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A New Method for Extracting lllumination Invariant
Features and Its Application in Target Recognition

LI Bao-qi,HE Yu-yao,CHEN Li-zhu
(School of Marine Science and Technology , Northwestern Polytechnical University ,Xi’ an ,Shaanxi 710072, China )

Abstract; 1In order to solve the problem that LNSCT loses the target contour information due to discarding the low
frequency components of image,a new illumination invariant extraction method,called MLNSCT ,is proposed. Firstly , NSCT
is used to decompose the input image in logarithm domain to realize the separation of the low-frequency and high-frequency
components. Secondly , the BayesShrink threshold filter is applied to the high-frequency sub-band coefficients,and the inverse
NSCT is performed for the low frequency components to obtain the feature image. Thirdly,a second NSCT decomposition on
the feature image, the threshold filtering on high-frequency sub-band and inverse NSCT on low-frequency component are
performed sequentially. After multiple NSCT decomposition, the illumination invariant features of the input image are extrac-
ted from the set of all high frequency sub-band coefficients. Through further study of the relationship between the illumina-
tion invariant features and the raw image, Dual Lenet, which is a parallel synchronous convolutional neural network, is de-
signed to improve the accuracy of ground target recognition by fusing the high-level features of both. The experimental re-
sults show that MLNSCT has higher classification accuracy than that of LNSCT in Lenet model,and the classification accu-
racy is higher with the increase of decomposition number. Furthermore, it is proved that the fusion of illumination invariant
features and raw image can effectively improve the classification accuracy of ground target recognition.

Key words: illumination invariant features; NSCT( Nonsubsampled Contourlet Transform) ; MLNSCT ( Multiple LN-
SCT) ;dual Lenet;ground target recognition
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all 7E Lenet #E B R ( Raw ) F1 XX % Mix-all FE Dual Lenet
(Raw + Raw) T 4328 UEmf R 275 T A 52 50 5006 42
AR ) ) BEAL 7 XAl 6000 i 15 15 B Ay Il 25
Tl 19 1200 1 LG TS 0 A D0 3. 52 56 R e Ak 3
05 3 VN RER A v /N A 100, RHER K/ 50. B
FAEARKECH 350, 45 50 RFEAT— YA AR i3 3.
#& 3 Dual Lenet 5y EHERE

AR AURECT B 2R it 5

100 150 200 250 300 350

Raw 49.2 | 74.8 | 82.2 | 86.5 | 88.2 91.7

Raw + Raw 55.3 | 56.4 | 65.1 | 76.1 | 87.3 91.1

Raw + contourlet | 49. 1 62.4 | 71.7 | 83.0 | 91.0 92.4

Raw + Insct-n 52.6 | 76.4 | 82.4 | 87.1 | 90.5 94.0

Raw + Insct-b 52.6 | 73.7 | 84.7 | 86.7 | 90.0 93.6

Raw + mlnsct-2 51.9 | 75.0 | 87.9 | 90.1 92.4 95

Raw + mlnsct-3 52.6 | 79.6 | 89.3 | 91.0 | 93.4 95.8

J# 1L 3% 3 X Dual Lenet 5 Lenet F g8/ 28 Ef %
AT LUK B, Rl G o6 B8 B FRAE Y Dual Lenet 42 Lenet
o A HER A A — 8 TR D3R ), Rl i 45 5 52 5 1
HY4AE AT DL & B BEOR A2 B R AR A9 BT 5 8 4 Dual
Lenet [ 43 28 ERf 28805 , I HAERIARY LK 350 WA, LA
MLNSCT-3 T 55 A Dual Lenet £ 1 73 S5 i %2
KB T 95.8% , W] &% T Raw 7E Lenet " Y43 28 EHf 32

(91.7% ). FH[FI}, Raw + Raw (43 B UER I A
PRI DAy T S A R T A e, LR SR HE R A8 5 Raw $E0T,
H91.1%.
4.4 LI 3. EEX BARIRANEER R

1E Lenet BEELT, 73 5 F J5t 4 6145 54l 46 Data-1 |
Data-2 ,Data-3 I Mix-average {E % A, 14 Lenet )43
YR 2 [A] 122 DF- o O BR S5 0 RIS TR RS B2 1) 52 ).
A 3R T PR S5 56 54 A v A [] Ay Bt AL D =X B
2000 i P45 TR B I 25, R 43 1) 400 i ST T
RREAL K. S 56 R FH Atk Ak 38 7 5, I R85 it v R/
100, P IAHE R I/ Hy 50, S REARUKECH 500, 45 25
AT — R D &l 4 JrR.

