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NHAN DANG POI TUQNG XUAT HIEN VAO VUNG NGUY HIEM
PHIiA TRUOC XE OTO CO LAPPAT HE THONG THI GIAC MAY TiNH

RECOGNIZING OBJECTS APPEARED IN DANGEROUS REGION IN
FRONT OF VEHICLES MOUNTED COMPUTER VISION SYSTEM
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TOM TAT

Ngay nay, sw phét trién bung né cia khoa hoc céng nghé da duwa may mée dén gan va hd
tro con nguwoi trong cac ing dung cu thé trong cudc seng hang ngay. Trong do, di cé rat
nhiéu #ng dung co ket qud kha quan, dac bi¢t 1a linh virc xe tu hanh, canh bao tai ngn. Trong
bai b&o nay, tac gid dé xudt phwong phap sur dung hé théng thi gidc may tinh gan trén xe 6td
dang di chuyén trén dwong dé nhan biét nhitng doi twong phia trieée nhw oto, xe mdy khdc
xudt hién trong ving nguy hiém phia triéc c6 kha ndng gdy va cham. Phirong phdp dé xuat
dua trén ddc trung kénh tong hop (Aggregate Channel Features — ACF) d@é nhdn dang doi
frong xe may va o td trong quéa trinh tham gia giao thdng trén céc tuyén dwong khac nhau
trong méi truong dé thi. Bén canh dé tic gia ciing két hop ky thudt xit Iy dnh dé phat hién lan
drong bang phép bién doi mdt chim (Bird's-Eye View transformation) va wéc lwong khodng
Cach tir camera dén vit thé d@é hé tro cho viéc canh béo va cham phia triréc. Két qua cho thay
phuwong phdp dé xudt hiéu qua trong viéc nhdn dang véi thudt todn don gian va toc dé xie ly
nhanh.

Tir khéa: May hoc; dic trung kénh tong hop; ki thudt mdt chim; nhdn dang lan dwong; nhan
dang nguoi.

ABSTRACT

Today, the rapid growth of the new techniques has brought machines close to people.
There are many applications that have positive results in our life, especially in autonomous
vehicle and collision warning or avoidance. In this article, the authors proposed a method
using a computer vision system mounted on moving vehicle to detect the objects appeared in
the dangerous region to warning for a collision. The proposed method applied Aggregate
Channel Features (ACF) to identify motorbikes and cars in different urban roads. In addition,
the author combined lane detection using the bird-eyes view transformation algorithm and
estimated the distance from the camera to other objects to support frontal warning. The result
showed that this proposed method is an efficient technique with simplicity and fast processing
speeds.

Keywords: Machine learning; Aggregate Channel Features; bird-eyes image technique; lane
detection; human detection.

tu hanh) ma khéng can den ban tay cua con

1. GIOI THIEU
; nguoi, cong nghé nay gan lién voi cac tén

Mot trong nhitng Gng dung rat quan
trong cua Al d6 la trong linh vuc giao thong
— nganh cbng nghiép 6 td. Nhic tsi nganh
nay thi ta khdng thé khdng ké dén cong nghé
tu 1ai théng minh (hay con goi la xe tu lai, xe

tudi ndi bat nhu Ford, Testa, Daimler, Nissan,
Toyota... Nha san XUt 6 10 Nhat Ban Nissan
méi day thong bao dang c6 ké hoach thir
nghiém xe tu hanh trén cac duong phdé Nhat
Ban ¢ gan tru s& chinh coa cong ty tai
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Yokohama vao thang 3 nam 2018. Hé thong
giao théng thdng minh — ITS la sy tng dung
cong nghé cao dién tir, tin hoc va vién thong
dé diéu hanh va quan ly hé théng giao théng
van tai. ITS duoc coi 1a mot hé thdng lon,
trong d6 con nguoi, phuong tién giao thong,
mang ludi duong giao thong la cac thanh

phan cua hé théng, lién két chat ché véi nhau.

