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Abstract: Aiming at the low computational efficiency of existing binocular-vision-based methods
for measuring the three-dimensional strain field on cylindrical surfaces from the obtained three-
dimensional displacement field, a method of calculating the three-dimensional strain field on a
cylindrical surface by integrating cylinder fitting and subdomain projection is proposed. The
method integrates the geometric prior information of cylindrical structures into the theory of
subdomain projection, replaces a large number of redundant local tangent plane least squares
solutions by cylindrical standard coordinate transformation. Then, numerical simulation was used
to compare and analyze the proposed method with the general surface subdomain projection
method under different strain regions and displacement field noise conditions. Finally, cylindrical

tensile experiments were conducted, and the strain calculation results of the proposed method
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were compared with the strain gauge measurement results from both single point and full field

perspectives. The results show that while ensuring calculation accuracy and robustness to

displacement field noise, the proposed method improves calculation efficiency by about 20% and

is in good agreement with the experimental measurement results of strain gauges. The proposed

method can achieve efficient measurement of the three-dimensional strain field on the surface of

cylindrical structures, and also provides a new approach for calculating the three-dimensional

strain field on regular structural surfaces.

Keywords: binocular vision;subdomain projection; three-dimensional strain field; cylinder fitting; least

square fitting
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Fig. 1 Position relationship between camera coordinate

system and cylindrical standard coordinate system
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Fig. 2 Geometric relationship of subdomain projection
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Table 2 Comparison of errors of the two methods under the condition of no noise in uniform strain zone
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Fig. 6 Comparison of errors of the two methods when SNR of the displacement field is 10 dB in uniform strain zone
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Fig. 7 Comparison of errors of the two methods when SNR of the displacement field is 20 dB in uniform strain zone
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the displacement field is 10 dB in non-uniform strain zone
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the displacement field is 20 dB in non-uniform strain zone
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Fig. 13 Comparison of computational efficiency of the two

methods for three-dimensional strain field
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Fig. 14 Cylinder specimen tensile experimental platform
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camera system
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algorithm and the measured results of strain gauge
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Table 4 Error analysis of single point strain during the

platform period

MR BE FHLEIFRE /10 ° FIHIFIRE e/ W
FHH 1 26. 56 6.55
THEH 2 36. 24 4.70
FE# 3 41.90 3. 64
FEH 4 47.00 2.84




5 6 0ty 05 A LA 50 0 0 R 4 = 20 5725 B 0 05 0 o 171
3.2 &B=HNTItE i

A I 3 5 B — R 0 X B A g 7 25 35 o 60
H AR X 8, f0 P 19 7%, e BRI A8 37 01 R 1o 1150
Sy 21X 21 4R % A WIAE 4 A AT £ 90 P S B — i L 1140
S, PR S0 1 2 b 7 0 7 R 7 <107 1130
] R A 3 A 47 W & 20 % . 1060 H120

ATE 20 SRT LA L 76 A5 A BT 4 W R 050 o
FEIAS 37 45 8 1 1 725 B ¥ 8 849 50, L5 o A
m}ﬂl_‘mj%é%%%Aﬁ% ?\JT ﬂﬂXTéiZ]ﬁ 1_[» 970 980 99)?/@1%)00 1010 1020

AR TH A B A B N B9 A
AR SSIVERIIE AR R SO E PR P N SR
Xt 22 LA e 42 3 9178 1 AR B o 22, AR 5 R .

ST E AR DX

K19 g

Fig. 19 Location of target area for strain calculation

RiZE/10°

1100 416
1090 412
408
1080
% 404
£ 1070
= 400
1060
396
1050 10
1 040 388

990 1000 1010 1020
x/B %

(a)%ﬁﬁﬁl

JRAE /107

1100] = 800

792

1090 784

1080 776

% 768
& 1070

= 760

1060 752

1050 744

736

1040 728

970 980 990 1000 1010 1020

x/ 4%
(b)F-H 1 2

http: // zkxb. xjtu. edu. cn

(OFEH 3
MNAE /107

1100 1 680

1 665
1 090

1650
1080 1635
¢ 1070 1620
1060 1 605

1590
1050

1575
1 040 1560

990 1000 1010 1020

VAL ES

<d>5F~‘*EH 4
Kl 20 3Py AR AR K

Fig. 20 Contour of tensile strain field results
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Table 5 Error analysis of strain field during the platform

period
AR E qziﬁﬁﬁxiﬁ%éé Eﬁ%ﬁ%é FHHH X 1R 2
e/10°° a/107° e/ %
FEH1 30. 69 30. 82 7.57
&2 44, 69 45. 46 5.79
FHHH 3 49, 67 50. 69 4.31
FEH 4 53.15 54.39 3.21

