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ABSTRACT

This paper implements a fast road sign detector based on color thresholding and
a fast cascade classifier using Haar wavelets. It also describes a probability graph
modeling the motion of road signs, as well as an efficient inference algorithm on this
graphic model. This model is used to predict the probability of a road sign appearing
at any given position on the image, thus improving the performance of detection. In
this paper, three major methods are explored, which are color-thresholding based on
HSV color space, cascade classifier and motion probability model. They are suitable
for signs with large single color region, signs with regular shape, and videos respec-
tively. Color-thresholding method sets upper and lower thresholds for each channel in
the HSV color space. Cascade classifier classifies samples with a stage-by-stage man-
ner. Motion probability model captures the motion of the sign in image. These three
methods complementary and can be freely composed.
The contribution of this paper includes:
e Using HSV color space to calculate color thresholding;
e Introducing a graph model describing road signs’ motion;

e Introducing an efficient inference algorithm.

Key words: road sign detection =~ Haar-wavelets  cascade classifier ~ graph

model  color thresholding
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16 0.736449 5.71543
17 0.723988 3.31222
18 0.703427 2.55665
19 0.683489 2.03479
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20 0.663551 1.52721
21 0.649221 1.3818
22 0.639875 1.29973

#* 4.3 HAHaarfrfEthgE (BdEER2, 2 3%

FEC AR RIREy

24 0.612045  0.234084
23 0.612745  0.238002
22 0.632353  0.341822
21 0.647059 0.411361
20 0.656863  0.612145
19 0.67577  0.989226
18  0.705882 1.8952
17 0.733894 3.36435
16 0.75 6.04016
15 0.771008 10.0069
14 0.795518 15.2772
13 0.817227 28.0872
12 0.834034 46.3986
11 0.866947 76.4574
10 0.882353 122.147

K I 25 B B i 4,123 4,13,

4.2.2 {FHAY RBHaarfHE

AL A H B Haark e (E an 4.5~ . sEIG h— 2R H 720202588 . 1E
PREARZEER T, 2RIEBMRINWT:
# 4.4 P EHaarkHEERE CHAEED

FEC AR IR By

6 0.749049 126.43
7 0.659696 31.1877
8 0.65019 20.3432
9 0.587452 7.4
10 0.54943 2.55802
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11
12
13
14
15
16
17
18
19
20

0.479087

0.45057
0.410646

0.39924
0.389734
0.380228
0.374525
0.370722
0.368821
0.368821

0.967901
0.523457
0.251852
0.177778
0.123457
0.0888889
0.0839506
0.0814815
0.0765432
0.0765432

%45 ¥ JEHaarkHEVERE (BdlESE2, 3
25 bR Ry
12 0537695  16.7154
13 0521495  10.8243
14 0449844  4.18376
15 0441121  0.786798
16 0427414 0.768956
17 0418692  0.728814
18 0.416822  0.719893
19 0416822  0.718109
20 0401869  0.654773
% 4.6 ¥ JEHaarkHiEVERE (BdfEfE2, 33
JZHC bR Ry
21 0581232 0.330069
20 0588936  0.364349
19 0.598739  0.409403
18 0.621849  0.478942
17 0.641457  0.608227
16 0.663866  0.854065
15 067437 146327
14 0719188 234574
13 0727591  3.99608
12 0.759804  9.00294
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11 0.769608 16.24
10 0.829832 46.6641

ME4 ORI E4 10/ 45 RAE , FEMFI R A 5N, SEARFIE REVS A B LL 3
RSB R RCR . Bl A2 Ul B 22 (R MR 5 S My BAIR 1 B AR Pk g . AR A
st ot

24



#False alarms/frame

Kl 4.6 J:AHaarfrfiEPERE (CBdEEED

300

#False alarms/rame

200

180
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140+

120+

100+

a0

B0

4t
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035
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=
=1
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@
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=1
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o
=]

