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1. Introduction

Evaluation of the pavement performance plays a vital role in Pavement Management System (PMS).
Identification of road surface failures (pavement distresses) is of the main elements in the process of pavement
evaluation at the network and project level road assessment. The simplest method of pavement distress
evaluation is visual inspection and rating of apparent condition of the road surface by experts. This approach
of pavement evaluation not only increases the cost and time of inspection operations, but also depends on the
personal judgment (subjective) of assessors and brings about non-repeatable results. Furthermore, it exposes
the inspectors to unsafe working situations on highways. In the last decade, extensive researches have been
conducted for the development of semi-automated and fully-automated methods of pavement condition
evaluation to overcome the deficiencies and problems related to manual and visual evaluation of pavement
distresses. Although some standards and protocols such as AASHTO R 55-10 have been developed in
accordance with automatic distress data collection conditions, limited success has been achieved in recognition
and classification of different pavement distresses. This can be attributed to severe disorders and irregularities
of distress patterns, especially in asphalt pavements. Additionally, most of the current automatic evaluation
systems are associated with heavy computational loads due to employing complex algorithms and they mainly
focus on automatic detection and classification of pavement cracks. It should be noted that cracks only
represent one important aspect of pavement distresses. Other types of distresses such as potholes, patching,
bleeding and raveling also play an important role in the decline of pavement quality index and affect the
treatments and maintenance options proposed by PMS. Considering these limitations, the authors employed a
method with superior precision and efficiency to identify and process pavement distresses.

Image processing and computer vision techniques benefit from various tools for interpretation of images.
The computer vision system components include data acquisition, image processing, image enhancement,
segmentation, feature extraction and pattern recognition. Transforming the input data into a set of useful
details is called feature extraction which is one of the most important elements of machine vision system in the
image pattern classification process. In regard with solving the computational task, a piece of information is
denoted using feature extraction. Features extracted from the image such as texture, color or geometric (shape)
characteristics are often in numeric vector format and are considered as representatives of the image.
Compared to other features, textural features provide more detailed and precise results from characteristics of
image regions and outperform in numerous image processing applications including medical image
description, satellite image classification, face recognition, and most importantly identification and
discrimination of various distress patterns. The performance of multi-resolution techniques such as Wavelet
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Transforms (WT) are very efficient in image texture description. For applying DWT on image (2D) signals, two-
dimensional wavelet transform should be used. Sub-bands acquired by applying two-dimensional Discrete
Wavelet Transform (2-D DWT) contain image textural components in horizontal, vertical and diagonal
directions. It should be noted that in pavement distress images, the information of the image background is
presented in the low frequency sub-band, while the distress edges, which are the main and important
(discriminative) information of the image, are the high frequency components. Depending on the required
frequency resolution, the approximation sub-band decomposition could be repeated. The applied
decomposition level (scale) plays an effective role in highlighting the distress edges details and the texture
anomalies in the homogeneous pavement surface. If the number of multi-resolution levels is low, various
distress patterns are not sufficiently separable; on the other hand, if the decomposition of the images continues
at higher levels, more wavelet coefficients are affected due to the increase in the scale (frequency reduction) of
the wavelet function. Consequently, more irregularities may be absorbed. In other words, in spite of increasing
frequency resolution, the spatial localization (spatial resolution) is reduced, causing fusion effect of the
anomalies and degradation of the quality of the distress presentation in the sub-bands. As a result, analysis
these sub-bands may result in false data detection and classification.
In this study, the acquired images of pavements were classified into 7 groups including:

