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ABSTRACT

In this paper, we proposed computer vision and machine learning
algorithms for an automatic road-sign detection and recognition system
using HOG feature and Neural networks. Our system is able to detect and
recognize almost road sign categories such as prohibition, danger,
warning and information which are not overlapped. The experiments are
carried out on the dataset of 31 video files. The average time to detect and
identify the road signs on a frame image is approximately 0.021 seconds
when using the classification model with the MLP neural network model,
and approximately 0.099 seconds when using the SVM classification
model. The accuracy rate for road sign identification is about 94% for
both models.

TOM TAT

Trong bai bdo nay, ching téi trinh bay thudt todn xit Iy anh va mdy hoc dé
twe dong phat hién va nhdn dang bién bdo giao thong duong bo sur dung
ddac trung cuc b6 HOG va mang Noron nhan tao. H¢ thong cua chung toi
¢6 kha nang phat hién va nhdan dang hau hét cdc loai bién bdo giao thong
nhw bién bdo cam, bién bdo nguy hiém, blen hiéu lénh va bién chi dan
khong bi chong lap Thuc nghiém dwoc tién hanh véi 31 video véi thoi
gian trung binh dé phat hién va nhdn dang cac bién bdo giao thong trén
mét frame anh xap xi 0.021 gidy khi sir dung mé hinh phdn 16p véi mang
noron nhan tao va khoang 0.099 gidy khi dung mé hinh phan lop SVM va
do chinh xac nhan dang khoang 94%.

1 GIOI THIEU

Viéc tmg dung cong nghé thong tin dé giai

nhan dang bién bao giao théng 1a mot cong cu hd
trg trong hé thdng giao thong thong minh. Cac hé
thong nhu vay dang dugc phéat trién va tmg

quyét cac van dé trong linh vuc giao thong dang 1a
mét chu dé nong ¢ nudc ta hién nay. Van dé phat
trién giao thong théng minh dé giam thiéu un tac,
tai nan va tiét kiém nguon lue cing dugce thao luan
trong nhiéu hoi thao, dién dan nhu dién dan cp
cao Cong nghé Thong tin — Truyén thong Viét
Nam (Vietnam ICT Summit), 2015. Phat hién va
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dung trong nganh cong nghiép tu dong hoa, thong
minh & mdt s6 qudc gia phat trién trén thé gidi véi
nhiéu cong trinh nghién ctru cia (Arturo de la
Escalera et al., 1997; Auranuch Lorsakul et al.,
2007; Andrzej Ruta, 2009; Andrzej Ruta, 2011;
hay Gauri A. Tagunde et al., 2012). O Viét Nam,
cling ¢c6 mot sO nghién ciru vé linh vyc nay nhu
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nghién ctru cua (L& Thanh Tam er al., 2009 hay
Nguyén Duy Khanh ez al., 2011).

Bai bao nay trinh bay phuong phap phat hién va
nhan dang cac bién bao giao thong duong bd su
dung két hop cac k¥ thuat phan doan anh, phat hién
bién va phan tich hinh dang ddi tugng dé phat hién
ving Ung vién c6 thé 1a bién bao giao thong. Sau
d6, rat trich dac trung HOG va huan luyén mang
Noron nhan tao d nhan dang bién bao. Quy trinh
xur 1y téng quat ciia phwong phép dugc trinh bay
nhu trong hinh 1. Pau tién, anh dau vao s& dugc
phéan doan dé loai bé nén nhim 1am ndi bat cac ddi
tuong c6 thé 1a bién bao giao thong, bién cia cac
dbi twong nay s& duoc xir Iy loc kich thudc va phan
tich hinh déng dé chon ra cac ving tmg vién 1a bién
bao giao thong. Tiép theo, cac ving ng vién s&
duoc trich dac trung HOG, cac dac trung trich ra
dugc phéan 16p véi mo hinh mang Noron da dugce
huén luyén trude do dé nhén dang loai bién bao.
Két qua huin luyén va nhan dang ciing duoc so
sanh voi mé hinh phén 16p st dung SVM dé xac
dinh m6 hinh nhan dang phu hop nhét. Muc tiép
theo ctia bai bao trinh bay chi tiét phuong phap
nghién ctru, muc nay bao gdm ky thuat phan doan
anh dua trén khong gian mau RGB va IHLS,
phuong phap udc lugng kich thudc va hinh dang
ctia bién bao giao théng dua trén bién dbi twong dé
chon ra cac vung ung vién, thudt toan trich dac
trung HOG cua cac viing g vién 1a bién bao giao
thong, huan luyén mang Noron. Trudc khi trinh
bay chi tiét cac noi dung, chung t6i gidi thiéu so

