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Abstract: To solve the problem of poor robustness of distance-based metrics in multi-sensor remote sens-
ing image registration methods, an image registration algorithm based on Kullback-ILeibler divergence us-
ing variational approximation was proposed. First, edge features were extracted from the infrared image
and visible image, respectively. Second, the infrared image features were orthorectified using imaging pos-
es, and Gaussian Mixture Models (GMMs) were constructed for the feature point sets of the infrared and

visible images, respectively. Third, the Kullback-Leibler divergence between the two GMMs was calcu-
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lated using the variational approximation method, in which variational parameters were introduced and the

Lagrange multiplier was utilized. Finally, the Particle Swarm Optimization (PSO) algorithm was applied

to search for the optimal registration parameters. In the remote sensing image registration experiments,

the proposed method’ s average Root Mean Square Error of registration parameters is 2. 5, and the aver-

age runtime is 1. 5 seconds. Additionally, the proposed method still achieves correct registration when the

variance of Gaussian noise and the salt-and-pepper noise coefficient is 0. 07, respectively. These results

validate the robustness and high computational efficiency of our method.
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(a) 4 000 m£LyMEIG (F2) 5 AT TOEEIHE O5)
(a) Infrared image (left) and visible image (right) at 4 000 meters

B3 2osh/mr oG R

Fig.3 Infrared and visible image pairs
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(b) Rectified point set
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(a) Infrared image point set
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(b) Infrared image (left) and visible image (right) at 1 000 meters
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(c) Coarse registration
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(d) Result of ICP
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(e) Result of CPD (f) Result of FRICP (g) Result of BCPD (h) Result of our method
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Fig.4 Registration of aerial image at 4 000 meters
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Fig. 5 Registration of aerial image at 1 000 meters
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(a) Mosaic result of image 1 (b) Mosaic result of image 2
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Fig. 6 Mosaic of infrared and visible images
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Fig. 7 Registration results on Gaussian noise
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Fig. 8 Registration results of salt &. pepper noise



5 20 ]

T A, S AR R A KL BORE 21 41 ] U 8 Ja% IR % I v 3081

AL T 79 2 W 75 0 345 SR R R, A ST R AE
o J0r M 7 Ty 2 OARUER R RS R B0k 0. 07 B, A5 g
o T 7 1A%, X 3R B A SOy vk AT B 5 1Y e M
PERE .
3.4 ZERHMH

T J% ] 15 7 o T BN W Y AR o 4 S, T
AN TR) 1) TR 2L A AT % 2 000 AR R T g 4
FEAT , 25 FH AT BN 52 56 v 1) A T v 2 AR R
2485 (PointRMSE) , 1I i 5 BUC 1 2 £500T Ak 48
B PRI T R PG BRI 4 TG, A SR T
TR FE A (1) e S 50 7 iR iR 2 (Pa-

rameters Root of Mean Square Error, Param-

ParamRMSE/1.0
— — ) o
[ -} W =] W

W
T

H =

1 il

R
~+ |
-
ICP  CPD FRICP BCPD  Ours

(a) B/EZ B 0T IR ZEFELER I bR

(a) Comparison of parameters RMSE in Box-plot tool
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Fig. 9 Box-plot of comparative experiments
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