KHOA HQC - CONG NGHE

TAP CHI ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

XAY DUNG HE THONG PHAT HIEN PHUONG TIEN GIAO THONG
SU DUNG MO HINH HQC SAU YOLO3

BUILDING AVEHICLE DETECTION SYSTEM BY USING DEEP LEARNING
MODEL YOLO3

NGUYEN HUU TUAN*, NGUYEN VAN THUY
Khoa Cong nghé Thong tin, Truong Pai hoc Hang hai Viét Nam
*Email lién hé: huu-tuan.nguyen@vimaru.edu.vn

Tom tat

Bai toan phat hi¢n phuong tién giao thdng la mgt
bai toan thugc linh viec thi gidc may tinh c6 nhiéu
#mg dung hitu ich trong céc hé thong xe tir hanh,
quan ly phuong tién giao thong va xac dinh luu
lrong giao thong tai cdc diém, dwong giao thdng
quan trong. C6 nhiéu cach tiép cdn cho bai toan
nay, tir phwong phdp trir nén cho téi cac phirong
phép hoc sau hién dai. Trong bai b4do nay, nhom
tac gia tdp trung vao viéc #ng dung mo hinh hoc
sdu YOLO3 (You Only Look Once version 3) dé
gidi quyét bai toan. Mgt hé thong demo ciing dwoc
xay dung bang cach sir dung nén tang Darknet-53
va thaz nghiém véi cac dir lieu do nhoém tac gia tur
thu thdp. Két qua cho thdy hé thang xay ding cé
¢ chinh xac cao va kha thi khi can ap dung cho
cac g dung thuc té.

T khoa: Phét hién phurong tién giao thdng, phéat
hién xe 6 t, hoc sau, md hinh YOLOS.

Abstract

Vehicle detection is a computer vision problem
that has many useful applications in automatic
driving  systems,  transportation  vehicles
management and traffic flow at important
intersections and roads. There are a lot of
approaches for this problem, from background
subtraction ones to modern deep learning
methods. In this paper, authors focus on applying
deep learning model YOLO3 (You Only Look
Once version 3) to deal with the problem. A demo
system is built based on Darknet-53 and tested
with self-collected data. The obtained results
show that our system gains high accuracy and is
viable in real life situations.

Keywords: Vehicles detection, car detection,
deep learning, model YOLOS3.

1. Mé dau

Phét hién phuong tién giao thdng la mot bai toan
thuoc nhém céc bai toan phat hién dbi teong (Mot linh
vuc con ciia nganh thi giac may tinh) va ¢ nhiéu ung
dung trén thuc té. Bai toan nay nhan duoc s quan tm
cua cac nha khoa hoc va cac hang san xuit cong
nghiép 16n nham phat trién cac hé thong lai tu dong
ciing nhu kiém soat giao théng (xac dinh luu lwong
giao thdng tai cac diém nut dé diéu chinh, phan ludng
va quy hoach ha tang giao thong). C6 thé chia cac
phuong phap giai quyét bai toan phat hién phuong tién
giao thong thanh 4 nhom: cac phuong phap dya vao
ky thuat trir nén [1], cac phuong phap dya vao hiéu
giita cac frame lién tiép trong dir liéu video [2], cac
phuong phap dua vao ludng quang hoc (optical flow)
[3] va cac phuong phap dua vao cac md hinh mang
hoc sau phét hién ddi twgng nhu YOLO [4], Retinanet
[5], SSD [6] hay Fast R-CNN [7]. Cac phuong phap
thuoc cac céch tiép can [1], [2] va [3] ¢6 uvu diém la
khong can nhiéu dir liéu hudn luyén hay nang luc xi
ly manh mé& cua cac hé théng phan cing, toe do nhanh
nhung han ché vé d6 chinh xac. Cac md hinh hoc sau
([4], [5], [6] va [7]) c6 diém chung la can dit liéu huan
luyén Ion, céc phan cang trién khai phai c6 ning luc
xt Iy manh mé& (céac card dd hoa GPU chuyén dung)
va téc do thyuc thi chdm hon, nhung lai c6 do chinh
X&c cao hon.

