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Abstract: Aiming at the problem of camera calibration with multi-parameters in space target pose measurement,
a novel calibration method based on dual update strategy weighted differential evolution particle swarm
optimization was proposed . An adaptive judgment factor was constructed to control the usage proportion of
weighted differential evolution (WDE) algorithm and particle swarm optimization (PSO) algorithm in each
iteration process, which allowed the PSO or WDE algorithm to update individuals according to the probability
laws. Moreover, through the information exchange mechanism, the individual obtained by the WDE operation
was adopted to guide the individual evolution process operated by PSO algorithm. The proposed WDEPSO
algorithm could ensure the diversity and effectiveness of the individual evolution of the population, and it was

coupled with the camera nonlinear calibration model and parameters. Consequently, the proposed method could
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simultaneously realize the combined nonlinear and global continuous optimization, which overcomed the local

convergence problem caused by the limited feature points arise from the saturated light intensity of the target

space ambient. Experiments suggest that the objective function value optimized by the WDEPSO method is

smaller, and the proposed method obtains the higher calibration accuracy. The standard gague measurement error

obtained by the calibration parameters is less than 0.40 mm, the reconstruction attitude accuracy of the target

under large angular motion is better than 0.30°, as well as the repeatability measurement results are stable.
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Fig.8 Calibration board posture distribution and image acquisition
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Tab.1 Comparison of camera parameter calibration

optimization results

Parameters Zhang Zhengyou method WDEPSO method
@ 3060.45 3062.90
Ho 845.42 845.38
Y 0.0000 0.0000
B 3060.61 3062.88
Vo 900.43 900.14
ky —0.1749 -0.2170
ka 0.1745 0.3574
o1 0.0000 -0.001 1
02 0.0000 0.0006

ObjFnc 879.26 837.81

MFE 1 DUR H 5K IE A bR 5 WDEPSO J7
BT T RS bR 2558, B SCh ke 81
122 H bR BB A 837.81, /NT 3K IE A b i ¥ A5 2 1Y
879.26, fEHUME L W AR F ok IF A dr v, 45 R R
WDEPSO 533 AT LA A 5 e A B

F535 38 2 & 9 P s W BR WEAT 2547 X H A PLFR 2
S5 D0 B2 0 IE, R AR AT CE 7R S A N, LERR
WEFF MR AL 58 85, 43 i3l 2 5 1F A2 b i i F0 S
Ty A5 5] 1) 250K F A BR IR P AR 2 5 AR R, R
JE VAR AT A0 SE PR B, IF SARE(E AT XS L, 2
Y (P-4 25 R AN 5% 2 s o

5 Length=1 001.595 mm

& _ e 5
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Fig.9 Staff gagues
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Tab.2 Error of standard gague measurement (Unit: mm)
Measuring distance Absolute error
Object Standard length
Zhang Zhengyou method Proposed method Zhang Zhengyou method Proposed method
Standard gague 1002.047 1001.205 1001.595 0.452 0.390

R, (B 5 B A R B i A T WDE 53 B A 4
e RE 2 FE M AR R R B4 R A RE 7, 38 2ok B B
SRR P 454y, M WDE #4453 i Mk £ 5| 5
PSO #AEH /MR LT 7R, B2 T s Bk 4
JatkAk e
322 RATEESAMNZRIE

R T 2 W SO T I bR CR, AR E
I ARBIL N Fh S B0 25 (8] = A B iz 3 H AR B 38
FAE AT I A A, R E A i R SR A & 10
PR o

B 10 bl R 454

Fig.10 Structure of vision measurement system
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Fig.11 Reconstruction of space target attitude angle. (a) Roll angle;

(b) Pitch angle; (c) Yaw angle
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Fig.12 The relationship between attitude angle measurement error and

angle amplitude
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