1) Alligator cracks

2) Without distress

3) Longitudinal cracks

4) Transverse cracks

5) Bleeding

6) Patching

7) Raveling

Afterwards, three level Haar discrete 2D wavelet transform was applied in order to decompose (sub-band

separation) the pavement distress images. In the first layer decomposition, four sub-bands (three detail sub-
bands and one approximation sub-band), in the second layer decomposition, seven sub-bands (six detail sub-
bands and one approximation sub-and) and in the third decomposition layer, ten sub-bands (nine detail sub-
bands and one approximation sub-and) were analyzed in order to extract image feature vector. The 3D schema
of the Haar wavelet and scaling functions is shown in Figure 1. Each of the obtained wavelet sub-bands is
considered as a separate sub-image (matrix) representing the textural components and structures of the
original image in three different directions. Gray levels as the constituent of pavement distresses texture have
specified spatial correlation with each other. Consequently, in the present study, second-order statistical
indices based on Grey Level Co-occurrence Matrix (GLCM) and higher-order statistics based on Grey Level Run-
Length Matrix (GLRLM) were employed in order to analyze the sub-band texture and describe the distribution
of wavelet coefficients (image frequency contents). The basic difference between these statistical features and
first-order statistical indices (e.g. histogram measurements) is that first-order statistics estimate properties of
individual pixel values, ignoring the spatial interaction between image gray levels (normalized wavelet
coefficients), whereas second and higher-order statistics extract characteristics of two or more-pixel values
occurring at specific locations relative to each other. Finally, classification of distress images was performed
using minimum Mahalanobis distance method and the classification performance was evaluated through 2
indicators including sensitivity and accuracy rates.
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Fig. 1. Scale function and horizontal, vertical diagonal detail functions of 2D Haar wavelet
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2. Methodology

In order to validate and comparative analysis of wavelet decomposition scales in automated recognition
and isolation of asphalt pavement surface failures, distress images were captured and the proposed algorithms
for feature extraction were tested on the images. The Research process generally involves five stages: (i)
distress image acquisition in controlled condition, (ii) applying multi-layer 2D wavelet transform, (iii)
extracting the texture feature vector based on second and higher order statistics, (iii) grouping distress images,
(iv) evaluating classification performance. The feature vector extraction process is presented in Fig. 2.
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Fig. 2. The algorithm of image textural feature vector extraction based on second-order (GLCM) statistics of one layer
wavelet decomposition

In this research, the minimum distance method has been used to classify distress images. To this end,
Mahalanobis distance (D) is employed according to Eq. 1.

D2=(X-mc) Ccl(X—me) T 1)

In this equation, x is the feature vector of the testing image and m. represents the arithmetic mean of the
feature vector elements associated with the class ¢ training images. C. denotes the covariance matrix of the set
of features of distress class c¢ training images. In the present study, two indicators including sensitivity and
accuracy were used to measure the power of wavelet-based texture analysis algorithms in discriminating
different distress patterns. It should be noted that the sensitivity and accuracy rates are the most important
statistics calculated for each confusion matrix to evaluate the classification (pattern recognition) performance.
The classification algorithms accuracy based on statistics of multi-level wavelet sub-bands are presented in Fig.
3&4.
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Fig. 3. Accuracy rates of the asphalt pavement distresses classification based on GLCM statistics of triple Haar wavelet
decomposition sub-bands.
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Fig. 4. Accuracy rates of the asphalt pavement distresses classification based on GLRLM statistics of triple Haar wavelet
decomposition sub-bands.

3. Results and discussion

In this paper, statistics extracted from frequency sub-bands, resulted from three level (scale) 2D Haar
wavelet decomposition were investigated separately. By applying high-level wavelet decomposition, in spite of
increasing frequency resolution, the spatial resolution and the localization quality of the distress textural
components are degraded and leads to irregularity and fusion increment in the generated sub-bands. As a
result, analysis of these sub-bands results in accuracy decrement of data recognition and classification. The
distress image classification results indicate that extracting sub-bands statistics based on two-layer wavelet
decomposition has superior performance in highlighting and separating distress patterns and involving third
layer decomposition sub-bands reduces the classification accuracy. Optimum wavelet decomposition level
(scale) based on GLCM and GLRLM texture descriptors is 2 (7 frequency bands). Average classification accuracy
rates based on one, two and three levels wavelet decomposition are 68%, 79% and 64%, respectively.