4.7

—J0

#False alarms/frame

140 -

1200

100F

aor

B0 -

40F

20F

1}

K 4.8

=30

L I L
04 045 05 085 0B 0gs 07 075 08

Hit rate

Basic Haar

I I ,
0.65 o7 075 o8 0.85
Hit rate

HAHaarkFEERE (BdE 42,

Basic Haar

L L L L '
07s 0.8 0.85 09 0.9s
Hit rate

S AHaarfH(EPERE (HdEE2,

0.65 o7

Yaxand

e

Para

o

80

Basic Haar
ok Ext. Haar
BO-

30r

# False alarmsiframe
=
=]

L L
075 08

I L
0Bs 07

035 04 045 05 055 06

Hit rate

K49 ¥ EHaarfFEMERE (BdEEED

L L L L L L
i 045 05 05 [ 065 07 075

K 4.10 ¥ fEHaarkFfETERE (HdE 52,
)

140
Basic Haar

Ext. Haar

120

100 -

a0-

B0

#False alamms/frame

L L L L '
075 0.8 0.8s 08 095
Hit rate

¥ JEHaarkr 1E MERE (BdE 42,

K=} 06 065 o7
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K 412 FE AKHaarkF fiF £
i1 CEHEED

BP-17125

=

K 413 AHaark {iE f W 45 R 77 K 415 2k FHaarky i 4 0 45 R o
B3 (B2, %3 B4 B2, %3
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FL5E BIHREL

51 &R

W 2R LGL AL STk R A Rs 5, Silbr S AL B s sh b g — €
U RO AT DU SRR AR, AN IR 3 2 BT 28l Ar & AL B 4T
Xt 2 J5 WA AR & LA AL B R A A T o IR AT DA N 3 B
VG, ORI A R 4 AT R R AN e

511 XRBRREMEINAN

USRI IE D), T SR E S x - YT ECPAT, AT
7 Fxlybt. 3 FRE—ASCHARE, SEA LI R A, HF AR

— Xga
X = — + Xo
Yra
y=+Y
- (5-1)
w= 2
T—t
_ HR(I’
h = T—t

HAd, xy,wha MR ENE EAER AR ERE AR BL AR AR
KR BRI S gy, XAMEM e — [RIZE R 7S ME o Xg, Yr, Wk, Hr 73 90 B8 EF5
HAE RS G AL AR B SRR AL A . Heh B DL R B SR B S
o P AN ZERNIZ B B2 R 5 (R T — RVVEBALIRED , vRRMN
LA I 21 BIEE BN AR P 75 B[], B ek 7 ILAE R ZIbr & 5B
ANTTIAHIEEE o xo, ol N PRZRIH 2 it (RIERGAL R 28 5 R 38 s 7E Bk
WX, AR AR

B AXBER T, Pxd7imoEl. mEs. 1R, ABARREILEHRZ
i, FABRGHLES, FBNREIN L. ENETM&Eshn—n. &
LB : |GF| = Xg,|EG| = z,|BF| = d,|BC| = x — Xg-
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7
A B

d

- G F

51 RilEhrEEFARIUEY . ABYESEMO B @, FAHAEZEGBRIGE S, FBA
FEHRIPEEK, EALEPHEEHN — R, EXBEOKEN: |GF| = Xz, |EG| =
Z,|BF| =d,|BC| = x — x

HT LB 5 2 5 R«

== (5-2)

WERISEN IR E Ny, ENEBBIGHII[E] Jyr — ¢, WMz = vz - 0. M

Xrd

X = v(T—t)+x0 (5-3)

it

Xg, Yr, Wg, Hg, x0, yo '] ME N Biide g 2, Wn] UAE AREALAR & 34T 14
e M EAIEEME RN AR B3 AT Al THI X, YR, WR, Hg, o] DL 48 5 DY AN BE AL

28



A5 Bx, By Pw: B FTE X N:

Bx = Xga
By = Yra
Bw = Wra
Bu = Hra

(5-4)

51.2 m XA

MAS- TR BUE . x,y, w, b4 T (A T 20 AR 2 I 2k, 82—
A2,y w, b0 GO, XHEE B SR, T SR =25
BOEXHTZE Al AR IS (19148 H— R KRR B il 7k

T — AL A (o, y) Y 7 RS R

x+a)y+b)=c (5-5)

FATVRRIE I ey, y) M T g, b, cEANZHL 5K 5-5TEN:

xy=—-bx—ay+c—ab (5-6)

/Q‘»\Z = _xy,A = —b,B = —(l,C =C— ab’ mu5'6ﬂ5yg:

z=Ax+By+C (5-7)

5-7RGE — MR UER) L PERL S . R R R R
BWiRZERBON Y iRz,

L:Z(Ax+By+C—z)2 (5-8)
I LAAB,C = MBS, I = MeFIN0, 33AB.CIHTTHE
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NAN:

A = D(x,2)D(y,»)-D(,2)D(x,y)

D(x,x)D(y,y)-D(x,y)D(x,y)

D(y,2)-AD(x,y) -
D(y.y) (5-9)

C = 2ZutANx-BY,y

n

S5
Il

/\I:':]’
D(x,y) = ny - W (5-10)
IR R EHI T
o \/1 _ D(z.2) ~ AD(x,2) — BD(y,2) S0
D(z,z)

B A 15 B a,b,c it E A .

51.3 MEREER

AN IS B AL AT DL R AR AR R, K52,
P R AR BR K -

h(a, Xg, Yg, Wg, Hg, X0, y0) = P(x, y, w, h, |, Xr, Yr, Wr, HR, X0, Y0)
= N(xt|tx + xot — Bx — TX0, A;l)
Ntlry + yot = By = 7y0, A
Nwiltw = Bw, A,ON (htlth — By, A1) (5-12)

H AN du, o33 7wk N BB ubs #E 22 Noi & B i . K
ANy A N 53 5 R TR xy,w R DY S DI AR R HE R B, R TT Z BB E . monE T

b 285 1
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e oy

\
A

K52 MIREHEA, SCRBEAFRAMNMEL, TSABATHFEEZOENLEE. A
SR TREMR, BAEALET AtRE . ®ERETERINGEANE B REDANEMNET
¥, AINNEMTE S EARR XA EL, DI%EE.
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5.1.4 HEBEX

X IX AN 0 3 B () HE 5 v W £, 9 Wisum-product. Belief Prop-
agation. SamplingZE %% . FHEMKBEMEHE EAFE . X B A B XE
FH Variational InferencetfE 42 OVHE 5 H4 — AN FE T LU B0 BRI F) 38 02

18X = {mns Yoy Wi s oo tum I < m < M1 < nyy < Npby MONZE
BAREM AN, N oAEmS @R E W A% CRP P B8 K D
1LZ = {Bx. By, Bw- B> X0, Y0, Twll < m < M}

H15-12%0:

P(XlZ) = l_l l_l N(xm,ntm,anxm,n + Xotmn _ﬁX — TX0, A;l)

1<m<M 1<n<N,,
N(ym,ntm,anym,n + Yolmn — ﬁY — Yo, A}_l)
N(Wm,ntm,n|TWm,n - ﬂW’ Av_vl )N(hm,ntm,anhm,n - IBH’ AI:I) (5_ 1 3)

FAEE R H R B ZM E 2R, BIP(ZIX). 2q(Z)xt PZX) At Tt
PULE A AR -
(D) q()AFAEMT 7 -

q(Z) = q(Bx., By, Bw,Br)q(x0, y0)q{Tm})
(2) ZWSRIP(Z)N:

P(Z) = PBx)P(By)PBw)P(Br)P(x0)P(y0) n P(7))

