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Inspections of Crack Surface on Irrigation Structure Based on Structure from Motion

Technique and Using Deep Learning by fully convolutional network.
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Abstract

Currently, the Royal Irrigation Department perform visual
inspection on structures in their regular maintenance routine.
All elements are required to be inspected again Condition Index
(C) to assess the current state of dams. However, the visual
inspection method cannot be performed thoroughly, as there
are many areas that are difficult or inaccessible for inspectors,
often some areas can be harmful to surveyors. In addition,
the visual inspection method posts significant amount of errors
that are caused by the inspectors themselves. To ensure
the structural integrity of a dam, in this paper, the novel method
of inspection is proposed using photographic technology
through high-resolution cameras. An unmanned aerial vehicles

are used for data collection, and then a 3D model of a dam is

created through photogrammetry. Then the Fully Convolutional
Network (FCN) technique is applied to detect cracks on
the dams. The results show that the proposed system can

detect cracks at pixel-level with accuracy over 90%.

Keywords: Crack detection, Unmanned Aerial Vehicles, Fully
Convolutional Network, Structure from Motion and lIrrigation
structure
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(UAV : Unmanned Aerial Vehicle) ilafiduiindoyaveslasiadild
ogsnsuiuaysel Insgunsalihulfiilentsdrsanmeaneaiaea
léun tafesduenimenuliauduann DIl fu Phantom 4,
Phantom 4 RTK [4] wag D-RTK2 [5] 51eaziBenamanuzanizves
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1. nsduluvalnu (The Scanning Flight) snzAun1s
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2. m3fuseuimgiiaula (The Circular POI Fight) 3l
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Tnendnnisfiug1uidnisuas Structure from Motion
(M) Wundnudasifinifnludiuvesnisadreiiuiuazadaddase
mdrwaumdsy Jadunisiiemaluladadelndidangaslunis
dregunsawedlasiaiisemsvaUssmulssinnaAsunSALEsLmEN
fitunouseeluil

1. \@annwene (Loading Photos)

2.11927194U201W818 (Align Photos) hagn15a514
wuudNaesgAnaaLRILUUYINa (Sparse Point Cloud)

3. MIUTBLNAHAANGLLIIL UK (Build Dense Cloud)

4. MsUsEIaNan1Y Y (Build Mesh)

5. mM3Uszananaiiui (Build Texture)

gﬂﬁ 4 LUUTIARIANGULUALUUNNY (Sparse Point Cloud)

5UR 7 wuudnaeanisuseaianaiiuiiy (Build Texture)
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nisanfiannsaairsuuudiaes 3 flfeinddenountii
nduihavhnsnsamanusesuandn Inemsdnwiyaiiulud
lassafransiSeuiidednluguuuures Fully Convolutional Network
(FCN) 1fumdn LﬁaamﬂL‘TJu{Jm@ﬂﬂizawﬁjﬁmummmsﬁmﬁmiwﬁ
fouausziannmene Tnethamdieiifisesradudmulsenoumely
asvinisuvaduninidn q (image Patch) lnswuintuagfurmiu
foaN1598E LY 19U 150 x 150, 180 x 180 30 225 x 225 Wniwa?
Husu nismnduiihdeyaluwsiasngunueneenidunguues Training
way Validation lneAmdudndiu 80 wWesiduduay 20 Wesidus
audiy fagudi 8 [7]
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2.4 msnsdusegianag Fully Convolutional Network (FCN)

Tuduweamaidouiuvy FON dursdidnuusvodasai
Frausninileusu Convolutional Neural Network (CNN) Tudauil
uanesfutue FON asfiunszuaunisluduneuanineiiions
Deconvolution Layer Ingagiinautdn Softmax Layer %38 Output
Layer Fsanusantasululdmduls wu Sigmoidal functions sy
TngUsrasAveen1svin Deconvolution Layer fig 1139818 Feature
map Litete19oyaniuly (Local Information) 984 Feature map
panUIaITIIITUTayauy Pooling Layer Tuduiitlvunauindu
ilinadnsnaugavieaiuisalateyalusluuuvenisuusdiu
(Segmentation) luusiasfiniga Jsuand19ain CNN fivhlaifieents
§1uun (Classification) 1¥11u A1WSIUAT5T19UTBY Fully
Convolutional Network (FCN) ﬁqgﬂ'ﬁ 10 [8] uags1uaziBunuas
Iﬂiﬂﬁ%’mmsﬁauﬂumuiﬁsﬁ Fauandlupaed 3

