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TOM TAT

Mang na ron hoc sau ngay cang thé hién ro uu di€m vuot trdi trong nhiéu linh vuc khéc nhau, nhu bai todn phét hién di tugng trong anh véi md hinh mang YOLO.
Mang YOLO ngay cang dugc cdi tién d€ nang cao hiéu qué va khic phuc nhugc diém clia céc phién ban trudc do. Tuy nhién, mét van dé dat ra la dé mang cd thé dat két
qué cao hon thi ciu tric mang phiic tap hon, s6 lugng tham s6 nhiéu hon va diéu d6 khién thi gian dap tng lau hon. Khi d6, dé trién khai cac bai toan ¢d cdu hinh may
dan gian sé doi mat véi nhiéu han ché vé toc do va do chinh xac. Dac biét véi bai todn phat hién nguoi trong dam ddng bat thudng sé ¢d so lugng ngudi trong khung hinh
kha nhiéu, day ddc va t6c do di chuyén nhanh nén hé théng phat hién ngudi trong ngit cdnh nay sé c6 do chinh xéc thap. Dé dat do chinh xéc cao doi héi mé hinh ¢4 kién
tric phiic tap lai dan t6i toc do xtr 1y chdm va yéu cdu méy tinh ¢d cdu hinh cao. Trong nghién ctiu nay, mé hinh hoc chuyén giao tri thiic mdi tit nhiéu m hinh YOLO cdu
hinh cao sang mé hinh YOLO cdu hinh don gian hon sit dung co ché hoc chuyén giao ¢6 chat loc tri thiic d& mang ¢4 kién tric nhe c6 thé hoc duoc cac kién thiic cia mang
€6 kién tric phiic tap. Gidi phap dé xuat dugc thi nghiém trén hai o s6 dit liéu dam dong bat thutng. Két qua dat dugc cho thdy hé thong ca ching toi dat két qua tot
hon véi giao thifc danh gid trén tiing co s6 dit lidu riéng biét va giao thiic dénh gia chéo giita cac ¢ s6 dif liéu khdc nhau. D6 chinh xéc thit nghiém cao hon tir 1% dén
6,8% trong khi thai gian dap ting nhanh hon 9,16ms khi chay trén GPU.

Tir khéa: Mang no ron tich chdp, hoc sdu, chdt loc kién thiic, mé hinh gido vién - sinh vién, hoc chuyén giao.

ABSTRACT

Deep Neural Networks has been achieved outstanding advantages in many different fields, especially object detection using the YOLO networks. The YOLO models
have increasingly improved to obtain efficiency and overcome shortcomings of previous versions. However, in order to obtain better performance that the network
structure is more complex, the number of model parameters is larger, and requires the longer response time and inverse. Especially, human detection problem in
abnormal crowds that faces to some problems such as the high density of people in a frame and the lager speed of human movements. To achieve high accuracy in
human detection of anormaly crowd context, the model requires a complex architecture, which leads to high time cost. In this study, the knowledge distillation from
multiple higher configurations of the complex YOLO models to a simpler configuration of YOLO model. Experimental results performed on two unusual crowd databases
show that our propose framework achieves better results on both single database evaluation and cross database evaluation from 1% to 6.8% higher in accuracy, the
response time of our method reduces 9.16ms than YOLO V8 when it tested on GPU.

Keywords: Convolution newral network, deep learning, knowledge distillation, teacher-student model, transfer learning.
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1. GIGI THIEU hoc may truyén théng (Machine Learning) nhu SVM, kNN,
Random Forest, Naive Bayes,... két hgp vai cac bé trich chon
dac trung truyén théng nhu SIRF, SURF, KDES... hodc cac bé
trich chon d3c trung tu thiét ké cho tling bai toan cu thé. Dac