Biang 1: Bén nhém bién bo chinh & nuée ta
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luge mdt sb loai bién bao giao thong duong bo
dang st dung ¢ Viét Nam. Cac két qua thuc
nghiém va thao luan dugc trinh bai trong muc 3.
Muc 4 14 két luan va cac dinh hudng tiép theo cua
bai bao.

Phat hién
vimg ng vien

Hien thi két qui Phin Trich dic
phinlép (anh va lap tnmg HOG
thang tin bién bao)

Hinh 1: Quy trinh téng quat cua thuit toan
phat hién va nhian dang bién bao giao thong
dwong b

2 PHUONG PHAP NGHIEN CUU
2.1 Bién bo giao théng dwong bd Viét Nam

Bién bao giao thong 1a phwong tién dwoc ding
dé thong béo, chi dan ngudi tham giao théng diéu
khién phuong tién Iuvu théng nhim dam bao an
toan giao thong va dugc quy chudn trong “Quy
chudn kj thudt quoc gia vé bdo hiéu dwong bo”.
Quy chuin nay dugc ban hanh kém theo Thong tu
s6 17/2012/TT-BGTVT véi mi sb dang ky la:
QCVN 41: 2012/BGTVT. Theo d6, bién bao giao
thong duong bd & nudce ta duge chia thanh 4 nhom
chinh, Bang 1 trinh bay mot sé bién béo twong tng
v&i mdi nhom.

TT Tén nhém N§i dung

Gom 40 bién bao dugc danh so thi tu tir 101 dén 140 va tén tuong ng. Cac bién

1 Bién bao cam

béo trong nhom nay biéu thi cac diéu cdm hodc han ché ma nguoi sir dung dudng

phai chap hanh. Mot sb bién thudc nhdém nay la: Q, @, . ,

GoOm 47 bién bao dugcedanh thi tw tir 201 dén 247 va tén twong tng. Cac bién nay

2 Bién b4o nguy hiém

dugc dung dé canh bao cac tinh hudng nguy hiém. Mot sé bién trong nhém la:

HAAA A,

3 Bién hiéu lénh

Gom 10 bién c6 so thir ty tir 301 dén 310 va tén twong tng, duge ding dé béo cac

hiéu 1énh cho ngudi sir dung dudng. Mot s bién trong nhém nay la: e, @,

4 Bién chi din

Gom c6 47 bién duge danh tht ty tir 401 dén 447 va tén tuong tng, ding dé chi
hudng di va cac diéu can thiét. Mot sb bién trong nhém , !,

2.2 Phian doan anh

Phan doan anh l1a mdt budc quan trong trong
cac ung dung xu ly anh. Trong nghién ctru nay,
chung t6i tién hanh phan doan anh dya vao mau do
(Red) trén cac bién bao cam va nguy hiém; mau
xanh lam (Blue) trén céc bién hiéu 1énh va chi dan.

48

Dau tién, anh dau vao trong khong gian mau RGB
dugc chuyén sang khong gian mau IHLS bing
cong thuc (1), (2) va (3).Trong do, R 1a thanh phﬁn
do (Red), G la xanh luc (Green), B 1a xanh lam
(Blue) trong khong gian mau RGB va H 1a thanh
phin mau sic (Hue), L 1a do sang (Lightness), S 1a
d6 bao hoa trong khong gian mau IHLS.
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( H=0ifB<G
H=360—-0if B>G
[r-G-8 (1)
0 =cos~ ! ( )
VR2+G2+B2—RG-RB-GB
L=02126R+0.7152G + 0.0722B 2)
S =max(R, G, B) — min(R, G, B) 3)

