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SAR Image Target Recognition Based on Multi-linear Principal Component Analysis and

Tensor Analysis

Huan Ruohong, Tao Yifan, Chen Yue, Yang Peng, Bao Shenglin
(College of Computer Science and Technology, Zhejiang University of Technology, Hangzhou, 310023, China)

Abstract: For enhancing the target recognition effect of synthetic aperture radar image, a method of syn-
thetic aperture radar image target recognition based on multi-linear principal component analysis and ten-
sor analysis is proposed in this paper. Firstly, a four-order tensor training sample is constructed. Then,
multi-linear principal component analysis is used to get the multi-linear projection matrix, and the core
tensor is obtained from the multi-linear projection matrix. Finally, linear discriminant analysis is used to
train the core tensor and classify the test samples. In the experiments, the proposed multilinear principal
component analysis and tensor analysis method in this paper is applied to MSTAR public database for rec-
ognition experiments, and compared with principal component analysis and two-dimensional principal
component analysis in recognition rate. Experimental results show that the method effectively preserves
the image structure information and improves the target recognition rate.

Key words: synthetic aperture radar; target recognition; multi-linear principal component analysis; ten-

sor analysis
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Tab.1 Sample number of training and testing
Bl INGRREA KL MR A %L

(a) BTR70 71, (b) D7, (c) ZSU_23/4,

2300° 1730 BTR70_c71 233 196

D7 299 274

ZSU_23/4 299 274

BRDM_2 298 274

T72_132 232 196

(d) BRDM_2, (e) T72_132, (f) BTR_60, (g) 281, BTR_60 255 195
»=183° 9=106° 9=62° »=186° 251 299 274
[z] 2 U”[éfﬂ*udﬂulﬁﬁzt—:)ﬁﬁﬁ@@( ‘f‘j‘”~ 1915 1 683

Fig. 2 Original images for training and testing samples
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Tab.2 MPCA + LDA recognition confu- Tab.3 MPCA+LDA recognition confusion matrix for five classes
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Fig. 3 Recognition rates in different feature

component rates

sion matrix for three classes of tar- of targets
gets 2% BTR70 ¢71 D7 ZSU 23/4 BRDM 2 T72 132
9% BTR70_¢71 D7 ZSU_23/4  BTR70_c71 195 0 0 0 1
BTR70 ¢71 196 0 0 b7 0 264 9 1 0
ZSU 23/4 0 13 261 0 0
b7 ! 269 8 BRDM 2 3 2 1 257 11
ZSU_23/4 0 15 259 T72_ 132 0 0 1 1 194

%4 7ZHE#R MPCA+LDARSIE B4R
Tab.4 MPCA-+LDA recognition confusion matrix for seven classes of targets
259 BTR70_c71 D7 ZSU_23/4 BR-DM_2 T72_132 BTR_60 2S1

BTR70 c71 183 0 0 0 2 8 3
D7 0 262 10 2 0 0 0
ZSU 23/4 0 20 254 0 0 0 0
BRDM_2 1 2 0 238 9 0 24
T72_132 0 0 1 0 189 1 5
BTR_60 3 0 2 3 9 174 4
251 0 2 4 2 10 2 254
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%5 3% B#r PCA+LDA,2DPCA+LDA #1 MPCA+ %R 6 5 Z H#r PCA+LDA,2DPCA+LDA 1 MPCA+

LDA fyif 3l Z LDA HyiR 5l Z
Tab.5 Recognition rates of PCA+LDA, 2DPCA+LDA Tab.6 Recognition rates of PCA+LDA, 2DPCA+LDA
and MPCA-+LDA for three classes of targets %} and MPCA+LDA for five classes of targets %
% PCA+LDA 2DPCA+LDA MPCA+LDA 28  PCAFLDA 2DPCA+LDA MPCA+LDA
BTR70_c71  97. 96 96. 93 99. 49
BTR70 c71 99. 49 100. 00 100. 00 D7 94. 53 94. 53 96. 35
D7 97. 445 97.08 96.72 ZSU 23/4 93.07 94.53 95. 26
ZSU 23/4 93.43 93.43 94.53 BRDM_2 92. 34 97. 45 93.80
T72_132 96. 94 95.92 98. 98
S 14 96. 37 96. 51 96. 77 S 94. 65 95. 80 96. 46

X7 7ZB#% PCA+LDA,2DPCA+LDA 1 MPCA+LDA gJiE 5 &
Tab.7 Recognition rates of PCA+LDA, 2DPCA+LDA and MPCA+LDA for seven classes of targets %

25 PCA+LDA 2DPCA+LDA MPCA+LDA
BTR70_c71 90. 90 85.71 93. 37
D7 95. 26 95. 26 95.62
ZSU_23/4 90. 15 90. 88 92.70
BRDM_2 79.52 94. 53 86. 86
T72_132 93. 88 91. 84 96. 43
BTR_60 91. 80 88.72 89. 23
251 92.34 88.69 92.70
-1y 90.79 91.09 92. 34
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A YI Ghoad FEER S B LR IEAT ARG L IR AR e R ) R PCA+ LDA, 2DPCA + LDA and
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Ik
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VI 0 3 2 A O 5 4 R AR bR TR R g JSTTMI 0019 0,090 0767
I 5K

