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Tom tit

Trong cugc séng do thi hién nay ket xe la mot trong nhitng tinh trang nhirc nhoi doi
Vvoi nhitng nguoi tham gia giao thoéng néi chung va nhitng canh tai xé néi riéng. Nhitng
nam gan ddy da c6 nhiéu phirong phdp khoa hoc cong nghé dwoc dé xudt nham cdi thién
van dé trén trong gio- cao diém. Trong bai bdo ndy gidi phap nhédn dién ket xe dwoc tac
gid dé xudt véi phirong phdp sir dung goc nhin ciia nhiéu camera tai cac giao 16 trén dia
ban thanh phé dé nhan biét sé lirong va luu lwong xe di chuyén tai thoi diém va tir d6 dwa
ra di dodn cé ket xe hay khong. Phwong phdp dé xudt si két hop giita phwong phdp hoc
sdu va cdc phwong phdp trich xudt dic trung truyén thong nhw SIFT (Scale-Invari ant
Feature Transform- SIFT). Trong d6 ScaledYOLOv4 (You Only Look Once) dwroc sir dung
dé phat hién cac phirong tién nhir xe may, xe con. Sau dé phirong phép theo déi tinh toc
dé di chuyén va heu leong ciia cdc xe trong dam dong sir dung feature matching nhw
SURF, SIFT dwoc dp dung. Két qua cho thdy phwong phap dé xudt cho ra mét két qua tot
trong viéc nhdn dién ket xe.

T khoa: hoc sau, kp thudt twong xieng dac trung, nhdn dién phuong tién giao thong,
ScaledYOLOv4, SIFT

Abstract

ENHANCED TRAFFIC JAM RECOGNITION BASES ON IMAGE
PROCESSING AND DEEP LEARNING FUSION

In today's urban life, traffic jam is one of the painful situations for traffic
participants in general and drivers in particular. In recent years, many scientific and
technological methods have been proposed to improve this problem during peak hours.
In this paper, the author proposes a solution to identify traffic jams with the method of
using the view of many cameras at intersections in the city to recognize the number and
volume of traffic moving at the time and from that predicts traffic jams or not. The method
proposes a combination of deep learning and traditional feature extraction methods such
as SIFT (Scale-Invariant Feature Transform- SIFT). In which ScaledYOLOv4 (You Only
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Look Once) is used to detect vehicles such as motorbikes and cars. Then the tracking
method calculates the moving speed of the vehicles in the crowd using feature matching
such as SURF, SIFT is applied. The results show that the proposed method gives a good
result in detecting traffic jams.

1. Giéi thi¢u

Trong xa hoi ngay nay, v6i su gia ting vé s6 lugng phuong tién tham gia giao thong
ngay cang dong, cic cong nghé giam sat giao thong thong minh, hé thong giao théng thong
minh (ITS: Intelligent Transportation Systems) ngay cang duoc st dung rong rii dé trich
xuét duoc nhiéu loai thong tin quan trong. Hé thong giao théng théng minh- ITS 1a mot hé
thdng 16n véi nhiéu cong nghé cao trong nhiéu phuong dién dién tir, vién thong, tin hoc
duoc str dung nham muc dich giam bét tic nghén giao thong, cac tic dong xau dén moi
truong, ddm bdo an toan. Cac nghién curu vé& linh vuc nhan dién ket xe hién nay tap trung
chi1 yéu vao 2 hudng chinh d6 1a nhan dién s6 luong xe dang di chuyén trén duong va tc
d6 cua chiing boi vi chi nhan dién va dém sb luong xe 1a khong da béi vi trong cac trudng
hop trén cac dudng qudc 16 s6 lugng xe ddng nhung cac xe may nho cé thé chay véi toc do
1én toi 40km/h thi ciing s& khong xét vao truong hop ket xe. Vé cong nghé nhan dang va
dém sb luong xe tinh nhu xe hoi, xe mdy trong s6 luong nhiéu da duoc quan tim tir rat lau,
gan day d4 phat trién rat nhanh va cho ra két qua kha t6t. Tir cac phuong phép truyén thong
nhu nhan dién dén nén véi do chinh xéc 1én téi 99% vao nam 2014 (Nidhal va cs., 2014).
Ngoai ra con cac phuong phap str dung mang no ron tich chap nhu Faster R-CNN (Xu va
Cs., 2017) dugc ap dung trong viéc nhan dién cac phuong tién gia thong. Ciing nhu cac
phuong phép ra méi ra doi trong nhitng nam gan day nhu CenterNet ( Duan va cs., 2019),
YoloV4 ( Bochkovskiy va cs., 2020), YoloV4-CSP (Wang va cs., 2020) di cho thiy sy
vuot troi vé nhiéu phuong dién nhu d6 chinh x4c cling nhu 1a tdc do thuc thi.

