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Tém tit

Nhan dang bién bao giao thong 13 mot trong nhirng van dé mang tinh thach thirc trong cac hé thdng giam sat giao thong,
hé thong hd tro tai xé, dic biét 1a xe tyr hanh. Mic du trén thé gisi hién nay di c6 nhidu giai thuat nhan dang bién bao giao
thong. Tuy nhién, ¢ bai bao nay chiing t6i dé xudt thuat toan PCA két hop LDA cho viéc nhan dang bién bao giao thong
Viét Nam. Két qua thie nghiém cho thay phuong phéap nay cai thién dang ké thoi gian voi cing hiéu nang nhan dang.

Tir khéa - PCA, LDA, vertor riéng, gi tri riéng, nhan dang, so khop mau, bién bao giao thong.

Abstract

Traffic sign recognition is one of the most challenging issues in the traffic monitoring system, driver assistance system,
especially in the autonomous vehicle. Although there are many traffic sign alerts in the world today. However, in this pa-
per, we use the PCA algorithm combining the LDA for identifying of Vietnamese traffic sign images. Experimental results

show that this method significantly improves time with the same recognition performance.

Key words - PCA, LDA, eigenvectors, eigenvalues, template matching, traffic sign recognition.

1. it van dé

Ha tang giao thong dong mot vai trd rét quan
trong ddi voi su phat trién kinh té xa hoi cua tt ca
cac qudc gia, trong d6 hé théng bién bao giao thong
1 mot phan khong thé thiéu ciia ha tang giao thong.
Hé thdng bién bao giao thong ¢ Viét Nam ciing
theo quy chuan ctia thé gidi nhung dugc bo sung va
chinh sira mét s6 bién bao dé phi hop véi dac thu
cua giao thong tai Viét Nam. Viéc nhan dang bién
bao giao thong thong qua hinh anh camera da dugc
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mdt s6 quoc gia trén thé gioi thyc hién tir 1au va da
tng dung dugc trong cac hé thong nhu hé thong
giam sat giao thong, hé thong 1ai xe ty dong, xe
khong nguoi 14i. Dac biét, xe tyr hanh 1a mot van dé
nong dang dugc nhidu nudc quan tim nghién ciru
va hién nay dang duoc thir nghiém ¢ mot s quic
gia nhu My, Nhat, Singapore, Qatar. Tuy nhién, &
Viét Nam céc két qua nghién ctu lién quan dén nhan
dang bién bao giao thong chua nhiéu, dic biét 1a
viéc nhan dang cac bién béo dic thu ciia Viét Nam.
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Thé giéi da c6 nhidu cong trinh nghién ciru
vé nhan dang bién béao giao thong dugc cong bd
trong thoi gian gan day. Cong trinh [1] mo ta
mot hé thong thi gidc may tinh xir 1y viéc phat
hién, theo vét va nhan dang cac bién bao giao
thong dua trén mau sac, hinh dang két hop voi
phuong phap phan 16p may vector twa SVM.
Phuong phap tiép can nay cho ti 1é nhan dang
chinh xac 1én dén 97%. Trong bai bao [2], cac
tac gia da dé xudt mot phuong phap biéu dién
thua thot dé nhan dang bién bao giao thong dua
trén 16p twong tu. Phuong phap ndy can sip
xép céc bién bao giao thong theo bon 16p chinh
dua trén tinh ning twong ty cia chung. Bén 16p
chinh 13 16p giéi han tdc do, 16p canh béo, 16p
chi thi va 16p khong quy tic. Phuong phép c6 thé
duoc chia thanh ba giai doan. Pau tién, sir dung
két hop phan tich thanh phan chinh PCA va phan
tich phéan loai tuyén tinh LDA dé xac dinh “ngudi
hang xém gan nhat” cho miu thir nghiém. Tiép
theo, dai dién cho mau thir nghiém nhu mot su
két hop tuyén tinh ctia cic mau huén luyén tir
16p chinh ma ‘hang x6m gan nhat’ thudc vé. Cubi
cung, bai bao nay st dung két qua dai dién dé
thuc hién phan loai. Céac thi nghiém so sanh trén
co s6 dif liéu bién béo giao thong Pirc (GTSDB)
cho thiy phuong phap nay tét hon cic phuong
phap truyén théng nhu OMP, PCA va LDA. Ty
1é cong nhan cta né co thé dat 96%. Bai béo [3]
trinh bay mot khung nhan dang dbi tuong méi.
Khung ndy bao gdm nhiéu phuong phap cong
nhan doi tuong dua trén phan tich thanh phﬁn
chinh (PCA), phan tich phan loai tuyén tinh (LDA)
va K-lang giéng gan nhat (K-NN). M6 hinh véc
to mau cling dugc gidi thiéu trong cong trinh nay.
Dura trén mo hinh dai dién, mau Eigenspace duoc
xdy dung bang cach st dung PCA va LDA dé
trich xut dic trung. Phuong phap tiép cin nhan
dang ddi twong da duoc thir nghiém trén Thu vién
hinh anh dbi tuong Columbia (COIL-100) va
Thu vién d6i tuong mau cua Thu vién ddi tuong
mau do (ALOI). Két qua thyc nghiém trén cac
co s¢ dir liu nay chung minh hi€u qua cua cong