ITS dugc hoach dinh dé giam bét tic nghén
giao thong, dam bao an toan, giam nhe
nhitng tac dong xau t6i moi truong, ting
cuong nang lyc van tai hanh khach. Cac
nghién cuu vé cong nghé trén xe ty hanh cha
yéu tap trung vao 2 linh vuc chinh, d6 1a phat
hién lan duong va nhan dang ddi tuong. Van
dé phat hién lan duong da duoc nghién cau
trong nhiéu thap ky qua va da duoc mot s6
thanh qua nhit dinh, duoc phat trién va ung
dung trong nhiéu loai xe. P6 1a mot trong
nhitng qué trinh quan trong dya trén tam nhin
trong hé théng hd tro 14i xe va c6 thé duogc sir
dung dé diéu huéng xe, kiém soat huéng,
chbng va cham, hodc canh bao khi di trong
lan duong nho. Piéu kién duong xa khac
nhau 1am cho véan dé nay tré nén rat kho khan
bao gébm cac loai khac nhau cua cac tuyén
duong (thang hoic cong), su che khuat gay ra
boi vat can, bong, anh sang thay d6i (nhu
thoi gian ban dém), ... da co nhiéu phuong
phap tiép can dé Xuat de giai quyét cac van
dé trén trong viéc phat hién lan duong. Bén
canh d6, nhan dang ddi tugng 12 mot thanh
phan quan trong cua hé théng xe tu hanh.
Cong nghé nay di c6 nhitng budc tién bo 1on
nhu nhan dang duoc ddi tuong tinh nhu xe
dap, ngudi di bo, 6 t, bién bao giao thong. ..
va nhitng nim gan day, thi ciing da c6 nhiing
két qua kha quan trong viéc nhan dang dbi
tugng dong nhu xe hay nguoi dang di chuyén
trén duong. Viéc gia tang muc do tuy dong
hoa hay kha ning tu hanh c6 thé mang lai
nhiéu loi ich, nhu ting do an toan (c6 thé
giam t&i hon 90% cac vu tai nan) va do tin
cay, cai thién thoi gian (mau xe Cadillac thu
nghiém tu 14i caa GM c6 thé ty van hanh voi
van toc 1én dén 70 dam/gio), tiét kiém chi phi,
hay giam ganh nang dat 1én ngudi diéu khién
trén duong cao téc hay khi tit duong. Trén
thé gisi, di co rat nhiéu nghién ciu xoay

quanh nhimg huéng phéat trién trong cong
nghé 6 t6 / giao thong duogc trinh bay tom tat
dudi day. Thu nhét trong nghién ctau [1],
Yongzheng Xu di dé xuét phat hién phuong
tién giao thdng tir hinh anh vé tinh bang thuét
toan phan l6p SVM két hop véi dic trung
HoG, phuong phap nay c6 d¢ chinh x&c cao
nhung khong phu hop dé ap dung vao bai
toan huong di chuyen cta xe nhiéu hon hai.
Trong bai bao [2], bién d6i Hough thuc hién
rat tt trong viéc theo ddi lan duong khi da
mat d6i lai mot phan cua xe s& bi mat khi xe
chay lan sang lan duong khéc. Trong bai bao
[3] cua Zhaojin Zhang, sir dung Deep Neural
Network (DNN) c6 do chinh xac cao hon
nhitng phwong phap trude d6, nhung téc do
xtr ly con cham. Nghién ciu vé nhan dang xe
dung mang no-ron tich chap cua Jeffrey de
Deijn [4], st dung CNN dé nhan biét mot
chiéc xe ¢ bi hu hong hay khong, nhung d6
chinh xac chua cao vi gidi han cua bo dir liéu
huan luyén. Trong bai bao [5] Qingpeng Li
da str dung mot phuong phap mdi R3-Net
cua Neural Network (bao gdom CNN, R-RPN,
R-DN két hop) dé nhan dang phuong tién.
Tuy c6 thé theo ddi thém nhiéu thdng tin caa
phuong tién nhu quy dao nham nang cao
hiéu suat trong phat hién xe da hudng nhung
thuat todn khé phuc tap va chi phi cao. Trong
cong trinh cong bd cua Daniel Neumann [6]
c6 thé du doan gan dung khoang cach tir
camera toi dbi tuong dugc phat hién, tuy
nhién ti 1€ phat hién dung chua cao do tap dir
liéu huan luyén va do phan giai cua may anh
con thap. Qua cac khao sat cac nghién ctu
gan day vé van dé nhan dang ddi tuong thi
chu yéu xoay quanh vao viéc tang do chinh
Xé&c va toc do xir ly bang céach sir dung Deep
Learning (mot nhanh noi troi caa Al) két hop
c4c thuat toan dé nhan dang ddi tuong. Véi
cach do, trong bai bao nay tac gia s dung
phuong phap dic trung kénh tong hop
Aggregate Channel Features (ACF) dé nhan
dang khuén mat nguoi hay nhan dang chir
viét twong tu nhu trong [7], [8]. Xét vé do
phuc tap thi thuat toan trich dac trung ACF
don gian hon so vai Deep Learning, ACF con
c6 tdc @6 nhan dang kha nhanh do khéng can
xay dung cac anh tich phan va cac kénh trong
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ACF dugc xap xi bang phuong phap ngoai
suy dé thu duoc két qua mong muébn. Chinh
vi wu diém do, tac da chon ACF dé thuc hién
viéc nhan dang xe may va 6 t6 trong moi
truong d6 thi. Ngoai ra, hoc vién két hop
nhan dang lan duong va du doan khoang

