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Walking assistance system using texture for visually
impaired person

Sunhee Weon *,  Hyungil Choi*,  Gyeyoung Kim
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Abstract

In this paper, we propose an region segmentation and texture based feature extraction method
which split the pavement and roadway from the camera which equipped to the visually impaired
person during a walk We perfoorm the hough transformation method for detect the boundary
between pavement and roadway, and devide the segmented region into 3-level according to
perspective. Next step, split into pavement and roadway according to the extracted texture feature
of segmented regions. Our walking assistance system use rotation-invariant LBP and GLCM
texture features for compare the characteristic of pavement block with various pattern and

c MR - AME  MAXK} - HYY  DAXKL A
« £ 1 2011, 04. 23, AMAF 1 2011, 05 11, AIRHEFE Y @ 2011. 05. 17.

x =AY v t)o) 8@ (Dept. of Media, Soongsil University)

x A8 n 7€ 83 ((Dept. of Computer Science, Soongsil University)

# o] =R 2010 AR (REHTIER) AP FUJAZNBAIYGE -
wrol £=3® A7 (No. 2011K000667)

3
N
N
oo
]19‘_:
ofh
oX,
o3l
off
1
~
A
i
Lo,
R
C\(E
tlo



78 TR SR WA G k(2011 9.)

uniformity roadway. Our proposed method
invariant

complexed outdoor image.

in day and night image, and split there regions rotation and occlution

show that can segment two regions with illumination

nvariant in

» Keyword : Grey-Level Cooccurrence Model(GLCM), Local Binary Pattern(LBP), Road segmentation

A ®y

N

o)) )5t thfst Aul2=8} o Yoy, thdet 2483) 7]
Z(nano  technology)®ll «IEP dole s 7 (wearable

computing) A 2 gyE]EESo] guks] ApE T gk o]
Z HA7E A AEES zi AUEEZS o] 83 =784 o]
Za|A ool UHIAlo)A SolM 22 S85T 9on =

AR B4 &l DA B A7) 2o} o3 9l
e olefd B AT thRRo] WARAES 913 A
209 8 ol olgatel ofolig nsly) sl BAEe

K
r)
i
X .
§2
g
%o
rlr
o>
o>
%
N S
o2
S
3
AC)
N2
ol
e
)
=
=
N
Hy

e 52 “30 2ol jAste] Hahst
© AJZPgelRle] W] qhy %}XM hASl glo] E4 1Y
& A5 AT 5 2de A98AE sdE = 5 e T8
g 7leoltt. 7128} AlZelRIE ] 28 T MY HE
BAZA NEE A LRSS F2 25 3

B BA3LTL o]Z ARgA A Ageing guAge
ol FA7E gk ¥ ohet Halsla gl= A% e 9
e et GRS vlets] ol wAHE ]

i—ﬂ
=2,

olEF ATE i AAISS BEs}7] ¢ 3& &
A 22l AAYIE ANE 2E8kA] Fofa ek A B
& HxEl7] feiMe FreRTH F2F 874 HHE 9
Sdke F4o] FasiH, ol 8 A7 Texture)olets

ARE 48T F ok

A7 FRAYE g AT FollA] o shae} 91 3k
5 Aol BAIA B2 WAIE defste] AAE 23449 A
FEAY B S8 A% A7E HE a3 FF 9] s
olt}. sk& 7WHe] FAA Az A% AAEE A V1R ANEe
Haralick et al.(1973)°l] <]l AR 2#o]dd SA LAY E
(GLCM : Gray Level Co-occurrence Matrix)S Z3l A A3}
Hom, A A7 A4 dagFe] st w3 AT

F>

€ A& QA= e FAo|Th
SlH Zhang(1999), Franklin et al.(2001), Wang and
Hanson(2001), Kiema(2002), Smith et al.(2003) 5-& 1#|o]
L %Al%*@%ﬂaw 7kste] AR At 93-S Y 2ok
T 5 2 ARG 8 okl
T2 38 v} 9k
Zal% %%M *M% {1 el dargls Al ot
Adurro g 31d F 714k