Mang no ron tich chap (Convolution Neural Networks -
CNNs) ngay cang tap trung su quan tam ctia nhiéu nha khoa
hoc do nhiing két qua vuot trdi clia chiing so véi cac gidi phap
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biét trong linh vuc phat hién va nhan dang déi tugng trong
anh thi mang YOLO (You Only Look Once) dem dén nhiing
budc ti€n vugt trdi so vai nhiing giai phéap truyén théng nhu
Dlib, FastRCNN. Cac phién ban YOLO dugc cac nha nghién ciu
lién tuc cai tién nang cap tu phién ban dau tién YOLO V1 [1]
vao nam 2015, YOLO V2 [2] vao nam 2016, YOLO V3 [3] vao
nam 2018, YOLO V4 [4] vao nam 2019, YOLO V5 [5] vao nam
2020, YOLO V6 [6] vao nam 2022, YOLO V7 [7] vao nam 2022,
YOLO V8 [8] vao thang 3 ndam 2023. Théng thudng, méi phién
ban YOLO thudng c6 céac kich thudc mé hinh khac nhau nhu
YOLO V-t (tiny), YOLO V-n (nano), YOLO V-s (small), YOLO V-m
(medium), YOLO V- (large) va YOLO V-x (extra large) dugc dé
Xuat tuong Uing vai cac phién ban nguyén géc nham giam
kich thuéc mo hinh vi du nhu YOLO V5 véi YOLO V5 nano,
hodc YOLO V3 véi YOLO V3 tiny. Mé hinh kiéu -t, -n, s ¢6 kién
trac rat gon hon so véi mé hinh -m, -, -x trong cing mot phién
ban. Hon nia, cac phién ban mang YOLO céng bé sau c6 kién
trdc phuc tap hon nham khic phuc nhugc diém ctia phién
ban mang YOLO céng bé truéc d6 nhu phién ban YOLO V4 ra
dai truéec YOLO V5 va do dé né dat hiéu qua cao han vé do
chinh xac nhung thgi gian dap Ung cao hon, mé hinh chia
nhiéu tham s6 hon va yéu cau vé cau hinh may tinh cao hon.
YOLO V7 khic phuc nhugc diém clia cac phién ban trudc do
nhung phién ban nay van gap kho khan trong viéc phat hién
cac d6i tugng nho, cac déi tugng cé ty 1é khac nhau, cac déi
tuong c6 su thay ddi vé anh sang hodc cac diéu kién méi
truding khac nhau. Do d6, phién ban YOLO V8 ¢6 hai cai tién
chinh trong phat hién Anchor-Free va tang cudng Mosaic.
Phién ban YOLO V8 c6 nhiéu tham s6 mé hinh hon cac phién
ban YOLO V1 dén V5 nhung it tham sé hon YOLO V6 va YOLO
V7. Dé trién khai tng dung thuc té thudng hudng téi mé hinh
nho gon, dap Ung thai gian thuc va hiéu qua hé théng dat
dugc cao hon. Do d6, viéc ké thira tri thiic tir cdc mo hinh phtic
tap nhat ctia mang YOLO la hai phién ban YOLO V7 va YOLO
V8 dé trién khai trén cdc mé hinh YOLO nhd gon hon nhu
YOLO phién ban thap va’hodc mé hinh thu gon nhu-s, -n, hay
-t la can thiét.

Phat hién ngudi trong ddm doéng dugc ap dung trong
nhiéu linh vuc khac nhau nhu trong linh vuc cdnh bao an ninh,
an toan nhu phat hién sém dam déng bat thudng [15, 16],
trong linh vuc gido duc nhu phat hién ngudi va danh gia hiéu
qua cla I8p hoc[19],... Tuy nhién, trong cac bai toan trén
thudng ton tai mot sé van dé can giai quyét lién quan dén (1)
S6 lugng ngudi trong khung hinh kha nhiéu va day dac; (2)
Camera thudng dé c6 dinh trén cao chiéu xuéng nén hinh
trang ngudi sé co6 thé hién khac véi cac tap dii liéu thu chinh
dién va thong thudng céc bé CSDL da huan luyén mé hinh
dugc thuc hién véi dinh dang nguoi dugc chup chinh dién; (3)
Ngudi di chuyén téc d6 nhanh han trong ngit canh ctia dam
déng bat thudng hodc ding yén nhung bi chéng lap trong
ng{ canh cda 16p hoc; (4) DGi tuogng phat hién la ngudi va chi
la mét trong rat nhiéu I6p doi tugng da dugc huan luyén trudc
d6. Khi stt dung mang YOLO cho phat hién ngudi trong dam
déng va dac biét la phat hién ngudi trong dam déng bat
thudng phai d6i mat véi cac van dé co ban la bi bo sot nguai
khong phat hién dugc khi str dung phién ban thap hon va gay
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anh huéng rat 16n dén két qua phat hién su kién bat thusng.
DPé dat d6 chinh xac cao thi can s dung cac phién ban cao
hon va do vay mé hinh 16n va phtc tap hon va thdi gian dap
(ing cao. DE c6 thé cai thién do chinh xac clia cac mé hinh nhd
va dan gidn c6 thé st dung cach thic chét loc tri thic
(knowledge distillation) [9] tU md hinh c6 kién tric 16n va
phuic tap khi chuyén giao tri thiic (transfer learning) ciia mang
no ron nhan tao. Hién nay, cac mé hinh chuyén giao tri thiic
€6 sttdung mé hinh chét loc tri thiic thudng dugc nghién cdu
trén cac mdé hinh mang tich chap hai chiéu don gian nhu
Resnet [10], Densenet [11], Mobilenet [12],... Trong nghién
clu nay, chung t6i sé thuc hién hoc chuyén giao va chit loc tri
thuc trén mang YOLO va trén bd co sé& di liéu (CSDL) phat
hién ngusi trong dam déng bat thuong. Giai phap dé xuat
dugc thuc hién danh gia trén mét bo CSDL do nhém tac gid
tu thu thap EPUAbnormal [13] va mét bé CSDL dugc cac nha
nghién ctiu céng b6 cho cong dong dung chung Crow-11
[14]. Cac danh gia cho thdy, giai phap chat loc tri thic do
nhom tac gia dé xuat dat hiéu qua cao hon ca vé do chinh xac
va thai gian dap Ung trong viéc phét hién ngudi trong ngr
canh ctia cdc CSDL dam déng bat thuong.

