/I

75 308l ()] o (owodige g yali

BV B YAR Gl AYAS Lo F 0)loud OFA 093 1S el lpos soige 4 s
DOI:10.22060/ceej.2016.591

sl g3l S 539 Cungllio oty ] a3 slomo Sy 41
S 0jen ¢ o008 (s BIlF e (y9 )5

UI)"l ‘UI)'Q( ‘).u.{).w] (s olKuisly ‘W)JG-ODO 9 u‘)"‘ (ewdigeo 0uSisly

1891 s U

WAF (13,958 VY :cdl o
WA L5 Y 16,5550
WAF LW 5k
WY (63 VY 1o Ml )]

1S Clols
53 Canglie
Silogy <8l

298 31

Slasets & i) Ko SBhol b Shy ol Gilogy ol 03030k Glug) S gdaw Skl 0K
oy g B L oS At ol gy ) Jlid 4 e 0590l 3> (St (gilgy of g iy 2l g ) Ly
sled st (sl by) 039a5xe )3 yidey dinej (il )3 0ad L)l sl )y ST 6y Sejlul ]y (gilug) (2553 Canglie (VL
solod el B9y SO lgie 4y pgal (51 4 e o b odel Cawd 4y oS Ll Jbuzud yglad 5 55 5l eolasl ¢
2 Al (gilogy (B33 Cuoglie i 0)l)> (s Sl (sl g dine) Wi e Vb G pus g Jod LB B L
0adld Sy Wl g (gilgy CEL Jlow o 3B oS 2980 (Brme gl S Sl p sMeder plusw adllae (]
duglio b cunl o] )3 (gjlogy Bl (5o g o305 (BBl (glinl b 8,5 5 )3 L (il (34 Cuoglio gl dpix
@iy s 8 S 550 Ll b jblize (BPN) (bl Jsily (talel a5 oloiy s (286 gl
SxdlSS @ls 5 03,8 Sl (gilug) b canl 2B (Gilugy Sl w5 pgad (D31 STPESS S spSo e b

A8 Bl gilegy (2558 el L LT

55 gl (s 00 b +I0 3o oo b ol o 55 5553
LYV AN] w58 36 Cou it slace yu o 1) (giles,
CBl 293y Cyguo ) oS Cawl SisMyg e ooy ;500 M 3| (S
3 (63l o 59y 2 00 o> O g 4l55 et 4y ¢ B il
DFA] 2580 55 o> 0y
e odls el ) (gilugy Cdb cuenl 4 g3 o A S 4l ]
43 g2y liee o yiel)ly (il (o553 Cuoglie Glo (sl 2y
Saind Sy > sl Oglite 5 el )l pl (6 pSejlal (slasb,
)5 e 09)5 93 4 1) g ol Ol NS
853 Caaglio uitune (5 S 0jlul @
853 Caaglio uitune i (5 pS0jlul ¢
peiies f GpSo)l 4 bsye o by, nl noegdle
el (oolod ol g (ool A 50 @ OlS e 1) (SB35 Caeglie
ale g, 5 "OFT EDFT JBPT el ke sl g, 45 o,
s APMD) ()5 lagis, ol 5 bt slagsbs, oo

4 British Pendulum Tester
5 Dynamic Friction Tester
¢ Qutflow Time

YA

dodio —)

Silwg)y ol Gl ol (gilog) S o SKlal ke
Sl (S ) 2k silogy aw (gilog) S yes plad > V0] ol
[F-A] 0l ansls 1) (g5log) g 4l alwg Sz (o SWlawol (pals
295 9 4l dlowg Copu (il gaw <8l Jud 5l 5k Jelys
Silg) aw o s Ll StV o SWlasl lje 10 Slgi o
Clo sl by, 0amd JSuis dlge sla Sy lacnl 2 egMe Al oo
D¥] w230 )18 36 cod ] (ilog) gdaw 8l ((53ln 9

ol g il (o Shy 4 silogy S Sl sla Shs
o il sl ol 2 1) (53log, il [NFA] 3l (St (g3l
s "B yd (LS bl sy b gy bl e dw & e e
9 b aiiol) 3y ol & wimd e bt cllllas [TV -] 58
sloelaiol) €udy> 8l g (florkes /0 51 oS 290 Jsb b dliae v

moghadas@aut.ac.ir clslse )besgs oy

! Micro texture
2 Macro texture
* Mega Texture



Cliios I Jols @ls 00,8 pgal (2jbp pelel p il <l
il oo 5 Sse 3l Sy plsie 4 Wavelet 5l s o S sl olis
LVY] 28 oolawl (g5,

