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Fig. 2. The effect of bleeding on skid resistance; a) intact pavement, b) pavement with bleeding
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Fig. 3. Proposed system for automatic evaluation of the pavement bleeding
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Fig. 4. The stracture of the convolutional neural network
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Fig. 5. The stracture of AlexNet model [49, 50].
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Fig. 6. Dataset prepration process; 1) initial image, 2) region of intrest, 3) gray scale image, 4) histogram
equalization
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Fig. 7. The process of histogram equalization; 1) histogram of initial image, 2) cumulative distribution of pixel
values, 3) histogram of final image
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Table 1. Preprade data
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Fig. 8. Examples of train and test image; a) image without bleeding, b) image with bleeding
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Fig. 9. Transfer learning process
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Table 2. The value of the effective factors in learning process
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Fig. 10. Process of segmenting bleeding areas
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Fig. 11. Histogram of the image in pre-processing; 1) initial image, 2) histogram equalization, 3) image
smoothing
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Table 3. The best value for wavelet module parameters
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Fig. 12. Extracting bleeding regions; 1) pre-processing output, 2) output of the wavelet-based filter
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Fig. 13. Post-processing; 1) global thresholding, 2) morphological operations
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Table 3. Evaluating the performance of the bleeding detection model
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Fig. 14. The model performance based on the various metrics
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Fig. 15. Examples of the bleeding segmentation model; 1) ground truth image, 2) model output
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Fig. 16. Box plot for the metrics in evaluating bleeding segmentation

Ol el & sl S5 4 p3Y s (o plsl ) i sl Sy
wd pob 4 b Sy eled &S Canl (g pglal diojls Ledie I dtwd
S |y 1 0315 (g5l odlal ail b gasg0 oyl g Al osd ()35 o
31252 e 0]l Lo Sl aod pl sl (izeem 2, dalgs ke
At (S5 S e &
G & Jso 2,8kas 01 55 gy 13 & ool g 4 p3Y
o &l) Jdo oy pine IS 5,Sles g sl 0l &l (555,58 15 sl

9 Cuxbge (owyy CablB wlolw (pl S cunl )5 & p3Y Ll 035" wal,8
Sl L s (S5 cusdge b g arili ]y (o3 (g 38> dwsin
i Jde din (wlol 5 DA] hen § S5 lwg (6,5 aibolw

pie ol letdy )by odle (o (vas b &b S5
alolw (pl Caol 0uds &) weS b Bolal gla die) g Cuslad

P e diwd Slles g )b 1y LB Al S8 g Gasuis el

£04¢



2 e Sledyy @ Camd SleMbl cuilyy o anje JialS coge
G ggy ond dlgity wloles Lwg 45 L) sl odd 3 (g p5lid
sy ashad g SIS (B pasili pogdle wnd (o0 plxl (5355
DpS o p 2 g8 )y 0355 (Al

ol o 653 sledbe J (53)8 (S paseis pslaie 4
S5k aiej 5> 0ad W slodie cp e dbox 5l Lae ool a3
3)90 sl S hg Y355 gl el Cubill 4 a2 b o it (le
L ol pasuis Jdo cile Sldas ¢ imgh opl 0.0l 48,8 )l\8 a8
Bl oulsd ey 1 (i 45 walsiil g 650k JUST ) (65,0
<é,5 90 AlexNet

Szl B S (52558 Gl yuslai 5 03),8 (g SSE okt 4
(P15 g e s Al (slo i 5l 4 0ad &) ygar (Bl
O Cal 0ad S5 S0 59l8)90 Cliles 9 Sarge s isjlolgen
Siai 8 glog) 51 S sl o3l LS5 Snge o |y il oyl Lo
Nod 4 pgad g S5 lp alayld (ALl aiej 3 305
sboyiehl b Sage b p e jild o GRagy cnl 2 29
w3 31y (53558 ol o (g 45 A o3> g s ol
XS e atde

slaylre 1 oolaiol 4 (eolgiiin dlolw il sl iy 3 Slas
ol 3ol Jao 3 )Ses Luwly cpl o .88 JIE oLl 000 alike
ol glyinl leMbl SoS" 4y o5 gl polal (asuis jaliie o
lolns el ) 51 ookl b 0 plosl S,y el ]
5 precision ¢sensitivity accuracy ,ls _aksw ¢3,5kes
103 A (YL huwgie b ol sl opl Jde &S S50 e F-score
ool azily gos 2 Slos