Phan tiép theo clia bai bdo gém: Phan 2 mé ta chi tiét giai
phap dé xuat. Két qua thi nghiém dugc trinh bay trong Phan
3. Phan 4 1a muc cudi cung sé trinh bay két luan va huéng
phat trién trong thai gian tiép theo.

2. GIAI PHAP BE XUAT
2.1. M6 hinh chét loc tri thitc

Trong nghién ctiu nay, ching téi dé xuat mé hinh chat loc
va chuyén giao tri thiic nhu mé ta trong hinh 1. Trong d0,
CSDL st dung la cac bo CSDL vé dam dong bat thudng. Trudc
hét, hai m6 hinh YOLO phién ban méi nhat 1a YOLO V7 va
YOLO V8 dugc st dung huan luyén (retrain) va tinh chinh lai
tham s6 (finetune) mé hinh trén CSDL dam déng bat thuong.
Sau d6, mo hinh da tinh chinh nay dugc déng bang cac I16p
mang va s dung vdi vai trd la hai gido vién (teacher 1 va
teacher 2). M6 hinh YOLO V3-tiny véi vai tro la sinh vién
(student) dugc thiét ké song song vai hai mé hinh gido vién la
YOLOV7 va YOLOVS. Bay la hai mé hinh dugc lua chon vi la
cac m6 hinh mai nhat cia mang YOLO dén thaoi diém hién tai.

Gido vién 1
Distillation
Loss 1
K&t qua cla
| Softs s v
Distillation
Loss 2

Kt aud i

Softmax EF quamcua
Sinh vién

Student
Loss

Hinh 1. So d6 khdi hé thang chat loc tri thiic

Mé hinh chét loc tri thiic chuyén giao trong hinh 1 dugc
thuc hién théng qua ham mat mat la su két hgp ciia ham mat

Phat hién nguoi
(voLo v7 -
Teacher 1)

Phat hién nguoi
(YOLO V8-
Teacher 2)

5

Phat hién nguoi
(YOLO V3-tiny
Student)
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mat cia sinh vién L (Student Loss) va ham mat mat két hop
gilta hai gido vién va hoc sinh Lgp; (Distillation Loss 1) va
Lkp- (Distillation Loss 2) nhu mé ta trong cong thuic (1) sau
day:

L(y,y%y") = Ls(y,y®) + aLgpi (v, ¥®)

+ BLp2 (¥2, %) (M
Trong d6, a va B la cac hé s6 thé hién su anh huédng clia
ham mat mat cda sinh vién L va ham mat mat két hgp gitia
hai gido vién Lgp; va Lgp, va mai lién hé dugc thé hién nhu
trong cong thic (3). Su dnh hudng ctia tham s6 nay déi véi
mo hinh dé xuat trong ngl canh vai hai bo CSDL dam déng
bat thuong dugc danh gia trong Phéan 3. Ngoai ra, ca hai ham
mat mat déu s dung la CE (Cross Entropy) [17] nhu mé ta
trong cong thuc (2):

