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Abstract. Tobacco smoke contains many chemicals, which cause typical dangerous diseases
such as lung cancer, cardiovascular disease, infertility and many other incurable diseases.
Monitoring and warning smokers in public places are one of the important jobs in propaganda
and prevention of the harmful effects of tobacco. A smoking monitoring system and smart
warnings have been researched and implemented by several groups so far. The objective of
this study is to improve the previous system using Yolov4 and LSTM combination to give
highly accurate prediction results. Instead of just using Yolov4 as a method of detecting
people holding a cigarette, this proposed method uses Yolov4 to extract features from the
frames of the videos. This sequence of consecutive feature frames is fed into the LSTM
network for prediction. To evaluate the method's performance, the presented study performed
on the group's own collected data set: 5000 photos and 120 videos containing smoking
behaviour. The results show that the proposed approach is successful in detecting human
smoking actions on this dataset with higher accuracy in comparison with that in conventional
method.

Keywords: Smoking behavior; convolutional neural network; Deep learning; YOLOv4-tiny;
Long Short Term Memory.

© 2022 University of Transport and Communications

785



Tap chi Khoa hoc Giao thong van tai, Tap 73, S6 8 (10/2022), 785-797

Tap chi Khoa hgc Giao thong van tai

KET HQOP MO HINH YOLOV4-TINY VA LSTM PE NANG CAO
PO CHINH XAC CUA HE THONG CANH BAO NGUOI CO HANH
VI HUT THUOC LA NOI CONG CONG
V6 Thién Linh

B9 mon Pién-Dién tir, Phan Hiéu tai Thanh phd Ho Chi Minh, Truong Dai hoc Giao thong
van tai, 450 - 451 Lé Van Viét, Tang Nhon Phu A, TP. Thu Puc, TP. Hd Chi Minh, Viét Nam
THONG TIN BAI BAO

CHUYEN MUC: Cong trinh khoa hoc

Ngay nhén bai: 24/08/2022

Ngay nhan bai stra: 27/09/2022

Ngay chap nhan dang: 14/10/2022

Ngay xuat ban Online: 15/10/2022

https://doi.org/10.47869/tcs].73.8.4

* Tdc gia lién hé

Email: linhvt ph@utc.edu.vn; Tel: +84 907001184

Tém tit. Khoi thude 14 chira nhiéu chat héa hoc, trong d6 c6 nhiéu chit giy ra nhimg cin
bénh nguy hiém dién hinh nhu: ung thu phéi, bénh tim mach, vo sinh va nhiéu bénh nan y
khac. Nhic nhé va canh bao nguoi hut thudc 14 noi cong cong 13 mot trong nhimg viée lam
quan trong trong viéc tuyén truyén va phong chéng tac hai cua thudc 14. Cac hé thong giam
sat ngudi hut thude 14 va canh bao thong minh di duoc quan tim nghién ctru boi cong dong
khoa hoc trong thoi gian qua. Muc dich ciia nghién ciru nay 1a cai thién hé thong trudc day
bang cach str dung Yolov4 két hop LSTM dé cho ra két qua du doan chinh xdc cao. Thay vi
chi sir dung Yolov4 nhu la phuong phap phat hién nguoi cam diéu thude 1a, phuong phap de
xuit ndy st dung Yolov4 dé trich cac didc trung tir cac khung hinh cua video, chudi cac Khung
hinh dic trung lién tiép nay dugc dua vao mang LSTM dé dy doan. D& danh gi4 hiéu suit cua
phuong phap, nghién ctru da thuc hién trén bd dir liéu dugc thu thip riéng ctia nhom: 5000
anh va 120 video chtra hanh vi hut thubc. Két qua cho thiy rang cach tiép can dé xuét da
thanh cong khi nhan ra cac hanh dong hut thudc 14 cta con nguoi trén bd dir 1i€u nay véi do
chinh x4c cao hon phuong phap truyén thong.

