi va chay ding mé hinh chit lgc tri thire KD

M Precision m Recall m
100

AP
95
90
85
80
70
65
60
55
50

YOLOV5n  YOLO V5n +KD1 YOLO V5n + KD2 YOLO V5n + KD3 YOLO V5n + KD4
Model

Hinh 7. B¢ chinh xdc ciia mé hinh YOLO V5n va YOLO V5n - KD.

Hinh 7 biéu dién cac két qua cua md hinh YOLO V5n véi ban nguyén goc va ban co st dung
cac chien luoc hoc tap co chat loc tri thire chuyén gia. Trong do, ba cot dau la ket qua YOLO Vbn
goc s& co ket qua thap nhat, lan luot ba cot tiep theo lan luot la ket qua cua md hinh YOLO Van
¢ hoc tri thirc chuyén gia KD1 dén KD4. Két qua cho thay:

Accuracy(%)
~J
(V,]
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- Str dung hoc chuyén giao ¢6 chit loc tri thirc chuyén gia cai thién két qua trén ca ba tiéu chi
danh gia cho m6 hinh YOLO V5n. Céc ¢4t YOLO V5n-KDI dén Céc cot YOLO V5n-KD4 dat
gié& tri cao hon ba cot dau tién (YOLO Vbn).

- Viéc sir dung cang nhiéu chuyén gia khi hoc chuyén giao thi hi¢u qua ciia md hinh YOLO
V5n KD dat dugc ket qua cao hon YOLO V5n. Trong d6, Precision ting tir 3.3% den 6.4%, Recall
tang tir 5.2% deén 10% va mAP ting tir 3.3% den 6.9% khi st dung lan luot tir 1 den 4 giao vién.
Tu ket qua trén, chang toi thuc hign md hinh chat loc tri thuc tir 04 gido vién YOLO V5n-KD4 dé
trien khai cho mo hinh h¢ thong phat hién sy co khoi va sy ¢6 chay thong minh da thé thuc thyc té
tai dia chi [16] cling nhu thuc hién danh gia thoi gian dap img nhu trinh bay tai muc 3.3 sau day.
3.3. Thoi gian dap ung ctia mo hinh phat hién khéi va chay

Phan nay ching tdi thyc hién tinh toan thoi gian dap ung cho phét hién khoi va chay trén tung
khung hinh va so sanh giita phién ban YOLO V5n-KD4 (hang 2 - bang 2) véi cac mé hinh day du
tr YOLO V5 (hang 3 - bang 2) dén YOLO V8 (hang 6 - bang 2) khi chay trén may tinh sir dung
CPU Intel Core i5-11400H, GPU NVIDIA GeForce GTX 1650, b6 nhd Ram 8 GB.

Bdng 2. Thoi gian dap wng cho tieng khung hinh trén cdc phién ban YOLO khdc nhau.

Md hinh Téc d xir ly véi CPU | Toc dd xir Iy véi GPU
YOLO V5n + KD4 26.25 ms 15.17 ms
YOLO V5 74.45 ms 22.18 ms
YOLO V6 75.37 ms 21.57 ms
YOLO V7 77.81 ms 23.39 ms
YOLO V8 76.69 ms 22.19 ms

Két qua cho thady md hinh YOLO V5n — KD4 ¢6 thoi gian dap wng cho méi khung hinh nhanh
hon (vé&i 26,25 (ms) khi chay trén CPU va 15,17 (ms) khi thuc hién trén GPU) so véi cac phién
ban day dit YOLO V5 — V8. M6 hinh YOLO V7 ¢6 thoi gian dép ng cao nhét trén ca CPU va
GPU (vai 77,81 (ms) khi chay trén CPU va 23,39 (ms) khi thuc hién trén GPU).

Vi két qua trén, ching tdi st dung mé hinh YOLO V5n + KD4 da huan luyén trén toan bo
CSDL khéi va chay EPUFire. Trong d6 mé hinh huan luyén trén may tinh st dung CPU Intel Core
i5-11400H, GPU NVIDIA GeForce GTX 1650, b6 nhd Ram 8 GB. Sau d6, mo hinh YOLO V5n
duoc cai dat trén Jetson Nano A02, CPU 4 core 2,1GHz, RAM 4GB, GPU 128 core Maxwell.
Camera st dung cho hé thong thuc té 1a loai Raspberry Pi Camera Module V3. Do phan giai
1920x1080 (pixels), tbc d6 thu thap anh cua camera nay 1a 50 (fps). Hé thdng phat hién khéi va
chay bang hinh anh sir dung md hinh YOLO V5n cuta ching toi dé& xuat khi cai dat trén Jetson
Nano a02 c6 thoi gian dap tng thuc té do dwoc xap xi 27,85 (fps).

4. KET LUAN

Bai bao d thiét ké hé théng bao chay, bao khéi théng minh da thé thic két hop cam bién vat Iy
va cam bién hinh anh. Hé thong dé xuat cua chiing toi c6 kha nang chuyén ngudn ty dong, gitip ting
tinh an toan cua mach, kéo dai thoi gian gitp hé théng béo, khac phuc va chira chay khi co phat
hién su ¢ chay nd. Chung t6i da dinh nghia, thu thap va xir Iy duoc mot bo CSDL vé khai va chay
trong diéu kién trong nha c6 tén 1a EPUFire. Ngoai ra, nghién ciru ciing dé& xuat mot giai phap dé
xtr ly hinh anh st dung mé hinh YOLO V5n c6 thoi gian dap wng nhanh xap xi 26 (ms) trén CPU
va 15 (ms) trén GPU. Trong thoi gian sap t6i, chang tdi sé tiép tuc thu thap thém dir liéu va danh
gia hé théng thuc trén nhidu dit liéu khoi va chay hon. Chung t6i s& tim cach két hop thdng tin anh
mau (RGB) véi thdng tin chuyén dong cua khoi va chay dé nang cao hiéu qua caa qué trinh phét
hién. Tich hop hé théng dé c6 mé hinh nhé gon hon, dé dang lap dat va trién khai trong thuc té.

_ Loi cim on: Nghién citu nay dwgc hé tro boi dé tai enkh ciia nguoi hoc nam 2024 ma s6 DTNH.39/2024
cap Truong Dai hoc Dién luc.
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ABSTRACT
Multimodality fire and smoke detection system

Early smoke and fire detection is extremely important for humans and property to
prevent serious consequences . A common solution is to utilize physical sensors such as gas
detection sensors, smoke detection sensors, and temperature detection sensors caused by
fire. However, the detection time of physical sensors is slower than combining multiple cues,
especially combining with computer vision. In this paper, we propose a multi-modal fire
and smoke detection solution that combines physical sensors (Sensor) and image sensors
(Camera). In particular, our proposed method applies artificial intelligence (Al) and
Internet of Things (loT) to detect smoke and fire in the indoor environment. The knowledge
distillation algorithm (KD) transfers from the full version of YOLO teacher models to the
reduced version of YOLO model, whose detection accuracy is 10% smaller than the full
version. The KD model is simpler, so it has a faster response time than the full model up to
8.22 (ms) and 51.56 (ms) when it runs on GPU and CPU, respectively.

Keywords: Convolution neural network; Deep learning; Fire warning; Sensor; Fire detection; Multi modalities.
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