Hiéu chinh A Nhan dang Dém 56 lweng ..
Anh dau vao phurong tién phurong ién Duw doan ket xe

{ . | Do géc‘dc} thay |
7| daiculacac
keypoint

Hinh 1. Téng quan hé théng

Phén con lai thé hién sy dong gop cua bai bao:
o Cii tién d¢ chinh x4c ctia YOLOV4-CSP

o Két hop giira cac phuong phap xir Iy anh truyén thong véi cac phuong phap SOTA
trong mang hoc sau.

* So sanh cac phuong phép thi giac may tinh truyén thong trong van dé do dong luu
luong.
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2. Nhén dién s6 lwong va luu lwong trén dwong
2.1. Nhén dién va dém sé lwong phwong tién tham gia thong
2.1.1. Cdu triic CSP (Cross Stage Partial)

Céu trac CSP duoc gi6i thiéu trong bai bao CSPNet (Wangva cs., 2019) nhu 14 mot
xuong song giup lam giam sb luong tham s trong mot mod hinh ma khong danh mat qua
nhiéu d6 chinh xé4c cia md hinh.

Base layer Hinh 2 dién ta cau trac CSP
trong mé hinh ReNext cho thiy so
v6i mo hinh gbc thi s6 lugng tinh

Base layer

toan co thé giam di khoang phan
nita. Béi vi theo ciu tric csp dic
trung s& dugc chia ra lam hai phan
bang nhau mot s& di xir Iy va mot
phan di tat va cudi ciing s& ghép 2
(a) (b) phan trén lai.
Hinh 2. Khoi CSP trong mé hinh ResNeXt.
a) Khéng c6 khoi CSP, b) da dwoc thém vao khéi csp
2.1.2. Yolov4-CSP trong nhdn dang doi twong

YOLOV4 (Bochkovskiyva cs., 2020) véi su két hop véi khéi CSP duoc gidi thiéu
trong bai bao (Wangva cs., 2019) 1a mot trong nhitng mo6 hinh SOTA (State Of The Art)
t6t nhat véi 55%AP (Average Precision) trén tap dir liéu COCO (Lin va cs., 2014).

Partial Transition

" YOLOV4-P7

3xCSPDown, 512 ——+{  Detection-P7 J

128x
3
T ) !
YOLOVAPS gy *_.4 HESPUPSI2 J<4—»{ 3xCSPDown, 512 ——{ Detections_ |
| ! L i
Py . 7 1
YOLOv4-PS 5,5 je—— 5xCsPDown.512 ——{ DetectionP5 ||

t |
j—— 3xCSPDown.256 ———{ Detection-P4 |
#  Detection-P3

D (conv k=1, s=1) =(up s=2)
(conv k=1, 5=1)

CSPblock {164
8x

conv k=1, ¢/2

mx i+ 4x

. (conv k=3, s=1)

. (conv k=3, 5=2) =(m x CSP) C] (identity) )}(CUUCHI) = (m x rCSP)

(conv k=3, 5=2

}(concal) =(m x rCSP)

B ccspy =spp) 2aesp) [ (conv k=3, s=1) (conv k=3, 5=1) >(YOLO)

Hinh 3. Cdu tric YoloV4-CSP

Hinh 3 cho thiy Yolov4-CSP c6 3 su lya chon cho cu hinh P5, P6 va P7 thi sb
luong parameter va khoi lwong thuc thi s& khac nhau. O khdi CSP cua bai YoloV4-CSP
tac gia da sir dung khdi CSP bang cach chia dic trung theo ti 16 ddong déu cho 2 nhanh.
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Input feature, b
bx 7wy wo x (1-7)
Conv 1x1, r<l Conv 1x1,
bx0.75 bx0.25

