23 % 1L e G TR Vol. 23 No.11
2015 4 11 A Optics and Precision Engineering Nov. 2015

XEHS 1004-924X(2015)11-3246-13
B = B PR FEIMI RS FEST B

(XN AERE, BT WL 710065)

FEE - 2 1 — b 25 8] B R AR A ST B 43 R A0E 43 B3 7 vk FH 46 0 0 S 43 43 B (TCAD B 7E R D6 R AR AE 43 13 I 11932 53 it
] o 2%y % 3 A % e I R AR 3R A (A1 lE AT S R0 20 45 B0 /N R B 015 5 F 065 AR (UbE 0 3 ok A B D ovh
PR RS ABRRNEES . K5 & 70k B g/ T B 0 R BUR R TR R T BE 0 R R R b R E R A
AT FastICA AR IUIE52 00 5 28 e R 4R B0 . 45 2 AR IE 4 B 19 ICA Biar. X T4 ICA 525 8] [ R ¢ (SDS) ICA
(SDS_ICA) (W PERE - B 5T T B R AE B (E S 80 B SR 1 10 S R W0 R 155 JE B X SDS_TCA HREAIE 43 5 1 ik I 32 17 B [ 11
RO, SEERAE SRR N A SDS_ICA A, AN 3% B 3E rp ) B (B AR BURR Y B 0 R/NS 8 BE BE O 49 5 1% 58 ICA HH 3T (9 AR AE
SrEYERE . B AT > T 3026 LA b %07 3 A I T 0 Ol T A S B R AT 4R B BSOHE I A K AR R A S

% & R SAEEE BRI RS S CA) ; F B RAH(SDS) ;& 1 B KA ICACSDS_ICA) s 45 429 & ;35 47 4]
FESES TP751.1 XHAARIRAD A doi: 10. 3788/0OPE. 20152311. 3246
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Abstract: A novel independent component feature separation based on Spatial Down Sample(SDS) was
presented for solving the long run-time defection of traditional Independent Component Analysis
(ICA). Small windows were obtained by gridding the two-dimensional spatial space of a hyperspectral
image. In each window, the distance between the central pixel and around pixels was measured by
spectral similarity and the around pixels whose distances were smaller than the threshold value were
discarded. The projection matrix was calculated by FastICA with the central and the around pixels
whose distances were larger than the threshold value. The feature separation ICA components were
achieved by projecting the original hyperspectral image using a project matrix. The performance of
traditional ICA and SDS_ICA were compared. The influences of threshold values, window size values
and the initial projecting matrix on the feature separation performance and run-time of SDS_ICA were
studied. Experiment results show that SDS_ICA has the similar feature separation performance with
the traditional ICA and its run-time has reduced above 30% under moderate threshold values and

insensitivity window sizes. The novel method can be widely applied in the fields of hyperspectral
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feature extraction, data reduction, target detection etc.

Key words: hyperspectral image; Independent Component Analysis (ICA); Spatial Down Sample

(SDS) ; spatial down sample ICA(SDS_ICA); feature separation; run-time
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Tab.1 Run-time comparison of SDS_ICA in different thresholds

BE/ () R SR AE L A7)/ Yo ¥ SR A 1 1] /s ICA A /s ICA AR AL L B/ s
1 92. 702 2. 297 400. 214 936 0.427 6
1.5 86. 696 2. 266 270. 241 671 0.402 7
2 80. 783 2. 281 239. 772 642 0.373 5
2.5 75.317 2. 266 248. 585 714 0.348 2
3 69. 557 2. 266 197. 874 612 0.323 3
3.9 63.529 2.234 165. 031 559 0.295 2
4 57.592 2.219 178.002 671 0.265 3
4.5 51.160 2.203 214. 832 905 0.237 4
5 45. 246 2.187 189. 16 890 0.212 5
5.5 39. 862 2. 204 185. 878 1 000 0.185 9
6 34.709 2.172 162. 004 1 000 0.162 0

1C29 1C25 IC7
()55 ICA 4y

(a) Traditional ICA components
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(b) B{E > 5°0f 1) SDS_ICA B4
(b) SDS_ICA components with threshold of 5°
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(¢) SDS_ICA components with threshold of 10°
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Fig. 4 Comparison between traditional ICA and SDS_ICA in different thresholds
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Fig. 5 Binary results of traditional ICA

B Ca ke

ClCc27 CICS CIC3 CIC23
() 22 —{H L
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Fig. 6 Binary results of SDS_ ICA with threshold of 5°
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R2 % ICA 5EREEE SDS_ICA 8/ B ¥R HE 2 HE = Fn 4R M #F %=
Tab.2 FRPs and TPRs between ICA and SDS_ ICA with different thresholds

f£4: ICA 57 W RAE B {H SDS_ICA 10°F R HE 9 {6 SDS_ICA
M7 WA BE Y6
FPR TPR FPR TPR FPR TPR

10 0.128 2 1 0.137 3 1 0.153 2 1
15 0.097 1 1 0.098 4 1 0.099 7 1
20 0.0850 1 0.085 8 1 0.085 7 1
25 0.073 2 1 0.073 9 1 0.074 1 1
30 0.061 3 0.968 8 0.062 0 1 0.062 3 1
35 0.049 4 0.937 5 0.049 9 0.937 5 0. 050 4 0.968 8
40 0.038 1 0.906 2 0.038 6 0.875 0 0.039 3 0.906 2
45 0.026 3 0.781 2 0.026 6 0.781 2 0.027 5 0.781 2
50 0.014 5 0.718 8 0.014 7 0.718 8 0.015 6 0.718 8
55 0.005 4 0. 656 2 0.005 1 0. 656 2 0.006 3 0.656 2
60 0.000 9 0.656 2 0.000 8 0.656 2 0.001 2 0.656 2
65 0 0. 656 2 0 0. 656 2 0.000 1 0.625 0
70 0 0.593 8 0 0.593 8 0 0.593 8
75 0 0.500 0 0 0.500 0 0 0.500 0
80 0 0.500 0 0 0.500 0 0 0.500 0
85 0 0.343 8 0 0.375 0 0 0.343 8
90 0 0.218 8 0 0.250 0 0 0.218 8
95 0 0.1250 0 0.1250 0 0.1250

*3 S'HIEMAEE DK SDS_ICA KIE1T A E XY b
Tab.3 Run-time comparison of SDS_ICA with 5° threshold and different windows

[CIRPNAN WERAE LB/ 5 B RAL IR 1] /s ICA i /s ICA AR E IR ntE /s
3X3 50.195 2.092 169. 436 727 0.233 1
5X5 46. 936 2.193 161. 896 742 0.218 2
X7 45. 246 2.219 186. 770 890 0.209 9
9X9 44. 383 2.188 124. 444 604 0.206 0

11X 11 45. 312 2.219 181. 034 861 0.2103

(a)3X3
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