4. Conclusions

In the present study, after acquisition of asphalt pavement distress images in an illumination-controlled
condition, three level Haar discrete 2D wavelet transform was applied in order to decompose the images.
Afterwards, gray level co-occurrence matrix and gray level run-length matrix were employed to statistically
describe the frequency sub-bands texture. The distress classification results based on minimum Mahalanobis
distance classifier, indicate that extracting sub-bands statistics based on two-layer wavelet decomposition has
superior performance in distresses texture recognition. Average classification accuracy rates based on one, two
and three levels wavelet decomposition are 68%, 79% and 64%, respectively. Furthermore, textural
measurements obtained from gray level co-occurrence matrix, yielding average classification accuracy of 81%,
acquired superior results in pavement distress images discrimination compared to gray level run-length matrix
statistics. Extracting second-order GLCM statistics from the sub-bands of the two-layer Haar wavelet
transforms, yielding classification accuracy 95%, outperformed other feature extraction algorithms (6
algorithms) in full-automatic asphalt pavement distress image classification.



120 ol 1-13 (g allio (1404 5101) 3 o jlouis 55 alar i banzmo g oyl o (it &g it

PN

b 5095 plod (G WIS jgkikods 3 gual S go 4 33 oY slaa duwy Lo
Al g5lwg) slasly5

o ealisana Jillyl & Bl Jleals dpaie lulecd Lo,

RV WY 6-.-\5025 oKisls (ewdige 03 w50 (S 5SS Se7 "“L)l
A’G{“‘A s‘-‘jbﬂ oKisls ‘ww 0081 )Lh)L..MJ‘Z
Ageen (owgd 8 olKLSls o cwaige 0aSiils )L?Ji;jl\>3

1401/3/16 561 25 AA013I16 © i o3, 14012129 ¢ S350, 1400/3/27 2l

oduS>

0397 o ok Dlaniod o3 ol ;5 95 oo Cgmie (g3lgy 50 ,Shae 2yl anlE (ol Sl 23 ol (xlans la ol (talon
ailbiee Foels b 0928 Al 2 by, cnl Sl a5 alnil (3l slaal > plwlit 355 5 wialga sla by, des
WP Hezed (WBouiz) (helgs iz B3y laghy, wilioe gl Sy gl el ¢ SanelS b Slaptiss oo JSiS jole 0 St
s ol polai wdl g tsln Sl doad ool os,g] ol poai (Texture) 8L slo Sy b cuz o B3 mamic o)l «Sge
oSS il Sl (6238 5 (55l 50T 50 (5550 (B «Sage Jias Jloel basgi gl 4528 zshas slaai 5 00ls LSa5 1 (5l
el ol Tl yo (el (silug, (o3 prgbad Cabloyy 5 m cpbg3 (nl 53 00,8 Sl gy jsboay (sl 5 00,5 Wl 50 (4)
el iogs g 5 7S B b 1S5 Jobo ot ile 5 Sla3 i s ile 3l 5 pslial 4520 jslaieas (Haar) Jla (sumgs Szge hos 4Y 4
ot Vlnle dlols & iaS s, oobil oy ol gl 51 Jols gl ay0,8 soliil coa s | ols il 8 slaa sl il
Elgl cl oLl i 10 300 pgs Al 1o b Srgo slaail ) 5l z e oo Lol a5 <l )] 51 Sl> (Minimum Mahalanobis Distance)
9 Sl o9 lalo oSS Srge a2 b p (P pgloal GanONS (68 Shee 283 Sl ol Bl JLisa 5 p @l ol —
SraaS 1 ok 8las jop e jilo 5| Jol> p30 4 pe )5 Lol puimen 0l so ao )0 64 5 0030 79 o )0 B8 L 1l ol pay glal> oaw
5 pansis )0 1S5 Jeb ayile 4y Camad (65 8,5kee w0 81 sunaids cds (.Kilw L {Grey Level Co-occurrence Matrix (GLCM))
ot L el mhans ol gl S5 S5