trinh duoc dé xuat voi ty 1¢ nhan dang cao hon so
v6i két qua cta cac cong trinh trude. Ty 16 cong
nhan da dat dugc trong mot sb truong hop 100%.
Tuy nhién, phuong phép nay chua 4p dung cho
viéc nhan dang bién bao giao thong. Cong trinh
[4] mot nghién ctru dua trén hinh dang dé nhan
dang bién bao giao thong cua Iran. Mot mé hinh
sinh hoc dugc goi la HMAX duoc st dung trich
xuat dic trung dé xtr 1y cac hinh anh bién bao
giao thong. Cac vecto dic trung trich xuat dugc
phan loai don gian bang cach sir dung bo phan
loai K-NN. Ba thi nghiém di duoc thyc hién dé
danh gia hiéu suit cia mo hinh dwoc dé xuat va
so sanh v&i mot sé mo hinh thong thuong nhu
PCA, DCT va 2DPCA. Trong moi thi nghi¢m, su
khéc biét vé hiéu suét cia md hinh duoc dé xuét
so v6i cac mo hinh thong thuong 1a khoang 60%
trén cung mot co s¢ dir li¢u. Ty 1€ nhan dang cua
md hinh niy cao s& lam tang tinh 6n dinh va do
tin cay cua hé théng trén g dung thoi gian thye.

Hién nay, ¢ Viét Nam c6 mdt s6 don vi nghién
ctru vé nhan dang bién bao giao thong Viét Nam
nhu FPT, Truong Pai hoc Can Tho, Truong Pai
hoc Duy Tan [7-6]. Cu thé, bai bao [7] trinh bay
phuong phap phat hién va nhan dang cac bién bao
giao thong duong bo st dung két hop céac ky thuat
phan doan anh, phat hién bién va phan tich hinh
dang ddi twong dé phat hién ving tmg vién c6 thé
13 bién béo giao théng. Sau do, rut trich dic trung
HOG va huan luyén mang Noron nhan tao dé
nhan dang bién béo cho két qua nhan dang dat ti 1¢
94%. Tuy nhién, cong trinh nay chua duogc ti wu
mdt cach hiéu quéa nhat. Trong bai bao [6], tac gia
str dung phuong phép Haar-like két hop thuat toan
tang toc adaboost cho viéc phat hién anh. O phan
nhan dang, tac gid sir dung phuong phap PCA.

Khac v6i cac cong trinh da dugc cong bd trong
va ngoai nudc néu trén, trong bai bao nay, ching
t6i st dung phuong phéap két hop PCA va LDA
cho viéc trich rat dic trung nham ting cuong hiéu
nang va dic biét 1a rat ngan thoi gian nhan dang
bién bao giao thong tai Viét Nam. Noi dung bai
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bao duoc chia 1am cac phan theo trinh ty sau. Phan
2 trinh bay co s 1y thuyét cac thuat toan PCA,
LDA, dé xuit PCA+LDA. Phan 3 trinh bay qua
trinh thiét ké chuong trinh nhan dang va két qua
dat duoc trén phan mém Matlab. Cubi ciing phan
4 dua ra két luan va huéng phat trién tiép theo.

2. Co s6 1y thuyét

Cau trac tong quat cia hé thong nhan dang bién
béo duoc thé hién nhu hinh 1. Trong do, trich chon
dic trung 14 hat nhan ctia hé thong, dong vai tro then
chét, quyét dinh hi€u nang cua mot thuit toan nhan
dang. Trong ndi dung phan nay, ching t6i tip trung
trinh bay vé phuong phap trich chon dic trung.