cach tr mono-camera t&i doi tugng duocC
nhan dang. Nhitng van dé nay chinh 1a mét
trong nhing bai toan cua hé thdng lai xe tu
dong dang phat trién manh mé& hién nay.
Phuong phap thuc hién dugce dé xuat theo 4
budc nhu trinh bay trong Hinh 1.

Xac dinh

Hinh ’ ]
anh/Video ,| Trich dac
dau vao trung

- Hiéu chinh camera - Sir dung Image
- Xac dinh vi tri ldp Label dé tao traning
dat camera data

- Tién xu ly anh dau - Sir dung ACF &
vao trich dac trung

Hinh 1. So dé khéi ciia phwong phdp dé xuat

2. PHAT HIEN LAN DUONG VA
NHAN DANG POI TUQNG

2.1. Xéc dinh bd thong s6 camera

Nhimg ddi twong trong hinh anh duoc
thu lai bang camera don duoc nhan dang
chinh x&c hay viéc du doan khoang cach phu
thudc rat nhiéu vao céc thdng sé camera sir
dung, bao gdom: théng sé noi, théng sé ngoai
va hé s6 bién dang. Dé xac dinh cac théng s6
nay, tac gia st dung Camera Calibration
toolbox cua Matlab. Bé udc tinh cac thong s6
cua camera da st dung, tac gia str dung 11
buc anh chup chess board, véi khoang céch
tir camera t6i vat thé trung binh 1a 2m. Két
qua cua qua trinh nay sé xac dinh duoc cac
thong sé cua camera dé sir dung cho cac
budc tinh todn sau nay.

2.2. Phat hién lan dwong
2.2.1. Ky thuat mit chim

Trong bai bao nay, nguoi thuc hién su
dung phuong phap k¥ thuat mit chim dao
tam nhin hinh anh (Inverse perspective
mapping — IPM) dé phat hién lan duong [9].
Ky thuat nay doi hoi yéu cau cao cho viéc
kiém tra cac thong s cua camrera dau vao,

Xac dinh

"| 1an duong

- Chuyén ddi hinh anh
thanh hinh anh mat
chim.

- Xac dinh ving dé
chuyén dbi

- Tao anh xam va lay

"| déi twong

- DO va nhan dang
dbi twong trén hinh
anh mat chim.

- Chuyén sang toa do
thuc

- Loc nhiéu bing

bién cho hinh anh mét RANSAC
chim. - Du doan khoang
cach.

dé d¢am bao cho viéc chuyén doi hinh anh dat
dugc chat luong cao hon so véi ki thuat uon
cong.