o b0 d (g sy adbad § SS& wl b 0 Slas rizmen
soate cul sl 855 )18 (bl )90 (HBly pglai b cuplie e
CE L g gwd Sypo & (53558 gyl (gilwgy polad I aisu ]
AR odlial )00 bl Gl Olgis 4 T 8D (IS cue p YL
Ao (295 polal Calid Glise (e b oad L)) 1o 5 Slee 35,5
15 bl s L5 g g oo (sl ylime 5 00lizl b e gt |
oobol 5 AVIFY lawgie g oo Hlhre ulul i do)s AVAY Lawgio oS
ol Jo ) J5i8 1B 5,8kas jSiky ol o

ASTM D6433 ,ls yuxe slas)lslisl o aSul & an g L

£040

Cows g (MIOU) ¥ pglas gloin! & S1psl cons awgio (MPA)
5 YOIN AVIY 55 & (FWIOU) pglas glaint 4y STyl i
Gl 00 )35 AV/Y
alolw 2ySlas g by cuild dynl 5 (gilaoly 050 dunlio g (wyp b
oS bl laie aislS Oldllas 4 Caus ikgh cpl 40 oad &)
10358 (P19 SS& 9 (535,88 (3 padds Sl Jgeme (0155
Gos (65500 ol sleio jl eolaiwl b aS™ (g0l &y .ol 03,5 oal )3
5 Cowl o pd WA (YL Cds bawgio b (30558 ol asuis 4 0B
bo3jyd (ply S8 4 2B pgad SSibp sla () xS L
Cows jlre (el p i 4 (60,0 AV/FY 5 A/AY Lawgis 5,Sles

S5 ezt g b o —F

Sed wilizee slogyglis Copin 4 g b 3l Slollo
oMbl byl g cudld 13 beygld cnl 6 x5 Cap )3 (sl 0325
Sl 5l (S (558 o el ol pbl gileg) sl
Silog) o (o538 Cuaglio pr pritins oo & oS Cul (a5l
Lulyd )3 51 cpl & daage GialS ]y s blog (s pdyygile 9 )10 3]
Db (g0 oS 63k 4> b Sk

olaie 4 dal )l la wilolos @8l)] aise; 55 aziS Slllas o)y
A 3850 dmols &S W2 o ol o ol3 08 Lbjl g cdly
ey 5 ob g SMLLS Wl (5058 pla ol s
OExed Sl Al (535,58 pla bl ple 4 s gl
il o plonil (33558 (b)) ae > 9Sb oS Sl oy b
g Sl 03 oS (pl pasds p pliie S| drg & W sl
39850 o a3 W)l (53558 B 6wl bl & Sliddos
ol 035

o (6)5lid 6,5 S0 b 055 (ol lolo b 05 M s ol o
ol cpl 29 &l (53558 a3 (bl sobte & w2 by g,

)A] u;] 9 Cwl d)lms) CJ@A )l 0 WIJ)J L] 9.} )491..0) » u.u.uo

1 Mean Pixel Accuracy
2 Mean Intersection over Union
3 Frequency weighted Intersection over Union



[4] C. Koch, K. Georgieva, V. Kasireddy, B. Akinci, P.
Fieguth, A review on computer vision based defect
detection and condition assessment of concrete and
asphalt civil infrastructure, Advanced Engineering
Informatics, 292 (2015) 196-210.

[5] B. Mataei, H. Zakeri, M. Zahedi, F.M. Nejad, Pavement
friction and skid resistance measurement methods: a
literature review, Open J. Civ. Eng., 6(04) (2016) 537.

[6]J.S. Miller, W.Y. Bellinger, Distress identification manual
for the long-term pavement performance program,
United States. Federal Highway Administration. Office

of Infrastructure Research and Development, 2014.

[7] S. Kodippily, T.F.P. Henning, J.M. Ingham, G. Holleran,
Quantifying the effects of chip seal volumetrics on the
occurrence of pavement flushing, Journal of Materials in
Civil Engineering, 26(8) (2014).