Doy &S ol &S5 ol Soly Sladss ol 1 osel Cawd 4 uls
Vb Copo g Jgd JL B L g coleipd (o) Ko plgis & pgas
B3 Canglie (s 0)lyd (g Sl Sl (253 e Sl o0
Sl p (gliadigr piwaw adllas cpl 0 Jwlel e Al (g5log,
Silogy bl sloaxio Jlog 4 136 45 3580 (Syme prgad S5y
GBS 5 3 b (ileg) (553 Cunglie sl e eSS S )l
al ] 53 (39 Bl g5k g W38 (BB (sl 5L

Q5 35l 3 48 )5 & (bl el dllie (ol pod (i 53
Saciond 5 (Olidy plam ()p 9 By 4 pies D5 (o0
s m pow isw 0 Cwlead adby o] samd Sl calise
2D g 0 &l pslad pgd wtd 59y p (o2t it Sl ool
o 9 el Jol> @lis g 483 )15 ) )90 (Ol e
ol Jh el ol pSens pilea GiSe 3 Colid ) sl ol
asdods #l)) 3iios

S99 9 Jgeo! Y
(ES) siaiish i —) =Y

At "(AL) eguae (o9n 5l clagls (ES) amadon (clagiuw
<3558 & (KBES) Juls 5 e 008 slapivmw @) 5l Gun
290 S > Sl yaas 4 (oliwd (lp (gian Gigr slagby)

IVY-Y0] Canl ol iz Hlen 1 Joitdio 008 s Jdo S§

Egog0 S5 0)lyd (ilgd g leMbl a5 ol et il oL
S o i it y5550 sl o2 LB

g b aS Cul oy s S gliiwl Lisu izl jgige—Y
And e 45])1 )K\tb‘) )Jaa dy90 PIII L5|)1’ uw‘.) oli:b 0 d9>90 u»l}e

Ll JU &g 4 48 Casl b ySas 1 (4l dsgosmo 1y)8" Lasl =¥
WS (o0 Jos 0 s 9 )18

o 31 (Sltily g 033wl CE b g Colim 1l oaipe¥
..3)‘.) DJ.QrC » l) o).:.é-

b by b)) 0950 g 03w S slinl 5l ol ¥ S 5o

ol o 03l

! Expert Systems
% Artificial Intelligence
3 Knewledg Based Expert Systems

Y.

wavelet g FFT-\) peai (55l slasg, 3 (ACTmeter
o Caglie el Jolite sla by, anaties VS8 el
w3 oo I (s5las,

Sygo & 8l (6 pSolul Bl sla by, 3l ()l ASH1 4 265 L
CE L &S s ol gy Sl s 4 ldisee 059 5e] it awled
byl a8 g pSojlul ]y silugy (853 Cuaglio (VL Copu g
51 oolanl e pwlod e (sla yogy 0dgaome ;3 yidus dinej (pl 40 oad &)
siate & (YeoF) hlen 5 (Syody e Jluomd polal 5 )3
caulo Jtalol (sl el g 3ol () s ilog s L (5503l
ool b Jbuswd bl gy cpl yo . 0ob &l)) paas (i3 (slie p
o ) Sl ol awlio 5 005 o (FFT) a9 o Jish §
I [V ] ol 03l L5 Joud b  Stasod cduslo yinlojl g polias
Goid Jae 93 il oolatwl b as” Wledls &l)l gy (Vo)) o)Sen 4
Silwgy Cudpd g juy 8L i g 5 )bl Sllas Jobo )3 g0
5 oozl b (Y+-3) e 5 ool VY] 5,5 (g pSojlul alolidty I,
ax3n b (ilwgy il (6 yS0ilul (gly i SO ¢ gyl > CullE
4 pldl el pia (U195 (gilugend b s el )3 03 ] 0y
o gl skl 3oy 5 S 5 b ol 3 o Cuslond gy Ak
5 59355 DAL 6,503l 1y gy €3l Sl olsicsm o S
Sdises 5| I3 pnSs gy Sy @) L caalllan Sy )3 (Vo)) o San
Jieres yslas Jilos Sl eolisial o adly (slocsslog, 5l ord ang (]
awle inlojl (clp pSols b, #ly @ plasl Lacunarity g, «
e 5 5 S 533 31 S (Y01 Sam 5 iy [13] 55,8
Ol s 45 03,8 W) (g3l cudyd <l (65 0jlul sl ol anja b
9 Lol [VF] 5,8 ool Soo8 sy olBivlojl 13 g e o ol
FUERIN) 43‘)‘ Pyas u»)lb).s L)"L‘"‘ » L;Cf}?) u&m?u 2 (Y'\\) LJ‘)K‘"&’
sl sload Jdgy 5l olanal b (ilg) mdaw sy @iy of 5
Ve ] ogdic0 e (5jlog) il