Tir khéa: Hanh vi hut thudc; mang no-ron tich chap; Deep learning; YOLOv4-tiny; Long
Short Term Memory.
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1. PAT VAN DE

Khoéi thude 14 rat doc hai, 13 tac nhan gy ra biét bao nhiéu bénh tat. Hién nay, cong tac
vé phong chéng tac hai thudc 1a con khong it nhirg kho khén, thach thic va rat 1au dai. Viét
Nam van 13 nudc ¢6 ty 16 ngudi hit thude 14 cao nhét thé gisi. Ty 1€ hut thuoc la & nam gidi
¢6 xu hudng gia tang; ty le tré em tlep xuc thu dong v6i khoi thude 14 con rat cao; hanh V1 hut
thudc 14 noi cong cong van phd bién. Bén canh do, tinh trang quang céo, khuyén mai, tiép thi
va tai trg cia mot soO cong ty thudc 14 Van dugc thyc hién dudi nhiéu hinh thirc. Loi canh bao
strc khoe trén vo bao thudc 14 khong gy an tugng manh véi ngudi ti€u dung, vi vay viée canh
bao khong hiéu qua déi véi ngudi nghién thude 1a va ngan ngura nguol bét dau hat thudc 14,
nhét 13 tré em. Khong it nhimg truong hop con hut thude 14 noi dong ngudi, noi cdm hit mot
cach ty nhién ma khong bi mot phan g hay xir 1y nao..

Hut thude 14 13 mot hoat dong phd bién cua con ngudi, vi vay dé phat hién hanh vi hat
thudc 14 c6 thé dwa trén viéc phat hién khoi thude hodc dua trén cac chuyén dong cua co thé
thong qua cac cam bién deo 1én ngudi [1-4], cic nhom tac trinh bay mot hé thdng dua trén
mang khong day gitta cac thiét bi mang trén nguoi, bao gém hai thiét bi c6 sin, mot dién thoai
thong minh va mot dong hod thong minh, dé phat hién cac truong hop hat thudc bang cach
khai thac dit liéu cam bién quan tinh tir ca hai thiét bi. Hé thong sir dung tap dit liéu cam bién
trén dé x4c dinh hanh dong hut thubc hay khong hut thude trén co so bd phan loai rimg ngiu
nhién dé phat hién sy kién hat thudc. Cac phuong phap nay c6 thé ap dung cho viéc phat hién
va giam sat cho tung ca nhan riéng 1¢, khong kha thi khi ap dung cho mét dam dong. Pong
thoi khi trién khai cac phuong phap nay kha bt tién cho con ngudi, dd chinh xac con phu
thudc vao cac cam bién.

