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Pavement Flaw’s Automatic Recognition Based on Image Processing and
Data Mining

Abstract

With the rapid development of highway construction and gradual improvement of
roadnetwork construction in China, road maintenance work has been paid more and more
attention.Pavement flaw is the main form of road diseases. It is also an important indicator of
the roadquality assessment. The traditional manual detection and recognition methods are not
able tomeet the requirement of rapid development of highways, so the research of pavement
flawautomatic detection and recognition is particularly urgent. Therefore, in this thesis some
research are done on Pavement Flaw’s Automatic Recognition Based on Image Processing
and Data Mining.

Firstly, we analyse the characteristics of the sample images,which will be the bases of
image pre-processing, feature extraction and automatic reconition of the image .

Secondly, the research of image pre-processing is made after the characteristics of the
pavement flaw image are analyzed. The pavement flaw images which we collected inevitably
contain much noise, which cause many difficulties in classification and recognition of
pavement flaw image. In order to facilitate subsequent operations, the image is enhanced
based on gray transformation and weighted neighborhood average filter. And then,it is proved
that using Sobel operator can get the best result in edge detection with the comparison of the
several edge detection operators. Based on this, after the holes inside the edge are filled and
the isolated and small regional noises are removed by using mathematical morphology
operation. Furthermore, the binary flaw image is extracted and the pavement flaw image
segmentation is completed.

Finally, flaw feature extraction and recognition are studied. On the basis of analysis
ofcharacteristics of various types of pavement flaw characteristics was accomplished, four
kinds of features are extracted from the pavement flaw image. The first is to extract projection
features of pavement flaw image with the vertical projection and horizontal projection of pixel
statistical chart. The second is to extract flaw features based on proximity algorithm after
getting the projection statistical chart. The third is to extract density factors of features and
effectively reduced noise furthermore. The forth fearure is fractal dimensions of the

images.Then, classification and recognition of the pavement crack image is completed based
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on SVM algorithm with 7 extracted features. On the basis of former research, we choose
RBF as the Basis Function, then we uses 30 images to do the cross validation, and train the
model by choosing different parameter of the Basis Function.By testing the model, we found

that the way provided in this thesis can recognize different type of images more precisely.

Key words: data mining image processing road suface automatic recognition and

classification SVM(Support Vector Machine)
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2000+
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200r

‘T
4 HIJ7 KB B E T E 5  HIJ7 B BB
2o 7 BRI AR 5 T U IR 2K B AT B K I Bh A VG T W a T 394k, & IR 255 2%
(R A9 B 1A, PR IRIRE L L T PR 8 A, 8 T SR 4 1 (10 17 WA 82 18 K, 1 Tk 381 1
KIS i 1R H T
(3) HBKELMTH: (Piecewise Linear Transformation)
T 7 B 5 R BRI A 2%, ) B bk BT B 7 I, AR A3
Bk, AR, WOR A BOK L 2P AR i (1) 7 k1 — 0 38 it R 1R ) B2
It matlab g5 187, X O 2 2k K R e oM B 7 1R 180 S0 AT % TS EEAT 43

IKIELNEAR M, I o oy BN AR MK n BB, AEAR R, B B #0r =
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intensitytransformation
250F " "
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6 4 BRI L P2 H T R 7 BRI A A 0 BT 15

BT /] LUE 52 H 5 RIS S (K18 5 AR LG, o3 B AR A 5 i 4 44 A0 7
SEINR AT, PR B0 B P 388 O A b e v T TR TR T SR IR B4 R RS H A
SEANGE M S5 By e B R 4% H bR IRARFAIE
(4) E¥F P (Mean Filtering)

b 2 Rl e )

FER e et ‘ - o in IR SR
Fa At 4";,1 e AR WA .