Cuoglie Cpund dinoj 0 poad o3k y 3l edlatwl y31 gl Jls
iz oyl y3 ord plool Cliios 4 4oy b .l 0 el (g5logy (o554)
LUl g o9 pldlhs] cle 4 Wavelet 5 oslizul 45 col odls
Cae o ol 8l 405 )3 9 Sl o2 (28l 5 pglad Lilos > puin
P (VoY) o hen g 590 00 50 FFT & cuns daodly 35l
sghte & yglal hlod Jgliie o bey o glapmlie (s S
Cales 5> &8 ol pldl (silug) (S las <l Clasuio (ow)p
Cudyd bl cpasd Ban b 500 dod 0 VY] W08 (Byxe plas
e gy 93 Sl 4l (Vo) plhlSea 5 Ul sl
Jdss ¢l wavelet ¢ autocorrelation function ;) sl



| il gl el J e sla

3,
| 53 Ceaglin s (g 8 a3l | | o Caglin s i (g S ojlud
| et 31 1l | | el i F e | | bl gla Sy |

| eiia il || b sl | N
RFR e

| FET | PMD

I Wavelet

| CT meter

[t [ o |

S3lwg) (05 Conoglio Gunail Joloto sla gy guy aiws 1) S
Fig.1. Typical methods for determining the skid resistance of pavement

IYV=Y ] uS o Jias uilS'y8
2525 o (VNG VY=Y 5 V-M ) V=X o) 0 53
5 39800 0305 OLS b gl (g 53 WS 41598 o5 3k MaN

VY] 24 oo dule 5 Cygo &
F(u,v) =

M—\N—\ ' U, Vy
> f(x,y)xexp _]mx[ﬁJrW} .

X=0 _y=°

498 s jloslital L1y adly Joasd poal (g oo o5 cmo 4
sl 51 pogSne A 4158 b5 23,90, gl Sl &) ogSian S

IYV] 244, 0 dmlno ¥
f(x,y)= i

Ijz‘lyvz_‘p(u v)xexp{ ,m{M +Vﬂ}

J»&u Veost)oo ool b olacSsh @ ors Jol o 4 55 HE
i e sllaeyud ] > aSias bl ] el s s ol 9w
9y w0395 )3 (6ylhe 0y el )l .ol FET jl oselcans 4

Ly Goilonoie aloye 30 o CuhsS o5 Gnsal ol o
i Jeol> ¥ oakal, sl assl s )| FFT 5l eslaa

g(x,y)= {F_\F(u,v)x | F(u,v) |K}.

(WT) “i?y’ Do 3l ealawl =Y =Y =Y
sl G531y 5 Ltales (sl cawlio ool Sl S Sage s
3 Soge cubls L3l amd 93 0 [YV] ol Sglite oy b Jlusws
odd s il Cliiiog 53 o] YA B sy (S S 4 <l s

49

.