COSODULIEU \

______ -

|
[t | o [raca vise | TRICH CHONE\ ey ANy |
1 w L\ “| DAC TRUNG E/"I I

Két qui nhdn dang: Thélig\'tin vd
anh miu cda dnh cin nhin dang
Hinh 1. So d6 téng quat ciia hé thong nhan dang bién bao
2.1. Thudt todn Phén tich thanh phan chinh
PCA (Principal Component Analysis)

Phuong phap nay thuc chat 1a di giai quyét bai
todn tim b thong s6 duya trén tri riéng va vector
riéng cua ma tran anh. Phuong phap PCA [6-5]
s€ gitr lai K thudc tinh “ma&i” tr M céc thude tinh
ban dau (K<M). Thuit toan duoc tién hanh theo
cac budc sau:

Bude 1: Tai anh trong bd co so dir liéu M, st
dung cac anh bién bao I,L,...,1 (da dugc xam
héa va dinh chuan vé cung kich thuéc). Bé dé
hinh dung, ta c6 M = 9 dnh phan thanh 3 16p (mdi
anh déu dugc xam hoa va resize vé cung kich
thudc N2 = 4x4)

Bu6e 2: Tuong tmg moi anh L. vi mot vector I'i

L. (dnh NxN) — vector I', (N*x1) (1)

Vectorl“i=N2 x1=16x1.

Budc 3: Tinh vector 4nh trung binh ¥ theo
cong thuc:

1
Y=SE5 0 )
Vector trung binh ¥ ¢6 s6 chiéu 16x1.

Buére 4: Sai s6 cua cac anh so véi vector anh
trung binh duogc tinh theo cong thirc:
®i=TI,-Y 3)

Buwdc 5: Tinh ma tran hi¢p phuong sai
(covariance) C:

C=— T (Q)(G)T =447 @
Ta nhan théy 2 ma tran C = A.A" va ma tran
AT A 1udn c6 chung tri riéng. Ma ma tran A7.4 c6
s6 chiéu (9x9) it hon hin ma tran 4.47 vé6i sb
chiéu (16x16) nén ta s& chuyén vé ma tran A% 4.

Xét ma tran 4”4, goi v, va A, la cac vector
riéng va tri riéng ciia ma tran 4”.4. Ta co6:

ATA v, = v, (5)

Nhan 2 vé v6i 4 ta duge: 4 ATAN, = hAV.
Vay A.v, chinh 1a vector riéng cua ma tran hi¢p
phuong sai C ing voi tri riéng A.. Tinh duoc vector
riéng v = 9x9, tri riéng A = 9*1 (chi lay cac gia
tri trén duong chéo chinh cua A). Tur céc vector
riéng v, co kich thude 9x1 ta tinh dugce cac vector
riéng u, (kich thuge 16x1) theo cong thirc:

u, = Av, (6)

Sau khi loai bo vector c6 gia tri 0, ma tran
chtra cac vector chudn hoa u, co s6 chiéu 1a 16x8.
Khi d6 mdi anh @, trong tap huan luyén c6 thé
dugc biéu dién lai 1a 1 t6 hop tuyén tinh cia K
vector riéng 16n nhat:

@, =T;— ¥ =wiu +wu+wius+..+ whuyg
=25 wiy

()

Trong d6: wj = ul.@; véii=12.....M.

Vector voi cac hé sd khai trién (W, W,, W,...,
w,] chinh la biéu dién méi cta anh dugc tao ra
trong khong gian PCA, va van mang cac dic tinh

cta anh cii. Goi q 1a bd thong sd duogc tinh tir
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phuong phap PCA, tacd q=[w,, w,, W,,..., W, ] va
¢0 s0 chicu 1a 8x9. Vay, vdi M =9 anh ¢6 s6 chiéu
1a 16x9, sau khi ding PCA dé anh xa tuyén tinh, ta
c6 dugc bd thong ) qcod s6 chiéu duge rat gon lai
con 89 ma van giit duogc tinh chit ctia M.

2.2 Phirong phdp phén tich phén logi tuyén
tinh LDA (Linear Discriminant Analysis)

Thuat todn LDA [3] dua trén phan tich phan
loai phi tuyén cua Fisher 1a phuong phap tinh
toan chuyén doi toi da hoa sy phén tan giita cac
16p trong khi giam thiéu phan tan trong 16p.

Cho tap dit liéu gdm céc 16p anh i thudc bo dir
liéu C. Ta c6 y 1a s6 mau co trong tap C. Cho M.la
s6 luong mau trong mdi 16p i; i=1, 2, ......, C. Cho
1, la vector trung binh trong cac lop 1;i=1, 2, ....., C.

1
p==X5o1 Hy. (8)

trong do, p: trung binh cua toan tap dir licu C.