N N
Ly, 7% 5) = ) (vilogsd) + a ) (57 logyd)
i i

+B Ny, logy?) (2)
Trong dé:a+ B = 1.
2.2.Cosadirliéu

-

(a) EPUAbnormal

(b) Crow-11

Hinh 2. Minh hoa (SDL dam dong bat thuong: (a) CSDL Crow-11, (b) CSDL
EPUAbnormal

Trong nghién ctu nay, chuing t6i st dung hai b6 co s& dir
liéu vé dam déng bat thusng nhu minh hoa trong hinh 2,
gém EPUAbnormal[13] (hinh 2(a)) va Crow-11[14] (hinh
2(b)). Dac diém clia ca hai CSDL nay déu cé nhiéu ngudi xuat
hién trong cac khung hinh véi cd nhiing hoat déng di lai
binh thudng va ca cac hodc dong bat thuong khién cho
ngudi trong khung hinh di chuyén hén loan véi téc do khac
nhau. Méi co sé dir liéu dugc thu thap tai mot ngli canh hoan
toan khac nhau. Trong d6, CSDL EPUAbnormal [13] c6 150
video bat thudng va 150 video binh thuéng do nhom tac gia
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thuc hién thu thap tai san cia Truong Pai hoc Bién luc. May
quay st dung la HiK-Vision DS-2CD2643G2-1ZS cung cap anh
mau RGB véi téc dé thu thap 30 (fps), dd phan gidi anh
2688x1520 (pixels). Méi video c6 d6 dai 3 phat dén 5 phut.
B6 CSDL Crow-11 [14] ¢ 11 video anh mau RGB c6 d6 phan
giai la 320 x 240 (pixels), mbi video chia trung binh 14 phut,
t6c d6 30 (fps) va dugc quay véi ngir canh tai tai bai co, trong
sanh,... Hai bo CSDL nay dugc st dung trong hai trudng hgp
don danh gia trén ting bd CSDL va dénh gia chéo gilra cac
bo CSDL nhu mé ta trong muc 2.3.

[=5)

(c) K&t qua vé&i YOLO V3 tiny KD

Hinh 3. Két qua phat hién nguai st dung mé hinh YOLO V3 tity va YOLO V3
tiny KD

Hinh 3 minh hoa két qua clia gidi phap dé xuat sir dung
chat loc tri thic ti mé hinh mang YOLO V7 va YOLO V8 dé
huan luyén cho mé hinh YOLO V3 tiny. Hinh 3 (a) Ia anh géc.
Hinh 3 (b) minh hoa két qua khi phat hién ngudi trén mé
hinh YOLO V3 tiny g6c. Hinh 3 (c) minh hoa két qua khi phat
hién ngudi cia mo6 hinh YOLO V3 tiny KD cé thuc hién
chuyén giao tri thuc ti hai gido vién 1a mé hinh YOLO V7 va
mo hinh YOLO V8. Két qua cho thdy khi st dung mé hinh
YOLO V3 tiny c6 ba ngudi bi phat hién thiéu (hinh 3 (b)).
Trong khi mé hinh ¢6 YOLO V3 tiny KD thu dugc két qua tét
hon véi tat cd ngudi trong khung hinh déu phat hién dugc
(hinh 3 (c)). Trong hinh 3 (c) nay cé thém ba ngudai so véi hinh
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3 (b) dugc phat hién va ba ngudi nay gan hinh chit nhat mau
dd trén box tuong Ung. Viéc danh gia dinh lugng cla giai
phap ching t6i dé xuat sé dugc thuc hién va trinh bay chi
tiét trong phan 3.

2.3. Giao thuc va thang do danh gia

2.3.1. Thang do ddnh gid (Metric evaluation)

Pé danh gia hiéu qua ctia md hinh YOLO, chung t6i st
dung cac chi tiéu dé chinh xac P (Precision), dé triéu héi R
(Recall), va d6 chinh xac trung binh mAP (Mean Average
Precision). Trong d6, do chinh xac thu dugc trén tap di liéu
th nghiém la thudc do danh gid d6 hiéu qua cia mé hinh
qua céac thong sé dé chinh xac P va d6 triéu hoi R. D6 chinh
xac P dugc dinh nghia la ti 1& cha s6 ngudi phat hién ding
trén téng s6 ngudi dugc phat hién minh hoa bai cong thuic
sau day:

TP
= TP+FP (3)