¢

H] 3} :Lfﬂlolfﬂl%l A %‘*ﬂﬁﬂ 2 7] VJ a3

H
ek 29t ek w9 9% I S8 ATE 9

re
of

B WA A7 IS Mo Agshe B, 4
ol 25 Aol A0l B A Wiol A7 94

w2l 1l Q1.
& 97 S olg3le] AT 38
TES R PR A4 A 2e FoH10-1301A
F2 olFolgot 9] Gl 99 FHe S o
2 289 d7e A0z AN vt gl

& A STl Sk Yol g st

QL
D)
]
o
=

s EEE S f ‘30}7] A Ho“ﬁ < ARk 71E] A7 A

A FE27RN0S B33 AFshe o4, £ =2elAe At
=8 BEgYY A FEE -HOH R
transform)< ARE-3t] A9
Aed =2kl o3 3 039124 3|7 B 5ozl
B (Rotation invariant LBP), o]l FALARA
(GLCM) A% EAARE &3] T8 281 J9& A
o wiz} 3dAle] HEE eS| 7t Hd 7 A7 54 &
AIEE SATOZN Awet B P9 TRt

. 2

— =

e

__I.L

R RES AEGIS TR A3te] 3]
BHsHE LBPSE GLOM 5 MBS ol83lch. o S35
& vl AWAII] 7] o] A RYFE A

o HFeinl, AEsh BEFIN A Gl AolE T



LBPE #o]od ol 27s A7 BA Aavos 27
o]] 1:!]71-0].;(] o) o

@A B2 okl

A (curved edges B E spots), J(flat areas) 53 2
AE te FEE F8s] 8 247 tE od HEs A
AA AAZ. 712291 8 HE LBP A4khs A7) 10149
7} ghax9] o] 2-5h= 7l Shael thefx]wt aejgich. 2ejut 7t
314 BE dF ofslke SAE Il S 4 9
ok LBP 3|2=Ea79] Arle 9ol a7le oEHola 4

3t | 54 WEe] ofs etk LBP 542 1 £33
wE} thoket wgE Fele) LBP7F ATE T thEH A
o] theid= o AgE (Multi—resolution LBP), 7 =%

o] A3 &l(Uniform LBP), 34
invariant LBP) 5-°]tH2-4, 13*14].

e dE LBPE Hlud sfas9 A7t 5% it 2
e savt old & S 1 ol Ay Eoldl
345 Hluste o]d F=F Ak WRelth
LBPE 256714 7Vs8 LBP % 9v|gle sesus A
< ol ofulgt sjdo] o7t YertE wsr] Hlsl
A g SIS VIR g I AARRe R BETL W
s @4o] 29 oJ3lZ Jehs dElvhs 7 LBPE AR
t}. wEbA] 256714] LBPFllA 5870<] sf€e] 7 LBP=E 4
951 U7 fEEL ourt gl HHeE TR WA
olty. wiAEe R 33 EW LBP= AAINEORE 3HAA
-‘*]/\5}]\'3 ce tu]_x] ]‘_ A3 /Kg/ﬂb‘]-r;]- o] H]—Ht"]% 7_,1-

FHog By 3d AE a9

s %E‘d oJtk l‘ﬁ: =EAE EESXH /‘]/H‘i"‘;i‘r‘ﬂl e 3d
o thal] ZxiehA Bt AArgde] A3k £4 WEE &
s7] 915t 3 2 LBP WS F8sith

GLCM 71H& &A) skae} 1 o]k shasle] ¥7] gt
o TAE B, Un), ABPA S 2 RAQ Ao
2 AL 1 gk T AE WS4l skl A2 Bt
7] %}:EE E:»‘jl—lg——c‘;}.__ H]—/x]__i OlE:] Oﬂ)\]-,] HH;H?J 7‘5__]7“1-

o] X E (Rotation

J%F:H)lﬂ
1o fo

ol

dm sz

A4 G B 2

i

Fasiolof @, ol

e o) o 3

<l 0
7 e Msm P A ARLE AN GBS @
% W) BRE 2 8 16 @A Fo e e

o] Agsle Ade) a718 AP W

ALk A
AHEET L%k 256 ‘5‘71 EJ«] °W°ﬂ sl kst #@%
5 )