8 DB AR I ELDE W I 1) i T T 451

20 e X D (1 3 T 6 Pl AR A D S 6 A B, IS A8 s P40 (L 0 e PR R AR R 134
{IERSSI @ISR TER) s34y € N B - EN TR A WSy v [ I 2 RO (ER) 3 SU v & RTINS
(K3~F OR T4 — e AL AT Sk 34 (L R BB IR A R S A/ o DRI AR SCR N
BRI D& WA T R R IR~
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(5) A%MMW (Edge Detect)

X % THT SR AU, A 5 2 2R ) 2 R B R FEEAEAR KRR BB 52 30 GG I S50 AR e A
SO o da FBE RETA A N 55, O b e 56— Fbon) R g% MR ML Sk, 7393024 : Canny
¥ Sobel %7 F1 Roberts 5.

BitP 9. 10 A 11 X6 L4 #7 n] ki:Roberts 553 25 5 A Rk FE 452 1, (EL 0 i g
FERE 1SS, R IR 2 (e 5 A, Canny SV 2K BE AR b o Sk, BLAR v UL
ST R RSN H 26 T 2% A 1R300 S AL (RIS A 7= A T 3448 H bRl 2 1R A U, IX R AN

BBV PR 75 (1 52 i 1T FLIE mT R 2 R BE 25 . Sobel 514 2kl & R FH (1 2 B BT
B AETKA D7 W) R BT 0] ETBRR T ek AR I 2 HAT IR K U7 7)1 - Sobel 5710 %%
AL, Xof ¢ JEE AL ) 74 0 e 7 S A TR ) B A, 45 5 8% T 28 % I s 11 52 o Ak AR 000, A S
e H Sobel H AT A4 o

IZI 9 ILZA M (Canny ﬁ?) ALIE}:EI’JE%@@H%
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Kl 11 LA (Roberts 57D b J5 i % 11 Bl 1%
(6) —(EHEBMS KK ER.
Fiz% (opening) FIPHIZH. (closing) A& HH JE R IEZ K 4H 515 21 1, 506 165 Jeb i i 1K
13z SRR A s 5,8 e B B v ISR /N DX 3EORn = 30, ity EL IS P38 P Ak 1 L A

HY o SEIZIKE B I R SRR e 51, 8 BATSEGe YA A ER K 4 /N FLIR, JE R L ) AR A
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A5 SR S 561 T B T EA4EI 1045

2.3.2 TE R R K H AR LR EX

KA E AR T H ERGAERE I, G AR AP R H R RIME R . Gt EB
K 15 s

250 EEHLE - K
200 |

150 ’h i “
| | | U il w&
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1 M"WM«WW I w .hu IR LE

of Y LAY LY L

L iy 50 jﬂ\ f WM ”W ™ 1) VH“\W
N

K15 —(HER B RS BY
23 S ATV AN R RSB, bl T I AN R U TIREFAE , SL7E X Bl Y 4l
(IR SR AE JE AN ) (1], R L FRATT AT DAOKs SR 2% (W B ARFAE A A %o R4 AT 40 A IR AR 4
FH 3% TR AEAEL A R nT A
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1

(2)

(3

(4)

ST AR K%, 1| X MAX AT LY _MAX fZERltbiee, s T HAh
KAV MG, Wi 2 8] b e, (AR RS 2 [a) BB RN AE 22 1
XA G5 A R AE SR I S, L BRAS 4 BT IR 45 S — U R A T
(L LA AT A5 1K NI, FH G D0 38 T BEE RAE SR EUIT A3 1 I_X_MAX
AT _Y_MAX B 52 IR 2% 1 24 88 AT 73 SR 2 v AT 1

XT3 proximity EYESEIURRFER PRI P2, ([FH M, R, W2
(B) PR B A IE S 1 2 Sl AR R RS s MBI, AR, T2 4%
AW, PERR IR 22 S HEAS SR HAY, (5 & HADARIE(E, P1 A1 P2 X
T ) 58 0] % 1 24 4% MG AT o0 RO e B T REIY, (HA— e REf
B EL I PR AR 5O

SR A5 P DR ) % T PR AR B T, A [R] 1 S5 B SIS i) A R R R A 2
LA AU, B AME 2 8] 1 22 SR AR /N AS [R]85 B 248 310, 5 B PR R A
Z I 2 S LA B Ak, 2T DA a3 b R I AR e o 5 - 45 00 AT 432
P& AT 1

