AL TR B R
I TR AR DT TR Y

N | I Journal of Science and Transport Technology

University of Transport Technology

Article info
Type of article:
Original research paper

DOI:
https://doi.org/10.58845/{stt.utt.2

Applying adaptive deep learning model for

detecting traffic vehicles

Thang Xuan Nguyen”
Hanoi University, Ha Noi, Viet Nam

023.vn.3.2.38-46

"Corresponding author:
E-mail address:
nxthang@hanu.edu.vn

Received: 26/02/2023
Accepted: 08/06/2023
Published: 28/06/2023

Abstract: Image analysis for detecting traffic vehicles is a problem in the field
of computer vision. This problem has many useful applications in self-driving
vehicle systems, traffic management, and vehicle flow measurement at
important locations and routes. There are many approaches to solve this
problem, such as contour representation, feature extraction, machine learning,
and deep learning networks. In this paper, the author proposes a solution using
an adaptive learning model based on a deep learning network to solve the
problem. To evaluate the effectiveness of the solution, the author built a testing
system based on the Darknet-53 deep learning network. The system was
tested on both standard and self-collected datasets. The results show that the
system achieves high accuracy and feasibility when applied to real-world
applications.
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Tém tat: Phan tich hinh anh dé phat hién phwong tién giao thong 1a mot bai
toan trong Iinh v thi giac may tinh. Bai toan nay c6 nhiéu &ng dung hiru ich
trong cac hé thdng xe tw hanh, quan ly giao théng va do lwu lwong xe tai cac
dia diém, cac tuyén dwérng quan trong. C6 nhiéu cach tiép can dé giai quyét
bai toan nay nhw biéu dién dwéng vién, trich chon dac trwng, hoc may, mang
hoc sau. Trong bai b4o nay, tac gia dé xuét gidi phap s& dung mé hinh hoc
thich ng trén nén mang hoc sau dé giai quyét bai toan. Bé danh gia hiéu qua
cla gidi phap, tac gid da xay dwng hé théng thir nghiém dwa trén mang hoc
sau YOLO3. Hé thdng dwoc thlr nghiém trén bd dir liéu chuén va bo di liéu
tw thu thap. Két qua cho thay, hé théng dat dwoc do chinh xac cao va kha thi
khi &p dung vao cac &ng dung thuc té.

T khda: Phat hién phuwong tién giao théng, mang hoc séu, hoc thich (rng, thi
giac may tinh.

1. Giéi thieu

Phat hién phwong tién giao thong la mét bai
to4n nam trong nhém cac bai toan phat hién déi
twong, la mét linh vre con cdia nganh thi giac may
tinh va c6 rat nhiéu &ng dung trong thuc té. Vi vay,
van dé nay da thu hat sy quan tam cda cac nha
khoa hoc va cac hang san xuat céng nghiép lon.
Bai toan phéat hién phwong tién giao théng dwoc
ng dung chid yéu trong viéc phat trién cac hé
théng lai tw déng va kiém soét giao théng (xac dinh
lwu lwong giao théng tai cac diém nat dé diéu
chinh, phan luéng va quy hoach ha tang giao
théng, phat hién cac phwong tién vi pham trong
qua trinh tham gia giao théng ...).

Phat hién phwong tién giao théng la mét bai
toan kho va phurc tap khi can xac dinh vi tri va phan
loai cac phwong tién giao thong. Mot hé théng phat
hién phwong tién giao théng bao gébm ba buwdc xi
ly chinh nhw mé ta trong Hinh 1:

Bwéc 1: Thu nhan anh t» cac hé théng
camera giao théng va thwc hién tién xt ly div liéu

dau vao.

Buwdc 2: S dung mot md hinh phat hién da
dwoc huén luyén dé phéat hién va tra vé két qua bao
gdm hop gidi han va dbi twong xuét hién trong cac
hép gi¢i han dé.

Buwéc 3: Thye hién hau xir ly dé loai bé cac
hép chéng chéo, theo ddi cac phuwong tién...

