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Spectral unmixing based image restoration for

optical remote sensing images covered by thin cloud

YU Yue, GU Hua, SUN Weidong
( Department of Electronic Engineering, Tsinghua University, Beijing 100084 )

Abstract: The obscuring effect of clouds is one of the major factors which restrict the observation capabilities of optical
remote sensing satellites. In this paper, aimed at image restoration for optical remote sensing images covered by thin
clouds, three contributions have been made. Firstly, with characteristics of clouds, an enhanced linear mixing model has
been proposed, in which the influence of clouds on the measured spectra has been presented explicitly. Secondly, two
spectral unmixing based image restoration methods have been given, namely the direct elimination method (DEM) and the
abundance adjusting method ( AAM ). At last, with different combinations of the two spectral unmixing algorisms VCA/
MDC-NMF and two image restoration methods DEM/AAM, the capabilities and results of relevant methods are analyzed
qualitatively and quantitatively, using both simulated and real datasets. Experimental results show that, the combination of
MDC-NMF and AAM can achieve the best image restoration result.
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Fig. 1 Full view of Landsat 5 TM image used in the experiments
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with DEM and AAM respectively
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Fig.9 Contrast of gray values along specified paths before and after image restoration



5 113

T IE TG RT A R TOCIB R R R Tk 1677

LA ERIRE A G B 6 45 1 )k BEVFH_Cloud
1 V_Cloud %) JK B Je 278 s H S fR G L. 7T LA
B BERR S 1T J5 B A A8 S0l TV 3496 R R 42 B2 1Y
PR WS RE AR LR H_Cloud (27 R 4K 2. 17 1%, Uk
P V_Cloud W) HE =R LN 1.23 £,
2) I BRACR (% PR KL BLUE 20 B
it AT B BB AL A R (AR A A P QL
R KL 85 S
PG
D, (P,Q) = ZP(L)log ToN
00 log 518 (9)
HE S, % FR KL 80 w6 A2 AR f ik e R, B
D, (P,Q)=05HAY P=0Q, K, % KL H
JE AT A oH 36 7R T S AE 23 43 A1 22 B 1 BE S, R
CHRIPET o X T X, AR R
B A A 2 B0 SRR B, W A (] 4R 0 £k 1Y
K BEAR 5 AR50 A 1 DL Y AL . X TR 28K
FAR G5, W R L3R M S 1T, 8 1) L A%
RO SR L S AR X Al e T b R AL
E— A5, 5 R R KL R ok 36 7% 3 i A
U, WGr i R 23R 0 ) — D b B4, &

1o 2 5 D R KL AE Rk 2 S R
2N

P10 23 0 45 T 7E =F B R B R MDC-NMF
REAG T, ’HBEKREMEME 6 5 1 3 Bk
H_Clear 1 V_Clear VL J¢ s H_Cloud F1 V_Cloud f¥j Jk
JE A 5 M 5600 A1 7 0 A B H: 22 [ AH o 1 %o R KL
B WTLLE GRS B0 FR KL B 386 A
[vi] P () B AIG, W RS R 4k H _ Cloud 1 I IR R 24 K
21% ,USINERER V_Cloud AR R 2R 17%

3) = IHBRBCR VY K B 43 b

F 2 56 R AT 0, 2 78 o5 X A n) OO D B S
R WK A, T A AT AR B B AR Y K
{E, WO T8 78 #E 1 JK JBEA 5 1 35 I ] LK — A
0 TET 2 W 2 7 i XS A AR 1 S KO

FERE ST LRGeS mh 1, 35 3 3% 4 4351
Y5 T 7 VCA 53k /MDC-NMF 5.3k 5 bR L/
FEHEENAFAET, B 6 A ik B
H_Cloud 1 V_Cloud (K J¥ {5 5 7 BS WK &2 7 J5 1
GEAR AN AE S B 0K B, DL K HE 28 06 HE R 4 A 5 U
H_Clear il V_Clear (] JK FEAR 5 2 50 ME 232 43 A 9 X
KL HCEE .

/|

5

025 0.35
0.3

0.2
0.25
8 0.15 02
501 5 015
0.1

0.05
0.05
) 0

S 24 40 56 T2 85 104120 136 152 168 184 200216 232 248 § 24 40 56 72 8 104120 136 152 168 184 200 216 232 248 § 24 40 5 72 88 104120 136 152 168 184 200216 232 248

P
(2) it H_Clear W) IR RET SL2430EE 1015 Py

. TR 1]
(b) B4 ST i i H_Cle
A Quys D (P Q)=17.42

I
(¢) EHE M S 1Y H_Cloud IR BE(S S 2205 %2

{F
oud (VI {5 e84 % i
A Qs D APy Qy)=3.66

0.4 0.16 0.25
035} 1 ot

i

03} { ol 0.2

l; 0.5+ % 0.1 g 0.15

= 02 { = oo0s o

L) 0.15¢ ] 0.06 F oo
o1t 1 o4

0.05
0.05} 1 oot

075724 40 56 72 9 L4 120 136 152 168 183 200216 232 248 07573530 3% 72 88 104120 136 152 168 184 200 216 232 248 0572040 56 72 88 104120 136 152 168 184 200216 137 248

