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Calibration of stereo microscope measurement systems
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Abstract: An accurate calibration method for stereo microscope measurement systems was proposed
based on a projection model, a non-parametric distortion model and the bundle adjustment algorithm.
The key technologies involved were investigated. Firstly, a calibration target was designed by using
the lithography method, and the images of the target were recorded from different orientations by u-
sing two cameras. Then, the distortion correction fields were calculated by using the spline surface
and the non-parametric distortion model, and a complete micro-vision imaging model was established
based on a perspective projective model. Finally, the calibration calculation and optimization for the
imaging model were performed by using the bundle adjustment algorithm. To validate the performance
of the proposed method, a stereo microscope setup was developed for small-scale deformation meas-
urement. By using an electronically controlled displacement setup, experiments for microscopic cali-
bration and displacement measurement were conducted. Experimental results demonstrate that the fo-
cal length and the relative orientation parameters of the internal optics of the setup is obtained, and
the displacement measurement accuracy is better than 1%. It concludes that the proposed method sat-

isfies the accuracy requirement of the 3D deformation measurement during bulging processes and is
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also suitable for other microscopic vision measuring fields.

Key words: stereo microscope; imaging distortion; non-parametric model; bundle adjustment;optical

path calibration
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Fig. 1 Schematic diagram of internal optics in stereo

microscope system
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Fig. 2 Schematic diagram of calibration target
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Fig. 3 Perspective projection model
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Fig. 4 Schematic of complete imaging model
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Fig. 7 Four images of calibration target
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Tab.1 Experimental results of displacement measurement

(pm)
Rt %'ﬁ’\%ﬂﬂi %?ﬁ(%ﬂﬂi - 5 (i’\{ﬂﬂﬁ
mRIRE FHIRE iR %2
1 0. 84 0.56
2 0.73 0.42
3 0.05 0. 36 100. 00 0. 36
4 0.95 0.61
5 0.31 0.14

G3 AT S I 45 S AT SR AR SCOT VA bR E ) L
Bl ST R R i 24 A7 s T i 114 AR RS B 0. 36 %6
TR G 0@ NR R 0.5% (0,000 5 mm/0. 1
mm) X 100%) . HE4EBER G0 1 I H, o) Ik 6 5%
D RS BE AR T 100, 158 22 7 A 9 i IR T g
(D e R B B B0 IR 2 WA R OER
A AESE TR AR . (2) 2Ly, W — 4
P o V5 5 BE A AT i 22 3K Mﬁﬁﬁﬁéﬁfﬂmﬁ
MR R A5 TR 5 A7 2 TR R o
(3) HUCBEREAE ] #5071 1Y) 5% 0 #—?%IJEXT@Q/J\R
JEE ) N 7 A A N 4 4 B ROUR



1992

522 %

4.3 fBkR TR

SRy k25 B E T B s R R AT I R AR TR
N 5t 7 18T A M AR SO B T SO 15
B, I I AF ] 1) S R T e R AT T B
AN 5256 5230 5% FH A 3 52 3K (] B 4% 4
AT B STDC YL8003 Wi He ik il 52 36 £ 4t
LB 1D e RWEAE N 55 MPa, AN 858 8}
Hil & B 12 iR il E AN 9 mm, 5K
0 7 HL 3 T VA B ML 1) IR 1 6L AR Sk RS A
BEARRAE RO 8 OB AL 1 1. 2 mm X
1 mm, 5355 R 500K P W8 01 R 3 A& — 3,
ol S O T N WX € AR 7k XY SR 5k
BT IR 107 TGV K 1 e L e AT A B
DU A E R TR 3o 8 v 1 TS — e R 0 . = i
K OE 78 S 84 43 ) an 18 13, 18 14 F0 & 15 BT,
25 SR OO L R RO IS HE T S A L A5 1
BT B e KB 2R 0.3 mm, LI %
WY, 28 SC 5 1k RE A A R0k T UK T = 4628 T L % T
— 2 VRV PR I R I A2 AT AT R X —
0 L D) P AGOBERT T 2 i

11 KT gL

Micro-bulging test machine

Fig. 11

Bz PRI AR AR SE
Fig. 12 Shape and size of specimen

B 13 iR = 4P SR i
Fig. 13 Three-dimensional surface morphology of

specimen

\'“'x._\___,:,//’ J
=t

14— AIE AR AR 7 0l 18]
Fig. 14  Three-dimensional surface displacement of

specimen

15— JB R 2 Y i R T oy 8 2 13 [
Fig. 15

Three-dimensional full-field strain of speci-

ARSCHR IS B T — A T RO AR B &
GERY GR35 R N B Y R RO
Z0 . b E W i T AE S RO S i AR R L R
JE R 25 DA S T A B B R L E R S Y



£ 8 ]

(IR AT SR N

W

AN UBE I 8 2R B8 bR S

1993

JCH AR SR, LRATREY, 5IA RBURA S
JE S H AR R Y, W BT AL B AR 5 RE 6 74 B
B O T AR bR RE SR B R R GRS T ) R

SE WK

(1]

(2]

(3]

(4]

(5]

(6]

IwFE, D% BACRHE RS R LR AR
HARLD, k% #H%4, 2001,9(6):511-513.
WANG X J, WANG F. Study of micro mechanical
size inspection technology by microscope precision
digital image[J]. Opt.
(6):511-513. (in Chinese)

IME L AT, . BT RO MR DG 1 = 4 I
WO R M iy 1], k& &R, 2008, 28 (5):
894-901.