Céac phuong phap hién dai hon ciing dugc trién khai dé phat hién hanh vi hat thudc 14
nhu 1a phuong phap xur Iy anh trén co sé hoc may va hoc sau nhu minh hoa tai Hinh 1. Bai bao
[5] st dung dit li€u cam bién tho 1am diu vao cho mo hinh huin luyén mang dé nhan dang céc
hoat dong cua con ngudi. Tir d6 ¢ thé sir dung trong nhiéu tng dung khac nhau nhu theo dai
hoat dong thé chit dén cac tng dung giam sat an toan. Cac mé hinh nay c6 thé d& dang mo
rong cho viéc dugc huén luyén véi cac nguén dit liéu khéac nhau dé tang d6 chinh xac hodac mé
rong phan loai cho céc 16p du doan khac nhau. Ngoai ra, phuong phap két hop nhan dang quy
dao ban tay va khéu hinh cta miéng dugc dé xuét dé phat hién v& hanh dong hut thubc. Thém
vao do, bd phat hién khoi dugce st dung dé cho ra két luan c6 hit thude hay khong [6]. Trong
mot nghién ctru khac, hai tac gia Tse-Lun Bien va Chang Hong Lin duya trén tu thé con ngudi
dé phat hién cac su kién hut thude 1a [7]. Trong tai liéu [8], nhom téc gia trinh bay mét phuong
phap phat hién cac su kién hut thudc 14 thong qua viéc theo ddi nhidu ngudi, nhan dang hanh
dong va phat hién khéi. Trong bai bdo ndy, nhém tac gia st dung phuong phap HOG dé phat
hién ddi trong con ngudi trude tién. Sau dé, sir dung phuong phép bam diém tim dé bam cac
d6i twong 1a con nguoi. Tiép theo, viéc phat hién sy kién hut thube 14 hoi du hai yéu té. Pau
tién 1a d6i tuong con ngudi dugc phat hién c6 dang hién thi cac hanh vi hat thude 14 bing CNN
tir thu vién Keras va yéu t thir hai 1a str dung SVM dé xac dinh c6 khoi trong khung hinh chira
d6i tugng dau tién khong. Bai bao [7] va [8] két hop nhiéu giai thuat phirc tap do d6 toe do xir
1y rat cham. Hon nita, viéc phat hién khoi thude 1 khong kha thi khi anh sang méi truong thay
d6i hay tam nhin camera céch xa.
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Phuong phap Yolov4-tiny ciing duoc trién khai nghién ciru véi d6 chinh xac cao [9],
phuong phap nay phat hién dbi tugng nhanh va dwa ra két qua thoi gian thuc. Dé phat hién
dugc hanh vi hit thude, trong phuong phép nay, tac gia d& xuat 2 ddi twong can dwoc phat
hién, mot 14 tay cAm diéu thudc, hai 1a tay dat l1én miéng. Két hop két qua dy doan 2 trudong
hop nay thi méi cho ra két luan v& hanh vi hut thudc. Tuy nhién, c6 mot van dé can giai quyét
& day, trong mot khung hinh néu c6 mot nguoi tay cam diéu thude va mot ngudi khac dua tay
1én miéng thi doi khi hé thng dy doén sai. Trong bai bao [10], nhém tac gia st dung mo hinh
Yolov5 dé phat hién hanh vi hit thudc 14, mé hinh nay chi thuc hién phat hién mot nhan 1a diéu
thudc tir 46 dua ra két qua dy doan vé hanh vi hut thude 14 noi céng cong. Hé théng [9, 10] chi
xéc dinh hanh vi trong mot khung hinh, chua xét dén chudi cac khung lién tiép.

Hinh 1. Minh hoa phat hién hanh vi hut thudc bang xir Iy anh. (Hinh ctia nhém sinh vién tinh nguyén
Phan Hiéu tai Thanh phé Ho Chi Minh, Truong Dai hoc Giao thong vén tai).

Trong nghién ciru ndy, toi mudn cai thién hé thong phat hién ngudi hat thude 14 noi cong
cong bang phuong phap két hop gitta mang Yolov4-tiny va mang LSTM (Long Short-Term
Memory network) [11]. Noi dung Nghién ciru bao gom: téng quan vé mang Yolov4-tiny va md
hinh dy bao dir liéu chudi thoi gian LSTM. Tiép theo, xdy dung kién tric mang mang noron
tich chap va mo hinh du béo hanh vi phil hop vé6i bai toan dat ra. Cong viée tién hanh song
song trong qua trinh nay 1a thu thap tip miu cho viéc huan luyén. Sau khi xay dung duoc kién
trac mang hoan chinh, huin luyén mang va trién khai phan mém. Cubi cung 1a thir nghiém,
hiéu chinh, hoan thién thiét bi va danh gia hé thong canh bao hit thudc 14.