F
h 4
[ gl e ]
M
h 4
==
[ ol [ Okl ]

IYE] 038 ot v S 152 Y Ul
Fig.2. Components of an expert system [26]

(4555« 03t «otsS el ) (g3lg) poglias (o3hp S3g, =Y =Y

(HE) 150 p15 e 330 ) Y ¥

2 38 cpl il pgas (Bilsp 53 adsl IRl S pl)S g Sgu
Canl Fgo jlus U polad o (oS L st il cudS @)l
aw g S8 1) o S5y s g pgai Gl slaaises ¥ S VY]
o olis HE Jlee!

(FFT) )58 @y b5 =V =V =¥
pme a8 JUl caslne lyy ge ), S« FFT s,
JUSs 0390 )3 by ol -l gy g Jlsie &g YWDFT
@ gloj ) fisyge JuSKew b pgad a9 cwsl 30)8 sl g



BV B YAR docio TS Jlo o o5l ¥R 093 638 prol o (wrbites &yt

20 Qo 1 i Coled 53 9 038 glsl ) (oase Sl
IS sk S o0 Bl (gilgy (o6 (B34 Canglie (aRld C e
5 000> Jilow odls (5slaez ol (oolapiy e (56 SIS5 ol 0
5 0adls 2Lk g Jue Mol Il 5 Jae (b ¢ Jlow 1o Sl

ol ol el i)

Jsbleces =) —¥ -
ooyl 3 cgilwgy aaw 158 )90 Jlomd jugbal (el ol
W IPVEICENE I
Jo: JB 99 b nglad 4 ©
Vb e b pglas ans
s 4 l5in &y o LS Ly el
(Slegsl das g (cwd Sld 0 Sezge OIS 4 ax g b
obos g atsls by gl ol sbo,las &5 s 7,k
b e 4 (6537 S Sl Sl Lt L, Sl
s sl 4248 12 45 45 oo (s s ki s
odliul (s (Sl s 51 ol il ) gils; o
Sl Jo o5 5 Y3 i 58l IS oyl
Jdo 4 a8 ol GlaisSay olSws ohb uzes ol aisle
@) Gilagy mhaw Dby Sl ol Soop alold I ()l piges
e 327 e 4 455 bl ol A5 5 5588 O
ol slailugy )0 Olgiee e zokaw 2 ogdle oud
b slbaissa bag 2 placm (rod 93,5 diged 4 4 el
a2 oo oo @ |y az 0 VP i3 > g jeile colld a5 oul
el o b SlaisSay o Llod ) olSins S s o
Shoe slacils y gl oo g 2okl Sllllas gl oo aS
aastise 3,8l 4 5l g eogs ool Jleww oI L LIS il g0 )8
ol pleazle jo ouls solaiwl Sl 4 dx g8 b uioren 0,0
el 055 Slaciilo p anze 5l il Jla ool pled sa o
Silogy (B3 Cunglin (5 pSojlul g cudldy olKusd cply ogdle
0ol g BLbl Lo j5 Jol8 Bl b ol 58 paie (b s &
Olles poe dacail y olod (gly colb ud b cuslio (65155590 S
Ol ot ] bea Ly 1 ol OS] G gl &1, 63k
ad o ol 1y lidlesus 5l ol £ JSS e o yialS aae JB
lojan JU] 5 cuils b g oo & ol slaigSas olSims IS (50,8
390 Silwgy Cundy (Silwg) (o853 Cuoglio Gunni )l Blp 4 Sl
oA dpusd Clias 4 drgi b (I jeb 4 08 oy e 3 1) )
ol €85 Glgin sl (B34 Cunglio (5 pSojlal g cudld olies
Gilosy (B3 Coglin oy g Al e dlSiylej] S oS

Cawl

yay

Iy pobal te cleMbl cul B Shs cpl Jdd 4 Soge bis .l
el yol fpan &5 WS Lis by Sy (Sl dlal jusd 4 ds g5 0y

0D o).& 9 JM&‘ Gl ‘))944: ‘_S)L.».m.)lw.@ 2 t&>9‘o L.l?u“ 5 u.)y )J9A
IN-¥F] el

Spie ddg pj oy 5l eolitwl b o 90 & jpa W o

Lvvovyl

0(x,y)=0(x)o(y) 0)

¢H(x,y):(p(x)‘P(y). (v)

o" (x.y)=¥(x)o(y) ")

D(x,y):‘l‘(x)‘{'(y). (¥)
b e @8 g slaadlseg Dy g Vg Byt s

&S wliiie @b S @ 5 aiin 55k 5 B ¢ (Bl gz A
ko 6500 sl 4 a5 cnl pgad 1 (o 5 Sl L o 9
Ceol 5 Lilyy Sygar YD gan g0 @6 Jlaml ol ogie
AN

(A)

0(x,y)= Y_k(p(r_kx —m)(p(r_ky —n).

