[ Downloaded from mcej.modares.ac.ir on 2028-02-12 ]

[ DOI: 10.22034/23.5.2]

gl = (ole Al
e (e (it
oY Jlo 0 ojled FY 053
BT Clio

w90 (was a8 8 303U b (i sdvo jlw 4O I § Lauid

E3a8ls J gy :*"“fujs o DLl ( wls s ¢ ol O o

j'."j‘; GK.:.;‘J QL}S—:)})M dub)k.w—dlja& J.J:)\ L;wL,.Z)lS =\
LfLﬁ)J\ L;SJ;A am\b ‘ﬂj}-&:ﬁ 6La=a)b—u\f>& J.J:)( wu)ls -y
4.9\]« om\b LO).L-&_O‘)A.; uadv\.\.@ﬁ L)l;.>u )L:.ijb -y

4.9\‘)» om\b LL;\:J))-/L:A 6@5)‘.\.«—;)\}4.9 u«\'v\.\-@-‘ &>u sl =¢
Email: M.farzam@maragheh.ac.ir*

VECNYNO 1 b b VEe e/ X/00 1By sl

o>

o
i g ghuarb ol losle glaOWl 53 S5 sl Geskis cm claele Gl Il G s Slides Jl glaas; 5l S
Sy s ad e G plal | 4 815 OS5 Sl ol a5 25m 050l 85 Sl Byl el 9
35 o bl CNND 2 J 508 a4 Lo 5 asils pl S 2,8 o Sy g 40 WO e (2312 5 (6013 20 03 (5553
Slaosle olod & rand BB S5l asdlas ool o aslllas L 58 a4 Sl eslinal b o slaosle 53 S5 et G ol 3
ryai b oo Glagy ol SOOI SL A ks pn gadSul s baely lagsle 5 daann 5 da b (JUS cdes 4is0d 610 o2
Vo5 sl @l slal oy A (il e JaS YYVXYYVXY 5lal Lo, 5558 5 o Yoyoe s 503,558 5 o pgaal Toyo ot oS
Sade 53 e, S5 slen, s S5 o eseid CBs Wisd eoesliin ] 08 JPS ae iSKS By, ‘j_uﬂupbélﬁaxu.:él.guﬁ
sldss _;\:5.{)?_&)5 oSl s b e 350 0 Cpnzee (308 s I d g B OS Slles Gl p &S WAL e A 53 AANT

Lok givazes oLzl Sy go 4 glosT zaly glaesls o guai Ayev e 5 g VEV

I S TP PP TG W A ARG JE{E RN R SRS IRE g - W (g | (g [

Glosss 133k 4 5L ol e 5 OIS sl 5 3,38
oS Sl ol bl es 5 e 1] X5l G5 s
)‘ J.«} LQJ:! U'l\ M)J io )j.l}- c.UbJL;G QL.L.; ol L;.»J)JLV

VJW 3_55- )l ‘%J.iﬁ )\ J..:% 5 o34 JJS Lgb\) Lf'\J}

AR

Ao —
JUsl LIS 5 Lades laosl ol sle oy 5 slae 3L
LIS o 4y 25 35 e Jsb 5o 1) Sl slag,l 8L o
g0 D5 4 Kb B 5 035 b 0T 30 o

Oliee 31 dle 00 51 i sdte SVLI 53 s | 2t


http://dx.doi.org/10.22034/23.5.2
https://mcej.modares.ac.ir/article-16-54192-en.html
http://dx.doi.org/10.22034/23.5.2
https://mcej.modares.ac.ir/article-16-54192-fa.html

[ Downloaded from mcej.modares.ac.ir on 2028-02-12 ]

[ DOI: 10.22034/23.5.2]

PSS e K53 B L sl 5 S 5 askis

s s plulydls s 5k g e LB (g Sl
ke S50 a0 [14] s esle ol 30 o 5 el sl
jua‘)ck.ﬂ GQL.JJ gS):)Lng} ua.:x,.;.: })jﬁ)}&:iﬂ'
[15, 16] k;wu\ wt{. M.w‘}j ﬂ" ‘5\4.:.....& dl.ﬁclfjjy