B cuc bai bao duoc trinh bay nhu sau: phan 1 14 phan gidi thidu vé tong quan tinh hinh
nghién ctru; trinh bay cic phuong phap nhan biét hanh vi hat thudc 14. Phan 2 trinh bay
phuong phap nghién ctru dé xuit cta dé tai: mo ta ciu tric mang két hop YOLOv4-tiny +
LSTM; mo ta so d6 tong quan hé théng canh bao hanh vi hit thudc; mé hinh hé théng va thuat
toan. Phan 3: trinh bay két qua thir nghiém va danh gia két qua. Phan 4 trinh bay két luan.
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2. MO HINH HE THONG

Hanh vi hat thudc 14 cta con ngudi khong chi chira thong tin khong gian ma con chua
thong tin thoi gian. Phuong phap Yolov4-tiny [9] khong thé st dung ddy du thong tin thoi gian
clia cac video. Néu thong tin thoi gian gitra cac khung hinh video khong duoc tinh dén, viéc du
doan sai dé xay ra.

Trong tai li¢u [9], viéc phat hién cac su kién hut thudc bﬁng cach nhan biét hanh vi bﬁng
cach phan tich cac hanh dong cta con ngudi tir tu thé cua ho. Phuong phap uéc luong tu thé
con nguoi Bai bao dé xuat phuong phap két hop giita mang Yolov4-tiny va mang LSTM cho
viéc du doan hanh vi hut thudc 1a. Phuong phap nay sir dung Yolov4-tiny dé trich xut cac
dic trung tir cac khung hinh riéng 1é cia mot video, chudi cac dic trung cua cac khung hinh
duoc dua vao mang LSTM dé dy doan.

2.1. Y twéng ciia phwong phap

Dé thuc hién ghi nhan hanh dong hut thude 14 cua con ngudi tir cac video dé cho, cac
khung hinh 1am dir liéu dau vao dugc cit bot tir doan video. Phuong phap Yolov4-tiny duoc ap
dung dé tao ban db didc trung nham ghi nhan cac nhan hanh dong cua con ngudi. Trong sudt
qué trinh hudn luyén mang, cac hanh dong cta con ngudi duge nhan ra va xuat cac 16p dbi
tuong, nhu dugc hién thi trong Hinh 2. Téng thé ctia hé théng duogc thé hién nhu sau:

- Budc dau tién 1a nhap video vao, tién xu 1y dir liéu video dau vao va phén tich khung
hinh video: qu4 trinh trich xuét cdc khung hinh va thay d6i kich thudc anh;

- Budc thir hai 1a phan tich cac ddc diém cia timg khung hinh va trich xuat cac 16p doi
tuong;

- Budc thi ba 1a tao ban d6 dic trung cta hanh dong tir cac dic trung dugc trich xuét;

- Budc thir tu 14 sir dung ban dd dic trung theo thoi gian dé xac dinh cac hanh dong;

- Budc cudi cuing 13 xuat ra két qua.

Du doan

Cac khung
hut thuoc

hinh

Céc hop
gi6i han

. LSTM

Yolov4-tiny

Hinh 2. Cac budc thyc hién hé théng.

Yolov4-tiny

Trong bai toan phat hién hanh vi hut thudc, yéu cau can phat hién ra hai 16p dbi tuong:
mot 1a ban tay c@m di€u thuoc va hai 1a ban tay dat 1én miéng. Do d6, tdp mau huan luyén khi
danh nhén can day du hai 16p nay. YOLOv4-tiny 1a mot m6 hinh mang noron tich chép c6 38
16p trong d6 c6 29 16p tich chép dugce thiét ké d€ phat hién cac doi tugng ma ¢ vu diém noi
troi la nhanh hon nhi€u so v6i nhimg m6 hinh ¢, phu hop cho hé thong real-time va c6 thé
chay tot trén nhitng may tinh nhiing nhu Jeston nano hay Raspberry Pi 4.

Trong bai bio nay, anh diu vao ctia mo hinh 1a 416x416, dugc chia thanh ludi c6 kich
thudc 13x13 6, s6 16p phan loai 1 2, diu ra md hinh 1a mot ma trdn 3 chidu c¢6 kich thudc
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13x13x(5xN+M) v6i s6 luong tham sé mdi 6 1a (5xN+M) véi N va M 1an luot 13 sb luong hop
gii han va 16p ma mdi 6 can du doan. Du doan mdi hop gigi han gdm 5 thanh phan: (x, y, w,
h, prediction) véi (x, y) 1 toa d6 tdm cua hop gidi han, (w, h) 1an luot 14 chiéu rong va chiéu
cao cuia hop gi6i han. Trong d6 h 14 chiéu cao ciia hop gisi han va w 1a chiéu rong.

