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Abstract: Image fusion can obtain the richer level and detail information, which is beneficial to the
effective acquisition of the detection target information. It is of great significance in applications including
3D reconstruction of space targets. A multi-exposure image fusion method that the non-linear compression
of information entropy was used to determine the image fusion weight and the bilateral filter residual was
introduced to enhance the weight of the weak texture for the wide dynamic range of space objects
proposed. It effectively increased the feature information of the image and the number of 3D
reconstruction cloud points. The space object imaging experiment was carried out by using the fusion

method. The number of reconstructed point clouds obtained was improved by 35% compared with well-
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exposure and the reconstruction results were better than other methods. The results show that 3D

reconstruction algorithm based on image sequence combined with image fusion could effectively enhance

the reconstructed image information and avoid the adverse effects of illumination conditions on the three-

dimensional reconstruction of the target, resulting in high quality reconstruction effect, the method can be

well applied to the three-dimensional reconstruction of space targets based on image sequences.
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Fig.1 Images of Huanjing—1 satallite with different poses
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Fig.2 Image sequence of different exposure time
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Fig.3 Image fusion result compared with other methods

i 5 @l A ER T E % B, Mertens 75 2R L3 FiE
W s A, 7R EIR R A A T i B T
WA T 1 A 1% SE 5 0 o Raman 352k ] T 4
T SCH N iR B A W AT s RO R H A
I M5 BBk, R 250 K O . Erik M A T
FHALEY B E S 40, RE U8 B AF H Al A\ & D6 1Y 8]
1% 15 B, , # kb Mertens #: fl Raman 34 — & By L 3,
TR R 0 0 A W O BB S B AT AR N T 1 4
B XTI A — o BRSO i T AR AN o AR
BUBESE S B 4500, T BL3E0 U8 D5 1ofF 4 il 80 34 20
AR, R B R AR W T AN ES
5RO L ek X 1 IR 1 Ak 2 5 e DR 0 BhL
it 22 B30 R 0% R % 0 2% 10 B0 R DA R TEAR R R A i Y
SR

w4 fr s, B(a=1,b=100) Fl (a=2,b=100) %}
P & B, a Z 800 s 15wl IR R 0 &% E B A
Fmos , 925 NIRRT R 2248 K0 a SE0 4
b K 2 (0 A5 300 2% R i 2 9 0 K B (B 7 AR K, Y

Bl 4 A a . b {E A EHET LH

Fig.4 Image fusion comparison with different a, b

0926002-4



bk T2

% 9 M

www.irla.cn

% 47 %

TR T 78 by R B A ) SR DX P L AR A LA P 15
B SRR A5 E BRI o B(a=1,b=10),
(a=1,b=50),(a=1,b=100)% [t % BL , b Z KUY HE K 25
7 ] 5 5 XA 5 L i) 0 75 200 5 5 30 % PN I ) J 2
XFECAE /N H7 b SRS R, BRI T XA AR A
B R A B R RS i T, BR TR

T Rl L AT PR, 23 0 M A A v
2% A5 BV ST 28 B0 Ak P ) A 5 Ok B AR
Wil & 5 B AR . P PR R i R F 2 58 B AR
s BUGR i 22 2 1115045 S 8 3R K R R R X 34 1
{1 5 TR L, TR 80K s o A iR, B A S
AR fE R P SRR R R
Fak PG AR S K BT B m) A1y 2 BLRE ) B
S 2 M R S e TR B /N A0 DL R B A A
AiE - B2 BRI R 3R B J2 IR 0 2% £ B
g W 5 Ak BRI [] IR 3 AR B R RN 1 SR 3
o b PR 7L 2 D) matlab g AR S, TR A
I7 4b Bl g, EW0 2.7GHz . i LB =Fh 53k 5 30
FHERFIN LA SRR 1 P, AL B [F
b SOR R R B IR B R PR B D8 U A K
GO AT SR B 2, DRI R A AR B[R] A
RN SN EPER (NEN SRR EPSE §ibE 32Nl st Pup.O}
P HA % AN 2 80, AT RLA 3P B TR 5
TIPS 5 2 80 ik B e, AR 221K T 75 2O
ZH0 Erik i, A EBE B RN AL T — A By
)2 K o

x1WABREE

Tab.1 Test results comparison

Mean Standard
value deviation

Entropy of
information

Average Handling
gradient  time/s

Mertens  48.6650  36.683 2 23.0794  45.4568  3.913
Raman 53.4708 41.256 1 23.0577  45.6529  3.485
Erik 69.5680 58.101 4 23.0470  60.3562  3.715
(HDR) Ri 58. 3. .38 3.71¢
Algo-
rithm in
76.884'5 41.396 4 23.170 3 89.4527  4.126

the
paper

2 ZHEE

21 BRER
i i, o e i PR S AL L %, T

A B SR S G R A E R R A R AR R = 4
Mz o FPLR AL % 2 i i AR LR 2 AR A5, A o [
R AIE B0 45 28 00 7 8 30 5 R AU 4 OB 12 R il 3k DE TG
(f5) I SURF 54 KAZE), 24 i #i i 5 A 19 75 v A 46
Bundler , Visual Odometry systems'™ SFM revisited ™
SEM from objects'™ 45 , 3¢ rh >R I 1814 7 91 i 185 1) J5
ERAE MR