C6 thé chia cac phwong phap xay dwng mé
hinh nhén dang phwong tién giao thong thanh 4
nhém [1]: cac phwong phap dwya vao ky thuat trich
chon dac trwung (mau sac, hinh dang, canh va
dweérng vién ...) [2], cac phwong phap dwa vao hiéu
gitra cac frame lién tiép trong di¥ liéu video [3], cac
phwong phap dwa vao ludng quang hoc (optical
flow) [4] va cac phwong phap dwa vao cac mé hinh
mang hoc sau phat hién dbi twong nhw YOLO [5],
Retinanet [6], SSD [7] hay Fast R-CNN [8]. Céac
phwong phap thudc cac cach tiép can [2], [3] va [4]
c6 wu diém la khéng can nhiéu dir liéu huan luyén
hay ndng lwc x& ly manh mé cta cac hé théng
phan cing, téc dd nhanh nhwng han ché vé do
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chinh xac. Cac mé hinh hoc séau ([5], [6], [7] va [8])
c6 diém chung la can dir liéu huén luyén I6n, cac
phan cirng trién khai phai cé nang lwc x& ly manh

Nguyén

mé (cac card d6 hoa GPU chuyén dung) va téc do
thwc thi cham hon, nhwng lai cé dd chinh xac cao
hon.

Mo hinh nhan dang

M6 hinh hoc thich &ng (Adaptive Learning)
[9] Ia mét gidi phap nhdm khéc phuc cac han ché
cta cac mang hoc sau, khai pha nhirng van dé ma
cac mang hoc sau chuwa lam dwgc. M6t mé hinh
Adaptive Learning hoan chinh sé cho phép hé
thdng nhan dang cé kha nang tw hoc hdi, tw théng
minh m6 phong theo hoat déng clia bé ndo con
nguoi. Hé thdng cé thé tw dong chon loc cac div
liéu dwoc cho 1a phu hop, tw huan luyén lai mé hinh
va tw cap nhat thay thé mé hinh ci. Tir d6 gidm bét
chi phi trong thu thap, xt ly di liéu va huan luyén
hé théng nhan dang.

Trong pham vi ctia bai bao nay, tac gia dé
xuét gidi phap st dung mé hinh Adaptive Learning
trén nén mang hoc sau YOLO3 [10] dé xay dung
mot hé théng phat hién cac phuwong tién giao thong
phd bién nhu xe dap, xe may, xe con, xe tai va xe
buyt. Hé théng dwoc xay dwng dwa trén nén tang
Darknet-53 [11] va ngén ngi lap trinh Python 3. Dé
huén luyén va th& nghiém hé théng, tac gia st
dung bd di¥ liéu chudn MS COCO [12] va di liéu
anh thyc t& gém hon 8500 hinh &nh phwong tién
do tac gia thu thap.

Két qua thlr nghiém cho thay, so v&i cac giai
phéap hién tai, hé thdng do tac giad dé xuat co thé
phét hién tét 5 loai phwong tién giao théng la xe
dap, xe may, 0 t6 con, xe tai, xe buyt (xe khach)
v&i ty 1é chinh xac cao (trong khoang 95% - 97%).
Bén canh d6 hé thdng ciing cé kha ndng phat hién
cac phwong tién giao thdng cé trong cac anh chup

Hinh 1. Bai toan phat hién phwong tién giao théng

& diéu kién thoi tiét xau tét hon so véi mé hinh
YOLO3 théng thwérng (gia tri cia tham s mAP cao
hon khoang 5%).

Céc phan tiép theo clia bai bao dwoc cau tric
nhw sau: phan 2 trinh bay vé mé hinh mang hoc
sau YOLO3 va méd hinh hoc thich &ng trén nén
mang hoc sau nay. Hé théng phat hién phwong tién
giao théng va cac két qua thlr nghiém hé théng
dwoc trinh bay cu thé trong phan 3. Cudi cung la
két luan va mot sb dé xuét.

2. M6 hinh hoc thich ng trén nén mang hoc
sau YOLO3
2.1. Md hinh nhan dang déi twong YOLO3

M6 hinh mang hoc sdu YOLO (You Only
Look Once) [5] 1a mét md hinh phat hién cac déi
twong trong anh dworc gidi thiéu vao nam 2016. So
v&i bai toan phan I6p dbi twong, bai toan phat hién
déi twong phire tap hon vi phai trd 16i hai cau héi:
c6 loai dbi twong ndo va vij tri cta ching & dau
trong btrc dnh dau vao. M6 hinh YOLO c6 thé xac
dinh vi tri va I&p cta cac dbi twong co trong anh
dau vao chi véi moét lan chay qua mé hinh. Thir
nghiém cho thdy YOLO c6 téc d6 xi ly dat 28,2ms/
1 &nh c6 do phan gidi 320 x 320 diém &nh, twong
dwong véi te do khung hinh khoang 35,5 FPS.