[ Convolutional layer [l SoftMax
[Jrooling ] Up-sampling
Convolutional Encoder-Decoder
/ N ¢ § Output

Encoder (Forward/Interface) Decoder (Backward/Leaming)

31]17; 10 Tassa319ves Fully Convolutional Network FCN

asnsil 3 wazBeavedlassaiinisieus Fully Convolutional
Network (FCN) Tuauddeil [7]

Layer name Filter/Kernel size Stride Output size
(H, W, |, O)/(H, W) (H, W) (H, W, D)

Input image - - (150, 150, 1)
blockl convl (3,3,3,64) 1,1 (150, 150, 64)
blockl conv2 (3,3,3,64) 1,1 (150, 150, 64)
blockl pool (2, 2) (2,2 (75, 75, 64)
(Max Pooling)
block2_convl (3, 3, 64, 128) (1, 1) (75, 75, 128)
block2_conv2 (3, 3, 128, 128) (1,1 (75, 75, 128)
block2_pool 2,2 2,2 (37,37, 128)
(Max Pooling)
block3_conv1 (3, 3, 128, 256) (1,1 (37, 37, 256)
block3 conv2 (3, 3, 256, 256) (1, 1) (37, 37, 256)
block3_conv3 (3, 3, 256, 256) (1,1 (37, 37, 256)
block3 pool 2,2 2,2 (18, 18, 256)
(Max Pooling)
blockd_conv1 (3, 3, 256, 512) (1,1 (18, 18, 512)
blockd conv2 (3,3,512,512) (1, 1) (18, 18, 512)
blockd_conv3 (3, 3,512, 512) (1, 1) (18, 18, 512)
blockd_pool (2,2 (2,2 9,9,512)
(Max Pooling)

fully conl (9,9, 512, 4096) (1, 1) (9, 9, 4096)

Layer name Filter/Kernel size Stride Output size
(H, W, |, O)/(H, W) (H, W) (H, W, D)
dropout 1 - - (9, 9, 4096)
fully con2 (1, 1, 4096, 4096) (1,1 (9, 9, 4096)
dropout 2 - - (9, 9, 4096)
block5_conv (1, 1, 4096, 2) (1,1 ,9,2
Deconvl 4,4,2,2) 2,2 (18, 18, 512)
Deconvl + - - (18, 18, 512)
block3 pool
Deconv2 44,22 2,2) (37, 37, 256)
Deconv2 + - - (37, 37, 256)
block2 pool
Deconv3 4,4,2,2) (2,2) (75, 75, 128)
Deconv3 + - - (75, 75, 128)
blockl_pool
Deconvéd 4,4,2,2) 2,2) (150, 150, 2)
Sigmoid - - (150, 150, 1)
Prediction - - (150, 150)

Note: H = height; W = width; | = input channels; O = output
channels; D = depth

ludiuvesnsiinseidsgdniainnisiseus a1nn15i
Jayanmsesiunaeulnivlasiairanisiieus FCN uagld Model
. I a '3 ' o1 .. t% a
Learning Curve 10uns1iinsnzst wudiléian Training Loss Ueeiign
1A 0.0588 waw Validation Loss Hee#ianfid1 0.0994 fe3uil 10
98461 Loss %38 Error Wesuansd1 Model dimsiieuing

10

i ~ = FCN train loss
FCN validation loss

Loss

Batch size train = 8

Batch size val = 2
gﬂﬁ 10 N1 Loss 91nn32UIUNTT Training MU FCN

2.5 msvsudulseansnimvesy1useavy
n1sns9inuszansnimvestdygruseivgisondt Confusion
Matrix Fadundnnismsaninuszdnsamuesnisiiaiussuusig
Tnswvanani1snsiadeveaniu 4 nguusznaudie True Positive
(TP), False Positive (FP), False Negative (FN) ez True Negative (TN) [7]
Fearursodiu1AIuInIAn Accuracy, Precision, Recall,
F1 Score, True Positive Rate (TPR) wag False Positive Rate (FPR)
TnsuansaunismsFuaaieolud

STR26-4



NCCE 0O

o5 in Civil Engineering

Sufl 24-26 waunAY 2566 .0

st-Pandemic Challe

N15U52903IN53IAINTIUESUNIYA AR 28

The 28t National Convention on Civil Engineering
May 24-26, 2023, Phuket, THAILAND