4 ZERIE

ASCXE SAR PR GG i DU B 5k e VI ZRRE A L O i o 22 2P 35 0 20 B b SAR PR K R AR 2EAT
AR IBC o 2R i X0 8 A8 i 1) R AR AT R 0 23 M L AT HAR B9 20 2R . SEER A5 SRR W L% 5 ik AT A AL
P B P50 2 ) 25 4 45 5L - B2 PCAL 2DPCA R A £ U5 3% nl B2 2 SAR H s 1 IE 8 U1 3%

SE
[1] Kreithen D E, Halversen S D, Owirka G J. Discriminating targets from clutter[J]. The Lincoln Laboratory Journal, 1993,
6(1):25-51.

[2] Shahid N, Perraudin N, Kalofolias V, et al. Fast robust pca on graphs[J]. IEEE Journal of Selected Topics in Signal Pro-
cessing, 2015, 10(4):740-756.
[3] Wang Wei, Zhang Baoju, Mu Jiasong. Compressive SAR raw data with principal component analysis[ J]. EURASIP Journal



Ehr £ 5 KM E RSN AR BT S E SAR BAL B AR R A 879

on Wireless Communications and Networking, 2012(1) :1-7.

[4] Mishra A K, Motaung T. Application of linear and nonlinear PCA to SAR ATR[C]// 2015 25th International Conference
Radioelektronika. [S.1. ]: IEEE, 2015.:349-354.

[5] J7HEdE, &, JTF PCA-LDA-SVM [ Z % 8 & ik E R PR %T]. B RE S, 2012, 27(1):111-116.

Fang Feifei, Yu Wen. Vehicle recognition algorithm with Doppler radar based on PCA-LDA-SVM[]J]. Journal of Data Ac-
quisition & Processing, 2012, 27(1):111-116.

[6] Z=mh, SRZLEN, RAEER, 4. 5T KSVD Al PCA ) SAR ER HARRFAE SR I T . & AR 2% (L0, 2010, 40(5) .
1336-1339.

Li Ying, Gong Hongli, Liang Jiaxi, et al. SAR image target feature extraction based on KSVD and PCA[J]. Journal of Jilin
University, 2010, 40(5):1336-1339.

(7] Etibw, ZEE. BF PCA FHAEAPH SAR EHME HAR R k0], BB R K54, 2008, 30(3):136-140.

Wang Shixi, He Zhiguo. The fast target recognition approach based on PCA features for SAR images[J]. Journal of National
University of Defense Technology, 2008, 30(3):136-140.

(8] =5, 48Ty, W, 5 T/N R 2DPCA FHAE SR B 109 SAR ERRFIT]. MUAR 7 T, 2012, 12:37-39,76.

Li Yong, Wang Degong, Chang Shuo. SAR image recognition based on wavelet domain 2DPCA feature extraction algorithm
[J]. Ship Electronic Engineering, 2012, 12:37-39,76.

Lo] ®IFPF, XEAM, RIBE. HTFMWH 2DPCA 19 SAR HARFHESRB S HNI]. BF51E B 54H. 2008, 30(7):1722-1726.
Hu Liping, Liu Hongwei, Wu Shunjun. SAR target feature extraction and recognition based on two-stage 2DPCA[]J]. Jour-
nal of Electronics & Information Technology. 2008, 30(7).1722-1726.

[10] Porges T, Favier G. Automatic target recognition in SAR images using multilinear analysis[ C]// The 7th European Radar
Conference. [S.1. |: IEEE, 2010; 33-40.

[11] Lu Haiping, Plataniotis K N, Venetsanopoulos A N. MPCA : Multilinear principal component analysis of tensor objects[]J].
IEEE Transactions on Neural Networks, 2008, 19(1):18-39.

[12] Lu Haiping. Plataniotis K N, Venetsanopoulos A N. Uncorrelated multilinear discriminant analysis with regularization and
aggregation for tensor object recognition[ J]. IEEE Transactions on Neural Networks., 2009, 20(1):103-123.

[13] Shi Jiarong, Jiao Licheng, Shang Fanhua. Metric learning for high-dimensional tensor data[ J]. Chinese Journal of Electron-
ics, 2011, 20(3):495-498.

EEE -

B (1979, &, 1, g — FL(1993-) , 55 , il -+ F B A (19915, 5 , B + #f 5%
W A DT 58 T 1) R @ FEHE L WFSE I 1) < AR Ak 3 L R0 Tl PRI R e
PG 4k 31 5 8 2R ), E- s 5O R G, E-mail: oKX B, E-mail:
mail: huanrh @ zjut. edu. = al73981963@163. com, 837969469@qq. com,
o dh
AN A "

B8 (1990 . 5 4+ k5%
AL RS ) AR AL R
B BB E-mail,
1298461580(@qq. com,

HRR 1994 B L F
FLA S BRI AR BT D5 1A
By AR A B A SR
B, E-mail: 2111612096 @

zjut. edu. cn,

(%48 3R Z A0