Conv

Conv

Ouput feature, b

Hinh 4. Khéi CSP duwoc chia theo ti 1¢ 75-25
Trong bai béo nay tac gia dé xuat sy thay d6i & khdi CSP d6 1a ldy 75% dic trung
di tiép tuc qua cac 16p tich chap va 25% con lai s& di truc tiép xudng dé ghép voi nhimng
dic trung da dugc xtr 1y, diéu d6 duoc dién ta ¢ hinh 4.

2.1.3. Tdp dir liéu hudn luyén

Trong bai bdo nay tac gia st dung bo dir li¢u duogc huén luyén trén tap dir licu
COCO (Lin vacs., 2014). Sau d6 mé hinh dwoc huan luyén lai trén bo dit liéu ty gdn nhin
bao gém khoang 18000 anh trén c4dc doan phim dugc quay lai bdi cude thi Ho Chi Minh
Al Challenge (2020).

Hinh 5. Bé dit liéu hudn luyén trich xudt tir cudc thi HCM AI Challenge

Do su mat can bang gitra cac nhoém trong tap dir li¢u nén tac gid da su dung ki thuat
lam giau dir 1i€u bang cach xoay, cat anh va sau do tron lan chung lai véi muc dich cho
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ra mot bo dit liéu tét hon cho viée hudn luyén. Nhung c6 van dé xdy ra la néu lam dung
viéc tron 13n dit liéu qua nhiéu thi mé hinh s& cho ra két qua khong kém hon. Sau khi qua
qué trinh thuc nghiém tac gia chi 14y 20% dir liéu trén 18000 tm anh di bién dbi (xoay
va cit anh) va tron 1an chung dé dua vao bo dit liéu huin luyén.
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Hinh 6. Phdn bé cdc nhém trong data. 0 xe tai, 1 xe mdy, 2 xe con, 3 xe bus

R

L

Hinh 8. Dit liéu dwoc gdn nhan boi phan mém labellmg (tzutalin/labellmg, 2021)
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2.2. Udc lwong lwu lwong giao thong bang ky thudt doi sanh dic trung

Trong bai toan d(‘)i‘ sanh dic trung anh co rat nhiéu phuong phap quqc dua ra dé lay
dac trung cua anh tinh bang céc 1’}’16 ta dac trung (Feature Descripjtor) deé ra cac (?iém quan
trong (KeyPoint) va dem cac di€ém do6 so sanh v&i mot frame bat ki sau d6 dé quan sat
duoc sy chuyén dong cua cac vat thé qua mot chuodi buc anh tinh. T;ong bai l?éo nay, tac
gia da thyc hién 2 phuong phap kinh dién trong thi gidc may tinh dé trich xuat dac trung
la SIFT (Lowe, 2004) (Scale-invariant feature transform) va SURF (Bay va cs., 2006)
(Speed-up robust feature).

2.2.1. Ky thudt trich xudt déc trung SIFT:

Pugc gioi thigu boi David Lowe (1999), SIFT dugc biét dén voi diém manh 13 it bi
nhiéu boi sy thay doi cuong do anh sang, nhiéu, gbc xoay cua anh va dugc tng dung
trong cac linh vyc nhu dung hinh 3D, nhan dién vat thé cling nhu 1a mét s6 linh vuc khac.
Thuat toan cua SIFT (Lowe, 2004) bao gom 4 giai doan.

e Phat hién cuec tri theo ty 1¢ khong gian (Scale-space extrema detection).

e Tim cac diém dic trung (Keypoint).

e Xac dinh hudng.

e Bo mo ta diém dic trung.

Phat hién cuec tri theo ty I¢

Thuat toan dugc bat dau bang viéc tim kié'm‘ nhitng diém dic biét (Keypoint) bépg
cach nhan chap anh véi cac b loc Gaussian ¢ nhiéu kich thude khac nhau va sau doé tam
anh duoc lién tiép 1am md Gaussian (Gaussian-blurred) dugc thuce hién. Cac diém dic
biét Qdéy la cac cuc dai hoac cuc tiéu cua phuong phap Difference of Gaussians (DoG)
¢ nhiéu kich cd khac nhau.