Trong pham vi cta bai bao nay, ching téi tap trung
vao viéc str dung md hinh mang hoc sau YOLO3 [8]
dé xay dung mot hé théng phat hién cac phuong tién
giao théng, chu yéu I1a cac loai phuong tién giao thdng
phd bién (xe dap, xe may, xe con, xe tai va xe buyt),
dva trén nén tang Darknet-53 va ngdn ngit lap trinh
Python 3. Hé thong duoc kiém thir véi céc dit liu
duoc download tir Internet (github.com) va dir liéu
thyuc té do nhém tac gia thu thap. Cac phan tiép theo
ctia bai bao dugc Ciu triic nhu sau: trong phan 2 mod
hinh mang YOLO3 s& duoc trinh bay chi tiét, tiép dén
la phan cai dat va kiém thir hé théng, cudi cuing 1a két
luan va mot sé dé xuat.
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Hinh 1. Mé hinh mgng YOLO (con gei 1a YOLO1)[4]

2. M6 hinh mang hoc sdu YOLO3
2.1. M6 hinh mgng hegc sdu YOLO

YOLO [4] (xem Hinh 1) la mot thuat toan phat
hién dbi tuong dwoc dé xuat nam 2015 nham muc dich
c6 thé trién khai trong cac ung dung thoi gian thuc
(nhanh-Yolo3 [8] c6 téc do xur ly 28,2ms/1 anh, tic
khoang 35,5 FPS véi anh 320x320) va la mot trong
céc thuat toan hiéu qua nhit. So véi bai toan phan 16p
dbi tugng (classification), phat hién ddi twong phirc
tap hon vi phai tra 10i hai cau hoi: c6 loai ddi tuong
nao trong anh (ban chit ngang voi bai toan phan 16p)
va néu ¢ thi vi tri cua cac ddi twong d6 ¢ dau trong
anh input. Bé c6 toc do nhanh, YOLO dugc thiét ké
v6i b 16p khé nho so véi cac md hinh mang CNNs
(YOLO3 chi ¢6 53 16p nhan chap) khéc.

M6 hinh YOLO la mét mang no ron nhan chap
théng minh véi 16p input 13 anh dau vao cua hé théng.
Thuat toan s€ chia anh input thanh céc vung con va du
doan céc hinh chit nhat bao goi cac ddi trong va céc
X4C suat twong ng cho mdi ving. Thuat toan YOLO
dugc sir dung trong nhiéu bai toén c6 sir dung budc
phét hién ddi twgng vi hai nguyén nhan: d¢ chinh xac
cao va toc do theo thoi gian thuc. Cach lam viéc cua
md hinh mang YOLO chi sir dung mét phuong phap
lan truyén thing trong mang no ron ma né st dung
nén c4c tac gia da dat tén hé thong 1a “You Only Look
Once” v6i ham y 1a thuat toan nay ciing gidng nhu hé
thong thi giac cua con nguoi, chi can nhin mot lan da
c6 thé dua ra cac dy doan chinh xéac vé cac déi tuong
trong khung hinh dwoc nhin thiy.

2.2. Phién ban YOLO3

Tir phién ban dau tién nam 2015 [4], cac k¥ thuat
méi da duoc 4p dung dé cai thién do chinh xéc va thoi
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gian thuc hién va moé hinh YOLO3 (version 3) da
dugc d& xuat nam 2018 [8] (xem Hinh 2).