D6 triéu hoi R dugc dinh nghia la ti 1é clia s6 ngudi phat
hién dung trén téng s6 ngudi cé trong anh nhu minh hoa
bdi cong thic sau day:

TP
= TP+FN (4)

DO chinh xac trung binh mAP cta N I6p va dugc dinh

nghia theo cong thuc sau day:

mAP = %ZLAR (5)

Trong d6, TP (True positive) 1a t8ng s6 du doan dung
dugc phan 16p vao dung (positive); FP (False positive) téng
s6 du doan sai dugc phan I6p vao dung (positive); FN (False
negative) téng s6 du doan sai dugc phan I6p vao sai
(negative); va TN (True negative) la tdng s6 du doan dung
dugc phan I6p vao sai, N 1a téng s6 16p. K&t qua danh gia hé
théng sé dugc thuc hién va trinh bay chi tiét trong muc 3.

2.3.2. Giao thirc thir nghiém (Protocol Evaluation)

Trong bai bao nay, ching t6i sif dung hai cach thic danh
gia gém: Danh gia trén don CSDL (SDE- Single Dataset
Evaluation); Danh gid chéo gilta cac CSDL (CDE - Cross
Dataset Evaluation).

Vi danh gid SDE, ching t6i thuc hién tha nghiém trén
tirng bo CSDL. Méi bd CSDL dugc chia thanh 10 phan bang
nhau. Sau d6, ching t6i s& dung phuong phap “Leave-one-
subject-out” [18] dé chia toan bd dit liéu thanh 10 phan hoan
toan khac nhau, méi phan dugc xem nhu mét doi tugng
(subject). Méi bé CSDL dugc thir nghiém 10 lan trong d6 8
phan dugc sir dung dé huan luyén mé hinh, moét phan dé
validation va mét phan dé danh gia mé hinh. Tai méi lan th
nghiém nay sé c6 do chinh xac P, R; va mAP; (j = (1-M),
M = 10). D6 chinh xac ctia mot CSDL dat dugc bang cach lay
trung binh cta 10 lan danh gia mé hinh véi d6 chinh xac P
(Precision) nhu trong cong thtic (6) sau:
%21 0P

M

D6 triéu héi (recall)ctia ca co s di liéu R dugc tinh trung
binh nhu trong céng thic (7) sau:

pP= (6)
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Zpﬁm R;
= v ()
Do chinh xac trung binh mAP dugc tinh trung binh nhu
trong céng thc (8) sau:
Zj]\l?m mAP;

Véi danh gia CDE, hai bé CSDL dugc st dung véi moét bd
CSDL dugc st dung dé huan luyén mé hinh va mét boé CSDL
con lai dugc st dung dé thi nghiém mé hinh. Dé chinh xac,
dd triéu héi va do chinh xac trung binh mAP cta danh gia
CDE dugc thuc hién nhu trong cac cong thuc (3), (4) va (5).
3. KET QUA THU NGHIEM

Chung t6i thuc hién cac thi nghiém trén may tinh may
tinh s&r dung CPU Intel Core i5-11400H, GPU NVIDIA GeForce
GTX 1650, bo nhé Ram 8GB. Ngén ngif lap trinh st dung la
ngon ngl Python. Cac thd nghiém dugc thuc hién trén hai
b6 CSDL gém EPUAbnormal [13], va Crow-11 [14] nhum6 ta
chi ti€t trong muc 2.2. Trong d06, cac thi nghiém cai dat vai
kich thudc mé (batch size) 1a 64; t6¢c d6 hudn luyén mé hinh
(learning rate) 1a 10 s& lan 13p dé€ huadn luyén mé hinh
(epochs) la 100. Cac thi nghiém thuc hién st dung cho gido
vién 1 la mé hinh YOLO V7 va gido vién 2 la mé hinh YOLO
V8, sinh vién la m6 hinh YOLO V3 tiny.

Cac thir nghiém dugc tién hanh trong nghién ctu nay
gém: (1) Panh gia do chinh xac phat hién ngudi véi cac gia
tri khac nhau clia cac tham s6 a va B cia mo hinh KD trén
giao thurc SDE; (2) Banh gia don (SDE) d6 chinh xac phat hién
nguoi cia mo hinh KD trén ting CSDL riéng 1&; (3) Panh gia
chéo (SDE) do chinh xac phat hién ngudi cia mé hinh KD
gilra cac CSDL khéc nhau; (4) Banh gia thoi gian dap Ung cla
mo hinh KD (Time cost).