J)M 4&:,;“:1.» L5J2§'>li Lgur.:u}_{!\ de,:l calaal sl L;.:
o ol ol 03l 55l (gladises 31 515 4 e ,Sab
g_ikéucjh.wﬁéé)jk@.[g]uubﬂT%ﬁyM
CﬁH{.J.A:dA ¢l>.r_'.| WL& shaly Lgﬂfﬂi‘ajblliwl.u
jaJJSU:.;Laae;bd;)p_-jg;?{e\}jldﬁé);&:ibuls
Mbywﬂdu&m Sels a5l il (Gees Lgﬁfali
Slee sba¥ s 8 daens e e dewy o
Gres s 4SS G glaaY s ji e b e ook
o SAPE 5 Fedamy ladde 4 s Sl
[16]

S AL e o;\;rlr—)sr.@,»ﬂl;s« 5SS G (6550
Gaos (6 ,53L .l i sk o g5lade 5 LT Lels
-@?@jASaJ\JrLPO‘J@)i LSbJ(\)JD/\,JJJUQA
5l 1y Laesls 5l gabs polie e 5 Julowd 5 52 (g
J15] col ot oy g a0 s pedle (5,800 oS Jl>-
o esls il (slads sl Sl 5 3 S5 e S
9 JN u.uL..ﬂ‘J.: oJ\iJuiv)'de skeS .,bb)b &-_{ ./\.Svﬁ JA&
Ls'.’ki).)")j—&)>°u°>\?€‘6ﬁau‘“§j&ﬁ
)JMWJMQL;J{QLA)’Q;QJV ck.»..ﬁ\.;j
)‘ ebw‘bgsjf U‘M‘:": s MJQ})\)MS
Q}Mﬁdhﬂ@)boww;ﬁjw
Jal o8l (25 e Gl e sla s s
[L7] sl GBI e 51 506 5 e

Yy

sl ol e pats [2] Wlesls s S
s lalis (1510 5 s oKasl 1 ol oslle gl
osbw gles) s Slas e blsl (al oDl o
© kb 5 sl Slesliad b o glaesle 55 (sles S
30 o LA el el el pal ASla s )
Sl slazel BB 5 LS Kl 8L & 5l 5 o2
S G165 4 e 5 T O 4 Lol bl 1L
b ep s ol Sleoss Dose 4 ol ol e
S RS

s e S S5 ek A5 Gl
SN 0 03 S P S ek 55 e eslial WS sa
03 5 S84 ol b 2lsal 5 U slge (hlesT et L33k
@ pyad Sl p sleslia Tl Al sa S 05 5250 s
12 5 osd (b slal ) Gres 6530
sl iy 55 .[5] ss—3 o R e
5 Sl ot 36 S sla sy O e s
CLSSS O oo anil 5905 (6 Seslil (glaslanns
DBt o U1, S5 jase 25 (ledga sl Sy,
gl O35 508 ey S, b s S G LS
o 5l Jo b o glold s sl 0055 Mo 0%
S5 a3 L35 pde R RS e s (SR
ST (Sl Oty el b IS ol 6 (L
I7] el 055 G b LG

S Jhoes JLS . ools ijfa)'l R 5
oo LS AL e e ol sl SO (S0
S s e s Sl e 5 edkd S | Jlies
S 53 psl—ad 3l 608k 0558 555 b iy (6]
Cedl Gl 4 Ol Joled Coly Dl e (55l 50 ol
33 G 4 [10] QlJMJG}S i g2l b el
3 oRE pasis 4 by e ol pldl Slids Gl 5, 5
o il s L1y sl iy Al 4 % i
(B Ll (gadate sla ) ol ladls
bl 5 bl (g inS bt o ol S g
31 e [11, 12, 18] i €] 5 53 S 5 asedd gl


https://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D8%AF%D8%A7%D8%B2%D8%B4_%D8%B3%DB%8C%DA%AF%D9%86%D8%A7%D9%84
https://fa.wikipedia.org/wiki/%D8%AF%D9%88%D8%B1%D8%A8%DB%8C%D9%86_%D8%AF%DB%8C%D8%AC%DB%8C%D8%AA%D8%A7%D9%84
https://fa.wikipedia.org/wiki/%D8%AF%D9%88%D8%B1%D8%A8%DB%8C%D9%86_%D8%AF%DB%8C%D8%AC%DB%8C%D8%AA%D8%A7%D9%84
https://fa.wikipedia.org/wiki/%D8%A7%D8%B3%DA%A9%D9%86%D8%B1
http://dx.doi.org/10.22034/23.5.2
https://mcej.modares.ac.ir/article-16-54192-en.html
http://dx.doi.org/10.22034/23.5.2
https://mcej.modares.ac.ir/article-16-54192-fa.html