Hinh 2 md ta kién tric ctia md hinh mang hoc
sau YOLO. Md hinh s&r dung mdt mang neuron tich
chap (convolutional neural network - CNN) dé phan
tich hinh &nh va tim kiém cac déi twong. Anh dau
vao dwoc chia thanh cac 6 nhd dé x ly, sau dé md
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hinh s& nhan dang va dw doan xac suét cho cac
I&p twong (rng véi cac ddi twong trong cac dudng
bao (bounding boxes) xung quanh mdi 6 nhd nay.

330128

22
Conw. Layer

128 128 24
Layer Come. Layer Come Layer Conv. Layer
3x3x128 23x128 Ixia2e
Batch Batch Archor Layer
Lxlal23 1xix128 Anchor Layer
Relu Reiu

Nguyén

Nhirng dwdng bao cé xac xuat cao sé dworc git lai
va st dung cho nhiém vu xac dinh vj tri ctia dbi
twong trong anh nhw mo ta trong Hinh 3.

Output
Image

Batch Nor
Inlx128
Lo

Hinh 2. Kién tric ctia mé hinh mang hoc sau YOLO [5]

8an 45 xac sudt

Hinh 3. Phat hién déi twong trong mé hinh YOLO
[5]

M6 hinh YOLO3 Ia phién ban nang cép cla
YOLO, dwoc céng bd vao nam 2018 [10]. Md hinh
YOLO3 st dung mdt kién tric mang CNN méi va
ap dung nhirng ky thuat méi dé cai thién hiéu suét
ctia mé hinh. Céc cai tién ctia YOLOV3 bao goém: i)
st dung mét kién trac mang neuron tich chap méi
goi 1a Darknet-53 [11] dé tao ra cac dic trwng cla
&nh dau vao; ii) sir dung mang trich xuét dac trung
kim tw thap (Feature Pyramid Network — FPN) dé
tang d6 chinh xac cla viéc phat hién déi twong
trong céac kich c& khac nhau cua hinh anh; lii) thyc
hién dw doan trén 3 I&p khac nhau dé dat dwoc do
chinh xac cao hon; iv) str dung thudt todn Non-
maximum suppression - NMS dé loai bé cac dwong
bao trung l&p va giam sbé lwong dw doan sai.

M hinh YOLO3 da dat dwoc két qua tét trén
nhiéu bai toan phat hién déi twong khac nhau trong

thi giac may tinh, bao gébm ca bai toan phat hién
déi twong trong thoi gian thwe. Do d6, YOLO3 da
tré thanh mét trong nhivng mé hinh phat hién déi
twong phé bién nhéat hién nay.
2.2. M6 hinh hoc thich tng

Mac du nhirng mé hinh mang hoc sau nhw
YOLO3 da giai quyét dwoc cac bai toan phat hién
dbi twong va cho két qua tét nhwng nhirng mé hinh
nay van ton tai mot sd han ché can phai khac phuc
va nghién ctru thém: thé nhat, dé tao ra moét hé
thdng c6 kha nang phat hién da dang cac dbi
twong, can c6 moét lwong dir liéu dau vao khdng 16
dé huén luyén cac mé hinh hoc sau. Quy trinh huan
luyén nay mét nhiéu thdi gian va can tai nguyén xd
ly cwe ky lén. Thir hai, cac mé hinh hoc sau van
chuwa thé nhan dang dwoc nhivng dbi twong phirc
tap, va gap kho khan khi cdn nhan dang nhirng dbi
twong twong tw nhau. Ly do la vi hién chuwa cé ky
thuat nao dd tét dé cac mo hinh hoc sau cé thé rat
ra nhirng két luan maét cach logic. Bén canh dé, van
con nhiéu thach thic trong viéc tich hop kién thire
triru twong vao cac hé théng phat hién déi twong
st dung md hinh hoc sau, vi du nhw théng tin vé
déi twong dé la gi, dung dé lam gi, dung nhw thé
nao ...