Sau khi chuyén anh sang khong gian mau
IHLS, gia tri H va S dugc chon twong tng véi mau
d6 hodc mau xanh lam trén bién bao giao thong.
Dbi véi mau do, nhitng diém anh (pixels) co gia tri
H<15 hodc H>183 va S>16 dugc thé hién trong
anh tring den v&i mau tring (gia tri 1), nhimg diém
anh con lai dugc thé hién voi mau den (gia tri 0).
Db6i v6i mau xanh lam, twrong tw nhu trén, nhimng
pixels c6 gid tri 143<H<170 va S>36 dugc thé hién
bang mau tring, nhing pixels con lai dugc thé hién
bang mau den. Hinh 2, Hinh 3 va Hinh 4 1an luot 1a
cac anh RGB, IHLS va anh trang den khi phan
doan dwa mau dé trén bién bao.

Hinh 3: Anh chuyén tir RGB sang IHLS

Hinh 4: Anh tring den
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2.3 Phat hién vung ung vién

Anh tréng den thu dugc ¢ giai doan trude duoc
loc bang bd loc Median kich thuée 5x5 dé loai bot
cac ving nhiéu. Tiép theo, chung toi sir dung ham
JindContours() trong thu vién OpenCV dé do bién
ctia cac dbi twong trong anh. Hinh 5 trinh bay két
qué tim bién cua cac dbi tugng trong anh tring den
da trinh bay ¢ Hinh 4.

Hinh 5: Két qua tim bién cta cac déi twong

Do hinh dang ctia cac bién béo giao thong déu
1a cac da giac 161, dé tim cac da giac 16i nay, ham
isContourConvex() trong thu vién OpenCV duogc
st dung. Mac du kich thuéc cia vung ung vién
bién béo giao thong thuc su c¢6 ty 18 w/h xép xi 1
nhung khi truy xut cac frame anh tir tap tin video,
ti 1& nay s& thay doi tily theo khoang cach, thoi gian
va goc nhin. Tuy theo goc nhin ma co thé chiéu cao
s& 16n hon chiéu rong va nguoc lai. Thuc nghiém
cho thiy ty 1& phu hop cho cac vung tmg vién véi
cac goc nhin khac nhau thdaw/h<1/3va h/w<
1/7. Vi vay, sau khi trich dugc cac vung ung vién,
chung t6i1 sir dung rang budc ty 1€ chiéu rong w va
chiéu cao h théa w/h < 1/3 va h/w < 1/7 @ chon
cac vung tng vién thyc su.

24 Dic trung HOG

Pic trung HOG duoc dé xuat boi N.Dalal, ef
al., 2005. Y tuéng dic trung HOG xuét phat tir
hinh dang va trang thai ciia vat co thé duoc dic
trung bang sy phan bd vé cudng do va hudng cua
canh. Pic trung HOG gém mot s loai nhu: R-
HOG, R2-HOG va C-HOG. Theo J. Stallkamp, et
al., 2012 dac trung HOG cho phép mé ta tbt cho
cac dang bién bao giao thong co hinh dang khac
nhau. Vi vay, trong nghién ctru nay, chung toi st
dung dac trung HOG cho muyc dich trich dac trung
bién bao phuc vu cho thao tac nhan dang. Noi dung
ké tiép, ching t6i trinh bay cac budc thuc hién dé
trich dac trung R-HOG cho cac vung anh tng vién
duoc su dung trong nghién ciru nay.

2.4.1 Cac buoc trich dac trung HOG trén anh

_Budc 1: Tinh cudng do va huong bién thién tai
moi pixel bang cong thuc (4), (5).
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Cuong do: |G| = \JIZ + I}

arctanly,

“

Huéng: 6 = &)

Iy
Buée 2: Chia anh dau ra & bu6e trén thanh
nhiéu khéi (block), mdi khéi co sé 6 bang nhau,
mdi 6 ¢b s6 pixels bang nhau. Cac khoi duoc xép
chéng 1én nhau mot 6 nhu & Hinh 6. S6 khédi duoc
tinh bang coéng thic (6). Trong d0, Winage
Himage, Whiock, Hpiockk Ween, Heen 1an lugt 1a chiéu
rong, chidu cao cua anh, khdi va 6.