(ST s S5 Jolo o o 16 S5 sk ol yom g Sl «Srgn i s S T sln, 5055 ol 03 lgands

Olej g aze Gl 5 (el pas p odle (silug; (b3 doudo -1

@l g 039 (bl (atd Dglad 4 diuly (ouib Sllas
yebiedy 3l aas jo il wales Jlosay paul 1SS g bl
(Silwgy slaglS oodz (oepl 4 bgse DL &)
5 SsFes oty anwg Holiea los s Slisios
az ST el a8 5 plxl g5lug, Consy b)) ogSples
lobs, lacysgime b caslite ola ISigy 5 oo it

Canle Jdoas Lol woads (505 o ol 5 50T 5 cils S5

Slaptanw rolic it 5 (S ilwgy 0 Shas (b))

9 Coye Sllos oo (Fll Gt Cuz ilg) Cunde
Sl orn 9 plelid Dedioe Cgmime ol (5 IS
olod 3 3lagy 2Ll an T (Lol Ul 51 (S el (el
Khabiri 4 Bordiuness) ol oo (g5leg, <opoe zslaw
il iles; sl b)) obsy el (2021
3,508y Gl wBlbisn ofy 8l Cpndg Slel) Glulit)lS poitr

oo

https://doi.org/10.22034/CEEJ.2022.46583.2044
*Qrcid Cod Corresponding Author: 0000-0003-0325-6303

2717-8077 ; S sl LLs

o oBils (5,5l g Lheghy Ciglee 100
00151570697 - Lo oLt s Jyione ciiomy

{p3ie 05ljaes ) ab-moghadam@um.ac.ir (oo ¢ . ) asahaf@um.ac.ir «(pade ;loles -,) shahabianm@yahoo.com | Jss! ol


https://doi.org/10.22034/CEEJ.2022.46583.2044
mailto:ab-moghadam@um.ac.ir

1-13 (1404 351) 3 0lois S5 wlor w3 banmo § oyl pos (oo 4 i [ )]y 10 9 (3Ll 2

258 50 oyt S8 L] gl sl jsliiedy jolne JuSy

5 e (8L (S5 11 51 (1999) )l Ken 4 Cheng
b BT jslatedy )lite (6 S ol olas e e yile
idgei ool (il (gilug gl (59,558 5 sl
S5k Ghg)y elel 2 plad cnl a5l Jol> b
Geizs 5o culy Jlisa Uas 135 sgas (5 58 paeual 30
Slle )b 5 S 51 ool slaws sl eslizul  ogdle ;55 e
Ol ©)goh g Cux oy S Sl s i sle Wb
Sl ol Gl SSE jslared &5 S ) a0 S JSis
Bz Sl o 1) bl S S ol Sl &5 0920
56T (0o f) ol (555,18 i 6550 L s
..)94.3

4,58 Ao el Ssts g Ll (gl slias 51 (2003) Lee
Sg03 oolitul (g3lug) mhw oSy glgl b Jolog jglaiea
oy yolal (Gon S jshaied oLy lop udle (g, 5l s
Dgei ol (ganail g8 Slee 35 W72 sq0> 5 S
0z 2l neal poe SIOLI &I 0 LhSa 48 Joas
o155 oMbl Ly asly wsl oo H(S) 1S Lo bea
)50 et 3l S osba S sl 5 00,5 L Iy JuS
@l it Gogll ol s 5 pasis Gln 45 (5)5e)
9 R b ob (o250 g ok (oSS Gezen siluy,
B D90 oS 3 Glgiore SIS Dledlbl o