D(a,b,a) + L(a, b, kja:) = L(a,b, k;a) (1)
Trong do:
e D(a,b,a) 1a DoG cua burc anh.
« I(a, b) 1a birc anh véi chidu ngang 13 a chiéu cao 1a b.
. L(a, b, kja) 1a két qua cta phép nhan chap giita tim anh va bd 1am mo
Gauss v6i kich cd 1a ko.
* k;a, kja kich ¢& cua bd lam mo Gauss.

Sau khi tinh dL}'Q’C DoG cua toan anh, xét trén tung pixel 50 sanh voi 8 diém l4n can
va so sanh yéi 18 diérrn tuong ung cua kich ¢& anh trén dudi, diém anh d6 s€ dugc coi la
keypoint tiém nang néu diém anh do6 1a cuc tri dia phuong.

Xdc dinh vi tri Keypoint

Khi c6 tat ca cac keypoint tiém nang thi budc tiép theo s& 1a loc dé chon cac keypoint
tot bang cach su ’dung Hessian 2x2 va dung mot ngudong EV (Eigen value) dé loc cac
keypoint khong tot.
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Xdc dinh huong
Keypoint s& dugc gin voi mot sé hudng twong tng, diéu d6 phu thudc vao Image
Gradient. Tir d6 sé dwa ra nhitng phép tinh phu hgp cho mdi keypoint.

B¢ miéu td dac trung
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Image gradients Keypoint descriptor

Hinh 9. Miéu ta dac trung cua SIFT (Lowe, 2004)
Céc bo mibu ta dic trung ciia SIFT duoc tinh bang cach 14y 16x16 diém lién ké cua
keypoint d6 rdi chia thanh 4 khéi voi kich mdi khoi 1a 4x4. S& c6 8 ngin (bin) dé chia
hudng duogc tao ra, vi vay mdi bo miéu ta sé ¢ 128 ngan tao thanh mét vector dac trung.

Hinh 10. Ddc trung SIFT trén anh xam
2.2.2 K thudt trich xudt ddic trung SURF:

K3 thuat trich xuat dic trung nhanh va bén vimg duoc Bay, Ess, T. Tuytelaars, and
Van Gool gii thiéu vao nam 2009. Thuat toan trich xuat dic trung nhanh va bén viing ciing
dwa vao nhimg budc co ban nhu SIFT nhung cu thé ndi dung co ban & ting budc 1a khac
nhau. SURF sir dung cé&c b loc vudng nhu mot phép xap si caa Gaussian khdng giéng nhur
SIFT, khdng gidng nhu thuat todn SIFT st dung cac bo loc phan tang dé phét hién nhiing
diém dic trung bét bién theo ty 1¢ trong d6 chiing ta c6 thé tinh toan cac DoG (Difference
of Gaussian) dan dan trén céc hinh anh c6 kich c& thay ddi. Bai vi sir dung nhitng bo loc
vudng nén SURF cho téc d6 nhanh hon so véi SIFT (st dung DoG trén nhiéu kich ¢& hinh
anh). Chi tiét thuat to4n SURF (Bay va cs., 2006) ciing chia ra lam 2 phan:

« Phét hién diém quan tam (Interest point detection)
e B6 md ta vung lan can cuc bo (Local neighborhood description)
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Phéat hién diém quan tam.

SURF str dung mét bo phét hién cac diém dya trén Hessian ma tran dé tim nhiing
diém mong muébn. Bén canh d6 dinh thirc ciia ma tran Hessian ciing duoc st dung lam
thude do dé do su thay ddi cuc cua cac diém cuc bod xung quanh va cac diém duoc chon
dé quyét dinh xem diém do6 c6 phai 1a cuc dai hay khong va dong thoi dinh thie cua ma
tran Hessian con dugc dung dé chon kich ¢ bd loc.