‘I’fmn (x,y)= Y_k(p(\’_kx - m)‘P(Y_ky — n) @®)
\PZmn(Xay):Y_k(P(Y_kX—m)(P(Y_ky—n) (\+)
Wl (x,3) =V F (K =m) (K y—n)

s K g (Sose alps o) g dlal Mg 01 YL Ly

» g haar gl 5l eslizel b Soge bas Jlesl el Jlaisyge 4 jos
o3> (Lt (Bl 9 Siled Cpgo ¥ JSS )3 90l Sy 2 pgd v
&l osel oty Jol o LS s> D?BDyaD‘H ol &S ol ors

GE-"’ULSP D?gDYgD‘I:I VS-S ¢D9¢V9¢H d[m;i.'?yo
[YVYO] cosl pgd o o > coyds AVg (K=Y) pg

iy 0y e Y Y
G Glye |y (ooleidn pimms ol LS5 bz slaciomwd
NBley g Plesu Gish 93 jl pius cul 28 @10 JSS ©)90
Al & cwl (2B Joli liblecuw sy ol sl WSS
g 8wl g (Bhb 5 ay0e sbayiell elel p (ileg) pglas
o 515138l 5 e WS o (el 1) I8l 5 iS5 3590 (53909
5 Soge Jbo w35 g il pid ilbyedy Jolye o )




BV B YAR docio OFAS Jlo o oyl FR 093 €3S puol (o (it & pui

3 ax gjwgy gl Sy s Y- g HE Jlos! 5l axs V- HE Jlosl 51 1 (5 5lwsy paad 5 oo Y-l HE Jlos! 51 Jod V-l ¥ S
IYA]HE Jls!
Fig.3. A.1 Before applying HE, A.2 Color intensity of pavement image Before applying HE, B 1- after applying
HE and B 2- Color intensity of pavement image after applying HE [29]
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Fig.4. A. Schematic design of two-dimensional analysis using wavelet analysis to second level; BD-analysis of
pavement image using wavelet analysis to second level.

Fig.5. Different parts of the proposed system to determine the skid resistance index of pavement
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Fig.10. analysis of pavement Image to second level with haar filter [28.30]
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Tablel. Selected filters for the filter, k and appropriate
decomposition level selection stage
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Table 3. Modified Indices and MSE Results
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Fig.12. Comparison of the MSE values of horizontal, vertical and diagonal indices before and after calibration
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Table 4. Four combinations of horizontal, vertical and diagonal skid resistance indicators
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Table 5. The final calibrated skid resistance index and its improved MSE
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Table 6. Minimum BPN values for different conditions [37]
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Fig.13. Comparison of the slip resistance index obtained from the proposed system and the corresponding values
of BPN for the second category of images
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Table 7. Comparison of the time required to determine the slip resistance of a surface in the proposed system and
British pendulum test

(4> o ) 553,90 (3o

O 81y 5 3,90 o JS

oiabejl (g, . L TS e Cuglie
S sy e Sluba—g)l38lp 3 Julos (A8x35 Coms »9)

L;»L.:Lu); Ja.).'s‘.; ARSNAIARS Ve 5

&l o -0 -0 \

concrete mixes, Building and Environment, 42(1) (2007)
325-329.

[7]1 G. Flintsch, E. de Ledon, K. McGhee, 1. Al-Qadi,
Pavement surface macrotexture measurement and
applications, Transportation Research Record: Journal
of the Transportation Research Board, (1860) (2003)
168-177.

[8] M. Khasawneh, R.Y. Liang, Temperature Effect on
Frictional Properties of HMA at Different Polishing
Stages, Jordan Journal of Civil Engineering, 6(1) (2012)
39-53.