Type Filters Size Qutput
Convolutional 32 3x3 256 x 256
Convolutional 64 3x3/2 128 x 128
Convolutional 32 1x1

1x| Convolutional 64 3x3
Residual 128 x 128
Convolutional 128 3x3/2 64 x64
Convolutional 64 1x1

2x| Convolutional 128 3x3
Residual 64 x 64
Convolutional 256 3x3/2 32x32
Convolutional 128 1x1

8x| Convolutional 256 3 x3
Residual 32 x 32
Convolutional 512 3x3/2 16x16
Convolutional 256 1x1

8x| Convolutional 512 3 x3
Residual 16 x 16
Convolutional 1024 3x3/2 8x8
Convolutional 512 1x1

4x| Convolutional 1024 3 x3
Residual 8x8
Avgpool Gilobal
Connected 1000
Softmax

Hinh 2. Kién trdc mgng YOLO3 [8]

YOLO3 c6 dix liéu input 1a mot 16 cac anh c6 kich
thuge (m, 416, 416, 3) voi két qua dau ra 1a mot danh
sach cac hop bao dbi twong (bounding box - bb) cling
V6i 16p nhan dang. Mdi bb duoc biéu didn bai 6 gié tri
(pc, bx, by, bh, bw, ¢) trong d6 pc 1a xac suat du doén,
(bx, by) la toa d6 diém phia trén bén trai cua bb dy
doan, (bh, bw) 1a kich thudc chiéu cao va chiéu rong
cua bb, con ¢ 1a nhan cua dbi twong phét hién dugc.
Trong YOLO3, viéc du doan duoc thuc hién bing
cach st dung maot I6p nhan chap sir dung céc phép
nhan chap 1x1. Do d6, diéu dau tién can luu y 1a két
Qua dau ra s& 1a cac ban do dic trung (feature map).
Vi chi ¢6 cdc phép nhan chap 1x1, kich thude caa ban
d6 dy doan (prediction map) s& bang véi kich thudc




TAP CHI ISSN: 1859-316X

KHOA HQC - CONG NGHE

ctia feature map ngay trugc nd. Trong YOLOS3, y
nghia cuia prediction map nay 1a mdi 6 (cell) cua n6 s&
c6 thé du doan mét sé luong cb dinh cac bb. Ching

han néu chiing ta c6 B*(5+C) gia tri trong feature map.

B 12 s6 bb ma mdi cell c6 thé du doan. M3i mét trong
s6 B céc bb nay c6 thé chuyén biét cho viéc du doan
mot loai dbi twong cu thé. M&i bb phai ¢6 5+C thugc
tinh, md ta cac gié tri vé toa d6 trung tam, kich thudc,
gia tri diém sé va C d6 tin cay cho mdi bb. YOLO3
du doan 3 bb cho mdi cell.

YOLO3 huan luyén mé hinh mang theo cach thic
ma trong d6 chi mot bb s& chiu trach nhiém cho viéc
phét hién 1 déi twong. DAu tién, chling ta can phai xac
minh cac 6 ma bb nay thudc vé. Bé lam diéu do,
YOLO3 s¢& chia buc anh input thanh cac ludgi kich
thudc bang voi feature map cudi cung. O vi du minh
hoa bén dudi (Hinh 3), trong d6 anh input 1a 416x416,
va budc cua mang 1a 32. Nhu da dé cap trude do, kich
thudc cua feature map cudi cuing s& 1a 13x13. Do d6
ching ta s& chia burc anh thanh cac 6 13x13.

Sau d6, 6 (trén birc anh input) chua trung tdm cua
bb diing cuia mot dbi tugng sé& duoc chon 1a ddi twong
chiu trach nhiém cho viéc du doan ddi twong. Trong
birc anh, chinh 1a 6 duoc danh déu do, chtra trung tam
ctia bb diing (danh du vang).

YOLO chi sir dung céac I6p nhén chap (minh hoa
trong Hinh 2), do d6 n6 18 mdt mang no ron nhan chap
day da (FCN). YOLOS3 [8] Ia mot kién tric méi (so
v6i YOLOI1 [4]), sau hon dé trich chon dic trung goi
Ia Darknet-53. Nhu cai tén cua no, Darknet-53 st
dung 53 16p nhan chap, mdi l6p duoc theo sau boi mot
I6p chuan hoé theo 16 va mot I6p kich hoat st dung
ham Leaky ReLU. Khéng c6 16p téng hop nao dugc
str dung, va mét I6p nhan chap voi gid tri budc giam
bang 2 duoc sir dung dé giam kich thudc cua céc
feature map. Piéu nay gidp cho viéc ngin chin cac
mét mat vé cac dic trung & muc thip thuong gay ra
do cac 16p téng hop.