sla g, 3l 2008) OLen g Z0U (auios ol anlsl jo
sobied 498 R 5 pl S giee St Loz neal )]
S5k g (Symas e LSS g polal (3ot
il polaied (egias (ovae slaASLL Gz wile
pobas sonaid o Uas 025 sga> 5 wo S eolaiul gl
g 155

ool BE Jsb wyle ogd 3 (2009) Wang
"t S Srge b g 8 i 039> 3 TSl
S sla£,555 5 gl 8l (Fis o ]l i
A S (s mas 4 | e 5 (el (g3l
295 3 MNS (60 Slae £83 0905 (5 S0 nslal sk
J2a) QB ~(ilS 3 0592 g ()98 Jad) (ilS B 09> 0
230,553,135 189 5 H79 oy (Srge

o,k 5l oS 5 51 (2011) Zakeri 5 Moghadas Nejad

5l Szse Jiad 0js> 30 (T5s 18) 9o aiye 5 sl iy

4. Sparce Transformation
5. Grey Level Gap length Matrix (GLGLM)

chw ;o ol ol sl ol s Sacl o 9 SBolas
@i 5 lulid ;0 (sogume Cudbse o il (g5lus,
by Al nl pogdle ol axsS Jol> il sl ol >
slep, ol 65 B4 Lo ol Sslegilples o3 sl
ol 355 5 8l S 5 W Slaline s o
oS o sanadlS 5 olelid g, » i byl
obles oS e 5 a8l S5 0¥ el 035y (55Lug; gela
bl nle s 039 ilug; ol 5l e 4 S0 5
OB (TS 5 ezed 585 opé g dlog (F0508 ezen
loan 5 g 4bls (5lug; ghw (85 (aPld S8l o (oot
L 5lwg) Cupe s bawg g3kt 65K 5 oo
—d a5 glacusgase 4 ax gl b o oo )8 50 cos
LBogt bilon Cuz sp @l 5 CE0 b (b, 65
2016 o) San g Zakeri) 5o oo slpainn s5leg, slo ol >
(2015 I, %en 3 Wang
ke (Siy glysiel jslies (1994) Xu 5 Chua
2 Az 0 e 0335 5T Slow Salgh 3 3lg; sloS 5
E9 dw (gdudiwd Hohaieds cwa d8l alold aiaS I e ae allis
=N glas 195 Lol jo g 0o S eoliul lacs 5 5l calises
2 ol (655,54) 8b la Shy ws,S I san
Sl 9 S5y gzmen L Ty ;K0 b aalie )3 (ol Gados
S pgas (195 ) 09290 Skl 5l (5 538 DMl Jles
(oS s U alar f Bo,lS 51 sl 53 5 o9l
P $Fpo8lesond g > glyl pais g oz lulid
a5 ol SAe el b e s baosls SIS 5 Slulis
g adle (Sly 9 bl FuS b ool > (Dl sla Sy
il i b Siran (1] 0500 Bl a4y 138 o8l bl
Smadrdy > 25 51 (1996) Wang 5 Nallamutho
Bdges ooliiwl Cliwl sloS 5 pgat cél Ciog slaiea
5 Sl o9y (RO bl LagSl G Jolgd sl (6 1S ol
&b gy lodlbyp, om Jelp ol p Wlgge 2l
PS5 K gy 5l alie (nl )3 1358 Capogs (Kionsgs
Sl 5 b elid ol 3 psbat sy S jslited Palees
005 byl55 56 0500 (1 Kils j5boay (an IS (53,5kae
UGS PSR FSSNARIREANNE e At RRTIN
SRS 5 eon plig sl Gilus) phaw slaal S i
5 (B2dln) o) oSty 5l olans Gl (pasuine SIS abal,
M yed o ple adlbies (e 3 Slee Jolg gl
90 polie 5l ol dlas ;o oad colainl) Sl Fohuw