196 3 75 5 R R SRR B I AR R . i
FENS B 51 B R AE X $  DC P, LR Al G R A
S JUAAT — BOHN G A bR, B2 I W6 2 LA — Bk i
RRAE XoF, ) P R A B ) A6 TR B ) 46 X, DA
) iy X TE R R R R LR 10 S5 4 B A R £ R AE
X, SR G DA TR B R A0 1R S A T 530 A il = 4
FORY S T AR AR o DL 06 A i PR R A R AR Dy 4
NG R T, IF 2 TR R AL AL AR AE
ML R A AT B RO R O B R
TEIZ A 13 W R rh 28 0 7 A 6 B IR AIE = 4
frE B2, P L 7E kARG R rh R O T 22
138 T DA — 5 %5 R 7 ok e/ R R 22 i 7
IR s

(DA - BG4

(2) 5K < X Y T JE X6 b7 st A il A2 T LT — B 1Y 5

1) F H 03 1) DT TRC < ) 4 W 121 45 R A 2 BB 4
AR YA T

2) VT JC R AR A Al A 1 (IR 4B 125 ) 5

3 ) X D8 T il JUART — SR8 U Al T SRR FE F

(3)IA AHHLN 2 Gl TLA A5 74 3 5

(4) 15 ARDLAL S5

1) 34530 VG P % 1Y) 2 [] 38 36 A3 5

2) % [EAG 55 W BE AT, I 3 3o 7 1 T o BT A 1)
iE DT P KRB R AT R

3)VEFE—XF LR 2, O HAL LB B R
1 LA D BT 6 R 5

4) 55 0 B3 XoF B A TR A R AT 6 R A T

5)=MIHE L MBI I AT

(5) 9 1« 55 1 C X o Bk 8 8 19 1145, 3l 12
UG FRHIE R 5 A A o RS 4R

IDE R SRS VA Y

2) 5B Y 25 ] AL R A

3) A A SR

0926002-5



bk T2

% 9 M

www.irla.cn

% 47 %

LRV DN RE eI K S IETEE
(6) %t :3D mi = .

22 WMEER

FEEV RO B AT A, BB A
[ 5 014 TR A8 B 1OV T R SR G0 L A T A R
EVIFT A L c(p), I 114 n(p), 25 E1E R(p),
BEANR A wxp B R o B A 2 A 19 0o 7 23 O T
P BB B ST M2 MK A B o T P A R ) S ST R DA
AL 8 34 DU TC Oy R Al DL — 4R AE SN S S IL
AR =Mt A R s WA B, ARG DA ) Ak br 5 2
5 B RO A B 3 1) 2T R R Y T A R R 4
T — 7 B (EL, DU AR S0 Py o T i T DA R 4 o
F8g &8 S Sy B B R R X A Y T TR L Y
208 38R A BT TR T 2 JLART DA A A% PR S WO O B
R B IR o T AR B AR AT A A R R
Ry BT LS KA 30 1) 1T R 2R AT 0 e, DB Y Ak 2
T R A 225 8] 3 B A 408 0800 2R 6 K2 T R P R i ok
L AR G R o KRR R S R R L 2 ik
B R m B S o R s R B

SUREIC RN

(DA F Gz S R4

(2) ZE3R BT 9 D Xk 7 i e f Lol — Sy 5

(3) WG A T R AL AL - L2 [A) Y A A 45 181 5 A
SETAL R G TR 3 ) PR RO B DX

(4) B2 J - X Bk AT 7

1) 45 HH X 07 1T A ) 408 38 PR A e 4 X A 4 408
22 AR T AT

2) P TR MR R R, I A 48 K
KIS e N & P 2 BR

(5)IEE = 25 BRAS il 2 vl AL A5 it 50 2 S 4
RO R AW A

(6) % it - 9% 3D mi & o

3 RBESSMH

FEF S0P B Y B R ) A ) PR B AL AT TR
Bl a e = e AR a5 . A LR A B E R
2 e I R Wy A ST T A AT A A A B AT
JEAIBL, W 5 R, 6% R G AR EE A 90 mm, £E -
T B 51 R F ) /& ON-SEMI /2 7] f#) NOIVISNO25KA
TAEBE N 0.4~1 pm , R ITHCH 5kx5k, R0 R

4.5 pmx4.5 pm, 38 5 T O I A 75 3 A [ B
O HE Y G, I gk S Y TR Rl SRR X 2 kB Y
A PR BEAT B, 75 2 80 38 20 S e Z1 N 1] 6 s o

P 5 i 23 B4 AT LG AR HL () A 15 808 R 467 65 (b)
Fig.5 High resolution visible camera (a) and image data acquisition

platform (b)

(a) Exposure time 5ms| (b) Exposure time 20 ms

6 fil A PR A5 AS T3 I O I il 184510 X 1

Fig.6 Image fusion compared with different exposure time images
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(a) Exposure time 5ms (b) Exposure time 20 ms

(c) Exposure time 60 ms d) Fusion image
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Fig.7 Comparison between fusion images reconstruction sparse
cloud points and different exposure time images

reconstruction results

(d) Fusion image

(c) Exposure time 60 ms
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Fig.8 Comparison between fusion images reconstruction dense cloud

points and different exposure time image reconstruction results
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Tab.2 Sparse and dense cloud points after different

exposure time and fusion

5ms 20 ms 60 ms .
Image After fusion
exposure exposure exposure

Number of

sparse point 23 12190 23010 17 496
cloud

Number of

dense point - 234203 235317 317 840

cloud
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Tab.3 Reconstruction of sparse and dense cloud

points with different fusion algorithms

Algorith
Image Raman Mertens Erik(HDR) . sortim
in the paper
Number of
sparse point 13 368 16 542 17 566 17 496
cloud
Number of
dense point 268 424 306 548 317 349 317 840
cloud
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