Hi2 5 "] LA Y, 223 B AE 1Y) SF 2 268 X iR 22 Al
N AR AR IE 22 BITE 60X 10 ° AP, H 35 K7 24940 X i3
ZE NI 800, R WISR AR SCT7 16158 4 5 W AR
FIEERY  ELARTS B9 AL B N A

445k

HE T A S5k SR T A LA e g B AR T —

ol 5 0 A0 45 M S R 1 [0 3 Tl = 4 VAR
TR T o AL T — Bl T A9 1 BB L AR SO
Y BE A% 3B G A ek f) D) F- 1T /D 3R SR A L DA TR IR
T RS R ST = LN AR G R S R L AR TR
JO7 78 DX ISRIAN [ (57 7 37 W P 2% 1 L B AR S0 ik
— e i T B AL AT T 4R R i R A




172 [ T I N 4 o5 58 4
RORXT L . SRI5 T b v B A 3 A2 o A 52 55, 23 J31) Mechanics, 1989, 29(3): 261-267.
}j\ﬁ}‘lj\ WA E ,;{ljzlngj/i E@ﬂ’}fﬁ‘ﬁgi% [8] HASSAN G M. Deformation measurement in the pres-
5 R g S R AT R L SE R A S v ence of discontinuities with digital image correlation: a
LA 5 i i TR B4 5 1 A 24 1 I A S B review [ J]. Optics and Lasers in Engineering, 2021,
B fp e 8 WA LSRN B oty O N
T o0V A B BB R B W o N PASSIEUR J €, Advances in dichel im
age correlation (DIC) [M]. Basel, Switzerland: MD-
Ry G B SR T AR SO B A R AT S PL. 2020,
ARSCPAR Tk RS R = AR BTSN 107 hme seg oo mOURR TR (1], N RSB 42
T — OB L REEBE24R 2010, 10(2); 9-11.
PU Qi. Experimental mechanics and its research pro-

SE . gress [J]. Journal of Xuzhou Institute of Architectural
[1] YAMAGUCHII A laser-speckle strain gauge [J]. Technology, 2010, 10(2): 9-11.

Journal of Physics E: Scientific Instruments, 1981, 14 [11] LUOPF, CHAO Y J, SUTTON M A, et al. Accu-

(11): 1270. rate measurement of three-dimensional deformations in
[2] PETERS W H, RANSON W F. Digital imaging tech- deformable and rigid bodies using computer vision [J].

niques in experimental stress analysis [J]. Optical En- Experimental Mechanics, 1993, 33(2): 123-132.

gineering, 1982, 21(3): 213427. [12] LIN Aoyu, LI Rui, JIANG Zhenyu, et al. Path inde-
[3] MA Quanjin, REJABM R M, HALIM Q, et al. Ex- pendent stereo digital image correlation with high

perimental investigation of the tensile test using digital speed and analysis resolution [J]. Optics and Lasers in

image correlation (DIC) method [J]. Materials To- Engineering, 2022, 149 106812.

day: Proceedings, 2020, 27, Part 2: 757-763. [13] #3L, XBate, TAfh. 4. 2T 3D-DIC £ A I 23R
(4] ArEss, Erg, kiR, &5 Bov B OCh m RaL HAREY R [T 1% ZFET, 2021, 42(4):

AT A J5 ik [T PG % ATl R AR AR AR, 2021, 55 743-751.

(10): 174-183. DU Kai, DENG Jianhua, WANG Huasu, et al. Re-

FU Baiqiang, WANG Lizhong, ZHANG Zhen, et al. search on constrained rock crack propagation based on

A measurement method of crack deformation in digital 3D-DIC technology [J]. Chinese Quarterly of Mechan-

image correlation [ J]. Journal of Xi’an Jiaotong Uni- ics, 2021, 42(4) . 743-751.

versity, 2021,55(10); 174-183. [14] A, RE, B, % ®#E 3D-DIC Wit A7
(5] XA, tRm M, S8RAT, . =485 FGOM C2 PR BT I R A [T, BRE S ik, 2022, 42

TR i 45 5 — B SR [T). S %, (10): 109-123.

2022, 37(5): 610-620. CHENG Yuehua, WU Hao., XUE Yijiang, et al. Ap-

LIU Simeng, XU Xiangyang, MA Yinxing, et al. plication of high-speed 3D-DIC measurement technolo-

Consistency research and verification of results of 3D gy in perforation test of armor steel [J]. Explosion and

digital image correlation deformation measurement [J]. Shock Waves, 2022, 42(10): 109-123.

Journal of Experimental Mechanics, 2022, 37 (5); [15] SR, T, &, F. ET =HHUFEBGHX

610-620. TS BRSOk 12 s AT AR B W [T, £,
(6] WHEME, #WWN. 225, . BT 8BRS Tk 2022, 43(10); 2785-2798.