[8] T. Bennert, Determining Binder Flushing Causes in New
York State Final Report, (2014).

[9] H. Khosravi, S.M. Abtahi, B. Koosha, M. Manian,
An analytical-empirical investigation of the bleeding
mechanism of asphalt mixes, Construction and Building
Materials, 45(Supplement C) (2013) 138-144.

[10] W. Lawson, S. Senadheera, Chip seal maintenance:
solutions for bleeding and flushed pavement surfaces,
Transportation Research Record: Journal of the
Transportation Research Board, (2108) (2009) 61-68.

[11] R. Henderson, P. Cenek, N. Jamieson, D. Wilson, The
influence of binder rise in reducing tyre-road friction
June 2011, (2011).

[12] M. Arbabpour Bidgoli, A. Golroo, H. Sheikhzadeh
Nadjar, A. Ghelmani Rashidabad, M.R. Ganji, Road
roughness measurement using a cost-effective sensor-
based monitoring system, Automation in Construction,
104 (2019) 140-152.

[13] A. Designation, D6433 Standard Practice for Roads
and Parking Lots Pavement Condition Index Surveys,
(2007).

[14] T.B.J. Coenen, A. Golroo, A review on automated

pavement distress detection  methods,

Engineering, 4(1) (2017).

Cogent

[15]Y. LeCun, Y. Bengio, G. Hinton, Deep learning, Nature,
521 (2015) 436.

[16] Goodfellow, Y. Bengio, A. Courville, Y. Bengio, Deep

Sy g A e 93 bl (535368 (B el Wl 5 L))
2 03),8 (Al Cod (e L 0 i)l dilobs )3 098 0 plonil S
N8 G el 0358 (2l Colus e b L g Wl (2l
P15 S35 S e sl 315 pald A 258 e
9 (Jsb b (o) £ o Sl i o (2L ploml diej 033
AiSeo wal B o] slo Ghaghy 50 1) (5958

sl ol syl jslaie &y oad &) wlobws I les o ooyl g 0gMe
o ras by e sl S el el (gl e
&l 5l 290 (sl o313 15 395 o3kl (s ,ue 9 YOLO <U-Net)
g M wd pgal b JuSy (oled bl oad S5 lle wils
wd Oygo 4 oole A Sllas (pl &S WSl ol ()8 sy
g Anlgd 55 8y e 9 395 (o0 pls

S5 byl ) Gimagy ol 53 0ad )l wlels 3 Sles gga2ee 5
4 2l o wlobu ) & amd o Lt (el (gilug) (5358 oS
odlitul 350 13 cpl (2b3)) 5 parets e > LS ()3l lgie
) ciliee (sloyguiS 5 (silugy Copde by ailob 3 Slas 95,57 )15

ol Giliso glo i5 5 45 5,8 o)Ll &S5 oyl & ol s 3T 50
St yolaie 4 S0 gl hgy g aylil l edlatwl Sl s Sl
0 Al S yisy )0 dged laie 4 3yl dgng dilebw 3 Sas
Ui sges oslinal (6 (sl s S5 slo i ) ol
3305 030l 4By weles i 5 sl o b 1 ol e ol L

..))5 )2 ‘) &lolw dgup pis L AP U‘)“"’?

&bo
[1] M.Y. Shahin, Pavement management for airports, roads,

and parking lots, 1994.
[2] H. Zakeri, FM. Nejad, A. Fahimifar, Image Based

Techniques for Crack Detection, Classification and
Quantification in Asphalt Pavement: A Review, Archives
of Computational Methods in Engineering, 24(4) (2017)
935-977.

[31H. Zakeri, F.M. Nejad, A. Fahimifar, Rahbin: A quadcopter
unmanned aerial vehicle based on a systematic image
processing approach toward an automated asphalt
pavement inspection, Automation in Construction,
72(Part 2) (2016) 211-235.

£041



to Threshold Computation Based on the Haar Wavelet
Transform, in: 2019 IEEE 43rd Annual Computer
Software and Applications Conference (COMPSAC),
IEEE, 2019, pp. 306-315.