2

1. Moment Invariants
2. Auto-correlation Function
3. K-Nearest Neighbor (KNN)



1-13 (1404 551) 3 05Los 55 wlor e Lo g (3] pos guiditen 4 i | 3]y 1502 9 (ylulees - 3

oll anes) sl GundS g o 5l g WS
o5l 3 eolail Waools (gamaiwe jskaieds (LupmsYlalo
Sl lsloms 5k g Folos péy e candlis ol s o &l
2 @Yl e ,Shee 83 5 SISl eonitan slaghsa S
585 Sl S5a oY il Sy n o5 Elgl Slals
Sy gehaw o 00 ol la ol > Hezee (oo slagX]
8 Sy 5l g0l ol (poged 50550 5 (50,5 0l o]
oo S Sles (S Gl Sage ilo gl
iz g g8y Jleaxl oI5 s Bl ol e 15 abb oo
&6 5 (nl g0 Joimenar b Gl ek
2l loyzi) @ eS @ pmle (2 ye shlo &5 la Sge (2L3)
36 7eS o 5 009 Sge @l 503 4 S (YS90 b
"o S Sage Gils gl gl g baea ) (ol U
sl o0 oolitial 3,8

Ll silesy slaals BegPeleas Silan slagts,
a5 izt sl andlios eitle (gl laptans p (e
gl 5] g g 0dls Cllo p dy g so s (ol 0di2d
gl ogei o lal S olulid o Sy gl (bl
Sl G S 4 6099 slaosls has Cdid> )5 (S
izl et 3 S g eog (oas o B o LD wde
Slo Ty gbor (AU ordle (ol e odims ]SS
Fs5E80 9 st bl da S K00 L amlia jo 3L
b3 )8 51 6 ko ) 5 03903 Bl] gl )3 39290 (5 ol
oA o6l pglal ganatns (Kb pglas jIUT alex |
657 3 8kos (21> lsl 553 oLl Logass 5 il 5l
(2020 ., 5ea 3 Ramola) & s Jlosa

e (G Slpss )l o Sgon Gl 1) 2L
=S (K55 pglal (o (6 S B polaw) (oliby, ol
gl 5 Sl Gliee (65503l SBL S ges iy pa pgai slo
2 03 phie 5 625 is0 5 S)lpe wile Gliogas oS ol
ol gl 5o C8L aSis S oo S0 ) e
Glon g Getle b yo Ll il azas BB ool
il o s ojls 1y 05 P o S e
la g 5l slaegame iy 5l Canl &)l Altne o 5 St
5 Armi) wed Jols |, cdl olasin oS5 sbay ol
(2019 Ershad

oile ded jlaliss Gl Gl oo b,
5 Pt ys8 Ol b (S sl slas e
wBosiz Ul 51 ehaie o )ls 0gzg atBonis LI Gl SusS

9. Segmentation
10. Decomposition layer/level (Scale)

(Sealind gras 4 5l g divgad ooliial 'y 56 clisss
S Jelis b F9)55S 5 ) ilide g3 T g Sz
S5l S5 e S5 s ooy, S5 (Sob
p3Y sged pSope Az slbS 5 g ohd S oose
2595 IS p e gt 3l ssre Alie )5 Sl S
0j9> »3 el ;3 .20 5 eolitul 55 pl Sgtand Sope Gozen
NP SO VI g5 PARCIR S CHVRIRWE
28,5 5155 sau WIS slas 12 %15 Kl sgu> s