HE 3] Ado
A Sl v,
ore o) el ¥ 57
9 S

Basz 4709 94 Ado] 2

A% e3= wol Faskl B E =
ZA& 93 16 SGAIZ FAs)

B =Roie BEd 45g %5—6}71 SESERKE
WA 3HAE FHE
o 289 ) SRS

o
BRIt QlElE orjo mnE oﬂ I‘E% XM oh 4&«1 ﬁﬁl

5749 k=S vlslel T HALLIGL FHT F
A

E\:/;'(]. o]/\l [e] /\6(}}6]-]:]- o g;t

Ao EASRE B} AE el w5ustel 4o
olgolehd YL FEshe YRE F
EERLREL

31z A
j_ale] ol-];],tp] XﬂB«]
229

o_dl EO

EEREl

SH0IEE
HE

2 1. HSiRT AlAE 5B
Fig. 1. System flowchart



80 TR SR WA G k(2011 9.)

1. E2 AAHS
BEs wsh FESe PP dele FRe PhEEe
g e o] Bt 85, 2e0t 7 oA e

oz Ay 01% ‘—E—*é% V. 5 A 1
o RS FANT BAT A, B2 G 60% olahol
Gashl B Selslel 49 4ncel SeAuE AR
| Gedoll Agol} 2%, 724 Sol 9% Hgo] wol
WS o) SRS A HES B BEad
U2 9 A ) 042 BAYS DY 5 95

godake] RGB Ad
H o7 A& F =23HOR) 4} cﬁé.(Closing)?iﬂ*g 53l

e ok 4 3 S IR g
oA HEAE YU} 27 2004 oA BEAE
A

o 85T AAIIE e 28 AAAS 54 e
193] e ARboR, dEshad she

o) E2E FHEke 2 UE o RolRE 223
gele] Z1e77k A8 olskel ehele AAR

A HEE= st felS 71, %_

olH 243(wH)0] EAlehs 54
AE Adap] A3 fFragls A
o 93 2Rl 2AHo) A

SAES ol EAE FE0] =

(a) A (b) ZHe| of| x|

! 1/3 !

60%

(0) =& M7 = oY

8 2. =2 3Mo| ofXdE
Fig. 2. Edge detection in road image

el /E 2t2gds

T2l 3. RaPll Zsny
Fig. 3. Process of detection for valid vanishing line

(b) HEE AT pzEE

T2l 4, DR olodstst ol AkEs K&

O o= X me

Fig. 4. Segmentation of ROl and extraction for tnangular model

a9 4 B FEI e DAL BT 43
e HALE G Ak A

it 1o ofN rot

w
e
i
[}
™
£
!

F2H AZERS 420 we} o) Al Bgelel 3
= 53l vleie 972 el
s ek

= =
A7ro. _ELA‘:;] 0391101] H]—aH ;Gial:o] x—lJ_ Uél



sjE&(Rotation invariant

4
(o3
>

TS fse] A &

H
LBP)? GLOME ©1§3%) sjgle] uth e 47 545%
0% e B Faw)

< 98l 8x8 A7) =

Environment
Texture feature DB

Level 3.
Level 2.
Level 1

T2 5. ApiERe] 2T
Fig. 5. Perspective level of triangular model

2= wdo] WRHE BARE sl Slakel 580 2

o] ZolE 03} 19] oXIFHE HHh= WA o7 7oA,
P, R, gc, B gpe 247 3] sko] Jigeet o] wiAlE, @A)
Blno] gl olx3k] g ot

£ =EollA 283 31 B LBPE LBPY| ¢ 7HA W
o2 2] (2)5 olg3le] LBP Z=E 9302 IHAA F
e G& WA AETT F o] e 7 skass 3

