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Abstract: There are position errors between the images from each split optical path of the amplitude-
division imaging polarimeters, image registration between the images from each split optical path is a
precondition for polarized detection. In order to solve the problem that the features of the target are
not obvious and difficult to extract, and that the change of gray scale of the image is large, a function
of similarity measurement was proposed and it was suitable for the image registration of the amplitude-
division imaging polarimeter. Based on the function, the images from each split optical path had been
registered. First, according to the principle that the position error between the images can cause the
abnormal information areas in the polarized image, the algorithm of extracting the similarity metric
function was discussed. Next, according to the characteristics of the imaging system, the parameters
of the geometric transformation between images were determined. Then, the genetic algorithm as the
parameter optimization search algorithm was used to get optimal parameters of the geometric

transformation between images, and the image registration algorithm was finished. Finally, the
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algorithm was verified by using constructed images and collected images respectively, and the image

mutual information value (MI) is determined as the metric of the accuracy of image registration. The

experimental results show that the MI between reference image and registered sensed image is 2. 692 5

for the constructed image, and it is 1. 849 3 for collected images. It indicates that the accuracy of

registration by using this method is higher than that by using method based on feature. It can satisfy

the registration requirements of the system.

Key words: imaging polarimeters; image registration; polarized information; similarity metric

function; mutual information
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Fig. 1 Schematic diagram of amplitude-division polarimetric

imaging system
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Fig. 2 Four images of the target from different optical

paths
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(a) AOP image calculated from four images without registration
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(b) AOP image calculated from four images with

rough registration
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Fig. 3 AOP image calculated by the polarimeter

A 3% 15 8 B %, B E A RS ) A
B 220 U R AR S S AR . St R
) IE 5 i 4R 15 B B8 A Sk — o A ek R D 2 A5 i
THE PR AFLARLPE B3 e R ES AR BBCIE & e 4R A 2 800 1Y)
BRFEMAFEGH A ESG SR, 1F
MG o B #2 b, DL 30° A e 41k 5 462 f 7E A AOP
PEL % o i BRI LA L I DL e Ry T 4% 00 1 1) 9 {3



%5 M

A A IR R AR G A A5 S 1185

B HP L SR 5 P B ) T B 5 T OB e
FREMR P oy IEE IR A5 B X 505 50 R RS
XA 0 F A A 2 AE B bwP [ EH 5
T A 16D 25 1 T B H 40 H ok B 5 B AE T R
IT A EBR uT K5

1, IT<<P(xy y)<uT

bwP(x,y)= . (16)
TR 0, otherwise

AR 23 CO AT, A [ i 4 P 100 M 9 5
BB EE A . R4 5 EUR e —
R BEAEL I 1R 22 TR 22 2 36t WL AR £ 8 A7 12
—E BBl . DRI AS RO B 1 Pl 5 S o PR R
YR 2308 4% A [a] 4 1 f b BR KT i 4 15 8 &
BT BEL > ), 22RO T 8 i 4R 15 B 9 0k 3
AL T TE R0 O 4 A7 ST B AR v £ S
(1 VE M L ) A Dy 1 R e AT AL R R A
R P T R R P A R . AL 4 R R
P 3 F £ A i 9 A 5 P AR A B 0 1 ) —
EEG . ER b A 8 6 X0 58 Ik 15 8L X
S 8 XA TE R O R £ S X

Ca) X} & 3Ca) E 43 85 B A - %

(a)Binary image resulted from figure 3(a)

(b3 [&] 3Ch) B fEL 73 #1 I 1 —{EL I 4%
(b)Binary image resulted from figure 3(b)
B4 iR 15 B EHR B E 4315 i (8 BHE
Fig. 4 Binary image obtained by using threshold

segmentation for polarized image
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Fig. 6 Registration process of first image with second

image
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Fig. 8 Image of incident light and four images from four

optical paths respectively
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Tab. 2 Registration results of constructed images
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Fig. 9 Fusion images obtained by using two methods
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Tab. 3 Registration results of collected images

7 e e R 5 2 MR 3 IR 4 BEG
SIFT J7¥Elc (MDD 1.789 5  1.1038 1.627 3
277 B B U (MDD 1.8493 1.4959 1.737 3

(il e, ) D T 450 ) 8 o i 5 11 O St e
PIRR 7 12 B BCHERICR . 18] 10 B0 1 P RR 7 ik L
HEJE I R RO RS . R AT U A SO BE
i 52 B B HEROCR BLhF . O T S EDUL M B H
P PG TIC ¥ A AR A T 19 7 125 52 0044 ff G 9

B g il 7 AR S 2 % PR 22 6] A 4R AE
XFUC SR D7 BLAE SR . bRl DU Y B 6 4y
AIE i % ozt /b DR b2 5 0 PR 15 0% I 7 5 T v
JE BRI S5 2R

Amm—

Ca) I i e #E 7 ik TR ¥ I ) PR il 5 200 R TR

(a)Fusion image resulted from method based on feature
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(b) Fusion image resulted from proposed method
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Fig. 10 Fusion images obtained by using two methods
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Fig. 11  Matching of feature point pairs from two images
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(a) AOP image calculated from the four images with registration
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(b)DOP image calculated from the four images with registration

12 REME I AOP #1 DOP &4

Fig. 12 AOP and DOP images calculated by the polarimeter
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