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Tém tit

Trong nghién citu nay, dong gop chinh cia nhom
tac gid tdp trung vdo gidi quyét bai todn phat hién
va phdn logi nguoi di bo (nguoi trucng thanh hay
tré em) trong hinh anh dva trén phuong phap hoc
sdu theo hai hwéng tiép cdn. O hudng thir nhat,
bai todn dwge chia thanh hai bai todn thanh phan:
phat hién nguoi di bg va phan loai nguoi di bg.
Hinh anh nguoi di bo sé dwoc tach ra ti hinh anh
dau vdo va dua qua by phan loai dé xac dinh
nguwoi di bé dé la nguoi lom hay tré em. Cu thé,
bai toan phat hién nguoi di bo dwoc nghién ciru
dua trén mé hinh phat hién doi trong YOLO trong
khi bai toan phan logi hinh anh nguwoi di bo dwoc
nghién cuu trén mé hinh VGG, Inception, ResNet
va EfficientNet. O huéng tiép cdn thit hai, bai todn
duoc nghién cuu theo huong phat hién va phdn
logi nguoi di bo svr dung duy nhat mot mo hinh cu
thé la mé hinh phdt hién doi twong YOLO. Két qua
thu dwoc ciia nghién ciru twong doi tot véi ca hai
hieong tiép cdn. Hudng tiép cdn thir nhdt cho do
chinh xdc trung binh phdt hién nguoi di bo dat
0.797 va do chinh xdc phdan loai nguoi di bo dat
0.955. Tuy nhién hieéng tiép cin thir hai thé hién
su vuot troi khi cho do chinh xac cao hon dat
0.851 dong thoi cé thoi gian thiee thi tot hon nhiéu
S0 Vi hudng tiép can thir nhat.

Tir khéa: Phat hién ddi twong, phan logi hinh danh,
nguoi di bo, nguoi lon, tré em, hoc sau.
Abstract

In this study, the main contribution is to solve the
task of pedestrian detection and adult / kid
classification by using two approaches. In the first
one, the task is divided into two sub-tasks:
pedestrian detection and adult / kid classification.
Pedestrian image regions are cropped from input
images and passed through a classifier to
determine if they are adult images or kid images.
Specifically, the pedestrian detection task is
studied by using an object detection model YOLO
while the classification task is studied by using
typical deep models: VGG, Inception, ResNet and
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EfficientNet. In the second approach, only one
object detection model, YOLO is used to detect
and classify pedestrians. The obtained results are
quite good for both approaches. The first one has
a good mean average precision of the pedestrian
detection task at 0.797 and the classification
accuracy is 0.955. However, the second approach
has much better results with a higher mean
average precision 0.851 and a much better
performing time compared to the first approach.

Keywords: Object detection, image classification,

pedestrian, adult, kid, deep learning

1. Gioi thiéu

Ngay nay, tai nan giao thong da va van dang 1a mot
van dé ndi com cua x3 hoi. Theo thong tin tir Cuc
Cénh st giao thong - B6 Cong an, 6 thang dau nim
2021, toan qudc xay ra 6.278 vu tai nan giao thong,
lam chét 3.147 ngudi, bi thuong 4.465 ngudi. Nguyén
nhan chu yéu Ia do céc 16i vi pham giao thong va thuc
trang trén phan anh tinh phuc tap ciing nhu muac do
nguy hiém trong viéc tham gia giao thong tai Viét
Nam. Cac bién phép hd trg ngudi tham gia giao thong
da va dang tré thanh mot nhu cau cép thiét nham giam
thiéu rui ro tai nan. Viéc ung dung khoa hoc cong nghé¢
dé giai quyét van dé nay hién dang 1a hudng giai quyét
¢6 tiém nang 16n.