FHoE Hi 3 Byl MR ThET] 93 Aold |,
o

st 3 LCME 2
e}

it » 1lz >0
LBPP’R(IUyU):I’,ZOS(gp_ge)Z S(I): 0oz<0’ (1)

(P=4.R=1.0) (P=8.R=1.0) (P=12.R=15) (P=16,R=2.0) (P=24.R=3.0)

T2l 6. O RRITHE(LBP)
Fig. 6. Local Binary Pattem

LBP} p =min{ ROR(LBPp, , i)|i=0,1,..., P—1} - @

=
e AE B, iy,
A& Akt 1 3E Ad W T4
2 dgsie] FHek= o=
£ )29 Contrast, Correlation, Energy, Homogeneity 5.2
Z AN $= 9o B =RoMe A7te] #dAS 245
7] 913k Energy$} Homogeneity 742 831tk

Contrast = Eli—ij(z’,j)

ij

Correlation =
isj ij
FEhergy=Y p(i,j)*
ij
POT)
14—l ©

Homogeneity = E

ij

pt
e
1g
>,
N
53]
0
1o,
=
Z
Q
5
=
iy
o
o
[
i
Y

2 orr A o oE ml
18 o o
to o

M

<

e

v

M

Bl

g
)
fo Lo
x o
E }
ot M1
ﬁ i
e
= INY
ol
]
:L(':s
-
1
N

W
rlo
o2
12
fu =
o 2ot o o

(T
>
T:El
]
e —
)
=2
X
1o
=
&
=2

i
'S
N
1
N

[¢]
=

2
u)
ol
He
1
tlo
offt
:?L

ro,

1>

o

do
o
ME

2
o

d

12 oX
Lo
flo i()g
b1
=

of

z Mo

M
=
‘oll"
o%
rE M
L
_(|>l_,
i
=
5
oz
il
(o3
Ol-ﬂ ?ﬂ
> ol
o =
=
24
ﬁ
2
A/

2
ro,
of
rroae

e B At
P 543 By 3 s 29

tol & (D3} o] AAER ) £S5
AES Y Hlaske Zlo= ] B RS
= 720 ocal) 585 & wdE = Slvk 4 (DolA L,
CM& Z7} LBPSt GLCM 859 tig
o, B & 470 i3t 71X = vlaslas) sk x| uel

7FAIE egete] FAES vad 5 Sl

S

o
£

f(é
b
oo

o

A
_\,TAO_
— X
o N
of

kv
£

r o

SU:(ML+ﬂCM Oz+ﬂ—1 ...................................... (7)
2 (@) Ao Qo wladd DAelo] g3t € LBP
SIAETY FAEE AR A3 s Ke slaET
W ] Ahsrol, M w2 Jeirde) sjsolck d4) 34
oA LBP 3|2ET9% A3 =2 gqud 7o) £
A SE Te] Y At B B2 RUS PEI)
K—1M—1
Sh mln(Q(m),D(m)) .................................... (8)
k=0m=0



89 T R AR G i ii(2011. 9.)

Iv. A&

B =Ror AEg 9l AR de HaRprt 2es
oo A2g FheekERE 320 x 240 2719) GAHS ARz
o2 duiol Hsiglon, W FYEEE 2T 182¢
Yoz =249tk Intel(R) Core2 Quad CPU 2.66GHz, 3G
RAM 34 3ol 712221 A& 218+ OpenCV 1.1ver
go|H2E ] 83l9tE AAES S5kl Aol %ﬂr LS

wF ggEgion], At 54%% 49 LBPS} GLOM &
Rk AL 318 B Aol A

H
L"MOML %17‘91 IR Rlo] FEE WY, A=
A= A9 o] FEHA] Se S ¢ T i

(b} 8x8 GLCM

TR 7. dod Fzt £3
Fig. 7. Texture feature of paverment and roadway

T3 Bl AA E2sh HEQo] gtslel A3t
PP o13te] AW E2E Au Ben HE
93 54 Aol G Roltk FE 2ol et
o el 3eAe] A sk g Be 2
A= E59] A B9 1LBPSF GLCME FE31%
S FES e A B89 71 240
xﬂ@cﬂ st 43 30