Block .

Owerlap of Block

Hinh 6: Chia khéi trich dic trung HOG

W, “Har ) (6)

( image

- %m *
chu

W,

cell +1 ) % (I—[image_l—[hlnck

Myocktimage
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Bude 3: Tinh vecto dic trung cho timg khoi
Tinh vecto dic trung timg 6 trong khoi

— Chia khong gian hudng thanh p bin (s6
chiéu vecto dac trung cia 6).

— Goc huong nghiéng tai pixel (x,y) co do 16n
o(x,y) dugc rdi rac hda vao mot trong p bin.

Roi rac hoa unsigned-HOG (p=9):

B(x, y) = round( M}mod p
T

Roi rac hoa signed-HOG (p=18):

B(x, y) = round( p*gﬂ)modp (8
T

Gia tri bin dugc dinh lugng boi téng cudong do
bien thién cua cac pixels thudc vé bin do.

N&i cac vecto dic trung 0 dé dugc vecto dic
trung khéi. S chiéu vecto dic trung cua khdi tinh
theo cong thirc  sizefeaurevlock=cells *SiZ€featurerceir-
Trong do, nceus 1a s0 6 trong khdi va sizepanrescen 1
s6 chiéu vecto dic trung ciia 6 bang 9 (unsigned-
HOG) hoac 18 (signed-HOG).

Bugc 4: Tinh vecto dac trung cho anh

— Chuén héa vecto dic trung cac khbi bang
mdt trong cac cong thirc (9), (10), (11). Theo N.
Dalal va B. Triggs, két qua chuin hoa khi ding
L2-norm va Ll-sprt 1a nhu nhau, L1-norm thi
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kém hon.

v

L2-norm: f =TS )

Vva+eé’

v

Ll-norm: J (vi+e) (10)
%

Li-sqrt: J = ) (11)

Trong cac cong thuc trén, v 1a vecto dac trung
ban dau cua khéi, v, 1a k-norm cua v(k =1, 2),
e 1a hang s6 nho.

— Ghép cac vecto dic trung khdi tao nén anh
dé duoc dac trung R-HOG cho anh. S6 chiéu vecto
dac trung cta énh tinh theo cong thic SiZ€feature/image
= MNblocks/image Slzefcatmc/bluc/wV(n Rblocks/image la kh01

VA Siz€feanremiockld SO chiéu vecto dic trung mdi
khoi.

2.4.2 Ap dung céc budc trich ddc trung HOG
trén viing anh wrng vién

MJi ving anh ting vién & giai doan trude duge
dua vé kich thuéc 32x32 va tién hanh cac budc
trich dac trung HOG.

Cu thé 13, anh dugc chia thanh 49 khéi, mbi
khéi chira 2x2 6, mdi 6 trong khdi chira 4x4 pixels
va cac khoi xép chdng 1én nhau mot 6.

S chiéu vecto déc trung tai mdi 6 1a 9 (sir dung
9 bin) va sd chiéu vecto dac trung mdi khoi la
9x2x2 = 36 chiéu (vi mdi khéi co 2x2 6). Do do, s6
chidu vecto dic trung cta anh 1a 49x36 = 1764
chiéu.

2.5 Phanlop

Phan 16p 1a mot giai doan trong bai toan nhan
dang. Qua trinh phan 16p nham gan dit liéu dau vao
(thuong 13 vecto n chiéu) vao 16p mong mudn bang
cac giai thuat may hoc. Trong bai bao nay, mang
Noron nhan tao (ANNs) dugc ding dé huan luyén
mo hinh phan 16p dir liéu cho muc dich nhan dang
c4c bién bao giao thong trich ra & giai doan trude.
Tiép theo, ching t6i trinh bay tong quat mang
Perceptron da ting (MLP).