Cac hop gidi Két qua dur
han doan nhan

Hinh 3. Minh hoa Yolov4-tiny trong bai toan phat hién ngudi hat thudce 14.
LSTM
Mang bd nhé dai-ngén (Long Short Term Memory networks — LSTM) 1a mét dang dic
biét cia mang no-ron hdi quy. LSTM dugc thiét ké dé c6 kha ning ghi nhé chudi dit liéu qua
khir trong thoi gian dai. LSTM c6 kién tric dang chudi, cac mé-dun trong né c¢é ciu tric 4 16p
tuong tac véi nhau mot cach rat dic biét.

T

v

Hinh 4. Céu trac coa mot mang LSTM.

Mang LSTM c6 thé bao gdm nhiéu t& bao LSTM lién két v6i nhau va kién tric cu thé
ctia mdi té bao dugc biéu dién nhu trong Hinh 4. Y tudong cia LSTM 1a bd sung thém trang
thai bén trong té bao va ba cong sang loc cac thong tin ddu vao va dau ra cho té bao bao gdom f
(forget gate), i (input gate) va o (output gate). Tai mdi budc thoi gian t, cac cong déu lan luot
nhan gia tri dau vao x (dai dién cho mot phﬁn t trong chudi du vao) va gia tri hy c6 dugc tr
dau ra ctia té bao tir budc thoi gian trude d6 t-1. Cac cong déu dong vai trd c6 nhiém vu sang
loc thong tin voi mdi muc dich khéc nhau, cu thé:

— Forget gate: C6 nhiém vu loai bo nhing thong tin khong can thiét nhan dwoc khoi trang
thai an.
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— Input gate: C6 nhiém vu chon lgc nhiing thong tin can thiét nao duoc thém vao trang thai

an.

— Output gate: C6 nhiém vu xac dinh nhiing thong tin ndo tir trang thai an duoc sir dung nhu
dau ra.
Két hop Yolov4-tiny va LSTM

Vi ngd vao 1a anh duoc trich xuat dic trung qua md hinh Yolov4-tiny da huin luyén
trudc véi tap dir licu tu thu thap, qué trinh dugc goi 1a nhung dnh va ngd ra 1a mét vector. Y
tuong s& 1a dung cac dic trung nhing cia anh va dung cac d6i tugng nhan lién tiép dé du doan
hanh vi hut thude.

Hinh 5. C4u trtc ciia mé hinh Yolové4-tiny + LSTM.

Trude hét, video thir nghiém duoc chia thanh cac khung dé tao thanh tap dit liéu hinh
anh. Tap dit liéu ndy duoc sir dung 1am dau vao cua Yolov4-tiny dé dy doan cac Hop gidi han.
Két qua budc nay duge luu trit trong tap dit liéu dic trung va ban d6 dic trung. Sau do, tap dir
liéu dac trung dugc dua vao mang LSTM lam dir ligu dau vao. Mang LSTM duogc sur dung dé
huén luyén dir liéu chudi. Sau khi huén luyén mo hinh, cac tham s6 mang ¢b dinh cua mang
duoc st dung dé nhan dang hanh dong ctia con nguoi.