A SCH T S EE T A TR IR, K — RSB N () , 8 E In
N(e)~In(1/=)E (K 16D, KB4 (ErF4EE0. DLIHRPRAE ) —(H
EUE AR 2 —

9

8+ O

5r @
@
@
a

S

| | | | I I I
0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

16 In N(g)~In(1/=)

B TR AL 7 KR

I_X_MAX L_Y_MAX Pl P2 F1 F2 F3

5T Y
1

81

70

783

916

1. 952451

7.737956

14. 97298

—2. 06155

102

66

1052

872

1. 982394

7. 808022

15. 28575

-2, 02585

190

50

783

812

1. 988694

7. 688842

14. 84794

—2.11192

123

30

874

753

1. 990634

7.725378

14. 99758

-2, 11309

100

54

1267

1125

1. 987355

7. 869082

15. 49059

2. 06977
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# 78 60 1469 926 1.994014 7.898235 15.58327 -2.11133
% 88 58 1148 929 1.990921 7.94042 15.74721 —2.12926
66 39 1116 877 1.96846  7.839981 15.38602 —2.03489
77 53 1373 951 1.978925 7.87306 15.51675 -2.08908
57 32 862 568 1.997497 7.947434 15.8058 -2.12111
78 52 1085 980 1.981365 7.887147 15.57193 -2.09475
F 136 110 2105 1441 1.988707 7.802523 15.24626 -1.97265
% 130 118 1919 848 1.972036 7.792344 15.23503 -2.07396
i 77 44 663 880 1.95746 7.775914 15.16567 2. 109
4] 109 78 1486 1586 1.99159  7.896247 15.60533 -2.09071
111 48 1479 1570 1.989469 7.921884 15.69494 -2.11139
71 73 654 576 2 7.986902 15.94586 -2.08181
5t 163 57 1201 1047 1.989567 7.781464 15.17887 —2.03622
i 115 46 1152 882 1.988144 7.72819  14.9585 —1.95025
78 91 1689 1194  1.980624 7.807729 15.27153 -1.98397
100 61 1104 840 1.989539 7.895674 15.59012 -2.04763
66 55 859 626 1.994462  7.872  15.53815 -2.07689
A 57 80 1027 910 1.959883 7.716432 14.94001 -2.12024
s 78 176 890 984 1.922043 7.722723 14.95689 -2. 10898
110 96 740 839 1.957292 7.858467 15.4678 -2.11713
& 80 119 772 649 1.944497  7.72783  14.97877 -2.01064
A
117 71 1351 792 1.989297 7.863303 15.46927 -2.08622
iE 53 42 1126 968 1.978211 7.814582 15.28619 -2.11718
(i 73 38 1156 982 1.98696  7.83119 15.31931 -2.10594
47 37 1013 797 1.964877 7.819038 15.24408 -2.07684
2.3.3 BRI BRFER T 4 R T«

RSO AR L5 TF % 1 LIBSVM L™ 0 i 1 P 5 o 0 04 29 K.

(1) FEARE AL LIBSVM #% 2
LIBSVM At F ()1 25 B0tk At s S 1 s 50 -

(label) (index 1) : (value 1) <index2>: <value2> --*
FErR PR S i <labd>J2 P 2R B0 22 149 H AR A, 2 X6 2800 (0 As ic, a8 B S A
ff)<label>H FH T 110 R HERG R iR 25 . <index>S& LA 1 FFEA RIS T T 2R B 10 1
75 . <value) &SEE W& H 10 IR IEAE
ASCHHE R BT, B RISEEUE 7, Kb TR 6 NI EE, HE R
(1) 30 1 % T A FRTARFAE [7) 4% LIBSVM. R A0 B2 SR R Bt a2t AT A, BEX 7 288
Ao AT AT 1,2,3,4,5,6,7 BHATARIE, RGeS I ZRFEA SR 1 5 AR
I, SXFE R AT AR 73 S 85 (1) 73 8 45 B W AR DR B AE A S8 1 o] b 24 31 1 5 1