3.1. Khao sat tham sé mé hinh KD

R =

(%) Precision Recal mAP

100
99
98
97
96
95
94

93

(0;1) (0.3;0.7) (0.5;0.5)

(o;B)

(0.7;0.3) (1;0)

Hinh 4. D6 chinh xac (P-Precision), @0 triéu hoi (R-Recall) va d@o chinh xdc
trung binh mAP véi cdc gid tri a va B khac nhau cia md hinh KD trén CSDL
EPUAbnormal

Trong phan nay, ching t6i sé tién hanh khao sat sy anh
hudng clia cac gia tri a va  ctia mé hinh KD trong cong thic
(3) trén bo CSDL EPUAbnormal véi giao thic danh gia SDE.
Trong d06, cac gia tri a va B 1an lugt thay d&i tir 0 dén 1 va
ngudc lai nhung van luén ddm bdo t8ng clia chdng luén
bang 1. Cu thé ching téi thuc hién tinh toan tai 05 diém
tuong Ung véi cac cac cdp gia tri cba a va B lan luot tai (0; 1),
(0,3;0,7), (0,5; 0,5), (0,7; 0,3), (1; 0) lan lugt thé hién ty trong
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gia tri ham mat mat tham gia trong mé hinh chuyén giao tri
thiic (KD) ctia cdc mang YOLO V7 va YOLO V8. K&t qua danh
gia thé hién trong hinh 4.

Hinh 4 cho thay tai a =1 va =0 (qua trinh hoc kién thuc
tir mo hinh YOLO V7 dugc st dung hoan toan va YOLO V8
khéng tham gia vao qué trinh chuyén giao) thi két qua mé
hinh KD dat dugc cao hon tai a =0 va 3 = 1 (qua trinh hoc
ki€n thiic tr mé hinh YOLO V8 dugc st dung hoan toan va
YOLO V7 khéng tham gia vao qua trinh chuyén giao). Diéu
d6 thé hién rang mé hinh ¢6 YOLO V8 c6 tri thic t6t hon sé
lam cho két qua mo hinh KD t6t hon. Ngoai ra, khi tang déan
vai trd YOLO V8 thi két qua m6 hinh KD tang dan. Ngoai ra,
mo hinh KD dat két qua tot nhat tai vi tri can bang ca hai mé
hinh KD véi a = 0,5 va B = 0,5 v&i do chinh xac la 98,1%,
99,9% va 98,3% cho cac gia tri P, R va mAP. Gi4 tri cac tham
s6 can bang véi a = 0,5 va § = 0,5 sé dugc sir dung trong cac
danh gid sau trong muc 3.2,3.3va 34.

3.2. D6 chinh xac P, R va mAP véi ché dé SDE

Trong muc nay, chdng t6i thuc hién thd nghiém trén
CSDL EPUAbnormal. Tham sé mé hinh chét loc tri thic khi
hoc chuyén giao YOLO V3 tiny KD cai dat véi a = 0,5 va
B =0,5. K&t qua thir nghiém gém do chinh xac (Precision), do
triéu hoi (Recall), va dd chinh xac trung binh (mAP) dugc
trinh bay nhu trong hinh 5. Trong d6, cdc c6t mau xanh I4
cay, cam va xam lan luct biéu dién ba két qua ciia ba m6 hinh
YOLO V7, YOLO V8 va YOLO V3 tiny. Co6t mau vang biéu dién
két qua ctia md hinh chat loc tri thuc khi hoc chuyén giao sur
dung mé hinh YOLO V3 tiny KD do nhom tac gia dé xuat.

YoLov7 YOLO V8 YOLO V3 tiny YOLO V3 tiny KD

100
98
96
9%
92
920

88

Precision (%) Recall (%) mAP (%)
YOLO V7 97.6 98.2 98.6
YOLO V8 99.5 98.6 99.1
YOLO V3 tiny 94.5 92 93.1
YOLO V3 tiny KD 98.1 97.9 99.6

Hinh 5. Két qua phat hién nquai st dung mé hinh YOLO V3 tiny va YOLO V3
tiny KD v6i CSDL EPUAbnormal