~4 pgai cdb )bl sleosisS ciog 5l (2014) Rosa
2eas aneidy Sl @l a4l glhae 5 Tkl sl
Snaieb 4 pwiin sla Sy gl ol p (e (oo 5|
oS g Zakeri .csls y  dlawl gilug, (59,655 5 ¢lg!
Sy g cdloy la by, ads glallas o 2016 Jlo o
T g5k, o slo gl 5 Silogil alat 5 Silogilanss
Conl 00 (gus 2 5 559105

ogeles olulid 5 b1 lass, 5 lapm ;55U el
5 AR S5y 2 Orter el Siley) gl ol >
S Srgeyy Sl 5,05 e 59,55 5 glgl ganail
Silwg,y zhaw j3 00l syl sl ol )5 Koo [ S0 ganadS
"0 Sl Bl 5 008 9 (SaBOLsE (53558 oz
sy s5] el 00y3,8 Ll sl gl gy ol o 45 il
G UMD 5l S ganadls glhs aF iy oad «)
") Sl b 5 oeKa Gl b 2l Wogas
olaws Wb (K938l b Jlocgs Jaws 3l eolanwl (pglas isls
2l 1S G5 oz (G S w2 )58l by slo s
Silwgy 0 ke (2bj)l anse g ploy Gl 4 zie e oS
Sloailse) (s55as 5 Bl sload Jalds ity il (silos,
S0 S g_i.>5.o C"?" = Comlws> w©dg) ()lod,‘.e‘.?ﬁ_é
Play sbay o) wlie 5 (JS9) £33, 2 ool S0
5 5503 35 05 ol 5] g ins sla s 5 Jlosl s
kol ookl 9zea) has Sur Cemles I
(dgS

2 Oy Olieios S|l (omyp b ragh cnl 50
o S35 5 (Sl olaws dacdl glgl ganawds 4 50T a;
Cirog yslitads (Soimssad Oyl (o b Ll (Siieos 4)
] g o, g 325 alises zglans slanil 2ol oLl

6. Curvelet
7. Coiflet
8. Haar Wavelet



1-13 (1404 351) 3 0lois S5 wlor w3 banmo § oyl pos (oo 4 i [ )]y 10 9 (3Ll 4

12 .. o e el
Sge Tl COlps g oog pgal (L laaddie SLSU
oS 350l sls 5l LS jpee 5l Jol> isu 5 oyl ol
Slasein 085,850 5 paal mb (ul5 3 Sledbl ol
ol g () 7 e Bl 5 039 S S50
oler 45 ons ol b LS 5 05,5 Culei) 05d s
Sl ay S 05,8 o Ll wins e ol |y adsl JUSe
pobal Sl 4 axg b adloe baye Solite w5
Sl edas 290005 ez S 8 45 90 S
@ by pyai dw g (ngai SLS) Geesd 4 by ye pgas
4.‘;....45 (pyai 5,8 5 co50s gu_ﬁ_‘ﬂ slad) g sl bl
oS Wby 4525 (o redr Gl 390 85 (e @
S 5o G oad Jlosl 4325 lans 098 )15 Wl oo S0
e 1. 14 Y ) ST e
S, B5ll 5 Tlead LSl il ol 5 (giluates o
03 JLo.C‘ 4)).7(.) c!a..u )f‘ ..\..SGA LD.I‘ @‘P u_‘)l.\ ).) .)9}9.@
3 w0095 KB L5 oIS p5bay 5 el 555 sl o
@ azgi bl alsl 5V olaw 5o pslas 4o ST (350
olawi «Soge mb glusl 5 (Lul,8 mals) ulie yilial
O g 4 g a8 S 18 3t Lot Sz ge s 5l (6 i
Giloslre 5 G S o ilS 3 cds bl o, e
5 48l falS pgal (Bl sleadlie (SIS (23455 (Sl
Laibpj yo 2l older &l caas Jims 5 oilaael cely
Slg oo Lol zj cnl sl gl Aol 5 Jolod 13 00 5 o0
asl axaly Josa 1) ool gonail § jaois cés cdl
(2003 Ganesan 4 Selvaraj)
anT (65lug, pebas 5l ool Cdls gl ¢ G ol o
4555 5elateds o Sl 00l (guadds (alizie 09,5 Caan o
Sl b sl silelaz 5 (il 3lus, > pslas
Sl oo oolaiwl Hlo diin Soge o (ki) 4Y aw
1l ol 3) wbyp;d goeme 10 oz Jgl dl>pe 0
) C:L.j)? ».\)l; 6) .A;bj.:) 7 :LCM 90 4.1.’>J.A 0 ‘(L)M ..\.)l)
Sl w6 9) Wil 510 w55 pgas Al po 10 5 (s wib 1
G Real laieds «Soge 0ad 4320 sl 51 G .8 5 )18
oy ol psar el sl a5 snd Al Time (e le)
Slyge 5 6 S gohaw polie W)ls )8 (5L Sl
LLS s slos, b sla ol 5 5T il oncms LSty oilS 3
Lo 4 axgi b Gudod ol ol atily G L casin S
Jsbaieds (4,58 Lo S 1) g s o SlSe oMb