100 . . —_—
2 ’4 ‘v‘¢v

- e} o
=3 =1 =3
T T T

IYUE R %
3

501

40p —p— Data-1
—<— Data-2

30 Data-3
—o— Mix-average

20

0 5'0 lbO 1'50 ZbO 2'50 3b0 3'50 480 4I50 500
IEARUHBUK
P4 SEHOSHTE B AR A 00

M 4 AT LA B, 24 Lenet #5584 2R A UCE X 500 ¥,
Data-1 43 25 #E 1 % 100% , Data-2 43 25 o 2 oy
97.5% ,Data-3 43S HEHT N 98. 5% , Mix-average 4335
HER Ay 96. 2% . Horh Data-1 fUFH 55 ' BEE 4 46
Data-2 {32556 IR B4 4 Data-3 AR AR GBI 4R
Mix-average fX 3 I 5 % FOECHE 5. 1 0L 7T L, Ot B
5 A 2 S R 2 I 4% i 2R AE T PR
45 it

5 DWT, Curvelet , Contourlet 2 &% £ R E FK/RT7
ARG NSCT [m] i) B AT 2 RUBEE, 22 5 1] Fl RS L A8 11
R, BB S BG4 T8I 0 2Rk, a4 R BT DG IR
AR B RHAE B T4 O BN AS 2 $2 HUT 5 LNSCT-N Al
LNSCT-B & NSCT 2 RUEZ /0 (H & £ T & Hix
FERAE B RO BE B B AR A T4 . MLNSCT i i £
NSCT J3 fifpf AR A5 43 5 o B AR5 B 40 89 3058 2 @ My
[ RS O O 5 o8 B P N S 2 I S 9 P K A e Sl s
T PR AE DA S 8 55 B AR 2l v 4R IO 2 19 HARTE B
DA Ol RO 72 i RFAIE F 5T . MLNSCT PR gE 5
NSCT 43 ff IR BCE H 6 &, #1i6 I MLNSCT {1 43 i X
BB 2, 5t RO 4 IO A80CR B, (B 2% 303 5
AR FNSE B ot 3R 25 R AT BR UK o L AR SOX



o4 M ZEEAT RS B AE SR IBORT 7 5 SAE H AR i B 901

MLNSCT 7£ R 1 = Ui T BEAT 1 AR 9 07 FL 52 5
FIRLE R UL T MLNSCT Fl #7025 X0 56 , 42
I e BEANAZ R AL o

R 22 R 2% Bk 2 2 0F 0 4R BOE IR A2 48 77 3k
S, TRVRE RE S B T AR A I R0 1932 D IR 55 2
AN T B R e 3 b 22 T I 8 J2 A 194 2 L, e 1R K IX
SYRETT. G AR B R I T RO I A AN [
Xt H AR R AT, R ER B AR A B lig , H
MEATHE B AZ B4R U 3575 08, 6 MU R A ]
REM G0 5¢ 4 T BR 1, T EL7E T8 BR G IR A5 5 i [R] i
FIE FARBO A S0 BB — B & 5. It R AR %
AR B 52, (EARSIE T H AR {5 B A 58 & 1. Dual
Lenet 3 128 i 4 PR A BN 22 B8 7 AR 128 )= 1 AR 6
PRAZ 8, 75 300 2 S e TR Y Sl R A R AR SR R
TE ARG S B RS AE R Y AN AN A IE, 2T AR
3 7 S m A HuTEr H AR RRGEE . Raw + Raw JF350A A
Y300 A 1 T £ g 23 2 A R W] AL S A AT B A R
FHARESE ) Dual Lenet [f{ERE.

5 #ig

S REAN AR S RRAE RB A S8 AIOE BEXT BAR UM G T
Yo, ARSCHE T — BB 9 O BRAS A2 5 42 IO 1 MLN-
SCT,MLNSCT A% ek35 T LNSCT S BN AR R 42 HU7 ik
XA A3t H AR B A5 S R IO J& i ) L, O 26 3
WA TR BLSC B E B T MLNSCT 945 %4 M. [8) B X
T IEAN AR BERRAE TN 46 UG 2Z 180 1) 56 R AT IR A A
%, FEE X Hu TR H AR U8 ()@, 13271 Dual Lenet SR il &
JE U G RN G BEARAR S R AE A 5 2 4 AR SE B T b 1T H
BRI A R A 4 T

T2 AT S AR (1) DFSE MLNSCT 452 1
HLT, AR PR A 06 B EME B 35 B 0 18 B3 E AL n;
(2) i#t—254i4k Dual Lenet [)4570 285 44, i i 455 780 (14 i
SGH .
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