Bén canh d96, cudc cach mang khoa hoc cong nghé
dang dién ra manh mé & Viét Nam ciing nhu trén toan
thé giéi. Viéc trién khai cac hé thong camera hanh
trinh trong tham gia giao thong va viéc ung dung tri
tu¢ nhan tao, thi gidc may tinh vao cudc séng dang
ngay cang phd bién hon. Cac camera hanh trinh thong
thudng chi c6 chirc nang ghi lai hinh &nh ma chua tén
dung duoc vao viéc hd tro nguoi diéu khién phuong
tién giao thong. Viéc phat hién nguoi di by va phan
loai nguoi di bd 1a nguodi trudng thanh hay tré em la
tién dé cho nhiéu giai phap hd tro giam thiéu rui ro tai
nan (cadnh bao ngudi sang duong, canh bdo tré em
chay phia trudc,...).
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Bai toan phat hién nguoi di bo khong phai mot bai
toan modi nhung bai toan phan loai nguoi di b 1a
ngudi tredng thanh hay tré em hién van chua duge céc
nghién ciru di sau. Trong bai bio nay, mot van dé chua
¢o cau tra 101 duoc dua ra: Viéc téng quat hoa cac dac
trung ctia ngudi di bo néi chung (bao gém ca ngudi
16n va tré em) hay phan biét hoa cac dac trung cia tré
em va cac ddc trung cua nguoi 16n riéng ré hiéu qua
hon trong bai toan phat hién nguoi di bg? No6i cach
khac, viéc phan dinh riéng biét tré em va nguoi 16n cd
lam phuc tap hoa bai toan phat hién ngudi di b va
liu c6 hiéu qua hon khi tach biét bai toan phat hién
ngudi di bo va bai toan phén loai ngudi di bd? Xuét
phat tir van dé dugc néu ra, bai toan phat hién va phan
loai ngudi di bo duoc nghién ciru theo hai hudng tiép
can. O hudng tiép can thtr nhét, bai toan duoc chia
thanh bai toan phat hién nguoi di bg va bai toan phan
loai ngudi di bo (minh hoa trong Hinh 1). Cu thé,
khudn hinh ngudi di b s& duge xac dinh va trich xuat
ra tir hinh anh dau vao & budc thtr nhit théng qua dic
trung ciia ngudi di bd néi chung (bao gdm ca nguoi
16n va tré em). O budc th hai, khuén hinh trich xudt
duoc s€ dugce phan loai 1a nguodi 16n hay tré em (thong
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ddi tugng nguoi 1on di bd va tré em di bd s€ dugc phat

hién va phan loai trong mot budce thuc hién thong qua

dac trung ngudi 16n di b va tré em di b nhu dugc

minh hoa trong Hinh 2.
=1 |
ISUS ALUS
&

LR B6 phat hién va

o Lt Tré em
=3 W ““\‘.)‘ ‘ phén loai nguoi
IS A IS dibd & ﬁ
Nguoi lon

Hinh 2. Huéng tiép cin sir dung bj phdt hign va phén
loai nguwoi di b tich hop
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Trong nghién ctru nay, bai toan phat hién va phan
loai ngudi di bo dugc tap trung nghién ctru giai quyét.
Dong thoi, cac wu nhuogce diém cua hai hudng tiép can
bai toan trén cling dugc nghién ctru, danh gia va so
sanh dé tra 11 cau hoi duge dit ra ban dau.

2. Boi canh nghién ciru
2.1. Bai todn phdt hién ngwoi di by

Bai toan phat hién nguoi di by 18 mdt bai toan
thudc ho cac bai toan phat hién ddi twong. Trong do,
phat hién d6i tugng 1a su két hop cua bai toan dinh vi
dbi twong va phan loai ddi tuong khi xac dinh khung
bao quanh timg dbi tugng trong hinh dong thoi xac
dinh 16p (nhan) cta ddi tugng.

Céc huéng giai quyét tiéu biéu trude day cho bai toan
phat hién d6i tuong c6 thé ké dén nhur "cac bién thé Viola
& Jones" [1], biéu d dinh hudng gradient (Histogram of
Oriented Gradients - HOG) [2], b phat hién phan bién
dang (Deformable Part Detectors - DPM) [3]. Ngay nay,
cac hudng tiép can mang hoc sau sir dung mé hinh CNN
[8] da va van dang 1a hudng tiép can hiéu qua nhét cho
bai toan phat hién dbi tuong néi chung va bai toan phat
hién nguoi di bo ndi riéng. Véi hudng tiép can nay c6 thé
ké dén hai ho m6 hinh tiéu biéu 1a cic md hinh R-CNN
(Regions with Convolutional Neural Network - mang no
ron tich chap ving) [4], [6], [7] va ho m6 hinh YOLO
(You Only Look Once - ban chi nhin mét lan) [9], [10],
[11], [12].