[91E. Masad, A. Rezaei, A. Chowdhury, T.J. Freeman,
Field evaluation of asphalt mixture skid resistance
and its relationship to aggregate characteristics, 7exas
Transportation Institute, 2010.

[I0] E. Masad, A. Luce, E. Mahmoud, A. Chowdhury,
Relationship of Aggregate Texture to Asphalt Pavement
Skid Resistance Using Image Analysis of Aggregate
Shape, Final Report for Highway IDEA Project, 114
(2007).

[11] A. Dunford, A. Ruff, R. Whiteoak, Measuring skid
resistance without contact: 2007-2008 progress report,
TRL Published Project Report, (2008).

[12] H. Zelelew, A. Papagiannakis, E. de Ledén Izeppi,
Pavement macro-texture analysis using wavelets,
International Journal of Pavement Engineering, 14(8)

(2013) 725-735.

[13] C. Huang, Texture characteristics of unpolished and
polished aggregate surfaces, Tribology International,
43(1) (2010) 188-196.

[14] W. Wang, X. Yan, H. Huang, X. Chu, M. Abdel-Aty,
Design and verification of a laser based device for
pavement macrotexture measurement, Transportation
Research Part C: Emerging Technologies, 19(4) (2011)
682-694.

[15] S.P. Hadiwardoyo, E.S. Sinaga, H. Fikri, The influence
of Buton asphalt additive on skid resistance based on

penetration index and temperature, Construction and
Building Materials, 42 (2013) 5-10.

¥

Cond )3 o g Bt Coond )3 w8 s (] )3 (il 2 0gMe
2L B Ml o) )5 Ly g 0395 (aasie sl 8l 4 5l 18l
Cooglis (el g S g5 00 Cale 5> Wmd o 58 ()8 s
Sl pglas ilog Xig) aine ) (Sl Bty oL (sjlog)y (553
23)5 )31y (53lgy COL chnungs adgl Jolpe (e 53 Cunl 3B g5l
Candy ooy 5kt 41 (+F=RY) Jo3 B (554 conglie (a3l
Sl s dsogi Jolpe (aaldl 3 ST L1 gilog) (54
il io dlo yo 4 ot bon Gilisks (gla s, 5l odlitl b s oo
20 &S a0yl Colps &l 55 g 00l dL drwgl pisred g
(Silogy las g Bpas B £ (1l (silug) 95 2lsmanl bl
ol gl o5 Jlael ag a3l | oy 5 e Sl oo
Aoy deu |

&l
[\ E. Masad, A. Rezaei, A. Chowdhury, P. Harris, Predicting
asphalt mixture skid resistance based on aggregate

characteristics, Texas Department of Transportation and
the Federal Highway Administration, (2009).

[2] J.N. Meegoda, S. Gao, S. Liu, N.C. Gephart, Pavement
texture from high-speed laser for pavement management
system, International Journal of Pavement Engineering,
14(8) (2013) 697-705.

[3] S.M. Oh, S.M. Madanat, D.R. Ragland, C.-Y. Chan,
Evaluation of traffic and environment effects on skid
resistance in California, Safe Transportation Research &
Education Center, (2010).

[4] J. Hall, K. Smith, L. Titus-Glover, J. Wambold, T. Yager,
Z. Rado, Guide for pavement friction, 1st edn, National
Cooperative Highway Research Program, Transportation
Research Board of the National Academies, USA,
(2009).

[5] P. Buddhavarapu, A. Banerjee, J.A. Prozzi, Influence of
pavement condition on horizontal curve safety, Accident
Analysis & Prevention, 52 (2013) 9-18.

[6] .M. Asi, Evaluating skid resistance of different asphalt



[26] N. Ismail, A. Ismail, R. Atig, An overview of expert
systems in pavement management, European Journal of
Scientific Research, 30(1) (2009) 99-111.

[27] S.M. Kiya, digital image processing in MATLAB,
khadamat nashr kiyan rayaneye sabz, 2009. (in Persian)

[28] F.M. Nejad, H. Zakeri, An expert system based on
wavelet transform and radon neural network for pavement

distress classification, Expert Systems with Applications,
38(6) (2011) 7088-7101.

