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Abstract

Aiming at the stereo imaging system with Scheimpflug cameras, the calibration and epipolar rectification

methods are investigated in this paper. The epipolar geometry of stereo Scheimpflug cameras is described, on the basis of

which a robust and effective stepwise calibration method is proposed. Based on the calibration results of intrinsic and

extrinsic parameters, the epipolar rectification model of stereo Scheimpflug cameras is presented. Furthermore, a three-

dimensional digital image correlation (DIC) deformation measurement system is developed based on Scheimpflug cameras.

The experimental results show that the accuracy of the three-dimensional DIC deformation measurement system 1s superior

to 10 pm, which demonstrates the effectiveness and accuracy of the stepwise calibration and epipolar rectification of

proposed stereo Scheimpflug cameras.
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Scheimpflug camera

oyt s A WP IR B, K O A X T BRAR EZOF- 1h 9 £
BHLNSEOE R 8w R
fo 0 C,
K=|0 7 ¢
0O 0 1
L f o ) R K S RN A L ) L B SRR
% & 3] Scheimpflug & 14 B AR RN , 4 1 T8 1, Bk
S 30187 s b B TE i FE I R 1T A4 A 5% X A Y Al i
LR e A a TG

(2)

v

cosf 0 sinpg|[1 0 0
Rs=| 0 1 0 ||0 cosa —sinals (3)
—sinf 0 cosf|LO sine cosa

5L Py 7E 508 Scheimpflug B4 1 v 1) % 52
=y NP SEN i

LA P
1 0 1]L1
KA WA B A B F A 8 Scheimpflug & [, H 3%
cosacosf 0 sinf
A= 0 cos acosf3
0 0 1
B DORARKM), I I P I — A A AR R
Ha,=(a,,y,) " T AT 52 B 2, SR p I e e

xz[p‘} = KARI[“Z'”J, (6)
1 1

AP AR B LB o 5 R R N AT R e Y O B
AR E AR EUEOF 1 L Hom AR ) R [ B AR
W A2 S5 B AR AR AR

Tq Z(/elr2 + /6274)1',, + 2p1 2y, + po P+ 22%)

yd:</€1r2+kzr4>y,,+2p217,y,,+p1<r2+2yf>’
K=z, +y, sk k. B po, po 53 590 S 458 1) FNYTD ] g A2
FE I AR T (1) ~(7) B AT & 57 40 5 38 55
5 () Scheimpflug B AR

—cos@sinalo (5)

(7)

1412002-2



2.2 37{K Scheimpflug HHHL IR KI5 E 7%

SA& Scheimpflug A HLALGE R e N & 2 fir 7k, O, Fl
O MR ZE AT BAG PR G2y o =4t Py 12
ARG 10 LTl ek 5 e R 1Y oy i plY
A, AR HLIE 26 2 i) 5 T 1 100 18 A 22 T e
VA EMS TR R . BESLERRGZWTA N NS

E AL F 14 H1/2022 £ 7 B/RFZEH
H(a,, ., K,, R,, T,)(g=L,R), 1] L1155

(L)
Al _&mkq&,ﬂﬂm}
1 0 1 1

(R) - °
p‘ h x |:RR 1 R:| |:Pwi|

A = KiAgRgs

R|: 1 :| R R RS O 1 1

&2 Ak Scheimpflug AHALX B2 JL AT 7 2 1K

Fig. 2 Epipolar geometry of stereo Scheimpflug cameras
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Fig. 3

Epipolar rectification strategy of stereo Scheimpflug cameras. (a) Stereo Scheimpflug cameras; (b) ordinary stereo cameras;

(c) rectified stereo cameras
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Fig. 4 Epipolar rectification results of typical stereo Scheimpflug camera. (a) Original stereo image pair; (b) rectified image pair
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plane; (b) error distribution of reconstructed plane
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Table 1 Calibration results of stereo Scheimpflug cameras

Intrinsic parameter Left camera Right camera

/e 10912. 3651 10025. 7085
£ 10896. 6062 10977. 6092

a /(") 0.6156 0.3511
B/C) —4.5583 4.4574
C, 868. 9786 1503. 2014
C, 989. 9657 1000. 1329
k —0.3621 —0.3208
k, 0. 8389 1. 3490
P —0.0013 —0.0022
0 —0.0108 —0.0104
Reprojection error /pixel 0.3479 0. 3528

(0.0037, 0.3948, —0.0115)
(—144.8040, 1.3722, 27.9974)
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T (unit: mm)
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Experimental apparatus of stereo-DIC. (a) Setup for three-point bending test; (b) specimen geometry; (c) ROI on specimen

surface (rectangle area)
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Fig. 7 Specimen surface images obtained by different imaging modes. (a) Traditional camera; (b) Scheimpflug camera
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