(L (d,8) Ly (d, 6)
H(d,8) = (Lhw<d, 8) Lim(d 5))

Trong do:
e d (w, h)1a mot diém trén anh goc
e H(d, 8) la ma tran Hessian tai diém d va kich ¢ 6.
o L, (d, &) 1a dao ham bac hai cia Gaussian véi anh géc tai diém d

Biéu dién kich c& va khong gian caa cac diém can quan tam.

Viéc phét hién cac keypoint thuong duoc dién ra & cac kich ¢& khac nhau, béi vi
mot phan viéc tim kiém cac diém twong tmg doi hoi su so sanh cac tim anh & nhiéu kich
c& khac nhau. O ddy SURF str dung k§ thuat kim tu thap da do phan giai (Multi-resolution
pyramid), bizc anh dugc dich thanh toa do dé tai tao bic anh géc véi hinh dang Kim ty
thap Gaussian hoic Laplacian Pyramidal, dan dén mét btic anh c6 cuing kich thuéc nhung
bang thong thap hon. Piéu nay tao ra hiéu tng lam mo Scale-Space trén hinh anh géc,
dam bao riang cac diém wa thich van bat bién vé kich thudc.

Bo miéu ta dac trung.

SURF (Bay va cs., 2006) str dung
bo miéu ta dic trung dung dé cung cap
mo ti vé cac dic diém cua cac diém
keypoint va nhiing diém hang xém cua
no. Trong bd miéu ta cua SURF qua trinh
dugc chia lam 2 gia doan.

e Giai doan dau tién la thiét lap
dinh hudng co thé lap lai bang cach sir
dung di liéu tor mot vang hinh tron xung
quanh diém quan tAm. Sau d6, bd mo ta
SURF duogc trich xuat tir mot vang hinh
vudng dugc can chinh theo huéng dugc
chi dinh.

e Giai doan sau do sé xay dung bo
miéu ta dya trén tong sé phan hdi cua
Wavelet Haar (2021).

Hinh 11. Dac trung SIFT trén anh xam
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2.2.3 K thudt doi sanh ddic trung

Déi sanh dic trung trén anh 1a mot trong nhitng k¥ thuat duoc sir dung trong rét
nhiéu bai toan thi giac may tinh nhu hi¢u chinh camera, nhan dang ddi tuong, do dong
luu lwong thay ddi cia cac diém anh. Viéc d6i sanh cia dic trung cua anh dugce tiép cin
phd bién bang cach tim cach diém dic trung can quan tdm giita nhiéu tAm anh. Trong bai
bao nay tac gia da st dung k¥ thuat SIFT va SURF nhu dwoc néu trén dé tim ra cac
keypoints trén ting tim anh va déi sanh chung v6i nhau théng qua cac bé mé ta va két
hop véi cac diém keypoints. Trong bai bao nay tac gia str dung b ddi sanh Brute-Force
1a mot bo ddi sanh don gian. N6 léy mé ta cua mot dbi tuong trong bo dau tién va duogc
khép véi tit ca cac ddi tugng khac trong bo tht hai bang cach sir dung mot s6 tinh toan
khoang cach. Sau d6 sir dung KNN nhu mot bo d6i sanh cudi cling ta s& nhan dugc k cap
diém phu hop nhat véi k dugc chi dinh boi nguoi st dung.

3. Két qua thue nghiém

Chuén bi cho viéc thuc nghiém viéc nhan dang cac phuong tién giao thong tac gia
da st bd dir lieu COCO va tép dir li€u ty gan nhan trich Xuét tir camera cta cudc thi HO
Chi Minh AI Challenge. Sau khi huan luyén tac gia da di thu thap dir liéu Un tic giao
thong bang cach tim kiém trén internet. Cau hinh may dé train b¢ dir liéu:

— Théng tin hé thong: Intel(R) Xeon(R) Silver 4216 CPU @ 2.10GHz, GPU Tesla
T4 16 GB VRAM.