SUN W, HE X Y, ZHENG X, et al..

Precision Eng., 2001, 9

Three-di-
mensional rigid body displacement measurement
based on digital image correlation [J]. Acta Optica
Sinia, 2008, 28(5):895-901. (in Chinese)

A&, FHSE, TAOE, F BHESHEBEEN &
FerL BB OIS RFAE A 2 [T ], b A% 42, 2011,
19 (4) . 844-849.

ZHU M, HUANG ZH H, WANG X J, et al..
Measurement of piezoelectric displacement charac-
teristic curves using dynamic speckle correlation[]].
Opt. Precision Eng. , 2011,19(4): 844-849.
Chinese)

FELZ,RKRE, 2%, F. mn IC B B M
MAEEM RG] A% A% 42, 2010, 18 (4):
965-972.

LIJ L, ZHANG D W, WANG Y ZH, et al.. Micro-

(in

vision positioning systems for IC packaging[ J]. Opt.
Precision Eng. , 2010,18(4): 965-972. (in Chinese)

W, EARE, A A, F.ORET H I E B
B MEMS iz 8h il & 5 RLJ]. AR FFH: A
KA F R, 2007, 47 (2): 177-180.

ZHENG H Q, WANG B X, YU CH, et al.. Mo-
tion measurement technique for MEMS devices
based on autofocus and microvision[J]. J. Tsing-
hua Univ. (Sci & Tech), 2007, 47(2):177-180.
(in Chinese)

BaE, 7, wEM SR E T RHE AR
TERVHTHORLT]. & F F 4k, 1999, 27 (2):12-14.

=+

NN

FEALT 100, HREMES I 2 UK IE S 30 v = e iE
I A SR A R o T R Y R R L b
5 1t ] T Al Sk fR R B G 0 4T K

(7]

(8]

(9]

[10]

[11]

(12]

[13]

GAO L ZH, FANG Y, LIN ZH H. A new camera
calibration technique for 3D machine vision metrolo-
ey[]]. Acta Electronica Sinicas 1999,27(2); 12-
14,
ZHANG Z. A flexible new technique for camera

(in Chinese)

calibration[]J]. Pattern Analysis and Machine In-

telligence, IEEE Transactions on, 2000, 22 (11):
1330-1334.

DANSER G. Stereo light microscope calibration for
3D submicron vision[ J]. International Archives of
Photogrammetry and Remote Sensing, 1996, 1
(12):101-108.

FRml, BA=2k, vb &, . kT SL AABAR 1 XL
Bl as Mgt € rik(J]. ¥ HE T,

2004, 12 (6): 626-631.

CHEN G, CHE R SH, YE D, etal.. Stereo vision

sensor field calibration method based on volume

template [J]. Opt. Precision Eng. , 2004, 12 (6):

626-631. (in Chinese)

Wik, FE, BER, F. RKUG QI 5
ARG eRiRET] k% HE 4, 2012, 20
(2): 369-378.

HU H, LIANG J, TANG ZH Z, et al.. Global
calibration for muti-camera videogrammetric sys-
tem with large-scale field-of-view[]J]. Opt. Preci-
sion Eng. , 2012,20 (2): 369-378. (in Chinese)
Logifk, RER. HHEMAL-T A RS Fxk
A[MI. Jbat: Bhe it 1998.

MA S D, ZHANG ZH Y. Computer Vision-Theo-
ries and Algorithms[ M]. Beijing: Science Press.,
1998. (in Chinese)

HRLRER, BT, F OB ERAH G &
B8 Sk SR AR B AT TR IE LT . 3T & # 4R, 2009,
30 (1): 62-67.

PAN B, XIE H M, CHEN P W. et al.. Assess-
ment and correction of lens distortion for digital
image correlation[]J]. Acta Metrologica Sinica,

2009, 30(1): 62-67.
BEZ, RE, HRY. F. 0T AR WERY

(in Chinese)



1994

522 %

[14]

BOrRUBHC RG] k% #% 142, 2010, 18
(10): 2244-2253.

TANG ZH Z, LIANG J, XIAO ZH ZH., et al..
Digital image correlation system for three-dimen-
sional deformation measurement[]J]. Opt Preci-
sion Eng. » 2010, 18(10) :2244-2253. (in Chinese)
BOUGUET J Y. Camera calibration toolbox for

matlab [ Z/OL ]. http://wwwvisioncaltechedu/

# o iE985—) I R BE A
WA 2 2010 4F T P4 22 38 3l K2 3R A4
(0 s o VA s N I B o 2 B 1]
AUAE5E . E-mail: huhaol36@163. com

[15]

[16]

bouguetj/calib_doc/, 2010.

XIAO Z, JIN L, YU D, et al.. A cross-target-
based accurate calibration method of binocular
stereo systems with large-scale field-of-view [ ] ].
Measurement, 2010, 43 (6) . 747-754.
SCHREIER D G H, SUTTON M. Advances in
light microscope stereo vision[J]. Exp. Mech. ,

2004, 44, 278-288.

£ F968—), B W E AN AL T
o B A R, AL R
il LA P58 45 J5 1 B BF5E . E-mail.

liangjin@mail. xjtu. edu. cn

(RIETE REWT FEEH)