MLP la loai mang noron truyen thang gém
nhiéu ting. Hinh 7 minh hoa kién trac téng quat
mang noron MLP 3 tang.
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| 021

HZL
Hinh 7: Mang noron MLP 3 ting
Trén hinh, mdi vong cing véi sé biéu dién mot
noron, cac noron duge td chirc thanh nhiéu téng
(tang dAu vao, tng an va tang dau ra). Tang dau
vao (input layer) khong chira noron nao ca, céc
hinh ngii gidc & tAng dau vao biéu dién cac diém

Béang 2: Tap dir liéu 1
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nhan gia tri dau vao va truyén cho cic noron & ting
4n 1. Cac tang khong 1a diu vao hay dau ra dugc
goi 1a cac tang an (hidden layer) vi ching trong
sudt véi ngudi dung, két qua dau ra cua cac noron
& tang an dugc chuyén dén cac noron cia tang ké
tiép hodc cic no ron ting dau ra, nguoi ding khong
thdy duoc cac gia tri trung gian nay ma chi biét
dugc két qua cia cac noron dau ra.

3 KET QUA VA THAO LUAN

3.1 Cac tap dir liéu

Chung t6i da thu thap cac tap dir liéu bién bao
giao thong, Bang 2 va Bang 3 tuong Ung trinh bay
chc tap dir liéu ding dé huén luyén hai mo hinh
phan 16p cho muc dich nhan dang cac bién béo
duoc phat hién tng vdéi phan doan anh dua vao
mau do va mau xanh lam.

Miu So lwong trong Sb lugng trong  Nhén Miu Sb lwong trong S6 lwgng trong Nhén
tap huin luyén  tap kiém tra (16p) tip huan luyén  tip kiem tra  (16p)
Khongla =5y 618 0 . 570 201 12
bien bao
Q 2064 281 1 A 115 21 13
@ 258 169 2 /(\ 145 21 14
570°) 245 124 3 @ 76 2 15
® 513 61 4 A 149 78 16
® 375 211 5 A 464 215 17
® 135 54 6 /'\ 80 123 18
@ 899 191 7 /;\ 528 83 19
746 120 8 1050 222 20
153 88 9 Aﬁ\ 152 26 21
484 165 10 /:\ 60 41 22
! 267 170 11 ﬁ\ 91 39 23
Béng 3: Tap dir liu 2
Miu So lwgng trong Sb lugng trong  Nhan Miu Sb lwgng trong Sb lwgng trong Nhén
tap huin luyén  tap kiém tra (16p) tap huin luyén  tip kiém tra  (16p)
Khong la 810 666 0 @ 652 43 3
bién bao
@ 75 41 I 1857 378 4
° 1462 178 2 ! 271 52 5
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3.2 Két qua huén luyén (12 nhin ctia mau).

Déi véi tap dir lidu 1, chung t6i hun luyén mo DPb6i v6i tap dir liéu 2, chung toi ciing dung
hinh phén 16p bién bao bang mang MLP 3 tang. Cu mang MLP 3 tang dé huan luyén mo hinh phén 16p.
thé 13, tAng 1 nhan vao mdt vecto 1764 chiéu (dic Tang 1 (tAng dau vao) thi twong ty nhu trén, con sb
trung HOG cua céc méu trong tap huin luyén). noron ¢ tang 2 (tang an) la 80 va ting 3 (ting
Tang 2 (tang an) c6 193 noron nhan dir ligu & tang dau ra) c6 6 noron tuong tng véi 6 16p tir 16p 0 dén
dau vao va tinh toan dé dugc dau ra mong muon. lop 5.

Tang dau ra gdm 24 noron (24 16p), mdi noron dau

ra nhan mot trong cac gia tri trong khoang 0 dén 23 Két qua huan luyén khi ding tép kiém tra twong

ung dugc trinh bay ¢ Bang 4 bén dudi.