Ho md hinh R-CNN duoc dé cap tdi voi ba mo
hinh tiéu biéu 14 R-CNN [4], Fast R-CNN [6] va
Faster R-CNN [7]. M6 hinh R-CNN [4] bao gém ba
thanh phan chinh: B dé xuét ving (region proposal),
bo trich xuat dic trung (feature extractor) va by phan
loai va diéu chinh hdi quy (classifier and regressor).
Trong d6, bo dé xuét ving chiu trach nhiém d& xut
céc ving c6 thé chira vat thé, cac ving nay duoc gisi
han boi cac cac hinh chir nhat goi 1a hop gidi han
(bounding box). B9 trich xuét dic trung lam nhiém vu
tinh toan trich xudt cac dic trung tir cac ving dugc dé
xudt théng qua cac mang no ron tich chap. Cudi ciing
b phén loai va diéu chinh hdi quy s& phéan loai hinh
anh chira trong ving dé xuit vé dang nhan va diéu
chinh lai hop gidi han dya trén cac dac trung dugc
trich xuat.

Mo hinh Fast R-CNN [6] sau d6 duoc phat trién
1én tir m6 hinh R-CNN véi sy thay ddi 12 ban db dic
trung (feature map) dugc tinh toan cho toan b hinh
anh tir trude sau d6 ban dd dic trung cuc bd cho ting
ving dé xuét s& dugc trich xuat ra tir ban d6 dic trung
toan cyc thong qua phép gdép vung quan tdm (regions
of interest pooling).
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Mb hinh Faster R-CNN [7] 14 su ning cip tir mo
hinh Fast R-CNN khi sir dung ban dd dic trung toan
cuc (duogc trich xuét cho toan bo hinh anh) dé dé xuét
ving anh thay vi str dung phuong phép tim kiém c6
chon loc (selective search) dé dé xuit ving anh nhu
R-CNN va Fast R-CNN.

Néu ho mé hinh R-CNN thyc hién phat hién dbi
tuong qua hai giai doan: D& xuét ving va phan loai
vung thi ho mé hinh YOLO chi thuc hién cong viéc
nay qua mot giai doan duy nhat. C6 thé ho mé hinh R-
CNN trong mét sb truong hop c6 thé c¢6 do chinh xéac
cao hon nhung xét vé thoi gian thyc thi thi ho mé hinh
YOLO dang cho thiy su khac biét dang ké khi cac mo
hinh YOLO c¢6 thoi gian thyc thi nho hon nhiéu so véi
ho mé hinh R-CNN nhung van dam bao su cin bing
voi do chinh xac cao.

Mo hinh YOLOV1 [9] hoat dong dya trén y tuong
nhu sau: Anh du vao duge phén chia thanh mét luéi
gém nhiéu 6, mdi 6 dam nhan viée du doan cac toa dd
va nhan ctia hop giéi han c6 tim nam trong 6 d6. M6
hinh st dung mdt mang hoc sau dé tinh toan cac ban
dd dac trung sau d6 két ndi vai cac 16p két ndi day du
(fully connected layer) dé dua ra nhan, toa do va kich
thudce cta cac hop gidi han nhu trong Hinh 3.

DarkMet :
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Fully connected X

[ E—

Fully connected X

&

% B timas % C times
A A

N

Q {x. y. w, h obj score) | class probability |
length: SB+C

Hinh 3. Kién triic mé hinh YOLOV1

M6 hinh YOLOV?2 [10] dwoc nang cép tir md hinh
YOLOVI véi su khac biét co ban 1a su dung cac 16p
chuén hoa (normalization layers) va viéc thay thé cac
16p két ndi dﬁy du du doan truc tiép ra toa do, kich
thudc cac hop gidi han boi cac 16p hdp neo (anchor
box layer) diéu chinh toa d9, kich thudc ciia cac hop
gidi han.
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M6 hinh YOLOV3 [11] dua ra mét sb thay dbi vé
kién trac ctiia mang tich chap so v6i YOLOV2 ddng
thoi viéc phat hién ddi twong trong hinh anh s& dugc
thuc hién nhiéu lan, mdi lan sir dung kich thudc khac
nhau nham phat hién dbi tuong & cac ty 1& anh khéc
nhau.