2.2. Huén luyén

Dé nhan biét cho hanh vi hit thude, voi mdi chudi video, sé khung hinh video duoc trich
xuét tai mot khoang thoi gian 1am dau vao. Cac dic trung khong gian dugc trich xuat tir cac
khung video da cho. Pic trung khong gian ¢ day 1a toa d6 cac hop gidi han cubi ciing ¢ xac
xuit cao dugc dua vao LSTM dé lién két mbi quan hé thoi gian giita chudi cac khung hinh
video. T6i nhan duge cac tham sd mang ¢d dinh sau khi ddo tao mé hinh. Cu thé cac bude thuc
hién nhu sau:
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Budc 1: Sir dung Yolové4-tiny dd duoc huin luyén truée do6 dé phat hién cac 16p dbi
tuong va nhin trong cac khung hinh ciia mot video. Céc 16p ¢ day 1a “Thube” va hanh dong
dang “Hut”. Két qua la ta c6 dugc toa do cac Hop gidi han cua cac ddi tuong.

Budc 2: Phan tich chuyén dong cua céc 16p ddi twong theo thoi gian va du doan bang mo
hinh LSTM. M6 hinh LSTM s& du doan dwoc cac hdp gidi han ciia khung hinh tiép theo. Dau
vao cta mo hinh LSTM 1a toa do cac hop gidi han trén mdt khung hinh va nhan cua noé. Léy
cac khung hinh ndi tiép nhau theo thir tw hanh vi hut thude.

Trong qua trinh nghién ctru, bai bao str dung tap dir liéu ty thu thap gdm 5000 mau co
chtra hanh vi hat thudc tuong doi da dang trong cac mdi truong trong nha va ngoai troi khac
nhau va 120 video ngan c6 Chlﬁl'a, he‘mh vi hut thude 14. Trong huan luyén, tép dir liéu fiuqc chia
thanh 80% va 20% tuong tmg dé huan luyén va thir nghiém. M6 hinh mang duoc trién khai sur
dung Python va céc thu vién darknet trén may tinh DELL Intel(R) Core(TM) 17-4800MQ CPU
@ 2.70GHz(8core), 8GB RAM, NVIDIA Quadro K2100M.

2.3. Lwu d6 giai thuat ctia hé thong

Anh tir Camera

v

Tién xur Iy 4nh

M0 hinh phat hién
Yolov4-tiny

Toa @6 cac hop gidi han

A 4

LSTM

\ 4
Két qua du bao

Hinh 6. Luu d hé thng.
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O giai doan thir nghiém, cic khung hinh video dugc trich xudt voi khoang cach tuong
duong dugc 1iy lam dit liéu dau vao ctia moé hinh LSTM. Sau khi trich xuit ddc diém khong
gian va phan loai mdi quan hé thoi gian, gid tri ¢au ra du doan ciia LSTM duoc ldy 1am két qua
phan loai cudi cing.

Hinh 7 biéu thi danh gia hiéu suét ctia bd phan loai LSTM véi do chinh x4c trong qua
trinh huan luyén va xac nhan. P9 chinh xac ctia qua trinh huan luyén 1a 95,8% & 125 1an hoc.

e
a

o
o

Accuracy

0.4 mm [raining

m Validation

0 25 50 75 100 125
Hinh 7. Hai hinh anh két qua huén luyén LSTM.
3. THU NGHIEM

Su két hop gitta YOLOvA4-tiny va LSTM 1a mét lya chon tét hon so v6i phuong phap
chi sir dung Yolov4-tiny dé phat hién d6i twong c¢6 hanh vi hut thude 14 noi cong cong.

Thir nghiém vé6i cac truong hop véi tong s6 10 video ngin chira 10 tinh hubng c6 hit
thudc va 10 tinh hubng khéc:

V&i mo hinh két hop nay, hé théng phat hién c¢6 do chinh xac cao hon so véi Yolov4-
tiny. M6 hinh it bi nhiu va quan sat trén mdy tinh hinh anh it chip chon hon. Thong qua viéc
léy cac toa do hop giéi han tir md hinh Yolov4-tiny va dy doan theo chudi thoi gian tuan tu
cac khung hinh lién tiép nhau. Két qua phat hién cia mé hinh Yolov4-tiny chi cho ra duoc cac
hop gidi han va céc 10p riéng 1é do d6 viéc dua ra két luan cho hanh vi hut thude 14 con nhiéu
han ché va khong chinh x4c. Két qua ciia mo hinh Yolov4-tiny nhu hinh 7. Hé théng dugc dé
xuét c6 thé theo ddi thanh cong cac vi tri thoi gian dé bu lai cac hop gidi han bi bo s6t cho cac
d6i tugng khong thé phat hién va bién mit hay che khuit.