Goi S 1a ma trdn tin xa ndi 16p (cdc phan tir
trong 16p) va S, 1a ma trén tan xa tuong hé cia
cac 1op thuoc C.

Ta co:

Sw =Xiz 2oy (¥ - m) (¥ - m)™. )

Sp = ?:1(”i_ (- W (10)

Phuong phap LDA sé& tim gia tri W dé cuc dai
hoa ham muc tiéu H(W):

(11)

wsgwT
WSy wT

Hew) =

2.3 PCA két hgp LDA (PCA+LDA) cho viéc
nhan dang bién bdo giao thong

Vi tdng s6 anh trong bo co so dir liéu bé hon s6
pixel ctia mdi anh nén chung t6i két hop gitra phuong
phap PCA va LDA (PCA+LDA) [5] dé cho két qua
nhan dang cao hon. Cac budc thuc hi¢n nhu sau:

Buéc 1: Ly bo thong s6 q = (W), W,y Waseo,
w,] dugc tinh tr phuong phap PCA. St dung
bo thong s6 q dé tinh bd thong sd nho hon va
dé phan biét hon theo phuong phap LDA. Tinh
trung binh cua tat ca dir liéu trong q.

Vi du: Ta c6 M (q € M) tap mau ctia 3 16p anh
X,Y,Z can phan loai, mdi 16p c6 cac loai dit liéu
khac nhau va sau khi rat bo théng sb q tir PCA,
ta co 3 16p sau: (x,, x,) € X; (v,, ¥, ¥5) € Y; (2,
z,72,2,) €L,

Trung binh m ciia tip mau M dugce tinh theo
cong thuc (12)

1n T X + oy t+ Y.+ Zt Iy
m=1[*2 + X2 + oy, + V.t Zt Zp
L S . A S
X1n + Xon + Yin + y. + Z + Zyn
(12)
Buwéc 2: Tinh trung binh ctia moi 16p
X1t X21
- 1 X+ X
X:E 12 22
(13)
Xln + XZn

Tuong tu ta tinh dugc trung binh cua cac 16p:
Y.Z

- Sai s6 cua tung dir liéu so véi dir lidu trung
binh ctia méi 16p.

X — Xy X1 — Xy
x X — Xz x %22 — X2 (14)
1m s Zm
Xin — Xn Xon — Xn

Tuong tu ta tinh dugc: y, , ¥, 35 Yas Zyo Zypd

Z3m’ Z4m'

Buéc 3: Xay dung ma tran tn xa cho mdi 16p

51 = X1mXim T XzmXzm)} (15)
Tuong ty tinh duge: S, S,
Ta dugc ma tran tan xa ndi l6p S|
S =8+8+S, (16)

Ma tran tan xa tuong ho S,
Sp=F-mE-mI+¥-m)¥Y - m)T'+Z-mZ- m)T
(17)

Nhu vay ta s€ tim dugc phuong chiéu W dua
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trén vector riéng v ing vai tri riéng suy rong A [8]
duoc tiph trS, S dé ham muc tiéu H(W) dat gia tri
cao nhat. Ttr v va A ta tim duoc cac vector WLDA
dé ham muc tiéu Hg, nhu (11) dat gié tri cao nhét
dua theo céc gia tri riéng suy rong 16n nhat ing
V61 cac cOt cua vector riéng. Sau do6 ta tinh dugc
b trong sé cia tap huin luyén tir phuong phap
PCA + LDA ky hiéu 1a sSLDA béi1 cong thirc:

SLDA = (q" * WLDA)" (18)

Goi LDATEST 14 anh can nhan dang sau budc
tién xtr Iy va chuan héa. Ding phuong phap tinh
khoang cach Euclidian ciia ma tran anh can nhan
dang so v6i khong gian anh huan luyén. Gia tri
161 dugc tinh nhu sau:

e. = min, [|SLDA - LDATEST]| (19)

Gia tri e, nho nhat s€ ng véi vi tri cua anh
trong tap huan luyén, qua do tim dugc vi tri va
thong tin anh bién b4o can nhan dang.

3. Thiét ké chwong trinh va danh gia két qua
nhin dang

Tat ca cac anh trong tdp hudn luyén duoc
chuyén sang khong gian anh k vecto riéng dé tao
bd co s dit licu. Phuong phap so khép mau duoc
su dung trong bai bao dua trén cach tinh khoang
cach Euclidian bé nhat ctia bién bio kiém thir va
céc bién bao trong tap co s& dir licu.