2R 5 LIBSVM E it LA HE A LIBSVM £ 2 x1s™

(2) a1t ab B
FENZRZ HTSER AT (Bl 347 9 — 4k, 55— n] DU Sp— SRR e K g —
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LEAFAEAE VG B I/, AT R B B /B 28 = nl DLl S AE VI ZRINS 4 T v S AR 5 I 12
E VIS 1R TR HE

A2 LIBSVM Bt (F) svm-scale.exe % CL#4L LIBSVM 4% R M REA £ 4 it
TH—k, 1520 BARLE B FE i scale.txt”

(3) ZHkAl

PR MR BRI, S NAF S, SAARIAFRNZET, SR e %
AT AR AT AN R TN 45 2R o i L b S 56 n] 13 I 280 F6 HU 45 RV 2w 2 L
B, Kk, BATR E SO TS

XTSRRI PIR k. — RAH L KA SE R AN TR TG e AN R (1 24
AEAE— RGO N2 4 BN S B TR RGBS A 2
T TR SRRk R FERIZSEL 98529619 21 70 FMER R 5
WA, AR R AT € I A A AR TR R AT

ARSCAHIR RS MO, i LIBSVM BT TR grid.py Al LU 2 Et A7k
e, a7 teisdE, Al SR E A

Sanple_scale,txt

na
-49.5
C =2 panna = 2 49
48,3

4 ———
].1a 475
7 —

Best log2{C» =1 log?{ganna’ = 1 accuracy = 50_0%

41 -6 log2{ganna}

—

-2 L] L] 19 13

log2{C?}

T B Al DARINE, S PR AR S 5yl 0.5 1N, 263 R % ¢ O 8 I rl LLER Ry 2>
FRIVIERGR, A N IR SRR n] LA BRI, G yAUERMEDN Uk, Sk O
FAOEEs ¢ BRIMEN D

(4) BRI L.

H TR B E R AR 30 i, (HEIHE 7 MRIX 42, AR L LA —
M R, A ks I 23 A I 2R B A £ b, A BEAR A0 I 2B 284 (ot 1 45 21
fRUE. T2, FRATEFEARLIAEAS SRS, XFE, [EREMIFEASIRS 2R, M
H eI 2B 2 1 2 4 .

AP FH LIBSVM A4 ) svm-train.exe X O — A AL PR FEARBEAT N2k, 10
HE$edh (3) BEMZHy=0.5, 5 c=10, FFIEI 5 Prac XAGIAE R IAT ISR £42]
AR HAR WA R A train_grid” ):
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K
JIFTIEFERT svm KA, BRIAH ¢_sve
kernel type rbf [N R ML R BT, ibh RBF #4
gamma 0.0769231 //RBF #INZH ¥
nr_class 7 12, AL Ay 432 1)
total sv 30 [/ ) B S AN

rho-  0.540421 -0.536766 -0.27616 -0.245358 -0.758247 -0.584299 0.0660122 0.334301
0.387319 -0.332044 0.106009 0.26543 0.353757 -0.390292 0.0453934 0.0718076 -0.593713

-0.232069 -0.64035 -0.342398 0.422333 /1 FA G R U B b
label 1234567 /] JRUE SCAE R 2R IR
nr_sv 64 68 /1 BRI SRR ) AL N 2L
SV11234514 11 BAR A A R IACRE R AR Y (1) 32 FF n) 7

(5) AR
PEIGA JG, EERIE RN B R TIGUE, LR 2 HE I 2B, Tk
ARG 4k B2 FHFEAZ A B AT RS IS, A T LR R S 0L B I 2B 8 (1) 52 )
FATTRE 2350 F el B SR A () S B & A LI I 1 2 30045 2N B R A TR 5
FH LIBSVM 345 1¥) svm-predict.exe 7321 an K Tl 45 R .
B Al N VR H B LR A