Trong bai bao nay, toi danh gid d6 chinh xac cia mo hinh thong qua viéc xay dung mot
tap hop cac thong tin phan loai dugc du doan va thuc té. Trong khi thuc hién phan tich du
doan, mot ma tran vudng nham 13n duoc tao ra c6 chia ty 1¢ duong va am (ca dang va sai),
con duge goi 1a ma tran 15i [12-13]. Ty 1é tuong tng cho tit ca cac truong hop d6 dugc tinh
toan riéng. Ngoai ra, d§ chinh xéac, d nhay danh gia tur ty 1¢ duong tinh va am tinh.
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Qué trinh thir nghiém véi 20 video c6 chita hanh vi hat thudc 1a va 20 video ¢ chira
hanh vi gin giéng hat thude 14 (dn keo mit, ngdm viét, ...) duoc tong hop nhu Bang 1.

Hinh 8. Cac video dugc thir nghiém theo ng’ﬁ)n‘ tir youtube.com va ty quay thyc té nhom sinh vién
tinh nguyén ciia Phan Hi€u tai Thanh pho H6 Chi Minh, Truong Pai hoc Giao thong van tai.

Hinh 9. Hinh anh thir nghi€m véi mé hinh lgét hop Yolov4-tiny + LSTM (hinh anh nhom sinh vién
tinh nguyén cua Phéan Hi¢u tai Thanh pho H6 Chi Minh, Truong Pai hoc Giao thong van tai).

Hinh 10. Hai hinh anh minh hoa duoc thir ngl}ién\l v61 mo hinh Yolov4-tiny ((hinh anh nhém sinh vién
tinh nguyén ctia Phan Hi¢u tai Thanh pho H6 Chi Minh, Truong Pai hoc Giao thong van tai).

Két qua thir nghiém v6i mdi phuong phap cho ma tran dau ra c6 bbn 6: duwong tinh
that(TP), am tinh that (TN), duong tinh gid (FP) va am tinh gia (FN). TP c6 nghia la gia tri
thuc t& va gia tri du doan déu duwong, FN nghia 13 gi4 tri thuc té 1a duong nhung gid tri du
doan ctia mo hinh 1a &m, FP c6 nghia 1a gia tri thyc 1a &m nhung gia tri du doan ctiia md hinh
1a duong va cubi ciing, TN c6 nghia 14 ca hai cac gia tri thuc té va dy doan 1 am.
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V6i phuong phap két hop Yolov4-tiny + LSTM:
Bang 1. Théng ké két qua thir nghiém cua 2 phuong phap: Yolov4-tiny+LSTM va Yolov4-tiny.

Yolov4-tiny Lo i Thyc te
+LSTM Yolov4-tiny
P N P N
P | TP=18 | FP=3 P | TP=16 | FP=5
Du doan Du doan
N | FN=2 | TN=17 N | FN=4 | TN=15
TP L TN 12 L 17
B6 chinh xac = . — = = 87.5% (D
IF+= 1N —rF +FN 44
TP 18
B6 nhay - —— — (.9 (2)
© TP+FN 18412
Véi phuong phép Yolov4-tiny:
TP+ TN 16 +15
D6 chinh xac = = = 77,59 3
CENMEE T TP Y IN-FP+FN 40 " ®
TP 16
D6 nhay = = = 0.8 (4)

