&S
N
o
ol
Ho
4o

o

H

2014 =

*hmkim@mr hanyang.ac kr, **jssong@mr.hanyang.ac.kr, **jipark@mr.hanyang.ac.kr
Road Surface Classification Using Weight-Based Clustering Algorithm

w*xJong—Il Park

*xJoongseok Song,

*Hyungmin Kim,

*Electronics and Computer Engineering, **Computer Software

Hanyang University,

ok
=

o
an

& A3 7)ol

As

A2 AFA AT IT 7140 §3to] BIAABA 2nlE), 4840 5K

3o

] 7]k 22 AHE 71ES o83

X

=
5

7}

p
L

REERERER TR

884 F3

Ko

kL 7He A7}

Ak

15

2

kol 7k

ol
A

=5
i

Ea79

A

|

S

3

oIl o

‘m‘O
B
4

H

=%

7P 8kas, 6] 7

Y 74 BAe.

=
=

3% dleld

5319} 2

=

PN 2 AeFA 2

7 @

] ol Fol AL Tk, AbsAf FE2 AAkslrE WA T

uks

sto] vl 25 /)

SEREL

=
3

e wE o] Az 7}

=
=

oy

AN} AETY AER B F

?l_

)
A

Ca

of Aol Aokt
to] M-S Aol

2 =
= =

=
—_—

o

Al Aol

ul
=

£

A 2~ElE Q. Fhdleke #lo]A

85

Q

o) = RGB 7 EE o

X
pilg

e
ok
w

H

o)

oj
T
H

wir

I LI Bl

ls

3 2} 2% A E

A
2o 4 v
Y 25 719l s 4

o
Gt
w4
Ao
—
1o
mE

oju

Well o

?l.

vhebdich spA o2 4gdA s AR Pt

A

iz, 3l A e

9]

jq.g_
=

W

Nl

o

mE
H

o
o

B

H

o

1 WAl Az}



0§%| B[AE 0]
0 =4

20143 F=riksets] A3
| exyztz ojgst 2Ea 2 | —
| 25z euosn es |
ZIE Y% o
=, ‘_-_—_"““-,

o]E=|
=5
chpr“ :

L L
SHO0IEY SAXEY A IS
- ERAEEH O] LY A
S WETH 451 A BY

Wpe © 98 ESZE AHO[ES] §A »
ErRg) L M
Wi : Q8 S=EE FAGO[ED YA
7t SEAE 0 24
N, ST oM HEE SEHAHY
HE{ O] T

B

== =

B =

B SJ0I0FS EE5E £F |

*

R

-
Wii) =0.1 wi(2)=0.4
=1
A, Ao E2gw gioln A dia) S gow wgk Fo A Ao E2gY GdolnAd da] S GFow wgk 5o
oA HE71E o83t oA Gs FETh A Gl g 5]~ S 2EDS FEEl] BEEE BAGT 19 49} o] 3| ~EH
Eafs FE9t A 15 B8 AAZS Ttk & FRWEo R gMEA WglEs At BEEE o
255
H,= 2 hist(n) > th, 1)
n=0
AN HjE A YERHIL histe o)A S|AETHW ne 9d9 5 thy>dist  thy<dist
Sagt A tht oA 2EA ol BST OY  HEY P Bt P
a9 4 B 2EIAT BT B4
WalES BAe o) $EX) th, Bl WakE dist7} 22 gk v
vhdsto @ 2L el whE Jgo] AA wtdEHEE i}
4R 24
AR, F WA B4 329 s|~Ede] Hug ez 94
i _ 5 2] 29} 7o Alkg.
%] 011%1& Eﬁ
B,,= max(hist(n)),n =0 ~ 255 2