Cac budc thuce hién co ban
% Tao Co so dit liéu cho tap kiém thir

M&i anh trong tap kiém thtr sau budc tién xir
1y, resize anh vé cung kich thudc (50*50), tiép
theo ta sir dung thuat toan PCA+LDA tinh b0
trong s6 dé ddi sanh voi bd trong sb cua tap anh
trong Co s¢ dir liéu 1100 anh.

Phuong phap so khép miu dé nhin dang
bién bao

Phuong phap duoc lua chon ¢ day la so khop
mau (template matching). T4t ca cac anh trong tap
huén luyén duoc chuyén sang khong gian anh k
vecto riéng dé tao bd co so dir liéu. Phuong phép so

khép mau duoc st dung trong bai bao dua trén cach
tinh khoang cach Euclidian bé nhat ctia bién béo
kiém thir va cac bién bao trong tap co so dir liéu.

So dd khéi phuong phap so khép mau duoc
trinh bay nhu trong hinh 2.

Trong do:

< Mang [a, a,,..., a,] chlra cac gia tri e_dugc
tinh tir cong thuc (19)

% i 1a dai dién cho sb thir ty timg gi4 tri trong
mang

% M la tong cac gia tri c6 trong mang

% Min la gia tri nho nhat can tim cta cac gia tri

@
A
/ Mang [a, az,..., a | /

!

i=2
min = a;

trong mang

»l

N
a; <min
N
Y

min = g;

min

i=i+1

4

Hinh 2. Luu d6 thuét toan ddi sanh dé nhan dang bién béo
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So dd thiét ké phﬁn mém cta hé théng nhan
dang nhu hinh 3. Trong hé thong nhan dang bién
bao nay gdm co:

% Anh can nhan dang
s B0 dir liéu anh trong khong gian anh
huén luyén

++ Thuat toan PCA+LDA

% Phuong phip d6i sanh miu Template
Matching

Chon anh cin nhén dang
v
Chuan hoéa anh

v

Thuat toan PCA + LDA

D61 sanh véi co
so dix lidu

Y

A4

Xuat thong tin va
anh mau bién bao
d3 nhan dang

Xuat thong bao bién
bao chua c6 trong co
so dix liéu

<
y

A

End

Hinh 3. Luu d6 thiét ké phan mém cho hé thong.

Tap anh kiém thir gom 130 anh thudc 18 loai
bién bao (bién bao hinh tron, hinh tam giéc,
hinh tir giac), bao gom cac loai bién bao giao
thong theo chuan qudc té va cac loai bién bao
giao thong dac trung riéng ¢ Viét Nam dugc thu
tir google image va anh duoc chup thuc té tir
camera smartphone. Mdi loai bién bao gém c6
cac loai anh ¢ cac trang thai khac nhau nhu trong
hinh 4: anh duoc chup trong cac diéu kién anh
sang khéac nhau, anh chup nghiéng, anh bi khuyét,
anh bi nhiéu v..v...

Hinh 4. Cac loai anh ciia tap anh kiém thir

Tap anh huan luyén gdm 1100 anh, trong d6
da bao gdm céc dic diém nhu tap anh kiém thi
(hinh 5). Cac anh trong tip huan luyén dugc chira
trong cung mot thu muc, dam bao dat tén diing theo
dang phén 16p bién béo va theo thir tu: “x-y.jpg’,
trong d6 x 1 s6 16p anh bién bao (tir 1 dén 18 loai)
va y 1a s6 thtr ty bién bao trong 16p (tir 1 dén 20
hodc 120 tuy loai). Cac anh chtra cuing mot loai
bién bio phai nam trong cing mot 16p x. Ly do
1a chung t6i str dung cac cau 1énh Matlab dé phan
tach tén goi cua cac anh (nho ki tu “-” trong tén
anh), tir do suy ra phan 16p nhan dang chinh xac.

Céc anh dugc tién xtr Iy va cat dung phan chira
bién bao trong anh.

lllll“‘é‘l
TV VY e 1
AAAOOOOOOWO®

Hinh 5. M6t phan cuia tap huan luyén

Sau cac budc tién xu Iy va resize anh, ta
su dung thuat toan PCA+LDA dé trich xuét
dac trung va sau do tinh duogc bd trong s6. Bo
vector riéng cua bd co so dir liéu 1100 anh sau
khi tinh dugc tir phwong phap PCA c6 s6 chidu
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1a 1100*1100, bd trong sb dugc rat trich dic
trung xudng con 1099*1100 chiéu (sau khi luot
bo vector co gia tri 0). Sau d6 dung PCA+LDA
1t bo trong sb con 17#1100 chiéu (18 16p). Cubi
cung dung phuong phap d6i sanh (Template
Matching) dé so khép v6i bo trong s6 ctia anh can
nhan dang. Két qua 14 hé thong xuét ra anh mau
ctia anh can nhan dang va tén anh can nhan dang
nhu trong hinh 6. Trong truong hop hé thong
nhan dang sai thi s€ xuét ra anh mau va tén cua
anh can nhéan dang thudc 16p khac, truong hop
nay chi chiém mot vai phén tram ti 1€ nhan dang.