TP+ FN 1644

Phuong phap két hop Yolov4-tiny+LSTM cho két qua chinh xac 87,5% va phuong phap
Yolov4-tiny cho két qua chinh xac 77,5% véi tap cac video thir nghiém c6 chira hanh vi hut
thudc va khong co hanh vi hat thude. Qua trinh thir nghiém cho thdy, vé6i cac trudng hop
nhidu, cac hanh vi gan giéng hanh vi hat thudc 1a, phuong phap d& xuat cho két qua du doan
chinh xac hon so v&i phuong phap Yolov4-tiny. Diéu niy c6 thé dugc giai thich: phuong
phap Yolov4-tiny co ty 1¢ du doan cac hop gi6i han tai cac thoi diém tirc thoi va cho ra két
ludn, néu ket qua dy doan cac hop gioi han sai dan dén két luan sai; ngugc lai, voi phuong
phap dé xuét néu két qua dy doan cac hop gidi han sai nhung sau chudi cac khung hinh lién
tiép s¢ dua ra két luan chinh xac hon. Ca hai mé hinh két hop YOLOvA4- -tiny + LSTM phat
hién rét tot trong moi trudng ban ngay, hoat dong kém trong moi truong thiéu anh sang. Tac
gia da thir nghiém mé hinh trong cac diéu kién khac nhau vé méi trudng (thodi gian, dia diém,
anh sang), khac nhau vé déi twong (c6 cam thude 14, khong c6 cam thude 14). Theo két qua
thir nghiém, két qua ciia hé thong dé xuét trong nghién ciru nay c6 do chinh xac va 6n dinh
hon phuong phép tong hop két qua du doan ddng thoi hai nhan ctia mé hinh Yolov4-tiny
trong cong bd truée diy [9]. Thong qua cac truong hop thir nghiém, tic gia di chon ra
ngudng pht hop dé xac dinh cac hop gisi han cho cac nhan dé ting do 6n dinh cho hé thong.

Bing cach phén tich két qua, bai bio nay cho thiy rang su két hop giita Yolov4-tiny va
LSTM c6 cai thién va anh hudng dang ké dén viéc phat hién nguoi hut thudc 14 dya trén vige
trich xuat ty dong va sau chuoi cac dac trung tir hinh anh video.
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4. KET LUAN

Két qua thir nghiém cho thdy, voi mé hinh két hgp YOLOv4-tiny + LSTM, hé thong
phat hién rat t6t trong moi trudng ban ngay, hé thong hoat dong kém trong moi truong thiéu
anh sang. Nghién ctru da thir nghiém mé hinh trong cac diéu kién khac nhau vé méi truong
(thoi gian, dia diém, 4nh sang), khac nhau vé ddi tugng (c6 cam thude 14, khong co cam thude
14). Theo két qua thong ké tir thir nghiém, két qua ctia hé thong dé xuat cai thién hon so v6i hé
thong 4p dung md hinh Yolov4-tiny.

Két qua cua nghién ctru nay s& 1a tién d& dé tng dung trong thuc t& noi cong cong véi
yéu cau ha ting don gian gdm mot may tinh c6 két ndi voi camera. Trong twong lai, nghién
ctru s& duge mé rong theo hudng tdi wu hoa kién trac mang va trién khai hé théng trén may
tinh nhang Jetson nano hay Raspberry ciing nhu bd sung thiét bi canh bao mot cach phu hop
v6i méi truong va dia diém sir dung.

LOI CAM ON

Nghién cttu nay dugc tai tro bdi Truong Pai hoc Giao thong van tai trong dé tai ma sb

T2022-PHII DDT-002.

Tac gid xin chéan thanh cdam on By mon Ky thuét dién tir, Truong Pai hoc Giao thong
van tai di dong gép y chuyén mon dé hoan thién nghién ctru nay; cam on nhom sinh vién
chuyén nganh K§¥ thuat dién tr va tin hoc cong nghiép, Phan Hiéu tai Thanh phd H6 Chi
Minh, Truong Pai hoc Giao thong vén tai da ho tro trong qua trinh thu thap dir liéu mau.
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