M6 hinh hoc thich (rng (Adaptive Learning)
[9] Ia mét gidi phap nhadm khéc phuc cac han ché
néu trén. Trong mé hinh nay cac mang hoc sau
duworc thiét k& dé thich nghi véi sw thay ddi cta di
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liéu dau vao. M6 hinh cho phép tw déng téi wu hoa
cac tham sbé va céu triic ctia mang no-ron dé dam
b&o rang no co thé hoat ddng hiéu qua trén cac div
liéu m&i va khong dwoc huén luyén trudc. Cac mo
hinh hoc thich ¢ng dwoc str dung trong nhiéu ¢ng
dung nhw nhan dang khudén mat, xt& ly ngbn nglr
tw nhién, diéu khién robot, xe tw lai, va cac ng
dung y sinh hoc. V&i sy phét trién cdia cac md hinh
hoc thich trng, *ng dung hoc sau cé kha nang thich
nghi tét hon va dat dwoc do chinh xac cao hon dbi
V@i cic di¥ liéu mai va phirc tap.

M6 hinh hoc thich tng c6 thé dwoc ap dung
ddi véi bai toan phat hién phwong tién giao théng
nham cai thién hiéu qua cta hé théng. V&i md hinh
hoc thich *ng, cac mang no-ron c6 kha nang tw
dong thich nghi véi cac thay dbi vé anh sang, thoi
tiét, hinh dang va vi tri ciia cac phwong tién giao

Anh d& phan gial thip
Céc I&p tich chjp

Céc Idrp an \/

Mang CNN dyr dodn tham s8 bd loc Pu

Nguyén

thdng, gip cai thién dd chinh xac va hiéu suét cta
hé théng. Cu thé, khi gdp phai di liéu méi vé
phwong tién giao théng ma hé théng chwa tirng
gap trwéc do, md hinh hoc thich wng sé tw dong
diéu chinh cac tham sé va cu tric cia mang dé
c6 thé nhan dang duoc cac dac trwng do.

Vi du, néu phwong tién giao théng co kich
thwdc, mau sac khac so voi cac div liéu ma md
hinh da hoc, md hinh s& ty dong thich nghi bang
cach diéu chinh kich thwéc nhan ctia mot sb 1op
mang. M6 hinh hoc thich (rng ciing c6 thé duoc st
dung dé gidm thiéu tac dong cla cac yéu td ngoai
canh nhuw thoi tiét va anh sang. Néu anh sang moi
trwdng thay doéi, mé hinh sé cap nhat lai cac tham
sb va cAu tric ctia mang dé phu hop véi cac bién
ddi nay va duwa ra két qua nhan dang chinh xac
hon.

So séanh vé&i moé hinh YOLO3 théng thuéng

Py
|

I
w w, W, w, G

[ P O o a A

W N N N 4 2
——>{ Defog }—)[ wWB }-)[ GammaH Tone ]-9{ Contrast}—){Sharpen ]—-)

Anh d3u vao

B9 lgc chinh sira &nh

Anh sau chinh sira

Hinh 4. M6 hinh hoc thich &*ng nhan dang phwong tién giao théng

Trong bai bao nay, tac gid dé xuit md hinh
hoc thich (rng trén nén mang hoc sau YOLO3 dé
cai thién do chinh xac cta hé théng phéat hién
phwong tién giao théng khi lam viéc v&i nhirng anh
dau vao dwoc chup trong diéu kién thoi tiét xau
(tr&i mwa, hodc ¢ nhiéu swong mu, nguoc sang
...). M6 hinh YOLOS théng thwdng hoat déng kém
chinh x&c khi phai phéat hién cac phwong tién giao
théng c6 trong &nh dau vao dwoc chup trong diéu
kién thoi tiét bat loi, bdi vi: i) chwa dwoc huén luyén
trwdc do div liéu anh dung dé huén luyén mé hinh
YOLO3 thwérng la cac anh chup trong diéu kién
théng thwong; ii) chat lwgng anh dau vao kém (mo,
nhoe ...) do &nh huéng cla thoi tiét. M6 hinh hoc
thich rng dwoc trinh bay trong Hinh 4, bao gém

mot bd loc dung dé chinh stra anh theo 06 loai
tham s dau vao, mét mang hoc sau CNN dung dé
dw doan tham sé cta bd loc, mdét mang hoc sau
YOLO3 duing dé phat hién phwong tién giao théng
c6 trong anh. Hoat déng cta hé théng nhw sau:

Buwéc 1: Hé théng tao ra mot ban sao cé do
phan giai thip (256 x 256 diém anh) cia anh dau
vao, ban sao nay dwoc s dung dé lam dau vao
ctia md hinh hoc sau CNN dw doan tham sé cho
bd loc chinh stra anh.