PP

Hinh 2. Két qua hiéu chinh camera

Theo phuong phép toan hoc, IPM c6 thé
dugc m6 hinh hoéa nhu mot phép chieu tur
mot khong gian 3D Euclide W, chua céc

. 2
ohan te (XY 2)€R™ tanh met khong

gian con phang 2D caa R , duoc biéu hién
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i X 2 - 1a @6 phan giai caa may anh
bai I, véi cac thanh phan (W V) €R™ Aph nxm a do phan giai cia may a
xa tir [ sang W dugc tinh nhu cong thuc (1) - flatiéu cu camera
x(u,v):h.cot{(ao—au)+u%}.m5{(%,av)w%ﬂ}
y(u,v)=0

z(u,v)= h-cot{(@0 —a,)+u :1%1}'

Horizontal Axis

Hinh 3. Hinh anh tir ky thudt mat chim si
dung WPM va IPM [10]

2.2.2. Phét hién bién bang k¥ thuat mét chim

Bing viéc so sanh diém anh hién tai véi
diém anh ké bén dé phat hién ra canh cua

z

(b) Along the Z-axis (top-view).

Hinh 5. C4u hinh camera

mot hinh anh. Ta co:
B, (X y)=b(x y)-b(x+m, -
(19} =0(%) b /) (2 G=tan” {1—2(n‘ 1J}tan a, 4)
B, (X,y)=b(x y)-b(x-m,y) m-1
Theo cong thuc (3), néu higu ciia 2 diém Tir cdng thirc (4) ¢6 theé uéc tinh duoc vi
anh nay l6n hon mot mirc ngudng thi c6 the  tri cua vat the dang di chuyén trén duong véi
phét hién ra canh cua lan duong. camera don gan co dinh vai goc nghiéng xac

L ifB,>0B, >0,adB, +B >0 dinh trudce, duoc ki hiéu la ry.

"(x y):{o, oth;:w_ise _ @)

‘

(a) (b)
Hinh 4. Phat hién bién [9]

2.2.3. Dw doan khodng cach tir camera
té1 hinh anh mat chim

Nhéc lai mot s6 thong s6 khi chuyén doi )
hinh anh tir tam nhin sang hinh anh mat chim. Hinh 6. Vj tri (rH) cua vt the theo chiéu

- hla chiéu cao cua may anh tir mat dat, ngang trong hinh anh camera

- 00: goc duoc hinh thanh boi truc quang Céac vi tri cua cac khoang cach khac

hoc va truc ngang. nhau phia truge xe trong hinh anh mat chim.
Khu vuc dugc su dung dé xur ly tiep theo
duoc thé hién bang hinh chit nhat mau vang
chim dut nét.

- GOc quan sat caa may anh la 2oy theo
hang va 2ay theo cot.

- yo: goc duogc hinh thanh boi phép chiéu
cua tryc quang trén mat phang xz
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2.3. Pic trung kénh téng hop (Aggregate
Channel Features — ACF)

Pic trung kénh tong hop (Aggregate
Channel Features — ACF) duoc dé xuét boi
Dollar [10] st dung viéc tra ciu diém anh
trong cac kénh tong hop dé giam thoi gian
trich ddc trung ma khong can xay dung cac
anh tich phan. Hiéu qua phdi hop cua céc
kénh dic trung va viéc chién luoc lya chon
ddc trung bang cach xép chong cac bo phan
loai 1am cac khung ctra s6 ACF hoat dong tét
hon hau hét cac phuong phéap khac vé ca do
chinh xéc, téc do xt ly va cé céch thuc hién
don gian hon.

2.3.1. Pic diém
a. Tap dit liéu huan luyén

Céc dir liéu hudn luyén (training data)
dugc tao tir Image Label Toolbox do Matlab hd
trg. Trong bai bao nay, tap di liéu bao gom:

- Tap dir liéu huan luyén cua xe may: 207
bic anh trong d6 c6 mot s6 buc anh ¢6
nhiéu hon mot chiéc xe may.

- Tap dit liéu huan luyén cua xe hoi: 331
buc anh trong d6 c¢6 mot s6 bac anh cd
nhiéu hon mét chiéc xe hoi.

MEREE S ESa T

Hinh 7. Tracking doi twong cho dir liéu hudn
luyén xe mdy va xe hoi

b. M6 hinh thuc hién

Véi hinh T ngd vao dugc tinh toan voi
v6i mot vai kénh C = Q(I), tdng hop mdi
khéi pixel trong C, 1am phang cac kénh c6 do
phan giai thap. Cac dic trung duoc tra chu
trong céc diém anh don 1é trong cac kénh
téng hop. Tang cuong dugc sir dung dé huan
luyén va két hop trén cac tinh ning nay theo
dang cay dé phan biét dbi tuong tir nen va sur
dung phuong phap tiép can da cira 6 truot.
Véi su lua chon thich hop cua cac kénh va
cau trdc thiét ké dang tin cdy, ACF dat duoc
hiéu qua tét trong phét hién nguoi (hinh 8).