[29] N. Karimi, automatic skid resistance measurement
system based on image processing, MSC, amirkabir
university of technology, 2011. (in Persian)

[30] F.M. Nejad, H. Zakeri, An optimum feature extraction
method based on wavelet-radon transform and dynamic
neural network for pavement distress classification,
Expert Systems with Applications, 38(8) (2011) 9442-
9460.

[31] F.M. Nejad, H. Zakeri, A comparison of multi-resolution
methods for detection and isolation of pavement distress,
Expert Systems with Applications, 38(3) (2011) 2857-
2872.

[32] AM. Atto, Y. Berthoumieu, P. Bolon, 2-D wavelet
packet spectrum for texture analysis, IEEE Transactions
on Image Processing, 22(6) (2013) 2495-2500.

[33] F.M. Nejad, H. Zakeri, The hybrid method and
its application smart pavement management,
Metaheuristics in Water, Geotechnical and Transport
Engineering, Elsevier, Waltham, (2012) 439-484.

[34] A.W. Busch, Wavelet transform for texture analysis with
application to document analysis, Queensland University
of Technology, 2004.

[35] E. Avci, An expert system based on Wavelet Neural
Network-Adaptive Norm Entropy for scale invariant

to

texture classification, Expert Systems with Applications,
32(3) (2007) 919-926.

[36] M. Virvou, K. Kabassi, Evaluating an intelligent
graphical user interface by comparison with human
experts, Knowledge-Based Systems, 17(1) (2004) 31-37.

[37] F. Mustakim, Treating Hazardous Locations at Federal
Route 50, Universiti Teknologi Malaysia, 2005.

[16] B. Pidwerbesky, J. Waters, D. Gransberg, R. Stemprok,
Road surface texture measurement using digital image
processing and information theory, Land Transport New
Zealand Research Report, 290 (2006) 65-79.

[17] A. Cigada, F. Mancosu, S. Manzoni, E. Zappa, Laser-
triangulation device for in-line measurement of road
texture at medium and high speed, Mechanical Systems
and Signal Processing, 24(7) (2010) 2225-2234.

[18] E.D. de Leon Izeppi, G.W. Flintsch, M. Saleh, K.K.
McGhee, Area-Based Macrotexture Measurements:
Stereo Vision Approach, in: Transportation Research
Board 88th Annual Meeting, 2009.

[19] S.N. Goodman, Y. Hassan, O. Abd El Halim, Digital
Sand Patch Test: Use of Digital Image Analysis
for Measurement of Pavement Macrotexture, in:

Transportation Research Board 89th Annual Meeting,
2010.

[20] R. Elunai, V. Chandran, E. Gallagher, Asphalt concrete
surfaces macrotexture determination from still images,
IEEE Transactions on Intelligent Transportation Systems,
12(3) (2011) 857-869.

[21]T. Al-Rousan, E. Masad, E. Tutumluer, T. Pan,
Evaluation of image analysis techniques for quantifying
aggregate shape characteristics, Construction and
Building Materials, 21(5) (2007) 978-990.

[22]1 R. Elunai, V. Chandran, P. Mabukwa, Digital image
processing techniques for pavement macro-texture
analysis, in: Proceedings of the 24th ARRB Conference:
Building on 50 years of road transport research, ARRB
Group Ltd., 2010, pp. 1-5.

[23]1 H. Zakeri, An expert system for pavement distress
classification, MSC, amirkabir university of technology,
2008. (in Persian)

[24] C.T. Hendrickson, B. Janson, Expert systems and
pavement management, in: Proceedings, 2nd North
American Conference on Managing Pavements, Toronto,
1987, pp. 2.255-252.266.

[25]1S.-H. Liao, Expert system methodologies and
applications—a decade review from 1995 to 2004,
Expert systems with applications, 28(1) (2005) 93-103.

Please cite this article using: rd
F. Moghadas Nejad, N. Karimi, H. Zakeri, “Providing a new criterion to evaluate the skid resistance of
asphalt pavement”. Amirkabir J. Civil Eng., 49(2) (2017) 389-402. il

DOI:10.22060/ceej.2016.591

20,8 ooliwl 5 yle jl dlie cpl 4 glayl ol

[=]

foy