) SiCe/SiC Bl & 58 & MoBL 2447 A RAE [T]. Mm% GUO Jukun, WANG Rui, KOU Hailei, et al. Experi-

MR 2R, 2023, 43(3): 60-71. mental study on movement behavior of calcareous sand

LUO Yaxuan, DONG Yali, LI Lu, et al. Progress in particles based on three-dimensional digital image cor-

characterization of mechanical behavior of SiC;/SiC ce- relation technology [J]. Rock and Soil Mechanics,

ramic matrix composites based on digital image correla- 2022, 43(10) . 2785-2798.

tion [ J]. Journal of Aeronautical Materials, 2023, 43 [16] 4BIEF, sk, REAIME. BT =457 KB AHE

(3): 60-71. EH KRB R [T Az 2 4R, 2022, 43 (12):
[7] BRUCK H A, MCNEILL SR, SUTTON M A, et al. 533-544.

Digital image correlation using Newton-Raphson meth-

od of partial differential correction [J]. Experimental

http: // zkxb. xjtu. edu. cn

ZOU Zhengping, ZHANG Meng, LANG Lihui. Tube

bulging test based on 3D digital image correlation




556 3] i — NG, A Ll A TLART S 56 1Y (5 A 3 T = 4 7 A48 1 X B I ik i 173
method [J]. Acta Aeronautica et Astronautica Sinica, Sinica, 2007, 27(11): 1980-1986.
2022, 43(12): 533-544. [22] KMz, Phid, Tag, % Z4E8F KR AR Gk 1y It

[17]

[18]

[19]

[20]

[21]

W IR, FERY. AR AR O B AR A AL A
AT ARG R (], SRR K= (A AR
2FERRD . 2022, 39(1): 41-46.

YU Suting, JIANG Ming. Application of 3D digital
image correlation method in mechanical behavior of
specimens with holes [J]. Journal of Suzhou Universi-
ty of Science and Technology ( Natural Science Edi-
tion), 2022, 39(1): 41-46.

S, AL, e, &L TR R AR TE R R AR W
BARBIFE LR [T]. B REHIT, 2022(8): 47-50.
PENG Jie, YANG Shiting, HUANG Ning, et al.
Summary of research on deformation and strain moni-
toring techniques for engineering structures [J]. Intel-
ligent Building, 2022(8): 47-50.

Fe AN, WA FREE AR I e 1 [ A Ak Kk R gk [T,
SI 1%, 1988, 3(4): 329-337.

WU Zongdai.

State of art: strain measurements in
hostile environments [J]. Journal of Experimental Me-
chanics, 1988, 3(4) . 329-337.

AR, MG, SRAERT, AF. TR EMGA G B
BN AE A [T, Jessidl, 2021, 41(23): 117-124.
LI Xin, ZHAO Jiaging, ZHANG Zhengming, et al.
Self-adaptive strain field calculation based on digital
image correlation [ J]. Acta Optica Sinica, 2021, 41
(23): 117-124,

Wi, W, B B O 3k T 07 78 3 JR) 8 e /)
TG M AW [T] SE%E R, 2007, 27
(11): 1980-1986.

PAN Bing, XIE Huimin. Full-field strain measure-

ment based on least-square fitting of local displacement

for digital image correlation method [J]. Acta Optica

[23]

[24]

[26]

[27]

(28]

(29]

http: // zkxb. xjtu. edu. cn

i S s AN AR S A ()], EPRHE TR M (A AR
%), 2017, 31(9): 110-118.

XIA Hansheng, SHEN Huan, WANG Ying, et al.
Study on stereo matching strategy and 3-D strain compu-
tation in three-dimensional digital image correlation []].
Journal of Chongging University of Technology(Natu-
ral Science), 2017, 31(9): 110-118.

4. T XA A Savitzky-Golay 38 3% B9 = 4E 41
FEMBAR G N AE S T RO BT L], Mot 5otk
FeEik R, 2021, 58(12): 377-386.

GU Jun. Strain field calculation by 3D digital image
correlation method based on subset projection and
Savitzky-Golay filter []J ].
Progress, 2021, 58(12): 377-386.

TR = R S TR ARORE OC 1 1 O B B R S 1 F Y
[D]. &hE: PEBEH AR, 2014,

FEWESR . AT, PIRP PR (R LS BB s [T, o
L, 2019, 47(1): 87-90, 112.

CUI Haomeng, WANG Jiexian. Research on two cyl-

Laser & Optoelectronics

inder fitting algorithms [J]. Mine Surveying, 2019,
47(1) . 87-90, 112.

FARSE, OB Tk =B (M dbat. W2
JiAL 2008,

BOCE. WP 2E AL (M. dbnt . B Tk s At
2015,

REWIDT, B, e &Rl (M. dbat. 4R
i RRAL, 2001,

ZHANG Z. A flexible new technique for camera cali-
bration [J]. TIEEE Transactions on Pattern Analysis

and Machine Intelligence, 2000, 22(11): 1330-1334.
(s FEH M)