[29] P. Luo, X. Qu, X. Qing, J. Gu, CT Image Denoising
Using Double Density Dual Tree Complex Wavelet
with Modified Thresholding, in: 2018 2nd International
Conference on Data Science and Business Analytics
(ICDSBA), IEEE, 2018, pp. 287-290.

[30] A.S. Yaseen, O.N. Pavlova, A.N. Pavlov, A.E. Hramov,
Image denoising with the dual-tree complex wavelet
Saratov Fall Meeting 2015: Third

International Symposium on Optics and Biophotonics

transform, in:

and Seventh Finnish-Russian Photonics and Laser
Symposium (PALS), International Society for Optics and
Photonics, 2016.

[31] P. Prasad, G. Umamadhuri, Biorthogonal Wavelet-
based Image Compression, in: Artificial Intelligence
and Evolutionary Computations in Engineering Systems,
Springer, 2018, pp. 391-404.

[32] C. Karthikeyan, C. Palanisamy, An Efficient Image
Compression Method by Using Optimized Discrete
Wavelet Transform and Huffman Encoder, Journal of
Computational Theoretical Nanoscience, 15(1) (2018)
289-298.

[33] A. Bakhshipour, A. Jafari, S.M. Nassiri, D. Zare,
Weed segmentation using texture features extracted
from wavelet sub-images, Biosystems Engineering, 157
(2017) 1-12.

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

[35] Y.O. Ouma, M. Hahn, Wavelet-morphology based
detection of incipient linear cracks in asphalt pavements
from RGB camera imagery and classification using
circular Radon transform, Advanced Engineering
Informatics, 30(3) (2016) 481-499.

[36] FE. Moghadas 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.

[37] P. Wang, Y. Hu, Y. Dai, M. Tian, Asphalt Pavement

Pothole Detection and Segmentation Based on Wavelet

£o04y

learning, MIT press Cambridge, 2016.
[17] B. Li, K.C. Wang, A. Zhang, E. Yang, G. Wang,

Automatic classification of pavement crack using deep
convolutional neural network, International Journal of

Pavement Engineering, (2018) 1-7.
[18] Z. Tong, D. Yuan, J. Gao, Z. Wang, Pavement defect

detection with fully convolutional network and an
uncertainty framework, Computer-Aided Civil and

Infrastructure Engineering, (2020).
[19]Y. Liu, J. Yao, X. Lu, R. Xie, L. Li, DeepCrack: A Deep

Hierarchical Feature Learning Architecture for Crack

Segmentation, Neurocomputing, (2019).
[20]W. Ye, W. Jiang, Z. Tong, D. Yuan, J. Xiao, Convolutional

neural network for pothole detection in asphalt pavement,
Road Materials and Pavement Design, (2019) 1-17.

[21] L. Song, X. Wang, Faster region convolutional neural
network for automated pavement distress detection,
Road Materials and Pavement Design, (2019) 1-19.

[22] P.S. Addison, The illustrated wavelet transform
handbook: introductory theory and applications in
science, engineering, medicine and finance, CRC press,
2017.

[23] S. Yang, A. Alhasan, Y. Zhang, H. Ceylan, S. Kim,
Pavement curling and warping analysis using wavelet
Journal of Pavement

techniques, International

Engineering, (2020) 1-16.
[24] Z. Zhang, C. Sun, R. Bridgelall, M. Sun, Road profile
reconstruction using connected vehicle responses and

wavelet analysis, Journal of Terramechanics, 80 (2018)
21-30.

[25]1M. Khan, F. Qiao, L. Yu, Wavelet analysis to characterize
the dependency of vehicular emissions on road roughness,
Transportation Research Record, 2641(1) (2017) 111-125

[26] A. Alhasan, D.J. White, K. De Brabanter, Wavelet filter
design for pavement roughness analysis, Computer-
Aided Civil and Infrastructure Engineering, 31(12)
(2016) 907-920.

[27] G. Yang, Q.J. Li, Y.J. Zhan, K.C. Wang, C. Wang,
Wavelet based macrotexture analysis for pavement
friction prediction, KSCE Journal of Civil Engineering,
22(1) (2018) 117-124.

