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Research on three-dimensional modelling of high pier bridges

based on UAYV route planning
YIN Xinfeng', FU Xin', QUAN Yang', HUANG Zhou', XU Dongfeng*
(1. School of Civil Engineering, Changsha University of Science & Technology, Changsha 410114, China;
2. Hubei Communications Investment Construction Group Co. , Ltd. Wuhan 430070, China)
Abstract: [Objective] This paper presents a UAV path optimization algorithm for high pier bridges in
mountainous areas, aiming at fine route planning and fast modelling. [Method] Firstly, the UAV five-
direction aerial photography method is applied to construct a rough inclined photography model, and then
the Tuning dung beetle optimization algorithm (TDBO) is used for fine route planning to generate a refined
bridge pier model and then evaluate the accuracy of the model. Meanwhile, based on Matlab software, an
automated procedure was developed to achieve automatic detection and quantitative analysis of cracks on the
surface of bridge piers. To verify the effectiveness of the algorithm and the accuracy of the crack
identification method, the study selected a high pier bridge in Hubei as the research object. [Result] The

results show that TDBO significantly improves the accuracy of 3D modelling of bridges, with a maximum
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error of 0. 059 m in plane and a median error of 0. 051 m; and a maximum error of 0. 178 m in elevation and
a median error of 0.147 m. [Conclusion] The UAV crack identification procedure demonstrates high
accuracy, with a crack identification accuracy of more than 90% , a width error of less than 10% , and the
ability to accurately locate cracks.

Key words: unmanned aerial vehicle (UAV) oblique photography; high pier bridges; 3D modelling; tuning

dung beetle optimization algorithm; route planning
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Fig. 2 Circle mapping chaotic initialization distribution
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Tab.2 Comparison of test function results
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Fig. 3 Comparison of iterative convergence curves
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Fig. 10 Effect of modelling multiple combinations of data
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Tab.3 Comparison of the efficiency of the three route modelling approaches

£ L% PR 5 B Al FERT/min Pl AE I/ b
. 1] fiic 4% 299 16 1

T0 18] i 8%+ DBO fif £k 1362 77 4

T 1] A 8+ TDBO #i 4% 1036 63 3

TEAF Gt T M e 4 5 A FLAT AQR Mk 10y o R R AR i AR D A A o, 20 0 8 DT 38 B o
R BUR . ARG MR . FIH GPS RTK HARME bR, ENEIUESH . [N N =4EpiR
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Tab. 4 Statistics of 3D model accuracy

W 1] A AR AL Y F AR BER 2 P TE R 2 o A R 3 - ] (LRI =T
PR 2% /m R 2 /m 2% /m 2 /m 2%/ m B2/ m
B TR 0.112 0. 302 0. 082 0. 235 0. 054 0.162
B 0. 095 0. 241 0. 067 0.174 0. 046 0.128
UK 0.127 0. 285 0.095 0.213 0. 059 0. 151
G 0. 104 0. 267 0.078 0.198 0. 048 0.139
FE Rl 0.118 0.312 0. 091 0. 256 0. 052 0.178
x5 ZHERRESHITR
Tab. 5 3D model error statistics
R 1 R 1 FLA 2 R 2 IR 3 R 3
£S5 I =R ) . o .
TR 22 /m EAERZE/m CFWERE/m mRIRE/m CEWEiRZE/m AR 2 /m
/N 2 0. 095 0.241 0. 067 0. 174 0. 046 0.128
RRR2E 0.127 0.312 0.095 0. 256 0. 059 0.178
REEN T 0.111 0.281 0.083 0.215 0. 052 0. 152
iR 2 0.102 0. 265 0.079 0. 208 0. 051 0. 147

ORI RY Y RSO BT L R, BRI 2 (RS R UL TREAY 1. HL A ) B A LR B fe
% OKRIA 1 SRR 2 YEATRT L, PRI DLUR S e FE R 2 I, fe KIRZ M 0. 095 m
WD E] 0,059 m, HER2E M 0,079 m i F] 0. 051 m; FEmARRZEI M, HRKBEZEM 0.256 m
WL FE] 0.178 m. FHRZEM 0. 208 m W/ F) 0. 147 m. 383 XF b AS [543 il e pi g SR, p
KB TDBO B M) 0 KS ALt 48 SR8 In 1 R 8 R 2 s A . ki) TAFE & . {HiE
PR R ARG BE L B L [

TG ML TAEAE 55 2RI R L ST R, Bk, TTAPLRAL T
BRI RE 2 ) D REAE A AT A R R AR RLIA I KMIL SCfF, SR . BR AR AL
1] DL B 28 5 B R AR S BUPE S Sk i PR R A . S5 R ANEK 6 s .
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Tab. 6 Performance comparison of different path planning algorithms

=L 7 DBO TDBO
BRI /m 3043 2 596
B R H] /s 243 198
FRAE BB 89 114

TDBO F3k AL R i) B AR 1 B2, WL S 3 32 e H 22 i MO AR AE s EOE 2, A AR
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3.5 REBIAZLHER
Tl RN B VR RE . S A R EME S R R AL fE bn . AR . R
F1 3% 8 AXWTF .
TP

Precision :m , 20)
TP
Recall = ————, 21
“4CTTPFFN b
Floscore — 2 X Precision X Rec'all' 22)
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M Tz A R RS B /b . BRI SDNET 2018 B vk 47 U145, 128008 S48 MR
TG - 25 A 2 T 5t A ) 91 el e LA R P A B R 4R 22— ORI ACTE S B AR vh i AR Y R4 4 (A
BAE T b7
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Tab. 7 Crack identification results

ELE YUES HEAG R A A% F1 435K
T 1 2 5% 91. 58 91. 23 91. 74
ENGE ¥ 90. 34 92. 54 91. 43
HAth 5% 90. 33 87. 32 88. 80

A2V 90. 12 91.08 90. 60

T A A I 2R 8 A A 04 AR rp TR ML TR BB AT RN, W S R AN 11 R . SRR
AR IT A] LA 5 TR 0 R0 43 8 e ) S Ak
i R A

N
\ b

Bl HERRER

Fig. 11 Results of crack identification
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Tab. 8 Crack width detection results

. W FEE /mm WS /mm xR 22 /mm AR 2E /2
RAH FHIH RAH FHIH R AH FHIE PN FHIE
1 1.16 0. 39 1.187 0. 418 0.037 0.038 2.36 7.38
2 1.28 0. 37 1.326 0. 399 0. 056 0. 039 3.63 8. 07
3 0.97 0.47 1.008 0. 492 0. 048 0.032 3.97 4.79
1 0.79 0.41 0.777 0. 389 0.023 0.031 1.68 5.26

KA TDBO S L @A A, [a] ) FH AR 5C A5 80 [R] 44 A5 DT E 330 3k ) 5 [T 5 RS Y 2 1] (1
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Fig. 12 Three-dimensional model and crack evaluation of the pier
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