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Research on multi coordinate system fusion algorithm for
three directional measurement of cracks

Hu Yu' Li Denghua®® Ding Yong'
(1. School of Safety Science and Engineering, Nanjing University of Science and Technology, Nanjing 210024, China;
2. Nanjing Institute of Water Resources, Nanjing 210029, China;
3. Key Laboratory of Reservoir and Dam Safety, Ministry of Water Resources, Nanjing 210024, China)

Abstract: Monocular visual measurement suffers from a lack of depth information, making it difficult to accurately
calculate the three-dimensional deformation of cracks. To address this issue, this paper proposes a three-dimensional
crack measurement method that integrates multiple coordinate systems. By designing a concentric circle array target
and establishing an equivalent displacement model for cracks, the problem of measuring the three-dimensional
deformation of cracks is transformed into the problem of measuring the three-dimensional deformation of the main and
auxiliary plates of the target. By taking photos with a camera, density clustering and eccentricity correction are
performed on the images to obtain a set of feature points. Then, the EPnP algorithm is used to obtain the projection
matrix, and the least squares method is used to reconstruct the sub panel point set in three dimensions. The
coordinates of the sub panel point set in a given world coordinate system are obtained, and the change in the front and
rear coordinates of the sub panel, that is, the three-dimensional deformation value of the crack, is calculated. The
accuracy, robustness, and generalization ability of the proposed method were verified through three-axis sliding table
tests. The results showed that the algorithm had a maximum deviation of 0. 35 mm under indoor conditions. and the
measurement errors in all three directions were within 0. 35 mm. can still maintain a measurement accuracy of +0. 4
mm under on-site test conditions, meeting the requirements of crack measurement standards (0.5 mm).
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| A9 TR R R R Rl R A AR A AT
HUE(F BRI WL I A8 02 N TR R 2 A
LR PUN RN T8 B DA X T TR B ul e e s R D) P 2R G 0 SR A 00 e T T B0 M ), T

<
Ju

[}

Y B 7 :2025-03-21
* FELTE  [FH R E SRR B B (2024 YFC3210703) E K A SRR =5 & KITKBHEDF R B A 564 (U224022D) (EH K A RFBHE 3L & R B
WUH (51979174) e R 25 PRI BE T SEARRBHIE L 55 2% % 503 4 (Y724011) 5 H %% Bl

e 36



W OF E .S FLGABRSNAE L =GN I T EMR 5519 1]
SR 2 1 52 Wi R ARG, ) R v A MR X AR IE , HLAEBE E B 1mm, VAZEMARSEZE B A 0 )0 18 8 0 S A AR i s, ST

A N T3 WA R ) A TR AURE A Y R R R
P EALAIBE A X 2 48 A7 A 12 fnh Q00 £ 2 o A Ay SR 4
N0 U T 5T AR

BREM BRI T Unet 3 %1 244 K5 45 A SOG I B
P IRER T FARER L) R A5 2 888 05 B %07 3 0 i dl 4R 19
VR T R i 5 i S A o TR A ) N S A
B, S PR S = e I L S AR AR B R ), L
FCAROR T 355 1A S (A bR L 8 TR N b 32 R s O 48 v 20
B ARMRT B TR RUAR A AR A SRR B = 4 A%
TR BB S e R IR R 1 IR SRR A K5 B R AR
FIGRBE AR B R TR BE 7 2T SR IR MR = 1) {37 7% 72 A
0K G o 92 AR ALASE A SR A R AE T R R E
PR Sk S AF RO K T RS DN B R L % T T O
TRARBE A AE LR B 0 3% Fe % R w5 Li 50 4y — Fb
T B R A Y S PR DG TR RN 3 TRCRE 5 R BB R AT LU
SEE o B ARG SE I = A W (RO L B Ot o B
Wang 5552 ) IO 47 4 40 B0 0k = 4 08 450, 5 i %
i 22 MR HEAT 43 BT L 45 & RANSAC 53 4 £ 2% T AR AE L (A
IO FH 7 DR PR SR 5 A I ) A 32 AT ROR AR 5 O B i
X0 4O AR R P B EAR LA, A S E AR ALl AT
figp S AR BIL 98 RS A7 28 552 30 = 44 T 48 L SR A5 4 4 A X B
T8 0+ (ELXS 90 0 5 AT 5 e 2 D0 P T 5 3 4 Ty 3k B X A AR
A ZOR Hoaz B (] U X B A A BR S A 2K 8
Toik RLos il N T B A I i

O 41 e SR 1 ) B 4 R B3 3 L AR
SCHRE MG T — R U B EARBILBEAT 11 R o7 B4 B A S )
T % T7 R R T ) i s 8 I 400 46 R AR A5 2E AT A0
b 6 E R AR AR R L DL EPnP Y SR T SR R A AR R
Z VA AR AL RS L AT = R A i Oy X R B
L SE v TR BE £ Bl AR A T AL L <7 2R — 1) o 76 55 3
B 7 2, WL R AR A b A T 5 A AR R T AR AR B L 52
PRBLEE = 1) V7% I i

1 ETSELRAMANRE-ANEBERFEE

1.1 RE=-@EAHUNEFREE

LB = AR R X O B IE ALY O 1 A S 8. Z
T7 1) B DU o 38 B E BT R LA A O A I A bR A
SHERAR R T IO . A GE = AR I e R
B 1 L 2500 A ] 1145 v B R AIE i AT DTS, R 0 23 52
M 30 25

ASCH EBE TR B AR R RO B B0 AR AR
FFAE R 4R — 7 1 AT LS o R0 19 4 B 24 R 2% 1 4 e
ik 5 B2 BORS BZ 55— 57 11 5k 1 e ml LI B DY ARk R DT
M A R 3 PR R 22

PABE 1T g s 3 56 A 80 fly A 5 <5 [l J8) O
10 mmn (14 [R]Co 158 A5 B 20 180 HLrp R 2 A8 3 mm s /8 [0 2 428

AR FR o 38 e LI A 0 A A L A B R R Y AR BR AR Ak L ST

AL i SEAAE T BRI SRAF AR ) i B I DL . AR AR

MEWME 1R,
AR A

ST
ERENE R
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Fig. 3 Plane fitting results
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