IRIE(E
(e) i V_Clear (FTIR FE(S S 30 IEHE 40 47 P,y

Kl 10

IRHE(E
() BT Y V_Cloud i IS T A0 EESR BT
A Qe DAy 0021136

IR HE(E
() EHGEME ALY V_Cloud ) I HE (S SRSB4
A Qe D, APy, (12)=1.88

T 52 R A R JIE 15 B0 22 5 L 4 A 7 P PRI ST 9 0 L

Fig. 10 Contrast of empirical probabilities along specified paths before and after image restoration
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Tab.3 Contrast of the statistics along the horizontal path before and after image restoration
WeB 1 W2 B3 PB4 Wk S WPt 6 BB T
H_Clear Original 78 80 87 97 122 185 123
Original 190 190 179 189 127 59 118
. MDC-NMF + AAM 54 54 49 104 89 133 75
FHRE H_Cloud MDC-NMF + DEM 25 25 19 58 40 57 33
VCA + AAM 50 40 30 61 21 162 13
VCA + DEM 37 37 26 42 8 59 4
H_Clear Original 2565 3817 5530 7 544 9705 1226 8 026
Original 1704 2379 3209 5457 5293 722 4797
PPN MDC-NMF + AAM 3780 4583 5983 9063 8 404 5425 7653
H_Cloud MDC-NMF + DEM 1789 2201 2 629 4756 4 489 720 3974
VCA + AAM 2032 2 255 2 645 7062 3928 2154 2 847
VCA + DEM 2001 1870 2 006 4452 1539 722 1032
Original 17.42 16.19 9.94 6.31 1.7 31.96 1.96
B KL MDC-NMF + AAM 3.66 1.3 1.66 1 0.76 4.73 1.31
- H_Cloud MDC-NMF + DEM 13.75 7.61 5.27 1.56 5.04 32 5.21
s VCA + AAM 4.53 6.79 3.76 2.15 4.7 0.82 6.59
VCA + DEM 9.62 9.27 8.3 2.45 12.77 31.96 12.21
*4 ERKRENEAREEBEZNRKERESHITENLL
Tab.4 Contrast of the statistics along the vertical path before and after image restoration
WeB 1 WeB 2 Wk 3 PB4 Wk S Wkt 6 WeB 7
V_Clear Original 83 86 86 140 124 172 113
Original 162 159 158 136 133 112 131
. MDC-NMF + AAM 72 67 67 70 97 169 98
FHRE V Cloud MDC-NMF + DEM 51 49 51 50 73 110 74
VCA + AAM 56 47 47 34 57 192 58
VCA + DEM 45 42 41 25 41 112 43
V_Clear Original 2109 2983 4 381 6310 7490 1 064 6 658
Original 1907 2 454 3820 3929 5271 838 5362
PN MDC-NMF + AAM 2341 3121 4 853 5876 7076 1837 6 897
V_Cloud MDC-NMF + DEM 1811 2335 3369 3583 4994 846 5013
VCA + AAM 1613 2109 3532 3 985 4902 1569 5097
VCA + DEM 1503 1810 2988 3056 3526 838 3650
Original 11.36 8.56 4.24 0.27 0.64 8.93 1.33
S Bk KL MDC-NMF + AAM 1.88 0.7 1.19 3.27 0.43 5.32 0.99
- V_Cloud MDC-NMF + DEM 3.49 2.16 1.81 8.18 0.95 9.18 1.44
i VCA + AAM 5.13 4.12 2.25 9.26 1.45 2.31 2.35
VCA + DEM 11.29 6.72 2.91 13.29 3.1 8.93 3.72
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Tab.5 Contrast between our method and the method proposed in reference [11] along H_Cloud

B 1 B2 B3 PB4 B S B 6 BT U BT

MDC-NMF + AAM 3780 4583 5983 9063 8 404 5425 7653 6413
LAy Endmeber_Set_1 3251 4087 5401 7132 7957 5453 7458 5820
Endmeber_Set_2 3207 3335 3325 10 742 5565 4999 4570 5106
MDC-NMF + AAM 3.66 1.3 1.66 1 0.76 4.73 1.31 2.06
X} Fx KL
i Endmeber_Set_1 6.94 2.45 1.16 1.45 0.43 6.02 0.61 2.72
=
B Endmeber_Set_2 3.16 3.05 4.27 1 1.4 9.38 2.13 3.48
R6 AXFTHESXE[11]HFEE V_Cloud HLL B
Tab.6 Contrast between our method and the method proposed in reference [11] along V_Cloud
Pk 1 e B 2 e Bt 3 PB4 e B 5 ekt 6 Wk 7 e B2
MDC-NMF + AAM 2341 3121 4853 5876 7076 1837 6 897 4572
LAy Endmeber_Set_1 1961 2702 4250 5025 6614 2286 6537 4196
Endmeber_Set_2 1822 2372 3376 5849 5133 2246 5121 3703
MDC-NMF + AAM 1.88 0.7 1.19 3.27 0.43 5.32 0.99 1.97
X Fr KL
Endmeber_Set_1 4.78 1.26 1.33 3.91 0.35 2.04 0.37 2.01
194

Endmeber_Set_2 3.74 2.72 2.29 1.85 0.8 2.63 1.16 2.17
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