[ g, ity

Hinh 4. Hinh dnh két qud phét hién phuwong tién giao thong tir camera giam sat hanh trinh
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Mot diém dang luu v nita caa YOLO3 la né ¢6 kha
nang phat hién cac ddi twong c6 kich thude tuong ddi
bé (t6t hon so vai cac phién ban truéc cua no).

3. Xay dwng hé théng
3.1. Ngbn ngé va nén tang lgp trinh

Dé xay dung hé théng demo, chling toi str dung
ngdn ngir lap trinh Python 3 va thu vién Darknet [9]
trén hé diéu hanh Windows 10 Enterprise v&i mot hé
thdng phan cing ¢6 1 card GPU Nvidia Geforce 1050
Ti 4 GB bd nhg, CPU core i7 9750H 6 16i, 12 ludng,
32 GB RAM, 1 TB 6 ciing SSD. V& nén tang phan
mém, chdng t6i sir dung phién ban Tensorflow 1.16,
Spyder 4 va OpenCV 4.3. Hé théng demo ¢6 kha ning
phét hién cac phuong tién giao théng phd bién trén
duong, cu thé 1a: xe méay (motorbike), xe con (car), xe

\ Prediction Feature Map

Attributes of a bounding box

‘[t:c ty| t t”{&[m p2|....|Pc )| xB

Objectness
Score

Box Co-ordinates Class Scores

Hinh 3. Cac 6 du dodn/phdt hign déi twong
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Hinh 5. Hinh dnh két qud phét hién phuong tién giao thong tir dwéng Nguyén Binh Khiém

3.2. D ligu va két qua thiz nghigm

Pé thir nghiém hiéu ning (46 chinh xéc va toc do)
cua hé théng demo, ching t6i da thu thap di liéu
(video) tir Internet [10] va tu quay mot s6 hinh anh tir
khung canh ngoai troi (tai ndt giao théng Cau vuot
Dong Hai va tir camera gidm sat hanh trinh dat trén 6
t6). M6 hinh YOLO3 dugc training trén co s¢ dir liéu
COCO [8]. Két qua thuc nghiém cho thay: 1) hé thong
demo c6 thé phat hién tét 5 loai phuong tién giao
thong co ban (xe dap, Xe may, xe 0 t6 con, xe tai, xe
buyt) véi ti [& chinh xac trén 180 anh test [10] 1a 94%,
2) hé théng c6 kha nang chay trong thoi gian thuc (van
chua dung hét tai nguyén phan cung) khi dat toc do
xir ly 20 FPS, 3) van con mot sb truong hop nham l1an
gitra xe tai va xe con (xem thém Hinh 4, 5) khi sb
lugng ddi tugng trong 1 anh Ion.

4. Két luan

Phét hién phuong tién giao théng 1a mot van dé
thuc té va c6 nhiéu ung dung trong thyc té. Trong bai
bao nay, nhom tac gia da dé xuat mot hé thong phat
hién cac phuong tién giao thong phd bién (xe dap, xe
may, xe 0 td con, xe O to tai, xe buyt) bang cach sir
dung mé hinh mang hoc sdu YOLO3. Két qua thyc
nghiém cho thay day 1a mot hudng tiép can co do
chinh xac cao va thoi gian thuc hién nhanh, c6 kha
nang ap dung vao céc tinh huéng thuc té.

Trong tuong lai, nhém tac gia mong mudn tng
dung mé hinh YOLO3 vao céc bai toan c6 yéu cau
phét hién d6i twong khac (nhu phat hién mat nguoi,
canh bao cac tinh hudng giao théng nguy hiém) va két
hop véi cac phuong phap hoc sdu khac nhu retinanet
hay SSD dé nang cao d6 chinh xac.
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