M5 hinh YOLOV4 [12] ¢6 nhiing sy thay ddi dang
ké so v6i md hinh YOLOV3. Cu thé m6 hinh YOLOV4
duoc chia thanh ba thanh phan chinh bao gdm: Xuong
song (backbone), ¢ (neck) va dau (head). Trong d6
phén xuong sng ding dé trich chon dic trung, phan cd
dung dé tron cac ban do dic trung da hoc dugc. Phan
dau trong YOLOV4 duoc chia thanh hai phan bo du
doan day dac (dense prediction) va b du doan thua thét
(sparse prediction). Trong d6 b du doan day dac su
dung céc b phat hién mdt giai doan va b dy doan thua
thét st dung cac bd dy doan hai giai doan. Kién triic
YOLOV4 duoc thé hién trong Hinh 4.

Head | Output
YOLOV3 + E-RPN | 'Bounding Boxes

Input
BEV-map

Backbone Neck
CSPDarknet53 SPP, Pan

| P ——

_________

Hinh 4. Kién triic mé hinh YOLOV4

Hién m6 hinh YOLOVS da dugc phat hanh va dua
vao st dung. Mac du chua co nhiéu tai liéu chinh thuc
vé chi tiét mé hinh nhung YOLOVS5 duoc danh gia
dem lai hiéu suét tbt cling nhu dam bao vé toc do.

2.2. Bai todn phdn logi ngwoi di bo

Bai toan phan loai nguoi di bo thudc vao dang bai
toan phan loai hinh anh (image classification). Trong
qua khr, céc bai toan phan loai hinh anh chu yéu duoc
duya trén cac déc trung thu cong (handcrafted features)
va c6 cac két qua khong that sy 4n tuong nhung véi
su ra doi cua phuong phap hoc sau, bai toan phan loai
hinh anh dang duoc giai quyét rat tot voi hidu qua cao
vuot trdi [5]. Pa co rat nhiéu cac mé hinh mang hoc
sau duoc dua ra va co thé ké dén mot $6 mo hinh tiéu
biéu nhu LeNet, AlexNet [5], VGG [13], GoogLeNet
[14], ResNet [15], EfficientNet [16].

Céac mo hinh LeNet, AlexNet [5] hay VGG [13] c6
kién trac chu yéu bao gdm cac 16p tich chap don thuén
chiu trach nhi¢ém hoc céc dac trung tur hinh anh. Pau
ra clia cac 10p nay duge két ndi véi cac 16p két ndi day
du dé thuc hién céac tac vu (phan loai, hdi quy,...).
Kién trac cac mo hinh nay duoc dai dién boi kién trac
VGG16 duge thé hién trong Hinh 5.
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Hinh 5. Kién triic mé hinh VGG16

Mo hinh GoogLeNet hay Inception [14] dugc
dua ra voi y tuong mo rong mé hinh mang theo chiéu
rong sir dung céac 16p tich chap thong thuong két hop
vé6i cac khdi inception (hdp thu). Khéi inception bao
gdm cac nhanh song song chira cac 16p tich chap vai
kich thuéc khac nhau. Két qua tinh toan tir cdc nhanh
song song dugc ghép lai thanh mot dau ra duy nhét
(Hinh 6).

X
identity

Hinh 7. Két néi tit (skip connection)

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

Kién tric ResNet [15] dugc dua ra ké thira mot s6
diém trong kién trac khdi cia GoogLeNet nhung sir
dung cac két ni tat (skip connection). Két nbi tat gitr
thong tin khong bi mat di sau nhiéu phép bién d6i bang
cach két ndi 16p phia trudc voi 16p phia sau khong
thong qua mét vai 16p trung gian (Hinh 7).

Mo hinh EfficientNet [16] duoc tiép can theo
hudéng méi so véi cac md hinh trude d6. M6 hinh tap
trung vao viéc mo rong tham sb theo ca ba chiéu bao
gdm do sau, do rong va do phan giai ciia mang. Mo
hinh cho phép gidm chi phi tinh todn ma van dam bao
tinh hi¢u qua. Kién tric EfficientNet BO duoc thé hién
trong Hinh 8.