1<m<M

= N(Bxlusy, A/;} IN (Bylug, , /\gyl IN(Bwlug,, » AIEVIV)N Bulug,,, A;,i)
N ol AON ol ALY | | Nl AT (5-14)

1<m<M

A, WRIE[20], XPEZX) R EM T (Z) ] LLR IR

g (Z) = q"Bx)q" By)g Bw)q Br)g (x0)q" (yo) 1_[ q (Tm) (5-15)

1<m<M

Hrr, xbFq*Bx),
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Ing"(Bx) = Ez_,[In P(X, Z)] + const
= Ez 3, [InP(X|Z) + InP(Z)] + const
= Ez_5,[InP(X|Z) + In P(Bx)] + const

= EZ—ﬁX [Ax Z Z ((Tm — tm,n)(xm,n — Xo) _ﬁX)2 + Aﬁx(ﬁx - /l'BX)Z] + const

1<m<M 1<n<N,,

(5-16)
Hif
' (Bx) = NBxlup, Ay (5-17)
>N I:':l ’
s, = DAx + Ag, (5-18)

. Ay ZlngM ZlgngN (E[Tm]xm,n + E[XO]tm,n - E[t,]E[x0] — xm,ntm,n) + Aﬁx,uﬁx

m

Mg, = .
’ Aﬁx
(5-19)
>N I:':‘ ’
D= Z N, (5-20)
1<m<M
P AL
KA, XFFq*(By),
q"(By) = NBrlus,. Ay (5-21)
2N E':‘ ’
A; = DAy + Ag, (5-22)
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Mg,

 _ Ay ZISmSM ZISnSNm (E[Tm]ym,n + E[yO]tm,n - E[Tm]E[yO] - ym,nlm,n) + A,By:uﬁy

Ag,
(5-23)
X Fq Bw),
q" (Bw) = NBwls,, Ay (5-24)
Za) E':l ’
AZ;W = DAy + Aﬂw (5-25)
x Ay Zl_m_ Zl_n_ - (E[Tm]wm,n — Wintmn) + A,BW/J,BW
Hy, = — R (5-26)
Bw
Xt Fq* Bu),
g (Br) = NBulu, . Ay ) (5-27)
o,
AEH = DAy + Ag, (5-28)
A m n E mhmn_hmntmn +AH 1
= h 2<mem 2<n<n, (El[Tm]m, almn) + Ng, g (5.29)
A*
Bu
Xt Fq* (xo),
g (x0) = N(xoluiy A7) (5-30)
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Ay=Ac D D (Bt = 2,Elr,] +£,) + Ay, (5-31)

1<m<M 1<n<N,,

Ax ZISmsM ZISnSNm (E[Tmz]xm,n - E[Tm]E[BX] - 2]5:[7-m]xm,nl‘m,n + E[,BX]tm,n + xm,nti,n) + Axoﬂxo

My = =
0 (5-32)
X Fq* (o),
" ¥0) = Nole,, A5, (5-33)
7N I:':] ’
A=Ay D > (Blr’l = 2,Elr,] +2,) + A, (5-34)

1<m<M 1<n<N,,

 _ Ay ZISmsM ZISnst (E[Tmz]ym,n - E[Tm]E[BY] - 2E[Tm]ym,ntm,n + E[,BY]tm,n + ym,nt;%ﬁn) + Ayo,uyo

" A,
(5-35)
Xﬂ‘3:q*(7-m)9
g @) = Nl AT (5-36)
Hor,
An = Ac D (BLn'] = 25, Elxl + 35,0 + Ay D (B’ = 2ymaBlyol +7,)
1<n<N,, 1<n<N,,
A D Wha Ay D R A (5-37)
1<n<N,, 1<n<N,,

Ax ZISnst (E[xoz]tm,n - E[xO]E[BX] - 2E[XO]Xm,nl‘m,n + E[BX]xm,n + tm,nxyzn,n)
ALt