TPR,Recall = TP/(TP+FN) (1)
Recall (True Positive Rate) fim Afiuanintusunsuvinuiglain
359 Wudasdrnuwinlsvesasawivun

FPR = FP/(FP+TN) (2)
False Positive Rate (FPR) Ao Afiuaninlusunsuyinuiedn
959 Wudunsdruwilsvadliaseionun

Accuracy = (TP+TN)/(TP+FN) (3)
Accuracy e Aftuaninlusunsuanusaviunglauaiugn

Precision = TP/(TP+FP) (4)
.. a A ' ° P a A a ~
Precision fie A1ivenyIlusunsuyinunginese Srnuiissnsaiiods

F1 score = 2TP/(2TP+FP+FN) (5)
F1 score fio AfluansUszansnmuadiuma

True Positive (TP) fe waviiunedn Crack wag 1u Crack 954

True Negative (TN) @ navinunedn Non-Crack way 18 Non-Crack 954
False Positive (FP) fe waviiunedn Crack wag 10u Non-Crack Crack #ia
False Negative (FN) Ao naviungin Non-Crack uag 18u Crack 1#a

SN
ga

Ground truth

Raw image

Thresholding DeepCrack FCN

JUN 11 nan1InsaMseswani1iieds Thresholding DeepCrack
ey FCN

P19197 4 WisuiisunanisussdiudszdnsameesyqiussAuvgliunns
75299UT0851199875 Thresholding DeepCrack waz FCN

Methods Accuracy Precision Recall F1 Score
Thresholding 0.9762 0.4566 0.9435 0.6154
DeepCrack 0.9946 0.8558 0.8806 0.8680
FCN 0.9943 0.8037 0.9487 0.8702

21111518138 FCN 1105393 us885110u3UAIn wagiiun
Wi uguiunalaINIT Thresholding [9] waz DeepCrack [10] fegy
i 11 mansfnwanudn FON fidnnasviunefindugn (Accuracy)
1NN9133 Thresholding Fadunilslumaiianisdaneningeenain
AnumEs uilndlAe fuds DeepCrack Fufuiadiiuszans awly

A13MSI9UTRELANS1IlUeIAITABUNIA druUsyansninvedlung
(F1 Score) 48435 FCN u1nn11338uq aquandlumnis1eil 4 34
Uszavis mwnefavihlUdnsiadusess st uuumuud eesenuils

3. unagy

mAeildvhnsAnviiefumsamamsesuansesiiavuia
voilAsasiasey srvrwthwanm Swiadeum fadunsdnuil
fiuivedananaduoimsreuninuasiulasadiingreain
mAfeneunth lngldnmeisaniedesduerniaenildaudulunis
Juifiudeyatiiedinwdneitlduiadranuudiass 3 fdsiu
AS¥UIUNTS Structure From Motion 21ntusin1snsaamsaaunn
seu¥127iAnTu #aemada Fully Convolutional Network (FCN)
VULUUIIa09andR wultanisatielinisnsiegeulasadng
fapanen (Visual Inspection) waztuiusziiiuaasisaadanin
(Dam assessment by Condition Index Method) ﬁ%a;ﬂalu dauil
dfiiviameludumisliun maidudeyanmarelugaiisinas
windls wareradusunsosioriivinnisdin wu 91TITUIBTNEY
(Spillways) 91A151ATIEN wazmodeloukasuIusTU1Y LUy
Faduteyadulasaieiuguiauinduedrannlunisuenis
ﬁzwmazmmﬁmﬂﬂaﬁﬁwﬁu

v
(4

f1adl

Y

AIdeAndnanunsatlussgndldlunisnsivaeuninuduag
wArIEYIRNATYINsUTUUTenL TN lATsas19eAsTaUseuly
Uszwdlnesolulueunanle

AnRN5sUUTENA

VOUBUANANEIAINTTUAIANT UN1INUIFEFTTUAANS
Alvnrsaduayuaruideisnisnsieasvsesiiinie
A19NTE@UANUEINI8RIATTAUTENIUMBAlUlad @uflf
NNNAIELaEAISISEuidEnlaglassieUssamiisuuLuunau
Ia@“ﬁbu hUUANY 58l (Inspections of Crack Surface on Irrigation
Structure Based on Structure from Motion Technique and Using
Deep Learning by fully convolutional network) S ed TNy
gausenudl 12 nsuvaUsenu ﬁaﬁuaﬁgu‘ﬁagaﬁm 9 len1seiiu
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