Két qua trong hinh 5 cho thdy, phién ban YOLO V3 tiny
KD dat két qua cao hon tai cac gia tri 98,1%; 97,9%; 99,6% so
vGi két qua khi st dung véi mé hinh YOLO V3 tiny tai cac gia
tri 94,5%; 92%; 93,1% tuong Ung vdi do chinh xéc (P), d6
triéu hoi (R), va do chinh xac trung binh (mAP). Diéu dé cho
thay hiéu hiéu qua cla qua trinh hoc chuyén giao ti nhiéu
gido vién co tri thiic tét sé co6 mé hinh sinh vién t6t han mé
hinh tu hoc chuyén giao trén ca hai thang do P va R. Tham
chi véi gia tri mAP thi mé hinh dugc chuyén giao con dat két
qud 99,9% cao hon ca hai mé hinh gido vién 1 (YOLO V7) véi
98,6% va gido vién 2 (YOLO V8) véi 99,6%.
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3.3. D6 chinh xac P, R va mAP véi ché dé CDE

Trong bai bao nay, ching téi thuc hién giao thidc danh
gia chéo (CDE) v&i mot CSDL st dung dé huan luyén mé hinh
YOLO V3 tiny KD va mét CSDL con lai dugc st dung dé thi
nghiém. Hai cg s& d liéu dugc st dung trong thir nghiém
nay la CSDL EPUAbnormal [13], va Crow-11 [14]. C6 hai thU
nghiém dugc tién hanh nhu két qua cta hai hang dau tién
clia bang 1. Trong d6, CSDL EPUAnnormal dugc st dung dé
huén luyén mé hinh va CSDL Crow-11 dugc st dung dé thu
nghiém mé hinh. Hai hang sau cGia bang 1 biéu dién két qua
khi st dung CSDL Crow-11 @& huan luyén mé hinh va CSDL
EPUNormal dugc st dung dé thit nghiém mé hinh. Trong ca
hai th&r nghiém nay, chdng t6i st dung hai moé hinh gém
YOLO V3 tiny va YOLO V3 tiny KD (st dung hai gido vién la
YOLO V7 va YOLO V8, sinh vién la YOLO V3 tiny). Két qua thi
nghiém gém d6 chinh xac (Precision), do triéu hoi (Recall),
va d6 chinh xac trung binh (mAP) dugc trinh bay nhu trong
bang 1.

Bang 1. Két qua phat hién nguoi khi st dung mé hinh YOLO V3 tiny KD véi
giao thitc CDE

CSDL hudn
luyén

CSDL thi Mé hinh Precision| Recall | mAP
nghiém (%) (%) | (%)
YOLO V3 tiny 91,8 88,6 | 90,3
YOLOV3 tinyKD | 97,8 96,1 | 98,4
YOLO V3 tiny 89,2 87,5 | 889
YOLOV3 tinyKD | 953 94,7 | 96,2

Ké&t qua trong bang 1 cho thay, hiéu qua ctia mé hinh
chét loc tri thic khi hoc chuyén giao luén cao hon qua trinh
st dung hoc chuyén giao thong thudng trong ca hai danh
gia chéo. Trong thit nghiém dau tién khi sir dung CSDL
EPUANnormal d€ huan luyén mé hinh va thir nghiém mé hinh
st dung CSDL Crow-11, mé hinh YOLO V3 tiny KD dat két
qua cao hon tai 97,8%; 96,1% va 98,4% trong khi mé hinh
YOLO V3 tiny dat cac két qua tai 91,8%; 88,6% va 90,3% vGi
cac gia tri P, R va mAP. Trong th nghiém danh gia chéo thu
hai, m6 hinh YOLO V3 tiny KD cling dat két qua cao hon mé
hinh YOLO V3 tiny (95,3%; 94,7%; 96,2%) so sanh vdi (89,2%;
87,5%; 88,9%). Ngoai ra, do bd CSDL EPUAbnormal c6 sé
lugng di liéu I16n hon bo CSDL Crow-11 nén trén cad mé hinh
YOLO V3 tiny va YOLO V3 tiny KD thi khi st dung bo CSDL
EPUAbnormal dé huan luyén mé hinh thi th&r nghiém trén
Crow-11 luén dat két qua cao hon (két qua tai hang 1 cao
han hang 3, két qua tai hang 2 cao han hang 4). Ngoai ra, két
qua danh gia nay ciing cho thay giai phap dé xuat dam bao
tinh bén viing khi mé hinh thi nghiém vai CSDL bat ky.
3.4. Théi gian dap ung ctia mé hinh KD