Bwéc 2: Anh dau vao dwoc cho qua bd loc
chinh stra anh dé chinh stra, cac tham sb cta bd
loc chinh stra anh dwoc tao ra ttr mang CNN m6 ta
trong bwédc mét. Bo loc chinh sira anh dya trén gia
tri cia 06 nhém tham sé: i) Loc swong mu (defog);
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i) Can bang trang (WB); iii) Hiéu chinh Gamma; iv)
Chinh tbng mau (Tone); v) Chinh d) twong phan
(Constract); vi) Chinh do nét (Sharpen).

Bwéc 3: Anh sau chinh stra dwoc dwa qua
moé hinh YOLO3 dé& phat hién phwong tién giao
thdng cé trong anh.

3. Thir nghiém va danh gia hé théng
3.1. Cai dat

Hé théng phat hién phwong tién giao théng
&ng dung md hinh hoc thich (rng dwa trén nén tang
YOLO3 dwoc cai dat trén may tinh c6 ciu hinh
phan cirng nhw sau: CPU Intel Core i9-10900X,
GPU RTX 3080 Tl 12GB, RAM 64GB, 4 cung 1TB
SSD. Vé nén tang phan mém, hé théng s dung
hé diéu hanh Ubuntu 22.04.1 LTS, phién ban
Python 3.10, Tensorflow 2.10 va OpenCV 4.6.

3.2. Div liéu

D@ liéu d& huan luyén va kiém thtr hé théng
dworc trich ra tir b dir liéu MS COCO [12] v&i nam
nhém (loai phwong tién giao thdong): xe dap, xe
may, 0 t0 con, xe tai, xe buyt (xe khach). Bén canh
do tac gia ciing str dung bd dir liéu anh tw thu thap
gbm cac anh chup céc tinh hubng giao théng thuc
té. Hé théng camera duwoc siv dung thu thap di liéu
phia trwéc hoac phia sau cac phuwong tién tham
gia giao théng va dwoc thu thap tir cac bdi canh
thwe té khac nhau trén céc tuyén dwdng giao thong
khac nhau. Cac phuwong tién giao thong xuét hién
trong b6 di liéu bao gdm: xe dap, xe may, 6 to con,
xe tai, xe buyt (xe khach), véi 8688 hinh anh
phuong tién giao théng.

Dé huén luyén va thé nghiém mé hinh hoc
thich ng tac gia st dung bd di lieu RTTS [13]
gdm 4270 anh chup ngudi va phwong tién dang
tham gia giao théng trong diéu kién thoi tiét mua,
swong mu, thiéu sang, nguwoc sang ... Cac doi
twong c6 trong bd di liéu nay bao gdm: ngudi, xe
dap, 6 t6 con, xe buyt (xe khach)

Céac anh co6 trong hai bd di liéu dwoc chia
thanh 02 nhém. Nhém anh dung dé huén luyén
chiém 60% va nhém anh dung dé danh gia chiém
40%. Bang 1 md ta cac thong tin vé bo di liéu the
nghiém.

Nguyén

Bang 1. M6 ta di¥ liéu thir nghiém

Anh chup & diéu kién théng thuong

Loai S6 lwong mau Dqg?;an
T qang Hudn Dann
luyén gia

Xe dap 1026 616 410 416 x 416
Xe may 2458 1475 983  416x 416
O t6 con 2521 1513 1008 416 x 416
Xe tai 1245 747 498 416 x 416
zﬁé::)yt ® 1438 863 575  416x416

Anh chup trong diéu kién thoi tiét x4au
Nguoi 1120 762 448 416 x 416
Xe dap 980 588 392 416 x 416
O 6 con 1260 756 504 416 x 416
)k(:é:;]")yt 910 546 364  416x416
3.3. Két qua

Bang 2. Ma tran 16i (Confusion Matrix)
Lép dw doan
Xe Xe O Xe Xe
dap may to tai buyt

Lé’p con
thye | Xedap [384 26 0 0O
té Xemdy | 75 908 0 O 0

O t6 con 0 0 958 22 28

Xe tai 0 0 36 377 85

Xe buyt 0 0 7 45 523

Bang 3. Cac dd do danh gia hé thdng

Cac dob do
Lop  Preci. Recall F1 Acc Avg ms/img.
[e]V]

Xe

0,84 094 0,88 0,97 0,79 48,5
dap
Xe
, 0,97 092 09 0,97 0,81 47,4
may
© 10 0,96 09 095 097 0,86 46,2
con
Xe
@i 0,85 0,76 080 0,95 0,83 48,8
Xe
, 0,82 091 0,86 095 0,84 47,2
buyt

Két qua thtr nghiém hé théng véi cac anh
chup & diéu kién théng thuwong dwoc mo ta tai
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Bang 2 va Bang 3.