+1 [+2 [+3 [+ |+5 [+6 |+7

+1 (11 |0 0 0 0 0 0

+2 |2 0 0 0 0 0 0

+3 |3 0 0 0 0 0 0

+4 |4 0 0 0 0 0 0

+5 |5 0 0 0 1 0 0

+6 |1 0 0 0 0 0 0

+7 |4 0 0 0 0 0 0

BRIAZ I 1) TRV R R

+1 [+2 [+3 [+ |+5 [+6 |[+7

+1 (11 |0 0 0 0 0 0

+2 |0 2 0 0 0 0 0

+3 |0 0 3 0 0 0 0

+4 10 0 0 4 0 0 0
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+5 |0 0 0 0 5 0 0

+6 |0 0 0 0 0 1 0

+7 10 0 0 0 0 0 4

PLIEZ KA (VTR AR

] B -

EFEERNSHN, AR AR &, PSR SAHIIA S 12K, IEARAUY 40%,
AN I A AR

AL SHON, BEAFBIARF A TN, AEIXASIFEA T, L RESE SR AT,
BIRAERFEAR T, T REAIB A 565, AMKIR AT LU AL FAT 1 2K

Zeid BIRIRE, AT AR RE R SRS B SO DR, e BaREE
(Wi e, A R E, SEBOLRF AL, AR AT N 2R A 34 T 0 56 0
I i B 13 T LAR] S T (0 AN 5 R S e i Y, AT ISR, REAER A B AN BT IR 58
%

= o

3. i

AR F b A A BB S TR 0 B P (R A T i K R S AL B L P PR AR I B %
LRI b, A SIS IR S, R AR IZ I EOR, 0 & 288 i K B4
MEAE S BB SRAL 2 AR LG R, NGk A3 R0k, ARYE 70 R8s 11 70 R E5 AU
AEA & ARSI I BREFE T SERAN [F) T8 it SR P SR AR 11 B Bl i)

(1) RAEHI G EIGATAE R (R, 5 S AR BHEAT 2 170 AR o o0 i i SR 4%
BEAT R IRAL B AT, BEAT 52 PEAE B LB B, K70 R IRUAL B i Ak 21 1 25
KT o AR TR R R R I PIAL BEACRIE A Rt i, KRR A ZZ
At

(2) TE 3 P A D DU Aot A (0 AN AN T £ 5 e e 1 it 1 — P PR RS I, AN [ AR AE
EAAIHS BRI RO AR A R SR B S 0], FEAH . R A 2 BB A R AE, &4
{ELZ T PR 22 S AR /N AN [ (1 SR e SR FOxH I PR AR AR 2 TR PR 22 5 R W ko DXL, DU
SE DTS 2 FE AR AT ARG R R

(3) T 10 S RF 1 LR A A AR VUNBRFRAWTIE, Bt 7 S 7p264%, it
XGRS, A2 A/ MEARRE TG oL | AR T B RO, Aot se
YL iEmE BRI, Bk A GRUN TR S MBI SRR 5 2 T, &
A TR ) AU ) i 7 2R s
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4. SHEICER

[k BRIz i 20 A= M] T M KEE B EORA IR~ 2012
145-152
[1OMIHE BB HM] dEsCRE H AR, 2005 1-2

RIEE FET UG BRI % 1 2485 TR A ST [D] TRBH ZJE K% 2011
[4]17MJEMK MATLAB 6.x E{Z4bH[M] b IE R A A, 2002 267-269
SIHE IR B G B 3R S R [D] B AU AR FE K 52,2004

[
(615K /M B Z 4 B H SEAR SR [M] T R BEARTTBR A H] 2012 39-42
(7125 BE TSR LI SO R FU[D] KiE RIEH TR 2008
[8] LibSVM 22>]  http:/blog.csdn.net/flydreamGG/archive/2009/08/21/4470477.aspx

O 5E15%E I SCFF RNl SVM R @ b s TN BL AL [T] 2006.10 < flF 5%
65-75

526 T,

piez

26

=