He, =
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Ay ZISnst (E[y02]tm,n - E[yO]E[ﬁY] - 2E[y0]ym,ntm,n + E[BY]ym,n + tm,ny%”,)
+ A*’_l

Aw ZISnSNm (E[ﬁW]Wm,n + W,%q,ntm,n)
+ A*,—l

Ah ZISnst (E[BH]hm,n + h%untm,n)
+ A*’_l

Az, te
_mm 5-38
+ A;ilﬂ ( )

CPL BT A A A & UM HAEE, 10: Elr,xl, ZATLARER
P50 FE[ T, Elx0], A2 K AT, Mxg A EK.

H4h, Elr,?] = B2 [r,] + A7D

MS5-17205-38 0T AR, BEFHE—-NBEWNHMA, KFEMEHLEEEN
W, Frele I EMG, B BRE. HRAT LB IEOCk R AE, BRI
RITFE R AR TR EIAE, AMmERE— N2 0M, FHHEREN
AR, LR RN . ERIXME TR RSN, B
MRS ARREERED ENHR G e T EN A, RS —
LSRR NI

IEAREE IS F [20] £RAIE -

51.5 TEZhiARIEIRE L

BERRAIE T — RFMMEX,, ..., X,), BERNZ 0580, Ll
i

Py, X)) = SR
_ Py Xt DPGX -, X1, Z)P(Z)
PX1,....X,)
PXy,..., X,-1) PX, X, ..., X,-1,7Z)
= P(Z|Xy,...,X,- P(Z
21, Vb, PXy,. X, &
« PZIXi,.... X DPX, X1, ... X1, Z)
= P(ZXi,...,Xu)PX,|Z) (5-39)

C o ekt 8 5Z K 1 BUE 2008 . &5 — 2 Rk 2X,5
Xi, o X RTZARAFINL D
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T B, AT BLEPZIX, . .., X ) 3 R BOW X, H B e g, i A
P(X,|Z)FE OIX, L R s . ik, S H 3RATT AT BLBE T — AR LR HE R
B, BRI AN B B I, A AL T DART A B LI Y s S R 2 e

AL A AN O PR 2 AT R A D9 ALK B B
FELBIEIT -

AL 21X, 2 Hl

PBxIX1, ... Xuo1) = N(Bxlup,. Ag))
P@ByIX1,.... Xu1) = N(Brlug,. Ag))
PBwIXi. ... Xuo1) = NBwlug,. Ag,)
PBulXi, ..., Xu1) = N(Bulug,, Ag))
P(xolX1, .. . Xo1) = N(Xoltay A
P(yolX1, ..., Xuot) = N(oluy,, A}
P(t,lX1, .. .. Xu1) = N(Tultr, . A7)
TEMLIBIX, 2 )5 »

PBxIX1, ..., X,) = N(Bxlu, AgT )
PByIX1, ..., X,) = NBrlup,, Ay
PBwIXi, ..., Xu) = NBwlp,» Ayt
PBulX1, ..., X,) = N@Bulug,. Ay
P(xolX1, ..., Xp) = N (ol A5
POolX1, -, Xn) = NOoleyy, A"
PTulX1, ... X0) = N(@all, . AT

37
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* —
Ag = A+ g,
/l* _ Ax(ﬂim_t)(x_ﬂjco)"'.uﬁxl\ﬁx
Bx Agy
* —
Ay, = A+ Ag, |
/J* _ Ay(llim_l)(y_ﬂ;o)+uﬂyAﬁy
By Ag,
* —
Ag. = A+ A,
/l* — AWW(/Jf;m—l)+lu,3WAﬁW
B Ry
* —
Ay, = AntAg,
0= Az, D+, Mgy
Bu gy,
Ny o= Aus =07+ B+ A
X0 XNy, A, X0
. Al =1+ ==, G27, =D] i A,
Hyy = Ay
AT = A P+ A
Yo o YNF, A, Yo
. A5, =07+ = =1, (5, =D Ay
Hy, = A
— 2, Ax 2, A 2 2
A; = Ax- uj‘co) + A — )"+ o Aew” + Aph + Ay,
i} Al )+ 5 +ﬂﬁx(x M A L6150 + 5 +uﬁy(y g I+ AWt WY+ ARR 41t 1)+, Ay,
Hz, = e