Glou Objectness Classification i Precision Recall
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Hinh 12. D6 thi qud trinh hudn luyén mé hinh YOLOV4-CSP (75-25)

Vi trong bai toan nay tac gia tap trung nhidu vé recall va ca do chinh xac nén mo
hinh da dat dén khoang 90% recall va d¢ chinh xac 1én dén khoang 80%.
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(d)

Hinh 13. Két qud ciza mo hinh
(a) Bé dit liéu tw gdn nhdn va cau triic CSP 75-25 confidence 0.4 (b) B¢ dir liéu tir gdn
nhan va cdu triic CSP 50-50 confidence 0.5, (c) Bo dir lieu COCO, (d)B¢ dir liéu tw gan
nhén va cdu triic CSP 75-25 confidence 0.5.

Hinh 14. Nhdn dién dong phuwong tién giao thong trén xa 10 Ha Noi voi do chinh xdc cao
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Sau khi dd u6c luong duge s lugng phuong tién tham gia giao thong thi tac gia s&
wdc lwong dong luu lwong di chuyén ciia cac phuong tién 13 nhanh hay chdm. Bang cach
d6i sanh dic trung giita 2 frame gidng nhau va tinh hiéu vi tri cia chung. Néu biét thong
s6 ctia camera thi chung ta c6 thé d& dang tinh thuong giita khoang hiéu 2 vi tri va thoi
gian khung hinh tra vé thi c¢6 thé do dugc tdc do cua dong luu thong. Nhung do han ché
vé mit thu thap dir liu. Tac gid dung nhitng b dir liéu co san, nén trong bai bao nay tac
gid s€ chi dua ra hi¢u gilra 2 ddc trung cta cac frame.

Déi sanh dic trung SIFT, SURF

Hinh 15. Trich xudt SIFT keypoint.

(d)
Hinh 16. Déi sanh ddic trung SIFT. a) ldy 100 keypoints, b) ldy 500 keypoints,c) ldy
1000 keypoints, d) ldy hét tdt ca keypoints
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¢) ldy 1000 keypoints, d) ldy hét tdt ca keypoints

Bdng 1. Do hi¢u khoang cach cac keypoint giita cdac khung anh

S6 thi tw khung anh so véi khung SIFT SURF
anh dau tién (pixel) (pixel)
Khung anh 1 0.118074276 0.10093031
Khung anh 2 0.13510878 0.13959445
Khung anh 3 0.14665028 0.07892276
Khung anh 4 0.2821357 0.04215052
Khung anh 5 0.43080702 0.023025826
Khung anh 6 0.28849754 0.18322277
Khung anh 7 0.4476639 0.22903006
Khung anh 8 0.46450144 0.029168062
Khung anh 9 0.5708234 0.12783214

Khung anh 10 0.84563005 0.20793006
Khung anh trén giay 15 45

Bang 1 thé hién khoang cach thay d6i so v6i btrc anh gdc qua timg khung anh ké tiép.
Céc keypoint & tdm anh gbc va 1an luot cac tAm anh ké tiép. Cudi cung trung binh cong cua
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hiéu cac khoang cach giita 2 khung anh lién tiép s& duoc tinh dé du doan téc do cua dong
luu lwong. Tir d6 két hop véi sb lugng phuong tién di duge dém tir phan nhén dién cua
YOLOV4-CSP va cho ra quyét dinh cudi cing. Theo danh gia cho thiy néu nhu do luu
lwong sir dung SIFT thi s& 6n dinh hon nhung bu lai thi thoi gian xt ctia SIFT s& dai hon.

4. Két luan

Trong bai bao nay véi muc dich dugc nhan dién dugc cac doan duong ket xe nho
vao dir liéu dugc thu thdp bdi cac camera giao thong. V& mat thuat toan YOLOV4-CSP
da lam t6t trong viée dém sé lwong cac phuong tién giao thong trong mat do dong nho
vao céac su thay d6i ¢ cau trac CSP va viéc can bang dit liéu bang cach tron 13n dir lidu
(mixup data). V& viéc do luu lugng dong di chuyén phuong phap SURF di thé hién duogc
wu diém cta no 1a tée d6 xir Iy nhung b lai bang d6 chinh x4c bi mat rat nhiéu trong moi
truong canh quang phuec tap.

Trong tuong lai tac gia du dinh st dung thém thuat toan RANSAC (Random Sample
Consensus) dé giai quyét cac keypoint bi nhidu dé ting d6 chinh xac cho phan do dong
luu lugng.
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