[ Downloaded from mcej.modares.ac.ir on 2028-02-12 ]

[ DOI: 10.22034/23.5.2]

OSen 5 el Ol 4o

PSS e K53 B L sl 5 S 5 askis

[28] o pmme Lisn s 03 ile 6 S3L 5 Gros (55 5k S L Olee 5 Ul N JSCS

The ability of machines to leam
without the need for specialized ©
programming

The network has the ability of a

— o machine to imitate human behavior
and make decisions in an intelligent
and human-like way.

Machine Learning

Deep Learning

Creates an artificial neural network that
has the ability to learn and make
intelligent decisions with the help of
algonthms.

Fig. 1. Ability and extent of participation of deep learning and machine learning in artificial intelligence method [28]
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Fig. 4. Some examples of uncracked concrete image [28]
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Fig. 2. An example of image separation lines in
concrete structures used in the present study [28]
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Fig. 5. The main convolution architecture consists of the feature extraction section and the multilayer neural network [32]
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Fig. 6. Schematic drawing of convolution layers and compilation layers for a cracked concrete image sample [8]
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Abstract:

One of the active areas of research in concrete structure health monitoring is the detection of cracking in structural
elements. Image classification and diagnosis have attracted the attention of many researchers nowadays. Due to the
advancement of artificial neural networks and their fast processing, a convolution neural network has been established to
detect these cracks. In this study, crack detection in concrete structures has been studied using a convolutional neural
network, which can be generalized to all concrete structures for example dams, canals, bridges, shells, road infrastructure,
foundations and concrete frames. Convolution neural network training was performed by the SGDM method with the
ReLU activator function. Also, 250 iterations were employed for convolution neural network training, which gradually
reduced the error rate and increased the accuracy of detecting cracked and uneaten concrete. The convolutional neural
network is trained and validated with these 250 iterations. First, images with 32-pixel window dimensions are converted
and separated. Then, the 32-pixel window, the 16-pixel, and the 8-pixel windows filter the images. A total of 3 stages of
32, 16, and 8-pixel filter images are analyzed and interpreted. During the training process, validation is performed every
20 iterations, and a diagram related to the accuracy of convolution network estimation and data classification error is
drawn and completed. In convolutional neural networks, where the output is in pairs, the cracked and uncracked images
of the network architecture are almost identical, differing only in minor specifications. The database of this research
includes 20,000 images of cracked concrete and 20,000 uncracked concrete with dimensions of 3x227x227 pixels, 80%
of it is used for training and the remaining 20% is used for validation of the convolution neural network. The accuracy of
distinguishing cracked concrete from uncracked ones is about 98.16%, which is acceptable for operation and is considered
practical. To evaluate the accuracy and performance of the proposed algorithm, each classification was performed against
the overall accuracy, the confusion matrix was used for the validation data. According to the clutter matrix, 3861 images,
in other words, 48.3% have been predicted to be correctly cracked, and 3992 images, equivalent to 49.9%, have been
predicted to be correctly uncracked, and a total of 147 incorrect images have been predicted, which is equivalent to 1.8
percent. Images that are cracked and not accidentally cracked are predicted. They had crack lines in the corner of the
image or cracks with a very small width, which the proposed convolutional neural network was mistaken for due to a
very small crack width or crack position. Also, the results of the present study showed that the accuracy of this research
has the best accuracy in less analysis time compared to previous studies. It should be noted that this method and its
associated database can be used to produce a crack detection application on a smartphone, to be able to make a good
initial estimate of the structure in question, such as a bridge or building after an unusual loading event, such as an
earthquake or explosion.

Keywords: Cracks in Concrete, Convolutional Neural Network, Structural Health Monitoring, Graphics Processing
Unit.
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