Tm

(5-42)

516 BESHTE

LA, TEVR R B LR R AR B AE LR ARAS O 5 A8 3 A R R/
RUAR S T BHE ML E S 0067 B (BIXg, Ve, Wr, He) S8 852 (6. {HZESCBRAE I R,
AR E KRN RS, L AT AR . FRATFRXR, Vi, Wr, He T — AN
(B9 —ANE”, A2 3T T AR T 2 A 1R . ARV SO IR A
Y, B NBERIAS B FNZ, ), T 22 VR B v TR TR e A 25 JT LA T o5 R L
B, FHERRNTPEGARE, S SRR T, (B,
%W%ﬁ&ﬁ%%ﬁ%%aﬁe%%ﬁ%m,ﬂ~%%mm§%oﬂﬁ
> Z0 =,

IR G R B R 0 1853,

HA AR R ECA
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Bl 53 MIREKEAR, sSoERBEAFAMNE, TOABEATHFEEZNMNLEE. BA
SR THRAEMR, RELLT AR BAKRETELEAIRGEANR B XK EDANFILE
2, HIANNMHME LA E A EL, DL,

h(a/, XR’ YRa WR, HRa X0, yO) = P(x,y, w, h, tla’ XR’ YRa WR’HR, x07y0)

= l_[ [N (xtltx + xot — a/XI(ek) - TX0, A;l)
1<k<K

NOtlTy +yor — a¥y) — tyo, A}
_ _ k)
Nwtiow — aW®, ASYN (htfch — aH®, A1)

(5-43)
hix) = P(Zr)
=[]~ (5-44)
1<k<K

HAPKAEIER, Xg, Y, Wr, HRtl k4672 &, —éﬁﬁﬁXg‘)%ﬁéﬂ?o m, n%%
TARAEE T .
R IATLAB, By, Bw, BulEN—HiEE, AR E AT LS N .
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ha, Xg, Yr, Wg, Hg, X0, y0) = P(x,y,w, h, tla, X, Yr, Wg, Hg, X0, y0)
= n [N(xt|tx + xpt —,BX(k) - TXp, A;l)

1<k<K
Ntlry + yor = By® — 7y0. A1)
Nwtlrw = By®, ALYN (hilth — By®, A, HP (5-45)

ﬁX’BY’ﬁW’ﬁH%K%kQ&/E% _‘Qﬁﬂqﬂx(k)%%%o
REEIEMPHESHIRZ M, XBEEAMEHEM&E X, 5-173]5-38 %
REBUEZNWT:

q"Bx") = NBxluy . A7) (5-46)
Asw=Ax D, D, NaEIZW1+Ag, (5-47)

1<m<M 1<k<K

Ax Y1 amert Dinew, BIZEVET1 %00 + ELx0)mn — EITnIELX0] = Xpnlun) + Al

#;x(") = ”
Bx®
(5-48)
q*(ﬁY(k)) = N(ﬁYl#;y(k)a A;’Y_(k)) (5‘49)
A w=Ar Y, D, NaEIZET+ Ay, (5-50)

1<m<M 1<k<K

Ay Sicmert Ziznsn, ELZW VBT Ymn + Eoltmn — EITalE0] = Ymntmn) + Apytig,»

My w = *
By’ Aﬂy(k)
(5-51)
" Bw) = NBwhiy, w- Ay o) (5-52)
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Ay w=Aw > D NaEIZR1+Ag, (5-53)