(D A7 Bl oA B4
99 3 w2Ey QAelnAe) oA §amad oxw B4,

o7|1A B S|~EI#e Hax
o shi

S| 2ETY ne

%y

g Qezsol,



g5l £ 5 -
& Wy s N
Fle: = T E: e zs 1
ol BN o)) oo fo) 2o A N E
= ol 2 ) © = o] W — B B
N ) S = T = < = PR ~ —~—
=7 SO R T 2 Mo ® o b B
=y WC <R = =T ;Ib,l ‘D| ﬁi = ~ Oor = 1 -m it .# ‘_lwﬂ st o
Tor o E oW 2o > _ Bk
) = B =N ° o o B omp W No ° ur
ﬂo P WWMW Ko S ey o I
o - wog —~ i -
] £ 4 =5 5 TEE e T 2y S
g L L o XX o DN N o = o
H o B < K o i oW oF AR X5 —~ % = %o
o i S = o ~ Mo I i} ofp
o Mw e ~ o . fuul M o o o Y o R MP B = (| T
gl _ o = EaTy iy = 4D o —
S © o S T W . 3 o O = o m M = w5 il it Mm =
= =~ X ~ so H - 0 2 ' | ol 5 ™ . ) X o
S Y ooz _ 455 [ ® = b B s 2 < WO
Mo & = - %@ %! o CVk o Zo o oAb X e m iy e i
Lz IS =z & 222 Tis & af = T wE
LEr = T % LodE s z=% 5 &P - T w e
~ ) O iy N7 —_—
»Zx 1 24z =z |l 23 5 ovw  F = 13
1,|tq w,,lr_ =T o Of HU o = ‘UI | m‘m Cxﬂ ~ Wﬁ o ﬂul & N ‘._Lom =] I e NE WME
I A= = L o = _ ° - MM no on B XX 3 ! Mou
a =P N O gy » = = = ! Mo M I ~ ok ! 3 woR
= W T - NPT s wEW 3 N X 3 Em My e
= T ~ 1 Tww z ¥ S oo " S N B 3 T w ok a)
ok £ = B ™ W w =) X I of N Nlo m Nio & 2 E b [y -
el i o = N W[ Bl o T = ~ 2 W T Q =1 T o =
S Y nn TR B iy GO X 2 Q oK — X
- T 4 53 v E L r w 123
. =~ N o X ~ ) X
mon X7 2 = ! X0
o = Mm kS < e 2
g B o o W o
=r N —~ =% B o Nc
N
_— owa /lew WL ‘:L ﬂo Cl_ 10 E_H ﬂtl ﬂ ﬂ QL Of
® I B R 1 T
oF X° R W M,«I o zi ® T £
— U n g ] T me v
s e B o 2w T =
o R E o <y = A =
e ) O \_ pase) o= m ) “
v wE = - D) WO oo L =
¥ Py 3 4 & x2F Mowa LR o
el oy = I ; ~ & R N ~
T B s BT EAC W wmh XE D
—_ ~o & > o = Ny o= ) ™
CHEN = S w ol o g DR =
i = 0 o el —_ T < BN
W = = g PoE do LT R
Il = = g = m N mo = —_ = 1dr| K = Mﬂ
w = . E2 goyw o O W Ro mf M =)
.C M m ﬂW HT o ‘EI.* N O—E ok Z.E - o e g
» 13 s £2 =¥ P oryErl :
. . ; <O ~ ) i -
) | %MWWM? Elﬁ%4mﬁ7 g
™ o P B + o m B 2 T oo K
A R L-2sfz  § Eivis :
3o T — &L M X0 A o< S <o W R pn qp s
B | S 1H Be o o [y ﬂE BO — — =
Wz —~ I - X T ®m o
W " O [ B %o i = BN T w2 oy
M 7 I = mbt E o B o "k =~ HFIT T o
- B “ w oo N o W oMy e R 7o =
R = = T T UL -l e "
~ & = — P 3 < oK <O o <0
L.A B (B3 _— A, Z_.O =0 o T
w o B oo G = T o 8% © 3o
L cEHE®T S Txtdpw -
< % T § o <5 b T o
<o oy B T oz Moo o
N oo oo -
N

Adlo|E|25E 7F% 7}

AN €, Gy, Gy, C,



Fddlold, (L) ) o] slaEad (B oA 4 (=h
&) sl2EaF

oy T EE2RY GAHolE ] 2 AH
} olrZE | AR &7 2
ofr~gE % 5 5 0
A2 ) 0 15
52 0 0 % 0
£ 0 5 &

Foiglont ol wdo] 27 5%w BRHNT, §4 Aol

TRl AT meay 9
dlolele] ¥57 Aserl 91.25% 9 AL &9 & 4= Qi
22 Efol7t 23 Folu o] e ofABE A FolA
AR o EReA Kobe QFvF TS Y, E2RY Geln|A]
o] dlojelmo] 2~ EAo] wjel FEwr} SebAE A 7E AT o]
3t EAE ATA Aers A Z2xd gAdolnx| g HolH
wlo]2~ FEate] W TR W GolnA| dolEE YdoR BE
W FYS s £ A49E ds F 9

e FE29 SEAUS A A F 4 F

g 2HE FASIA 47e] A4S drdr|9lsl 98 SR 9

gele £4 wWHe 24+ Se2E7 WHee] A, A3 A,

Mg S~ dE 9] NFE 18e HERE Addshs e

AREBEGITE EaEEe] BTt vhol STk mE A 7o) g9t

I kg B BMuto 2% 9125%9] HITR TRREW JAtde]
le)

A 2

B AT A3y 0 AREANIAEA ST 13
HERE] A7 A7 A3}z SIS
(NIPA-2014-H0401-14-1001)

FuEd

[1] Ionut Gheorghe, Weidong Li, Thomas Popham, Anna Gaszczak,
Keith J. Burnham, “Key Learning Features as Means for Terrain
Classification,” Advances in Intelligent Systems and Computing
Volume 240. 2014. pp 273-282

[2] Shifeng Wang, Sarath Kodagoda, Ravindra Ranasinghe, “Road
Terrain Type Classification based on Laser Measurement System
Data,” Proceedings of Australasian Conference on Robotics and
Automation, 2012

[3] Raj, A, et al., "Vision based road surface detection for
automotive systems,” Applied Electronics (AE), 2012 International
Conference on. IEEE, 2012.

[4] Angelova, Anelia, et al, "Fast terrain classification using
variable-length representation for autonomous navigation,”
Computer Vision and Pattern Recognition, 2007. CVPR'07. IEEE
Conference on. IEEE, 2007.

[5] Yang, Hun-Jun, et al., "Classification Algorithm for Road
Surface Condition,” IJCSNS 14.1 (2014): 1.

[6] A7, oA "SEEA Wl g3 A dE FA9 M)
Ao ZHA2H8}3] 7+ A A5 (2009): 45-47.