Anh déu vao

Dung PCA+LDA
rat b thong so
ctia anh

—_—
Resize

—_—

Xam Héa

@

Xuit ra}}_ufmg tin -
va anh mau - g | i
. E

Tién xir Iy co s¢' i li¢u, rit b thong sé dung PCA + LDA

Phuong phap dbi sanh

Hinh 6. Quy trinh nhan dang dwoc bién bao giao thong

* Anh khong nhéan dang dugc: Thuc hién tat ca
cac budc nhu cac budce ciia anh nhan dang duogc.
Két qua khong phai 13 thong tin bién bao can nhan
dang ma 4 thong tin ctia bién bao thudc cac 16p
khac (nhu trong hinh 7). M6t phan cua 1y do nay
1a thong s6 cta bién bao can nhan dang khong c6
trong co s dit liéu hodc thong sé gan hon so voi
cac loai bién bao thude 16p khac va cach lugt bo
cac vector c6 gia tri 0 cua thuat toan PCA + LDA.

Hinh 7. Két qua nhan dang cua anh khong nhan dang duoc
4 kich ban trong qua trinh thue nghiém:

« Kich ban 1: Céc bién bao duoc chup trong
truong hop binh thuong

Bang 1: Ti I¢ nhan dang trung binh cua cac anh
dugc chuyp trong diéu kién binh thuong theo 2
thuat toan PCA va PCA+LDA.

Bién ba 6 Tilé nhan dang Thoi gian nhan
1en hao 0 trung binh dang trung binh
(chup lan

trong didu | kidém
ong ¢ ; PCA PCA

ktfs;;f)h he ) pea |+ PCA :

& LDA LDA
100 92%23 9‘3,/':5 0.3758s | 0.3429s
s 9‘;?7 91/':9 0.3808s | 0.3516s
100 91.96 | 92.94
o 5, | 036775 | 033475

« Kich ban 2: Bién bao dugc chup & nhiéu goc
d06 khac nhau
Bang 2: Ti I¢ nhan dang trung binh cia cac anh
duogc chup & vi tri 1éch trai, 1éch phai tir 30° dén
45° theo 2 thuat toan PCA va PCA+LDA.

Bién bao Ti 16 nhan Thoi gian nhan
(dwoc Sé dang trung dang trung binh
chup 6 vi lan binh
tri 1&ch kiém
tréi, 1&ch | thi PCA PCA
phai tir PCA | + | Pca +
300dén459) LDA LDA
100 | 58.30 | 58.15
B 0, | 0:3623s | 032725
100 | 62.01 | 61.18
" o, | 0-3726s | 0.3378s
56.75 | 56.94
1001 75, v, | 0-3687s | 0.3398s

* Kich ban 3: Bién bao duoc chup ¢ cac dicu
kién anh sdng y€u nhu vao ban dém, tro1 mua nén
anh bi nhiéu, anh bi che khuat 1 phan.

Bang 3: Ti I¢ nhan dang trung binh cua cic anh
dugc chup & diéu kién bj thiéu anh sang, bi nhiéu,
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bi che khuét 1 phan theo 2 thuat toan PCA va
PCA+LDA.

R Ti 1é nhidn Thoi gian nhin
Bien bao P |
sk S6 dang trung dang trung binh
(bi thiéu s a
, . lan binh
dnh sing, 2
bi nhify, bj | 9o
che khu:ét. thie PCA PCA
1 phin ) PCA + PCA +
P LDA LDA
100 | 6289 | 64.15 | (37650 | 0.34925
% %
100 | 7003 | 7118 | 4 36745 | 0.3412s
: % %
71.97 | 73.04
100 o 5, | 0:3657s | 0.3341s

« Kich ban 4: Bién bao dic trung danh cho
giao thong tai Vi¢t Nam
Bang 4: Ti I¢ nhan dang trung binh cia cac anh

danh riéng cho giao thong Viét Nam theo 2 thuat
toan PCA va PCA+LDA.