=
o] A7z}

B olgsnz 3t Gt vlagte W A

"olAA) ke e 2

olAfe] A3An, 9

= Alzko] %

W 2o A Bl HE A9S YT 4 9
A

e

fl

(c) 5|™ 2 LBP =& A3t

T2l 8. AlzkmEo| Mzt 5 27}
Fig. 8. Result of texture feature extraction within triangular
model

(a) OFZF G4t (by a2l 4&

() GLCM F=Z4 2}

(e) LBP =221}

T2l 9. gt JaojMe] ZE znt

Fig. 9. Pavement detection result with night outdoor scene



W B

7
o
KN
=
[e)

KX
=
Al

) TE R T s -
TEUEE T B m N X ok o !
ﬂ%%%;ﬁ%ﬂ%m%zf ooy g W e
cw Tk lzdex TP T E
oy N TP E lﬂdv 3 MO omm ®
PrER T STy ST A i
W R g oo T W gy - 2o = =
ﬂM%%@%;MﬂEJﬂW T L BT Ew i
MOMHMAWoomrowﬁul%oano_a mﬂLmh.oﬂpv
oy or ¥ o g B Lo g LJ 7 o
ST EEE R IO o % ol o P ma
= BT Y Sﬂ.«,_z .wrdr.oﬁﬂoﬁ 100 o W B mﬁ @
R T T W oy oo Wog BB _ — T R R o )
@%%»@%J%&ﬂ%l%ﬂ ok T o 2Ry 3
o o o yjr i NS o ® o= b
SUEIgToleaded W BEGIF s
j.Wr mwanwm%wmo;o%% mﬂﬁamuxd_ﬂ -
W X o =K o < _— R ﬂ_._._ N A S 1
go W o5 F R ooy T o o .n R K <F R =z
mr T gleEn T PTL  x pERo T 5
pop TR TN LT D CRCO - R
T W 7oty K A 1
ST E ™ N Mo B u o K
&I,AE UHMMH?@ _: = 0 A LQQ.X J
— ) — f g T — f
_ﬁwuma%#?mmaobuo%m %mw w_ew.
g oﬁ T WK B N = iAo iy
Slok o T oom M R T B Aol B W B
o e
Ei! =
.mm__n.‘o g 2 X
T s 8 & < | D 20
s ®E Sl iy | 8|8
1o © o sp ol
0 g [ s
s W g
28 | I | g | g E
mom mm% S 8 em
ok 8 R oY = T |
S o mm 2
g ar [
Wmc(_ 0 _.u_mr 5 g | o
_._._mm %n 8 & |m% 2l & ’
n £ ol < 8 .“_ﬂo.mut o
= m = 02T ol
285 g _.: s 80
Zss w_
s T1F
o |1 2 | % m e ECH
oo |0 /x| # g0 Lo = /B0 B &
D ol g | oVt ® ol il ]
<235 e S s3I KE [S)
RRCRE S 2

oMol 2

O3 A

Ens
=

;

o
)

T2l 10.
Fig. 10. Process of texture feature extraction in rea time image



34 TR R e S k(2011 9)

Jei BERE] sjelo] we- thsla e sfEe] 1
99 b 99 fARE vt ofegAee, ofg
2317) 9I5te] AAREeR A7 BAS PelolEsT Q43

£ Wi #1Hes a7e dgold:

mk
et

Sk

[1] Ki-son Lee, So-Hee Jeon, and Byung-Doo Kwon, “Im plemen
tation of GICM/GLDV-based Texture Algorithm and Its
Application to High Resolution Imagery Analysis ", Korean
Journal of Remote Sensing, Vol. 21, No. 2, pp.1217133, 2006.