Bing 4: Két qua huin luyén mang MLP véi dic trung HOG

S6 miu phan 16p diing  S6 mAu phan 16p sai

Tap dit licu 1 Tap huﬁn luyén (11 130 mau) 3 1'30/3344 21’4/3344
P : Tép kiém tra (3344 mau) (chiém 93.6%) (chiém 6.4%)
AL as1ia A z A x 1350/1358 8/1358
Tap dirliéu2  Tap huan luyén (5127 mau) (chiém 99.41%) (chiém 0.59%)
Ngoai ra, chung t6i con st dung thu vién phé“} da 16}’)3 t= 2 (ham nhan su dung la ham
libsvm huan luyén md hinh phan 16p trén céc tap Radial Basis Function (RBF)), -g = 0~0078‘125 (’7
dir liéu, day 1a mot th}r vién may hoc vecto ho trg cua ham nhan 1a 0.0078125), -c = 32 (hang s@ [
(SVM) dugc phat trién boi Chil-Chung Chang va (chi phi) 1a 32). Cac gia tri ndy dugc chon bang
Chil-Jen Lin. Gia tri cac tham s6 cua ham svm- cong cu grid.py trong thu vién LibSVM. Két qua
train trong thu vién dung d€ huan luyén trén ca hai huan huyén dugc trinh bay trong Bang 5 (Truong

tap dir li¢u 1a: -s = 0 (loai bai toan huén luyén 1a Hung Chen, 2015).
Bing 5: Két qua huin luyén mé hinh véi SVM va dic trung HOG

S6 mau phan 16p diing S6 mau phan 16p sai

Tap dit licu 1 Tap hufin luyén (11 130 mau) 3155/3344 189/3344
4P * Tap kiém tra (3344 mau) (chiem 94.35%) (chiem 5.65%)
1353/1358 3/1358

Tap di liéu 2 Tap huan luyén (5127 mau) (chidm 99.63%) (chidm 0.37%)

Chung t6i da tién hanh thyc nghigm véi 31 ~ tuong doi nhanh trung binh khoang 0.021
video dugc quay bing méay anh Canon IXUS 130 g%a}y/frame so voi m6 hinh SVM la khoang 0.099
va may anh NIKON COOLPIX S2600 trong diéu  gidy/frame.

kién dnh sang ban ngay binh thuong trén cac tuyén Mot s6 hinh anh minh hoa qua trinh phat hién
dqbng tai thanh pho Can Tho, Hau Giang, K}én va nhan dang mot s bién bao hiéu giao thong duoc
Giang Vé. Soc Trﬁng- May anh _dugc dat co dinh trinh bay trong Hinh 8. Két qua phat hién va nhan
thang voi hudng di chuyén véi toc do quay 30 dang 1a kha t6t dap (g yéu cau cua hé thong nhan

frames/gidy. Chiing t6i tién hanh trich timg frame dang bién bao giao thong duong bo. Tuy nhién,
anh voi d6 phan gidi 1a 1360x1024 pixel trén cac truong hop cac bién bao bi hu héng ning hodc

tap tin video va dugc dua vé anh 640x480 dé xir 1. chdng I4p nhau twong déi 16n hé théng s& khong
Cf‘ hai m6 A’hinh »nhén' d'q}ng SAVM ,Va mang noron phat hi¢n dugc vi budc phan doan anh s& khong
deu cho ket qua kha tot (d6 chinh xac khoa’ng xdy dung duoc cac da giac 16i 1a cac vung Gng vién
94%). Vé thoi gian, md hinh mang noron thuc hién cho bién bio.
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Hinh 8: Mgt s6 két qua phat hi¢n va nhan dang bién bo giao théng dwong bd. Anh bén trai véi cac
vung ing vién dugc phat hién twong irng anh bén phai 1 két qua nhian dang

4 KET LUAN VA HUONG PHAT TRIEN
4.1 Kétluan

Trong nghién clru nay, chung t6i da su dung
cac k¥ thuat xir Iy anh va may hoc dé phat hién va
nhan dang mét sb loai bién bao giao thong duong
bd & nudc ta. Két qua huan luyén cac mo hinh may
hoc (mang noron nhan tao va SVM) st dung dac
trung HOG trén céc tap dir li¢u do chung toi thu
thap kha cao (khoang 94%). Két qua thuc nghiém
cho thay thoi gian trung binh dé phat hién va nhan
dang cac bién bao trén mot frame anh xap xi 0.021
gidy khi st dung m6 hinh phan 16p véi mang noron
nhéan tao va khoang 0.099 gidy khi dung mo hinh
phan 16p SVM. Cac két qua nghién ctru nay day
hira hen va c6 thé ap dung vao phét hién va nhan
dang céc bién bao giao thong trong thuc té.