Bién bao Ti 1é nhin Thoi gian nhén
(danh S6 dang trung dang trung binh
riéng cho | lin binh
giao ki€ém
thong tai | thw PCA PCA
Viét PCA + PCA +
Nam) LDA LDA
|====
5 100 | 94.01 | 94.15 | 37655 | 0.3504s
o % %
BEN XE BUYT
100 | 93.81 | 93.15
% % 0.3689s | 0.3432s
100 | 92.67 | 93.56
% % 0.3623s | 0.3439s

Nhan xét két qua thuc nghiém qua 4 kich ban:
Kich ban 1: Di véi cac bién bao duoc chup
& diéu kién thong thuong tuong ddi rd rang.
Ti 1€ nhan dang trung binh theo PCA: 93.02%,

PCA+LDA: 93.76%, thoi gian nhan dang trung
binh theo PCA: 0.3748s, PCA+LDA: 0.3431s. Thoi
gian nhan dang trung binh cua PCA+LDA nhanh
hon PCA 13 0.0317s. O kich ban nay, phuong phap
PCA+LDA cho hiéu suét va thoi gian nhan dang tbt
hon phuong phap PCA.

Kich ban 2: Pi véi cac bién bao duge chup
& nhiéu goc do6 khac nhau (dugc chup & vi tri
1€ch trai, 1éch phai tir 300 dén 450). Ti 1€ nhan
dang trung binh theo PCA: 59.02%, PCA+LDA:
58.76%, thoi gian nhin dang trung binh theo
PCA: 0.3679s, PCA+LDA: 0.3349s. Hi¢u suét
nhan dang trung binh cua cac anh ¢ kich ban 2 chi
bang khoang 63% so véi kich ban 1, mot phan 1a
do ndi dung chinh cua bién béo bi thu hep lai dién
tich gdy anh huong dén do pixel cua phan dién
tich bi thu hep, dan dén qua trinh so khép mau
v6i bd co s¢ dir lidu ¢ nhiéu sai s6. Thoi gian
nhan dang trung binh cua PCA+LDA nhanh hon
PCA 14 0.033s. O kich ban 2, phuong phap PCA
cho hiéu suat nhan dang tot hon phuong phap
PCA+LDA, nhung phuong phap PCA+LDA cho
thoi gian nhan dang nhanh hon PCA.

Kich ban 3: Ddi véi cac bién bao duogc chup &
cac diéu kién anh sang yéu nhu vao ban dém, anh
bi nhidu boi troi mua, anh bi che khuat 1 phan.
Ti 1€ nhan dang trung binh theo PCA: 68.3%,
PCA+LDA: 69.46%, thoi gian nhan dang trung
binh theo PCA: 0.3699s, PCA+LDA: 0.3415s.
Hiéu suit nhan dang trung binh cua céc anh
& kich ban 3 chi bang 73% so véi kich ban 1,
mot phﬁn la do ndi dung chinh cua bién bao bi
anh huong it nhidu boi ngoai canh dan dén do
pixel ciing bi thay d6i mot phan. Thoi gian nhan
dang trung binh cuia PCA+LDA nhanh hon PCA
12 0.0284s. O kich ban 3, phuong phap PCA+
LDA cho hiéu suét va thoi gian nhan dang tot
hon phuong phap PCA.

Kich ban 4: Déi véi cac bién bao dic trung danh
cho giao thong tai Viét Nam. Ti 1¢ nhan dang trung
binh theo PCA: 93.5%, PCA+LDA: 93.62%, thoi
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gian nhan dang trung binh theo PCA: 0.3692s,
PCA+LDA: 0.3458s. Hiéu suét nhan dang trung
binh cta cac anh & kich ban 4 dat hiéu suit cao
nhu kich ban 1. Thoi gian nhan dang trung binh
cia PCA+LDA nhanh hon PCA 14 0.0234s. O
kich ban 4, phuong phap PCA+LDA cho hiéu suét
va thoi gian nhan dang t6t hon phuong phap PCA.

Két qua thuyc nghiém hiéu sudt va thoi gian
nhan dang trung binh qua 4 kich ban trén theo
thuat toan PCA va thuat toan PCA+LDA nhu
hinh 8.

Ti 1€ / thoi gian nhan dang trung binh 130 anh
Tile (%) cua 2 thuat toan

100.00
90.00
80.00 -
70.00 -
60.00
50.00
40.00 -
30.00
20.00
10.00 +

0.00 -

H PCA:
78.46 / 0.3705

m PCA+LDA:
78.9/0.3413

0.3705 (s) 0.3413 (s)
thoi gian (s)

Hinh 8. Ti 1¢ / thoi gian nhan dang trung binh qua 4 kich
ban cua thuat toan PCA va thuat toan PCA+LDA.