(DHinh 4nh  (2)M¢
ban dau rong kénh

(4)Trich xuat
dac trung

(5)S3p  xép
cac dac trung

(3)Téng
hop kénh

X \ n :::iiii:i:iiif:”
. ‘\:1' S

Hinh 8. Md hinh ACF trong nhdn dang doi
twong

Kénh (Channels)
ACF str dung 10 kénh nhu sau:
Bién do doc (gradient magnitude): 1

iz 2
kénh, do on: M 0Y) =L+ 1y

ly va !y la gia tri cuong d6 mau theo truc
X vay tai vi tri thir (x, y).

- Huéng déc (gradient histogram): 6 kénh,

tr0° ~30°: 31° ~60° : 61° ~ 90° :
91° ~ 120°: 121° ~ 150° ; 151° ~
180° ).

- Kénh mau LUV (3 kénh): L — d¢ sang, U
va V — gid tri cua mau trong anh. Kénh
mau LUV it bi anh huéng tir cac diéu
kién sang khac nhau.

Trudc khi tinh toan 10 kénh, hinh anh
ngd vao I dugc lam phang véi mot bo loc cd
kich thuac [1 2 1]/4.

2.4. Thuat toAn RANSAC

Tir tap dir liéu ban déu, ta s& c6 hai loai
dir liéu noi tuyén va ngoai tuyén (outliers va
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inliers), vi thé ta phai di tinh toan dé tim ra
md hinh tét nhat cho tap dir liéu. Viéc tinh
toan va chon ra md hinh tét nhit s& duoc lap
di lap lai k 1an, véi gié tri duoc chon sao cho
du 16n dé dam bao xac suit p (thuong roi vao
gia tri 0.99) cua tap dir liéu mau ngau nhién
khéng chira dir liéu nhiéu. Néu goi u 1a wdc
luong dir lieu khong nhiéu thi v =1 —u la
wée luong dit liéu nhidu va m 1a sb lugng dit
liéu dau vao can xay dung mé hinh. Khi do:

1- p:(l—um)k (5)
k s& duoc tinh theo cong thuc:
log(1-p
(- —IlP) (6)
log (1—(1—v) )

Két qua thu duoc s& la md hinh can xay
dung phu hop nhat véi dir li¢u dau vao, tap cac
dir liéu nhiéu va tap cac dir liéu khdng nhiéu.

3. KET QUA THUC NGHIEM

Dé thuc hién viéc phat hién lan duong va
cac ddi tuong trén duong, tac gia sir dung
nhitng video trén duong thyc té trong do thi,
lru lai bang camera dién thoai véi cam bién
chinh c6 do phan giai 13MP, khau d6 /2.2 va
kich thuéc cam bién lon 1/3inch, xi ly
offline bang phian mém Matlab 2018a, véi
c4u hinh may tinh nhu sau:

- System Information: Intel(R) Core(TM)
i5-5200U CPU @ 2.20GHz (4 CPUs),
~2.2GHz. Memory: 4096MB RAM.

- Display Devices: Card name: NVIDIA
GeForce 940M. Memory: 3994 MB

Dir liéu 1: Trén duong Pham Vian Bong,
dugc quay luc 12h trua, voi vi tri dat cua
camera khoang 1m7 tinh tr mat dat, goc
nghiéng khoang 10° .

. Maqe With
VivaVideo

cao quan 9, dugc quay luc 16h, vai vi tri dat
cua camera khoang 2m tinh tir mat dat, goc
nghiéng khoang 12° .

Hinh 10. Két qud nhdn dang ter diz liéu 2

Dir liéu 3: Trén duong L& Duan, trong
diéu kién hoi 4m u (c6 mua), dugc quay lic
16h, véi vi tri dat cua camera khoang 2m tinh
tir mit dat, goc nghiéng khoang 4° .
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N Maqe With
VivaVideo
o

Dir ligu 4: trén duong Nam Ky Khoi
Nghia, trong diéu kién hoi 4m u (c6 mua),
duogc quay luc 16h, véi vi tri dat cuaa camera
khoang 2m tinh tir mat dit, géc nghiéng
khoang 4° .