Dé danh gia hiéu qua ctia hé théng hoc thich
&ng dbi véi nhiém vu phat hién phwong tién giao
thdng ttr cac &nh chup trong diéu kién thoi tiét x4u,
tac gia th&r nghiém va so sanh véi mé hinh phat
hién str dung mang hoc sau YOLOS3 théng thudng.
Hai hé théng dwoc chay tht trén cung bd div liéu
RTTS [13] va tinh toan gia tri cia d6 do mAP (mean
Average Percision) 1a dd do dwoc sir dung phd
bién hién nay dé danh gia hiéu qua cta cac hé
thdng nhan dang déi twong [14]. Két qua so sanh
dworc trinh bay trong Bang 4.

Bang 4. So sanh gia tri mAP gilra hai hé thdng

Lép déi twong
M6 hinh Ngwdi  Xedap Otdcon Xe buyt
YOLO3 65,33 64,08 69,13 68,97
Adaptive
72,03 72,23 73,23 73,23
YOLO3

Hinh vé 5, 6, 7, trinh bay mét sé vi du vé két
qua phat hién phwong tién giao théng clia hé théng

Nguyén

khi di¥ liéu diu vao 1a cac anh dwoc chup trong
diéu kién thoi tiét binh thwdng va anh dwoc chup
trong diéu kién thoi tiét xau.
Cac két qua thtr nghiém cho thdy nhirng
diém dang chua y sau:
1. Hé théng co thé phat hién tét 5 loai phwong
tién giao théng la xe dap, xe may, 6 té con, xe
tai, xe buyt (xe khach) vé&i ty Ié chinh xac cao
(trong khoang 95% - 97%).
2. Hé théng c6 kha nang phat hién cac phuong
tién giao théng co trong cac anh chup & diéu
kién thoi tiét xau tét hon so v&i mé hinh
YOLO3 théng thwéng (gia tri ctia tham s mAP
cao hon khoang 5%).
3. Hé théng c6 nham Ian gitra xe tai va xe buyt
khi sb lwong déi twong trong anh lén.
4. Hé théng c6 kha nang chay trong thoi gian
thwe (téc dd x& ly trung binh khodng 48ms/1
hinh &nh, twong dwong véi te dd khung hinh
20 FPS.

carcar7
cor_0.8850

Hinh 6. Phat hién phwong tién giao théng tlr &nh chup trong diéu kién thoi tiét xau
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Nguyén

Hinh 7. Vi du phéat hién dbi twong tr anh chup thiéu sang

4. Két luan
Phat hién phwong tién giao thdong l1a mét bai
toan khé va phtrc tap. Trong bai bao nay, tac gia
xay dwng hé théng phat hién phwong tién giao
thdng st dung mé hinh hoc thich &ng trén nén
mang hoc sau YOLO3. Hé théng c6 kha nang phat
hién cac phwong tién giao théng phd bién nhw xe
dap, xe may, xe con, xe tai va xe buyt. Thém vao
dé nhé rng dung md hinh hoc thich &ng, hé théng
c6 kha nang phat hién phwong tién giao thong ti
anh chup trong diéu kién thoi tiét xau véi hiéu qua
cao hon so vai hé théng dung mang YOLO3 théng
thwong. Hé théng dwoc thiy nghiém trén bo dir liéu
chudn va bo di¥ liéu tw thu thap. Két qua tho
nghiém cho thdy hé théng dat dwoc d6 chinh xac
cao va c6 kha nang ap dung vao cac dy an thuc té
trong linh vuc xe tw lai hoac kiém soat giao théng.
L& cam on
Bai b&o la san phadm cla dé tai nghién ciu

cép Truong, tén dé tai “Unhg dung mang hoc sau
trong tw déng md ta hinh dnh”, ma sb “CS-2021,
th&i gian thye hién nam hoc 2021 — 2022.
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