Nhén xét va danh gia

Qua 4 kich ban, chung toi nhan thay rang: hiéu
suat nhan dang trung binh theo phuong phap PCA
va PCA+LDA cao hon hoic thap hon phy thudc
phan 16n vao do pixel cia mdi anh. Tuy nhién
d6 chénh léch vé hiéu suét giita 2 phuong phép
chi dao dong trén dudi 1%. V& thoi gian nhan
dang trung binh thi phuong phap PCA + LDA
nhanh hon hin PCA trong tit ca 4 kich ban (trung
binh 14 0.0292s). Vay qua qua trinh thuc nghi¢m,
chung t6i c¢6 thé khang dinh rang, néu chi xét vé
yéu t6 thoi gian thi phuong phap PCA+LDA tbt
hon han phuong phap PCA.

Theo thong ké, tac gia nhan thdy phuong phap
PCA + LDA c¢6 rat nhiéu vu diém ndi bac:

- C6 thé nhan dang trong diéu kién anh chup
c6 goc léch nho, anh c6 chat lwong khong cao.

- C6 thé nhan dang kha tot khi diéu kién moi
truong thay d6i

Thoi gian nhan dang tang rat it khi tap dir lidu
dau vao 16n hon.

Tur cac danh gia trén, tac giad két luan: thuat
toan PCA + LDA va phuong phap dbi sanh
(template matching) rat phu hop cho bai toan
nhan dang bién bao giao thong.

* Qué trinh thyc nghiém ca 2 phuong phap
trén may tinh cia tac gia cho két qua thoi gian
nhan dang trung binh cua PCA+ LDA nhanh
hon 0.0292s so voi PCA. Trong d6, két qua thuc
nghiém cho thay thoi gian trung binh cta qua
trinh rat by trong s6 cia moi anh can nhan dang
theo phuong phap PCA+LDA 1a 0.0046s va theo
PCA 12 0.0042 (chénh 1éch 0.0004s), thoi gian ddi
sanh gitra by trong s6 cia mdi anh can nhan dang
v6i 1100 anh cua tap dit liéu lan lugt theo phuong
phép PCA+LDA 1a 0.0014 va theo phuong phap
PCA 1a 0.0053 (chénh 1éch 0.0039s). Vay thoi
gian chénh léch giita qua trinh rat bo trong sb
ctia mdi anh can nhan dang va qua trinh ddi sanh
theo hai phuong phap 1a 0.0035s (PCA+LDA loi
vé mit thoi gian gan gip 10 lan PCA cho tong 2
qué trinh riéng biét nay). Vi vay, néu nhu bg co
sO dit liéu cang nhiéu anh thi phuong phap PCA+
LDA s€ cho thoi gian nhan dang cang nhanh hon
phuong phép PCA.

« Trong khi @6, dua trén co so 1y thuyét cua
2 thuat toan PCA va PCA+LDA thi thoi gian
nhan dang cua thuat toan PCA+LDA thép hon
vi phuong phap PCA+LDA rit dugc bd trong sb
ctia bo co s dir 1iéu (1100 anh) nhé hon nhiéu 1an
so voi b trong sb g cua bo co so dir liéu (1100
anh) rat dugc tur phuong phap PCA. Trong khi
thoi gian rat by trong s6 cua 1 anh can nhan dang
bang 2 phuong phéap thi chénh 1éch khong déng
ké. Ngoai ra, thoi gian nhan dang cta chuong
trinh mo6 phong ciing phu thudc vao phan cimg,
ciu hinh va hé diéu hanh v..v... cia may vi tinh
(da nhiém).
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4. Két luan

Bai bdo da trinh bay thuat toan PCA, thuat
toan LDA, dé xuat mot phuong phap két hop
PCA+LDA va phuong phap ddi sanh (template
matching) dé nhan dang bién bao giao thong Viét
Nam véi thoi gian thyc hién nhanh hon so voi
cung hi¢u ndng nhan dang. Xay dung thanh cong
phan mém nhén dang bién bao giao thong dudng
bd tai Viét Nam trén ngdn nglr Matlab voi giao
dién tryc quan, sinh dong, dé sur dung va hiéu
suét cao.

Trong tuong lai chung t61 s€ thuc hién thao
tac tién xur 1y anh véi cac thuat toan cao cap hon
cho qua trinh xtr Iy. Két hop nhiéu thuat toan nhu
ICA, Neural Network, SVM..... dé gitp cho thoi
gian va hi¢u suét nhan dang duogc tdt hon.
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