[2] Ojala, T, Pietikdinen, M, and Méenpaa, T., "Multiresolution
Gray-Scale and Rotation Invariant Texture Classification
with Local Binary Patterns”, IEEE Transactions on Pattern
Analysis and Machine Intelligence 24, pp.971-987, 2002.

[3] Turtinen, M, and Pletikdinen, M, "Visual Training and
(Classification of Textured Scene Images’, The 3rd
International Workshop on Texture Analysis and Synthesis,
pp.101-106, 2003,

[4] Arvis V., Debain C,, Berducat M, and Benassi A., "Generali
zation of the cooccurrence matrix for colour images:
application to colour texture classification”, Image Anal
Stereol Vol. 23, pp63-72, 2004.

(5] Vadivel A., Shamik Sural, and Majumdar A K, "An Integrated
Color and Intensity Co-occurrence Matrix”, Pattern
Recognition Letters, Vol. 28, No. 8 pp.974 - 983, 2007.

[6] Palm C,, "Color texture classification by integrative co-occ
rrence matrices”, Pattern Recognition, Vol. 37, pp.9% - 976,
2004.

[7] Romuald A., Roland C., and Frederic C, "A model-driven
approach for real-time road recognition”, Machine Vision and
Applications, Vol. 13, No. 2, pp.9%5-107, 2001

[8] Wang Y., Teoh EK, and Shen D, "Lane detection and
tracking using B-Snake”, Image and Vision Computing Vol.
22, No. 4, pp.269-280, 2004.

[9] Wang Y., Shen D, and Tech EK, "Lane detection using
spline model”, Pattern Recognition Letters Vol. 21, No. 8,
677639, 2000.

[10] Paetzold F., and Franke U, "Road recognition in urban
environment”, Image and Vision Computing, Vol. 18, No. 5,
pp.377-337, 2000.

[11] Hanif SM, and Prevost L., "Texture based text detection in

natural scene images : a help to blind and visually impaired
persons”, CVHI 2007.

[12] Puig D,, and Angel Garcia M., "Automatic texture feature
selection for image pixel classification”, Pattern Recognition
Vol. 39, No. 11, pp.199%6-2009, 2006.

[13] Seong-Whan Lee and Seong-Hoon Kang, “OpenEyes: Wea
rable Computer for the Blind”, Journal of KIISE, Vol. 18, No.
9, pp.31-36, Sept. 2000.

[14] Young-Soo Chae, Hyun-Cheol Kim, and Whoi-Yul Kim,
“Multiple Background Modeling using Tocal Binary
Pattern”, Conference of The Institute of FElectronics
Engineers of Korea, Vol. 313, No. 1, pp.1001-1002, 2008,

N A2 Y

SR

A6 : S AREEs Zoh
2007 : Ak ZHTERRY TR
200878 A FEtfEhL wjelsl
RS

P, e,
3D e, SR 5
Email : niftyl2@ssu.ackr

Ao}

r

zdd
1972 Bk 2R33 Fk
1982 wARI S Al st
EREa
1987+ PIARIRSaL AAbE st
P
199571997 = 37| Bl APSA| 58]
oA

199671998 : H}s3] AFERA
2 SfElRlA] s §)
@

1997 : IBM Waston Lab HHF-37-4

2006572006 : S RIE}S] oA}

19874 A« sAdEr|telsk

i

Fileol : AFEMIE, #HA 2 A
7% o2, 31, A
27719k Al2El 5

Email : hic@ssuackr



Az

4% o8 ANAANAE R FE A2H

8

adAd
1990 © st AR
AL
1992 @ Ak HFe s
ERGA
1996 : sEvsa AFE
CREA
199671997+ =AAEAATE
Post Doc.
199772001 : F=925A1 A
TAAD)
200078 A i HFE
S g

WalEok : HFENIA, Fegd

AR, SEL

i

)

iz

VR AsAE 5

Bl : gykiml1@ssuackr



WWwWWw.KcCi.go.kr