Stage Operator Resolution | #Channels | #Layers
i Fi H; x W, C L,
1 Conv3x3 224 x 224 32 1
2 MBConvl, k3x3 112 x 112 16 1
3 MBConvé, k3x3 112 x 112 24 2
4 MBConv6, k5x5 56 % 56 40 2
5 MBConvé, k3x3 28 x 28 80 3
6 MBConv6, k5x5 14 x 14 112 3
7 MBConv6, k5x5 14 x 14 192 4
8 MBConv6, k3x3 TxT 320 1
9 Convixl & Pooling & FC TxT 1280 1

Hinh 8. Kién trisc mé hinh EfficientNet B0

Bai toan phan loai hinh 4nh nguoi di b 1a nguoi
16n hay tré em chua dugc dwa ra nhidu trong céac
nghién ctru nhidu trude day. Trong [17], bai toan duoc
thyc hién dya trén viée tinh toan ty 1¢ kich thudc cta
khung giéi han toan bo nguoi va khung giéi han phan
mat. Khung giéi han co thé duoc xé4c dinh dua trén
biéu do dinh hudéng gradient (HOG) [2] va khung gidi
han phan mit duoc xac dinh dya trén phuong phap
Viola & Jones [1]. Tuy nhién y tuong cia mo hinh dua
ra khong that sy tot khi kich thude khung gi6i han co
thé s& thay ddi tuy theo tu thé nguoi chtr khong cb
dinh nhu nguoi ding thang. Trong bai bao nay, bai
toan s& duoc tap trung giai quyét dua trén cac mé hinh
hoc sau.

3. Nghién ciru bai toan phat hién va phéan loai
nguoi di bo
3.1. Huéng tiép cin bai todn
3.1.1. Huong sw dung bg phat hién nguoi di b va bg
phan loai nguoi di bo riéng biét

Xuét phat tir cdu hoi liéu viéc tong quat hoa cac
déc trung cho nguoi di bd ndi chung c6 don gian va
hiéu qué hon phan biét hoa dac trung cho nguoi 16n di
bo va tré em di bo, hudng tiép can thi nhit (Hinh 1)
sir dung mo hinh phat hién ddi tuong YOLOV5 (mot
trong cac md hinh dién hinh nhit & thoi diém hién tai
vé phat hién ddi twong thoi gian thuc) dé phat hién
nguoi di bd. Hinh anh nguoi di bo duogc trich xuét va
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dua qua bo phén loai nhi phan dé xac dinh d6 1a ngudi
16n hay tré em sir dung mot bo dic trung khac. O giai
doan nay, cac mo hinh dién hinh cho tac vu phén loai
hinh anh bao gom mé hinh VGG16 [13], ResNet50
[15], InceptionV3 [14] va EfficientNetBO [16] duogc
xem xét dé thuc hién viéc phéan loai. Cac mo hinh trén
dugc thay thé cac 16p cudi cing boi ba 16p két ndi day
da voi s6 no ron 1an luot 1a 16, 16 va 1 dé két hop cac
dac trung hoc duoc va thuc hién viéc phan loai hinh
anh nguoi 16n va tré em. Trong d6 16p cudi cung chi
¢6 mot dau ra dé thuc hién bai toan nhi phan trong khi
s6 d4u ra cta hai 16p trude d6 khong qua 1on dé tranh
hién tugng overfitting.

3.1.2. Huong su dung bg phat hién va phdn loai nguoi
di bg tich hop

Khac v6i hudng tiép can thir nhat st dung céac diac
trung ngudi di bd néi chung dé tach ving anh ngudi
di b ra va stir dung cac dac trung phan biét nguoi 16n
va tré em dé phan biét hinh anh nguoi di bo, cach
tiép can thir hai hoc truc tiép cac déc trung phat hién
nguoi 16n di bd va tré em di bo (Hinh 2). Do nghién
cuu hudng tdi cac giai phap chay thoi gian thuc nén
mé hinh YOLOVS5 duge lya chon dé thuc hién cong
vi€c nay.