4

Lane marker and venicle cetectons - o x ¢

4 V:va%eo alidan
Hinh 12. Két qud nhdn dang ter di lidu 4

Trwong hop nhan dang chwa chinh
xac: Lan duong cd thé bi phat hién chua ding
do phu thuéc vao cam bién may anh trong
viéc tao hinh anh mat chim; nhan dang sai
gitra phuong tién la xe hoi hay xe may hay
khong do dir liéu huan luyén khéng nhiéu.

4 1 Lane marker and vetcle cetectins =% - Line marker and vehice cetectcns

Vwa'\;;:d:zo‘ Vanv‘deo

Hinh 13. M4t sé két qud nhdn dang chua
chinh xac

Panh gia do chinh xac

Dé danh gia do chinh xéac cua két qua
nhan dang, tac gia sir dung théng s6 ROC
(Receiver Operating CharacteristicO, dé xéc
dinh 1a phan nhan duoc c6 tin hiéu hay chi la
do nhiéu.

- True possitive (TP): Néu két qua tir dy
doan 1a co6 xe may va gia tri thuc te ciing
I c6 xe may — Phan loai chinh x4c.

- True negatives (TN): Xay ra khi ca két
qua du doan va gia tri thuc té la khéng cé
Xe may.

- False positives (FP): Néu gia tri thuc té
la khong c6 xe may thi n6 dugc cho co x.e
may — phan loai khéng chinh xac

- False negatives (FN): Khi két qua du
doan la khong c6 xe may trong khi gia tri
thuc té 1a co xe may.

DPanh gia do chinh xac theo cong thuc (7):
TP+TN
accuracy = —— @)
P+N
Bdng 1. Thong ké dg chinh xac cia 4 video
clip trong van dé nhan dang xe hoi, xe may
va lan dwong

TP TN FP FN
] 15 20 0 5
Video 1
ACC=875%
] 18 10 10 2
Video 2
ACC=70%
] 15 13 7 5
Video 3
ACC=70%
] 16 16 4 4
Video 4
ACC =80 %
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Thaoi gian xi ly: Trong nghién cau nay,
tac gia da thuc nghiém nhan dang d6i tuong
offline tir cac doan dir liéu trén moi truong
Matlab véi thiét bi phan cang la may tinh ca
nhan voi cau hinh trinh bay bén trén. Cac
frame anh tir video dau vao duoc diéu chinh
kich thuéc lai [480x320]. Thoi gian nhan
dang cac ddi tuong trong anh xap xi 0,03
giay/ 1 frame.

Bdang 2. So sdnh do chinh xac ly cuia phuwong
phap su dung dac trung ACF va phuong phap
dung Adaboost ket hop ddc trung Haar liked

Data Phuong Phuong phap
phap dung | dung Adaboost
ACF ket hop Haar
liked
Video 1 87.5% 85.8%
Video 2 70 % 69%
Video 3 70 % 73.4%
Video 4 80 % 78%

Khi so sanh d6 chinh x&c cua phuong
phap dung dic trung ACF va phuong phép
ding bo phan loai Adaboost két hop dic
trung Haar like trén mot sd tap dir lieu thyc
duoc khao sat dé dang nhan thay rang d6i voi
nhitng ddi twong c6 cau tric d6i xang va
hinh khdi @6 chinh xac nhan dang dung dic
trung Haar like chiém wu thé, trong nhiing
truong hop con lai, két qua nhan dang khi
dung dic trung ACF cho két qua tét hon.

4. KET LUAN

Nghién ctu nay da dé xuat phuong phap
va thuc nghiém nhan dang cac déi tuong
trong moi truong ngoai troi phuc tap. Tac gia
da ap dung duogc ky thuat ACF trong nhan
dang mot s dbi twong tham gia giao thdng
phd bién trén cac tap dix liéu da dang voi diéu
kién khac nhau. Dé tai ciing di sir dung k¥
thuat mat chim dao tdm nhin caa hinh anh —
IPM dé phét hién lan duong. Dé tai ciing du
doan duoc khoang céch tir camera don dén
dbi tuong phia trudc. Nghién ctu ciing da
trinh bay cach sir dung Camera Calibration
Toolbox trong viéc hiéu chinh camera va
Image Label Toolbox dé tao cac tap dir liéu
huan luyén. Ngoai ra, dé tai cling sir dung
thuat toAan RANSAC trong viéc loai bo nhiéu
va st dung thdong sé6 ROC dé danh gia do
chinh xac.