4.2 Hud6ng phit trién

_ Trong tuong lai, chung tdi s& nghién ctru cai
tién phuong phap phat hién ving Umg vién dé giai
quyét truong hop cac bién bdo bi hu héong hoac
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chdng 14p. Pbng thoi nghién clru so sanh va tim
dic trung phu hop, ting sé luong miu huin luyén
va kiém tra dé nang cao do chinh xac ciia hé thong.
Mo rong hé thong dé phat hién va nhan dang thém
cac kiéu bién bao khac.

TAI LIEU THAM KHAO

1. Dién dan Cip cao Cong nghé Thong tin —
Truyén théng Viét Nam (Vietnam ICT
Summit), 2015. CNTT va Quan tri thong minh.

2. Arturo de la Escalera, Luis E. Moreno,

Miguel Angel Salichs, JoséMaria Armingol,
1997. Road Traffic Sign Detection and
Classification, IEEE Transactions on
Industrial Electronics, 44(6): 848-859.

3. Auranuch Lorsakul, Jackrit Suthakorn,
Traffic Sign Recognition Using Neural
Network on OpenCV: Toward Intelligent
Vehicle/Driver Assistance System, Center
for Biomedical and Robotics Technology
(BARTLAB), Department of Biomedical



Tap chi Khoa hoc Truong Pai hoc Can Tho

Engineering, Faculty of Engineering,
Mabhidol University, ThaiLand.

4. Andrzej Ruta, 2009. Video-based Traffic
Sign Detection, Tracking and Recognition,
Doctor of Philosophy, Brunel University,
West London.

5. Andrzej Ruta, Fatih Porikli, Shintaro
Watanabe, Yongmin Li, 2011. In Vehicle
Camera Traffic Sign Detection and
Recognition, Machine Vision and
Applications (22):359-375.

6. Gauri A. Tagunde, C.0.Banchhor, Nilesh J.
Uke, Detection Classification and Recognition
of Road Traffic Signs Using Color and Shape
feature, International Journal of Advanced
Technology & Engineering Research
(IJATER), 2(4): 202-206.

7. Lé Thanh Tam, Tran Thai Son, Seichii
Mita, 2009. Phat hién va phan loai bién béo
giao thong dua trén SVM trong thoi gian
thyc. Tuyén tap cong nghé thong tin va
truyén thong 2009: 44-50.

8. Nguyén Duy Khanh, Lé Dinh Duy, Duong
Anh Pirc, 2011. Phét hién bién bao giao
thong dung dac trung cuc bd (local features).
Hoi thao FAIR (Fundamental And Applied
IT Research) 1an V, Thang 08-2011.

54

S6 chuyén dé: Cong nghé Thong tin (2015): 47-54

9. B0 Giao thong van tai, B Khoa hoc Cong
nghé, Téng cuc Puong bo Viét Nam, 2015.
Quy chuén k¥ thuat quc gia vé bao hiéu
duong b, Ha Noi.

10. N.Dalal and B.Triggs, 2005. Histograms of
Oriented Gradients for Human Detection,
Proceeding on IEEE Computer Society
Conference on Computer Vision and Pattern
Recognition, CVPR (1):886-893.

11.7J. Stallkampa, M. Schlipsinga, J. Salmena,
C. Igelb, 2012. Man vs. Computer:
Benchmarking Machine Learning
Algorithms for Traffic Sign Recognition,
Preprint submitted to Elsevier.

12. Chil-Chung Chang and Chil-Jen Lin, 2014.
LibSVM — A Library for Support Vector Machines.

13. Truong Hung Chen, 2015. Xay dung bd
cong cu phat hién va nhan dang bang hi¢u
diéu khién giao thong. Luan van Thac si
nganh Céng ngh¢ thong tin, Truong Pai hoc
Can Tho. Thanh phd Can Tho.