1<m<M 1<k<K

AW ZISmSM ZlSnSNm E[Zz(vf)](E[Tm]Wm,n - Wm,ntm,n) + Aﬁwl-lﬁw

Mg o = ; (5-54)
ﬂw(k) Aﬁw(k)

¢ Bu™) = Nl o, Ay 0) (5-55)

A;H(k) = Ay Z Z NmE[Z,ﬁf)] + Agy (5-56)
1<m<M 1<k<K

* A lemsM ZISnSNm E[Zr(rf)](E[Tm]hm,n - hm,ntm,n) + ABH,U,BH

Mg, w0 = A (5-57)
B

q"(x0) = N ol Ay (5-58)

Ay=Ac D D (Bl = 2t,Elr,] +1,) + Ay, (5-59)

1<m<M 1<n<N,,

Ax ZISmsM ZISnst leksK E[Zr(rlf)](E[Tmz]xm,n - E[Tm]E[BX(k)] - 2E[Tm]xm,ntm,n)

My,

A*
X0
Ax S iemenr Diznsn, Siksk BIZW1EBx Ot + Xt ) + Nghy (5-60)
A*
X0
q" (o) = N (ol A7) (5-61)
A=Ay D > (Blrl = 2,Elr,] +2,) + A, (5-62)

1<m<M 1<n<N,,
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*
Tm

M,

Ay S iamert Dienen, 21<ker BIZWIET021mn — Eltn]E[By®1 = 2E[T0]Ymntin)

A*
Yo
Ay ZISmSM ZISHSNm lekSK E[Ztgf)](E[IBY(k)]tm,n + ym,nt;%”,) + Ayoluyo
N (5-63)
AF
Yo
g (Tm) = Nt , ALY (5-64)

Ae D (B’ = 2%,Elx] + ) + Ay D (EDo’] = 2maElvol + 37,

1<n<N,, 1<n<N,,
D DT VI S A . (5-65)
1<n<N,, 1<n<N,,

Ax Zn Zk E[Zfrl:)](E[sz]tm,n - E[XO]E[ﬂX(k)] - 2IE[-X:O]-Xm,IJm,n + E[IBX(k)]xm,n + tm,nxyzn,n)
A*,—l
+Ay Zn Zk E[Zr(r]z{)](E[yOZ]tm,n - E[yO]E[BY(k)] - 2E[.YO]ym,ntm,n + E[BY(k)]ym,n + tm,nyi,n)

#,—1
T/”

+Aw Dil<n<N, 2l<k<K E[Z%()](E[ﬁw(k)]wm,n + W;%Lntm,n)

A
A E[ZP1E[BL Pk, +
hZISnSNm lekgl( [ m ]( [BH ] mn T m,ntm,n)
+ —
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MR A SNCERAVAIEIERE (B30

Traffic/Road sign detection and recognition has long as a subtask been explored
and studied in the areas of automation and robotics. It is also studied as a specific
object-detecting task in computer vision and image processing. The existing means
to this task can be categorized into two major classes: color-based algorithms!' ¢ and
shape-based algorithms!7~'11,