3.2. Cai ddt, thwe nghiém va két qud
3.2.1. Cai dat va thuc nghiém

Chuong trinh thtr nghi€ém dugc cai dat trén moi
truong Google Colab véi bo xir Iy ¢ hoa Nvidia K80
v6i bd nhd 12GB va toc d6 0,82GHz sir dung ngon
ngit Python.

Bo dir liéu st dung trong thi nghiém Ila
Cityscapes [18] v&i hon 2.700 hinh anh chup duong
phd (chira cac phuong tién giao thong, nguoi di
bd,...) ctia hon 20 thanh phd khac nhau két hop véi
b dit liéu do nhém tac gia thu thap bao gdm khoang
4000 hinh anh nguoi di bo. Tat ca ngudi di bo trong
hinh déu duoc khoanh viing va gan nhan ngudi 16n
hodc tré em trong d6 ty 1€ nguoi di bo tré em va
ngudi 16n 1an luot 12 44,8% va 55,2% (trén tong sb
hon 28.000 nhan dugc gan).

Thi nghiém thir nhat dugc thyc hién dé danh gia
hudng tiép cén st dung bd phat hién va bg phan loai
nguodi di bd riéng biét (Hinh 1), m6 hinh YOLOVS
duoc huin luyén dé phat hién nguoi di bo trén bod
dir liéu gdm 5.464 hinh anh va dugc danh gia trén
b dir liéu gdm 1.193 hinh anh (cac hinh anh nay c6
kich thuéc 640x640) va duge danh diu khoanh
ving va gan nhan ngudi di bd. M6 hinh dugc huin
luyén trong 50 vong (epoch) va dung khi bi hién
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tuong overfitting (khop qua muc). Trong hudng
tiép céan nay, cac mod hinh phan loai dugc huén luyén
v&i122.660 hinh anh va danh gia trén 5.660 hinh anh.
Céc hinh anh nay la hinh anh tré em va nguoi 16n
dugc trich xuét ra tir cac hinh anh thudc tap di liéu
néu trén va dua vé kich thudc 128x128. Tuong tu
mé hinh duoc hudn luyén trong 100 vong véi ty 1é
hoc (learning rate) 1a 0,001 va thuc té duoc ding
lai sém hon néu bi overfitting. Cac mé hinh phan
loai dugc danh gia boi d§ chinh xac (accuracy -
cong thirc (1)) duge tinh bang ty 1¢ gitta s6 miu
phan loai dung (correct prediction number) trén
tong s6 mau phan loai (sample number).

correct prediction number

accuracy = sample number (1)

Thi nghiém thtr hai duoc thyc hién dé danh gia
hudng tiép can sir dung bd phat hién va phan loai
ngudi di bo tich hop (Hinh 2), m6é hinh YOLOVS
dugc huan luyén dé phat hién va phéan loai ngudi 16n
di b va tré em di bo trén bo dir liéu gdm 5.464 hinh
anh va duoc danh gia trén bo dit liéu gdm 1.193 hinh
anh (cac hinh anh nay co kich thudc 640x640) va dugc
danh diu khoanh ving ngudi di bo dong thoi dénh
nhan la tré em hay nguoi 16n. Tuong ty nhu thi
nghiém thir nhit, mo hinh dugc huén luyén trong 50
vong va dung khi bi hién tugng overfitting. Cac md
hinh phat hién d6i twong trong hai thi nghiém dugc
danh gia boi bd ba gia tri bao gdm do chinh xac
(precision - cong thirc (2)), chi s6 goi nhé (recall -
cong thirc (3)) va gia tri chinh xac trung binh (mAP -
cong thuce (4)).

precsion = TP/TP + FP (2)

V&i TP (True Positive) 13 s6 dw doan vung déi
twgng chinh xac trong khi FP (False Positive) va
FN (False Negative) 1 s6 du dodn vung ddi twong
sai va s0 dw doan vung ddi twong bi sot.