Ngoai viéc so sanh két qua dé chinh xac nhu da trinh bay
& cac phan trén, trong nghién ctru nay chung t6i con tién
hanh thuc hién khao sat vé thai gian thuc hién trung binh
cla cac phién ban YOLO dé phat hién ngudi khi sir dung
CSDL EPUAbnormal. Trong d6, ching téi tién hanh danh gia
thai gian dap Ung cuta tung khung hinh véi phién ban YOLO
V7 (hang 1), YOLO V8 (hang 2), YOLO V3 tiny (hang 3) va
YOLO V3 tiny KD (hang 4). Danh gia vé thai gian dap ting nay

EPUAbnormal Crow-11

Crow-11 EPUAbnormal
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dugc chay thit nghiém trén nén tang CPU va GPU. Két qua

dugc trinh bay trong bang 2.

Béng 2. Toc dd phat hién nguai trén céc phién ban YOLO trén CSDL EPUAbnormal

Mé hinh Tocdd xit ly mét | Tdcdd xi ly mot khung
khung hinh (CPU) hinh (GPU)
YOLO V7 84,12ms 23,42ms
YOLO V8 75,21ms 20,38ms
YOLO V3 tiny 26,46ms 14,51ms
YOLO V3 tiny KD 25,86ms 14,26ms

Két qua trong bang 2 cho thay, mang YOLO V3 tiny KD c6
thai gian phat hién khi s dung GPU la thap nhat va tuong
duaong véi véi YOLO V3 tiny (14ms) va khi st dung CPU thi
két qua lan lugt la 26,46ms va 25,86ms. K&t qua nay thap hon
rat nhiéu so vai viéc st dung cadc mé hinh YOLO V7 va YOLO
V8 ¢4 thai gian dap Uing khi str dung CPU lan lugt la 84,12ms,
75,21ms va khi s&t dung GPU lan luot l1a 23,42ms, 20,38ms.
Trong khi d6, do chinh xac phat hién ctia mo hinh YOLO V3
tiny KD c6 d6 chinh xac cao hon YOLO V3 tiny va d6 chinh
xac tiém can vai két qua ctia cac mé hinh phuc tap 1a YOLO
V7 va YOLO V8. Diéu nay cho thday gidi phap hoc chuyén giao
c6 chat loc tri thic véi mang YOLO do ching t6i dé xuat dat
két qua tot véi mé hinh phat hién va ngudi trong thirnghiém
trén CSDL dam déng bat thudng.

4, KET LUAN

Trong bai bao nay, ching téi da dé xuat mét moé hinh hoc
chuyén giao c6 chat loc tri thuc tir nhiéu gido vién ap dung
cho bai toadn phat hién ngusi trong ddm dong. Hé théng dé
xuat dugc danh gia trén ca bé CSDL dam dong bat thudng tu
thu thap va trén ca bd CSDL dam déng bat thuong dugc cong
b6 cho cong déng dung chung. Két qua thr nghiém duoc
danh gia & ché do6 danh gia don lé trén ting CSDL va ché do
danh gia chéo gilta cdc bd CSDL hoan toan khac nhau dé thé
hién tinh bén vitng cla mé hinh. K&t qua danh gia dugc thuc
hién trén céc tiéu chi vé do chinh xéc (Precision), dé triéu hoi
(Recal), d6 chinh xac trung binh (mAP) va thgi gian dap ung
trén ting khung hinh. K&t qua thir nghiém cho thay giai phap
dé xuat dat do chinh xac cao CSDL (cao nhét tai cac gia tri
98,1%; 97,9%; 99,6% cho P, R va mAP) tiém can véi cdc mo
hinh phtic tap nhu YOLO V7 va YOLO V8, dam bao tinh bén
viing khi thuc hién danh gia chéo gilta cac bd CSDL (cao nhat
tai cac gia tri 97,8%; 96,1% va 98,4% cho P, R va mAP) va dap
Ung thoi gian nhanh (xdp xi 14ms). Trong thdi gian t&i, nhom
tdc gia mong muédn y tudng dé xuat clia nghién cdiu nay sé
tiép tuc dugc trién khai dé€ danh gia trén hé théng thuc véi s6
lugng CSDL th&r nghiém nhiéu hon nia. Ngoai ra, két qua
nghién cliu cling sé tiép tuc phat trién dé sit dung vao hé
théng phat hién va nhan dang dam dong bat thudng.
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