[1-3] all use color-thresholding to distinguish pixels belonging to the target ob-
ject(s), and several following processing steps to group pixels into bounding boxes,
though the versions of color-thresholding and the processing steps they exploit are dif-
ferent. Among shape-based methods, those developed in human-face detection tasks
are most popular and successful, many of which use Haar-wavelet features®!. A Haar-
wavelet consists of two rectangular pulses, usually one positive and the other negative.
A feature value is the convolution of the wavelet and the stimulus. Specific to image,
a Haar-wavelet is two adjacent rectangles sharing an edge, one of which is denoted +1
and the other -1. The feature value is calculated from the sum of pixels covered by the
+1 rectangle minus the sum of pixels covered by the -1 rectangle. Haar-wavelet has
a fast and efficient computing algorithm, called Integral Image Method, which comes
from the simple observation that the sum of a rectangular region can be calculated from
its four corners, as long as we know the sums of the rectangles with each of these four
corner as its bottom-right and the whole image’s top-left corner as its top-left. Besides
basic Haar-wavelet features, [10] introduces diagonally tilted Haar features and its fast
calculating algorithm. This extension of the basic Haar-wavelets can more precisely
capture edges and lines at 45° than two diagonal rectangles. [9] introduces color-Haar
wavelets, by splitting image into 7 color channels and treating wavelets on each chan-
nel all as independent features. The choice of channels or color space can be in fact
arbitrary, and thus this extension can capture characteristics only obvious in a specific
color channel. [12] discussed the idea that a Haar liked feature tilted at any degree can
be expressed equivalently by a linear combination of two basic Haar-wavelets, which

is named by the author as PEF (Pair of Equivalent Features).
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Though common in the usage of Haar-wavelet features, researchers can employ
various kinds of classifiers to make a detector. [7] introduces the classic Cascade Clas-
sifier. A cascade classifier filters the samples stage by stage, where each stage is itself
a classifier. The classifying capability of the classifiers at later stages are stronger than
the former ones. Any time a sample is classified as negative at a stage, it is thrown and
doesn’t get to the next stage. Only the samples passing through all stages are treated
as positive. The goal of each stage classifier is to rule out as many negative samples
as possible, as long as it can maintain a considerably high hit rate, that is to say let-
ting almost all positive samples pass. Since most of negative samples get excluded in
former stages, very few negative samples can make it to later and more complicated
stage classifiers; and because former stage classifiers are fast and cheap, the expected
computation complexity for every sample can be much lower than directly using the
most complicated and strong classifier. It can also be seen that this cascade structure
is most suitable in settings with much more negative samples than positives, which is
exactly the case in our road sign detection task, thanks to the sliding window method

utilized by the detector.

For the cascade classifier developed in [7], each stage classifier is a linear com-
bination of several Haar-wavelet features, which are selected from all possible Haar-
wavelets (which can be millions) by Adaboost algorithm in training. The training sam-
ples for every stage consist of all the positive samples and the negative samples having
passed former stages. Adaboost is used to choose and combine more and more features
until the combination can successfully classify those training samples, by “success-

fully” we mean achieving a given false alarm rate and hit rate.

Other than Haar-wavelet features and cascade classifier, [11] proposes a ellipse
detector consists of six local component detector. [13] uses Laplace kernel as classifier.

[9] uses LDA (Latent Dirichlet Allocation) probability model as classifier.

Having chosen and constructed a local road sign detector for static image frame,
one can transfer attention to the context and spatial information from the whole image,
such as horizon, sky, ground, and the dynamic information buried in video sequences,
such as the motion pattern of the target object. Such information can be exploited

to predict the probability that a target object might appear at a given position in next
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frame, and hence improving the accuracy of detector or enhancing speed by focusing
the sliding in high probability areas.

[14] discussed means of utilizing geometric and perspective information, intro-
ducing a probability graph model including three kinds of information: the outputs of
local detector, the roughly segmented regions (an image is segmented into three kinds
of regions: sky, ground and vertical planes), and perspective parameters comprising
the location of horizon in the image and the real-world height of the camera. All the
sources of these kinds of information are partial and inaccurate, but they can be iter-
ated and enhanced mutually within the probability model. The local detector it uses is a
SVM with HOG!!3! features, typical in pedestrian and car detection. [16] proposes an-
other probability graph model, using more finely segmented regions (over-segmented
or “superpixel” image) with labels for each region and capturing geometric relationship
(above, below, left, right, within, etc.) between pairs of regions. Addition to probabil-
ity graph model, [17] designed a Kalman filter based on the motion dynamics of the

road signs. [18] uses a method call ”Knowledge-Fusion” to construct motion model.
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