13. Approximation Coefficients
14. Edge

(59053 ocds b JlSew Gl slauils 3 Jolov
ol b aBonr il kel BT sla s,y el glite
=5 5 oS adouiz has oje> 50 pgal S8b bl oy
i ot woagy JuSew (33lo 0 558 5 s ilel slagis,
(S5l ) 88D o 5 (ilS 3 lanilbnj s5lulaz 5 psa
lo @ Sl dizme Sl )0 pgal S8b g sl Slie
05z ABsaiz Jhad g 50 ol oo o )ls (65 o is,
Szge @b 6o L (S00p) caled e «Szge oS
B R lgze JSis) ol Gl dgdioe Jebo g (o) p
"S5 S s laoeli ol g0k 0> b (g
aalS oo 039 9290 HSe 059>y aS by ol > 8L onw
56T slazg, 1 (2011 Zakeri 5 Moghadas Nejad)
SRl pgai (gleod i3 10 (Sge Jds Hezee adonix
o aba Lo (6 550 om0 Shoe 2l 5T o250 5 525
Sl i (53 - pley Jelow sl s g, S Soge
Toon Sk &5 Sl (Sloj 0l Sy Sz ge sl oo L e
Sgame oloj 5l calie Sae S ol (65,0 g 0,0 Slug b
(2015 |, \Sea 5 Nourani) ol oo

JESow 5 jslatedy j2ld SOL 5l S Sz ge oS
Olo Tl 035 5 ol taled 5 ol slail S
9 U8 relesy o e (nl 5o (Folsar 055 o0 0xe
O3 WS (g0 ysS (S8 = 0les Jlages jo Slej (plgly ) o0
ol nl Bk 098 AB S yple coakd pas Jol a5
Moged po abdi oy JiKw S (Sloj g (oilS B Sledllo]
et lgien (G dbbond (litwd JB 53 -l
s g 9,0 0429 ol aasd plaS o ab cj> plaS o5
et |y Gloy Alold S5 )3 35250 (il B slail (g o
OB yloges s pgal sla LS jo oS Sl S34 Y 08
shol Sglis adlge W53 ~pley Hlogel alie 4 W55
lp ot Gl & Sl Gl 458 hoas b Soge oo
olid Dlidss WS eo i b Glizl 5 SO e Al
(g philhsl cledy Soge b 5l eolawl a5 el ools
oy SLI aioniz 50T pslas 5T Lo iy Ul
wdls i3l ey Gl ass o g ledbl pa> alS
(2009 Bauer g Reis) 5,5 55 » 4,98 o 4 Cas

b ild (s S 5l i HaS Sga s s
Sloild g S5l g b lauls 8 UL sl 38V
Dedioe 03 Heee mly GlaWl S BT sl 80k
2928 3l Jol> (i 395 oo mannds 50 98 ) IS a0
i 5 YU el 3 oSl ol a5 ,38VL 2ld 51 JiSms

11. Descrete Wavelet Transform (DWT)
12. Detail Coefficients
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15. Grey Level Run length Matrix (GLRLM)
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