Vé&i mdi phan 16p, mdt duong cong dua trén
chi s0 precision va recall dwoc xac dinh va phan
dién tich nim dwéi dwong cong d6 dugc dai dién
bdi chi s6 AP (Average Precision). Chi s§ mAP
dwoc tinh bang trung binh gia tri AP ctia tit ca cac
phan 16p.

mAP =1/ ¥, AP, )
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3.2.2. Két qua

Bing 1. Két qud thue nghiém bé phdt hién va phéin
logi ngwoi di b tach biét

Mo hinh YOLOVS phat hién nguoi di bo

Do chinh xac (precision) 0,873
Chi s6 goi nh¢ (recall) 0,669
Gia tri chinh x4c trung binh (mAP) 0,797

Céc md hinh phén loai ngudi di bo

Mo hinh Do chinh xac (accuracy)

VGG16 0,943
ResNet50 0,955
InceptionV3 0,922
EfficientNetBO 0,728

Thoi gian thyc thi:
phat hién nguoi di bg: 0,023 gidy/ hinh anh
phéan loai nguoi di bo: (0,008 gidy/ nguoi di bd) x
(s0 nguoi di by/ hinh anh)

Bing 2. Két qud thue nghiém bé phdt hién va phéin

logi ngwoi di bj tich hop
Do chinh x4ac (precision) 0,880
Chi s6 goi nh¢ (recall) 0,760
Gia tri chinh xac trung binh (mAP) 0,851

Thoi gian thyc thi: Phat hién va phan loai nguoi di
bd: 0,024 gidy/ hinh anh

Két qua cua cac thi nghiém theo hudng tiép can
thir nhat dwoc thé hién trong Bang 1. C6 thé thdy hiéu
suét phat hién nguoi di bd ciia mé hinh ¢ mirc kha tot
véi do chinh xac 0,873, chi sb goi nhd 0,669 va do
chinh xac trung binh 0,797. Viéc hi¢u sut chi dung o
mirc kha tdt c6 thé giai thich do trong bo dit lidu cua
bai toan bao gdm ca ngudi 16n va tré em trong khi cac
bai toan phat hién ngudi di bo trong da s6 cac nghién
ciu trude day dugc thuc hién trén tép dir li€u gém
hinh anh nguoi 16n. Noi cach khac bd dir li€u nay co
do phurc tap cao hon va viéc st dung mot bd dac trung
dai dién cho ca ngudi 16n va tré em dang cho thiy su
hiéu qua chua that sy tot. Bén canh do, hiéu suét cia
viéc phan loai hinh anh nguoi di bo kha tét v6i mo
hinh VGG16, ResNet50 va InceptionV3 (d¢ chinh xac
lan lwot 1a 0,943, 0,955 va 0,922). M6 hinh
EfficientNetBO dang t6 ra khong that sy phu hop véi
bai toan khi do chinh xac ¢ mirc thap (0,760) va tinh
trang overfitting dién ra nhanh chi sau khoang 20
vong huén luyén (d6 chinh xé4c trén tap huén luyén
hon 0,9 trong khi d6 chinh xac trén tép danh gia chi
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hon 0,7). Ngoai ra, thoi gian thuc thi cho cach tiép can

thir nhit ciing kha cao véi mirc thoi gian xir 1y khoang
0,1 gidy cho mot khung hinh véi 10 nguoi di bg.

So sanh hiéu nang hai huwéng tiép can

! 0873 088 0.851
08 076 0797
o8 0.669
07
06
05
04
03
02
01

0

Precision Recall mAP

M Huéng tidp cén 1 M Hudng tip cén 2

Hinh 9. So sanh higu ning ciia hwong tiép cin tich
biét bg phit hign v va bg phin logi (hwéng tiép cgn 1)
va huwéng tiép cin tich hop bj phdt hign va phan loai
nguoi di by (hwong tiép cgn 2)

Quan sat Bang 2 va Hinh 9, hudng tiép can st
dung bd phat hién va phan loai nguoi di bd tich hop
dem lai hi€u qua vuot trdi so véi hudng tiép can thir
nhat. Céc gia tri bao gdm do chinh xac, chi sé goi nhd
va gia tri chinh xéc trung binh cia mé hinh déu cao
hon so v&i mo hinh phat hién nguoi di bd voi cac gia
tri 1an luot 0,880, 0,760 va 0,851.