Tuy nhién, nghién cau van con mot s6
han ché can cai tién trong thoi gian sip téi.
Nghién ciu chua thuc hién trén cac tap dir
ligu ban dém hay duong di dudi bong cay
(trong diéu kién thiéu anh sang). Dir li¢u
huan luyén con han ché anh huong dén do
chinh xac trong qua trinh nhan dang. Phan duy
doan khoang céch chi sir dung camera don
nén can str dung stereo camera dé c6 két qua
chinh xé&c hon. Dya vao nhitng han ché nay,
dé tai c6 thé dinh huéng dugc hudng cai
thién va phét trién cho nhitng nghién cau tiép
theo ap dung trong linh canh bao tai nan,
giao théng théng minh.

TAI LIEU THAM KHAO

[1] Yongzheng Xu, Guizhen Yu, Yunpeng Wang, Xinkai Wu, and Yalong Ma, “A Hybrid
Vehicle Detection Method Based on Viola-Jones and HOG + SVM from UAV Images”,

Sensors, 2016.

[2] Nur Shazwani Aminuddin, Masrullizam Mat Ibrahim, Nursabillilah Mohd Ali, Syafeeza
Ahmad Radzi, Wira Hidayat Mohd Saad & Abdul Majid Darsono, “A new approach to
highway lane detection by using HOUGH transform technique”, Faculty of Electronic
and Computer Engineering - Universiti Teknikal Malaysia Melaka, Malaysia, 2017.

[3] Zhaojin Zhang, Cunlu Xu and Wei Feng, “Road Vehicle Detection and Classification
based on Deep Neural Network”, IEEE, 2016.

[4] Jeffrey de Deijn, “Automatic Car Damage Recognition using Convolutional Neural
Networks”, Vrije Universiteit Amsterdam, 2018.



[5]
[6]

[7]
[8]

[9]

[10]

Tac g

Tap Chi Khoa Hoc Gi4o Duc Ky Thugt Sé 54 (09/2019)
Truong Dai Hoc Sw Pham Ky Thugt TP. Hé Chi Minh

Qingpeng Li, Lichao Mou, Qizhi Xu, Yun Zhang and Xiao Xiang Zhu, “R3-Net: A Deep
Network for Multi-oriented Vehicle Detection in Aerial Images and Videos”, IEEE, 2018.
Daniel Neumann, Tobias Langner, Fritz Ulbrich, Dorothee Spitta and Daniel Goehring,
“Online Vehicle Detection using Haar-like, LBP and HOG Feature based Image
Classifiers with Stereo Vision Preselection”

Bin Yang, Junjie Yan, Zhen Lei, Stan Z. Li, “Aggregate Channel Features for Multi-view
Face Detection”, Center for Biometrics and Security Research & National Laboratory of
Pattern Recognition Institute of Automation, Chinese Academy of Sciences, China.
Piotr Doll, Ron Appel, Serge Belongie, and Pietro Perona. “Fast Feature Pyramids for
Object Detection, Submission to IEEE transactions on Pattern Analysis and Machine
Intelligence.

Ruyi Jiang, Mutsuhiro Terauchi, Reinhard Klette, Shigang Wang, and Tobi Vaudrey,
“Low-level Image Processing for Lane Detection and Tracking”, Shanghai Jiao Tong
University, Shanghai, China, Hiroshima International University, Japan, The University
of Auckland, Auckland, New Zealand, pp. 3-7, 2009.

Piotr Dollar, Ron Appel, Serge Belongie, and Pietro Perona. “Fast Feature Pyramids for
Object Detection”, IEEE, pp. 9-10, 2014.

id chiu trach nhiém bai viét:

Lé My Ha
Truong Pai hoc Su pham Ky thuat TP.HCM
Email: halm@hmute.edu.vn