[28] R.S. Rodrigues, M. Pasin, A. Kozakevicius, V. Monego,
Pothole Detection in Asphalt: An Automated Approach



[47] S.J. Pan, Q. Yang, A survey on transfer learning, IEEE
Transactions on knowledge data engineering, 22(10)
(2010) 1345-1359.

[48] Y. Gao, K.M. Mosalam, Deep Transfer Learning for
Image-Based Structural Damage Recognition, Computer-
Aided Civil and Infrastructure Engineering, 33(9) (2018)
748-768.

[49] O. Russakovsky, J. Deng, H. Su, J. Krause, S. Satheesh,
S. Ma, Z. Huang, A. Karpathy, A. Khosla, M. Bernstein,
Imagenet large scale visual recognition challenge,
International Journal of Computer Vision, 115(3) (2015)
211-252.

[50] A. Krizhevsky, 1. Sutskever, G.E. Hinton, Imagenet
classification with deep convolutional neural networks,
in: Advances in neural information processing systems,
2012, pp. 1097-1105.

[51] R.C. Gonzalez, R.E. Woods, Digital image processing,
(2007).

[52] 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.

[53] FM. Nejad, H. Zakeri, The Hybrid Method and its
Application to Smart Pavement Management, in: X.-S.
Yang, A.H. Gandomi, S. Talatahari, A.H. Alavi (Eds.)
Metaheuristics in Water, Geotechnical and Transport
Engineering, Elsevier, Oxford, 2013, pp. 439-484.

[54] Y. Gao, K.M. Mosalam, Deep Transfer Learning for
Image-Based Structural Damage Recognition, 33(9)
(2018) 748-768.

[55] S.R. Young, D.C. Rose, T.P. Karnowski, S.-H. Lim,
R.M. Patton, Optimizing deep learning hyper-parameters
through an evolutionary algorithm, in: Proceedings of
the Workshop on Machine Learning in High-Performance

Computing Environments, ACM, 2015, pp. 4.

Energy Field, Mathematical Problems in Engineering,
2017 (2017) 13.

[38] B. Mataei, F. Moghadas Nejad, M. Zahedi, H. Zakeri,
Evaluation of pavement surface drainage using an
automated image acquisition and processing system,
Automation in Construction, 86 (2018) 240-255.

[39] F.M. Nejad, N. Karimi, H. Zakeri, Automatic image
acquisition with knowledge-based approach for multi-
directional determination of skid resistance of pavements,
Automation in Construction, 71(Part 2) (2016) 414-429.

[40] M. Karasahin, M. Saltan, S. Cetin, Determination of
seal coat deterioration using image processing methods,
Construction and Building Materials, 53(Supplement C)
(2014) 273-283.

[41] G.M. Hadjidemetriou, S.E. Christodoulou, Vision-
and Entropy-Based Detection of Distressed Areas for
Integrated Pavement Condition Assessment, Journal of
Computing in Civil Engineering, 33(3) (2019).

[42]J. Laurent, J. Hébert, M. Talbot, Using full lane 3D road
texture data for the automated detection of sealed cracks,
bleeding and ravelling, in: Proceedings of the World

Conference on Pavement and Asset Management, Milan,

Italy, 2017, pp. 12-16.

[43] Goodfellow, Y. Bengio, A. Courville, Deep learning,
MIT press, 2016.

[44] M.A. Nielsen, Neural networks and deep learning,
Determination press USA, 2015.

[45] K. Gopalakrishnan, S.K. Khaitan, A. Choudhary, A.
Agrawal, Deep Convolutional Neural Networks with
transfer learning for computer vision-based data-driven
pavement distress detection, Construction and Building
Materials, 157 (2017) 322-330.

[46] K. Zhang, H. Cheng, B. Zhang, Unified Approach to
Pavement Crack and Sealed Crack Detection Using

Preclassification Based on Transfer Learning, Journal of
Computing in Civil Engineering, 32(2) (2018) 04018001.

DOI: 10.22060/ceej.2020.18292.6820

S. Ranjbar, F. Moghadas Nejad, H. Zakeri, Asphalt Pavement Bleeding Evaluation using Deep
Learning and Wavelet Transform , Amirkabir J. Civil Eng., 53(11) (2022) 4577-4598.

a3 £yl o ol 4 g

£04A