C6 thé thay viéc tong quat hoa hinh anh tré em va
ngudi 16n vao cing mot 16p hinh anh ngudi di bo dé
phat hién khong hiéu qua bang viéc phan biét hoa hinh
anh tré em va hinh anh nguoi 16n vao hai 16p khac biét.
Diéu nay co thé 1y giai boi sy khac nhau gitra cac dic
trung cua hinh anh tré em va hinh anh ngudi 16n. Mac
du hinh anh ngudi 16n va tré em déu co nhimng dic
diém chung cua hinh dnh con ngudi nhung van ton tai
nhitng sy khac biét trong ty 1& giita cac phan co thé.
Viéc ¢ ép hai 16p hinh anh ngudi 16n va tré em vao
mdt 16p hinh anh con ngudi ndi chung da tao ra sy mét
mat cac dac trung md ta riéng cho tung 16p. Nhitng
dic trung mat di nay c6 thé 1a nhitng dic trung tbt cho
viéc phat hién hinh anh nguoi 16n hoéc hinh anh tré
nho noi riéng didu d6 dan dén viée sir dung bd phat
hién nguoi di bd nédi chung c6 hiéu sudt thap hon bd
phat hién ngudi 16n va tré em. No6i cach khéc bai toan
phat hién ngudi di by khong don gian hon bai toan
phat hién nguoi 16n di bd va tré em di bd. Ngoai ra,
néu xét vé thoi gian thyc thi, hudng tiép can th hai
ciing dem lai hiéu qua vuot tréi khi nhanh gép hon bén
lan khi cting xem xét mot hinh anh ¢ chira 10 nguoi
di bo so v6i hudng tiép can thir nhét. Sy khac biét nay
xuét phat tir viéc hudng tiép can thir nhat sir dung hai
mo hinh (m6 hinh phat hién va moé hinh phéan loai) va
thyuc hién cong viéc qua hai giai doan trong khi huéng
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tiép can thu hai chi st dyng mot moé hinh duy nhét va
thyuc hién cong viéc trong mot giai doan. Két qua thyc
nghiém da ching minh rang viéc sir dung mo hinh
phtrc tap khong phai ltuc nao ciing dua ra dugc két qua
chinh xé&c hon. Bén canh d6, m6 hinh phuc tap cung
s6 bude thyc hién 16n ciing anh hudong t6i thoi gian
huén luyén ciing nhu téc d6 thuc thi. Tir 6 co thé két
luén hudng tiép can sir dung bo phat hién va phan loai
nguoi di bd tich hop hiéu qua vugt trdi so vai hudng
tiép can sir dung bo phat hién va phan loai riéng biét.

4. Két ludn

Vé6i muc tiéu xdy dung mot hé thong phat hién va
phan loai nguoi di bd trong hinh anh, nghién ctru da
dé xuat hai hudng tiép can cho bai toan: Hudng sir
dung bd phat hién, bo phan loai riéng biét va hudng
st dung bd phat hién va phén loai tich hop. Cac
huéng tiép can duoc nghién ciru va danh gia chit chd
trén bo dir liéu 16n duge két hop tir bo dir lidu
Cityscapes va bd dir li¢u xay dyng boi nhém tac gia.
Két qua thuc nghiém cho thay huéng sir dung bo phat
hién va phén loai nguoi di b tich hgp co6 hiéu qua
vuot troi voi do chinh xac trung binh 0,851 va thoi
gian thuc thi 0,024 gidy/ hinh anh. Diéu d6 thé hién
viéc tobng quat hoéa cac ngudi di bo (bao gdm ca
ngudi 16n va tré em) khong hiéu qua bang viéc phan
biét hoa ngudi 16n va tré em trong bai toan phat hién
nguoi di bg. Ngoai ra mgt bai toan chua dugc di sau
la bai toan phan loai hinh anh nguoi trudng thanh va
tré em ciing dugc giai quyét trong nghién ctru nay.
Cac md hinh hoc sau duoc xem xét da cho cac két
qua phan loai v6i d6 chinh x4ac 4n twong. M6 hinh
InceptionV3, VGG16 va ResNet50 lan luot co do
chinh xac: 0,922, 0,943 va 0,955.

Trong tuong lai cac hé thdng canh béo rui ro khi
1ai xe va cac hé théng hd tro 14i xe tu dong sir dung
camera hanh trinh 1a muc ti€u ma nhom tac gia dang
huéng t6i dé mo rong nghién ctru.
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