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Tensor Local Fisher Discriminant with Null Space Analysis

ZHENG Jian-wei JIANG Yi-bo WANG Wan-liang
(School of Computer, Zhejiang University of Technology, Hangzhou 310023, China)

Abstract The tensor local fisher discriminant algorithm with null space analysis or NSTLFDA for short was proposed
which incorporates the merits of three techniques,i. e. , tensor based methods, local Fisher discriminant analysis, and
null space analysis, The main features of our implementation include: (i) local Fisher discriminant analysis is improved
by inter-class discriminant information for better recognition performance and reduces time complexity. ii) the tensor
based method employs two-sided transformations rather than single-sided one, and yields higher compression ratio. iii)
while TLFDA directly uses an iterative procedure to calculate the optimal solution of two transformation matrices, the
NSTLFDA method takes the advantages of null space information when the training samples number is less than the di-

mensionality of the vector samples. The effectiveness of our new method was demonstrated by the ORL., Yale,and ExY-
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ME 7—& 9 7] WL, NSTLFDA B L e R BRZEIL, =
L. =8 J&7, RAI MR B AR ERIE B RS, MR EIL
Mok BRB K T2 RSB AR B RBUE M2 YL
W, XFEELEH T TLFDA,.TMFA,TSA #1 TLFD #& A %
BEEEER, Y FEREHHE— SR e, BERE IR
EERYM, BEABIESIWES, ERBRBMEES, BT L X
L>L, BRI RME B UER 2R ERE. Wb #&E
AR ROA T, ¥ BB R EEER(1,32], 1
T RRERN1,1024]). BRHFEEARERHE.

e 15 o



#3 KB EETE ORL, Yale fil ExYaleB A B HUS y S44 51 58 J M L 48 B

Algorithm ORL 3train ORL. 5train Yale 4train Yale 6train ExYaleB 10train ExYaleB 20train
NSTLFDA 0.9171(7) 0, 9705(8) 0, 7457(20) 0. 8173(30) 0. 8398(23) 0. 8966(24)
TLFDA 0. 9149(10) 0. 9655(9) 0. 6824(10) 0. 7490(9) 0. 8334(18) 0. 8934(18)
LFDA 0. 8864(78) 0. 9625(54) 0. 7440(26) 0. 8130(40) 0.7971(118) 0. 8597(114)
TMFA 0. 9057(13) 0. 9580(9) 0. 6570(9) 0. 7290(9) 0, 8270(18) 0, 8%11(18)
MFA 0. 8396(74) 0. 9125(80) 0. 6829(50) 0. 7547(58) 0.7611Q120) 0. 8510(118)
TSA 0. 8976(9) 0. 9520€12) 0. 6395(6) 0. 6927(8) 0, 8183(14) 0, 8854(16)
LPP 0,6173(60) 0. 7065(59) 0.6157(59 0. 6712(59) 0. 4800(120) 0. 6195(120)
TLFD 0, 8900(12) 0, 9455(9) 0. 6281(7) 0. 6820(6) 0.8035(13) 0, 8724(14)
LFD 0. 8063(39) 0. 9155(39) 0. 7229(14) 0. 7880(14) 0. 7503(37) 0. 8279(37)
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A, NSTLFDA #sRBERTRIRE. 25, T N=1140>
m=1024,NSTLFDA B4k} TLFDA, #H J 3R % B ] 24 4%
#15 TLFDA —%. B F LFDA it E4Ea T EZM ALEE
BB R, FINSEFB O WE/DN, B REEESTE
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DA BB EE DUGER R BN A BB EMR, B, &5 TR,
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4.5 FHAMEENEIEEN

7 % ¥ NSTLFDA, TLFDA. LFDA. TMFA, MFA,
TSA.LPP, TLFD 1 LFD #4745 & BN BIPEREX b, & B
BT 23 [ 4Bl X 2 3 AR B B BUS (B 3 1] BV %
Filtm TSA B g:7E ORL 3train Al Strain # H) B E T 25 (] 4
BB 9 fn 12, WA LR P EAKBYE R Li =L, =11, &
4—3 6 B T BLARAIRBIRBE XS b, D BRI
RH.

M 4 AT, % ORL AR PRI 4 R, NSTLFDA 34
BT EEOIRNR, AR T B EE SN HHEROEE .

EFAERS, KRB RN 0 B RE SR ER,
b TLFD Ze A R 1 4k $ond iR 51 SR &R 4 LFD & 10% LAk,
HERBRE RS EERRET IR RER BN, B
NSTLFDA 4, TLFDA BA B&& #RH3R, T TMFA #7175
TERES TLFDA BREE, W& #IRBUS 1B T BB 2 2K
PR FIREIE 4P . TSA BREE T LREER KL,
BT R BP IR ALBUEE T LED BRAHH
BTHELENMER. AW TRAIESER, ST TSA R
TLFD i #: + 38 TLFDA #1 TMFA W # 8 25 e i 25,
ARG R EME LPP BEARR, REVISHER
BOR T Strain LWL RIAB T 77 %0 KRB, BIE T
EEEMASINENESE. EBERNE, 7 2train 5L
Wb, TLFD BRHBRA B THE-HH 80. 5%, X EE R H
F TLFDA.TMFA 1 TSA Si&BBEXR NI KL WHTRA B
W2 RWE, TTRL P MEA T IIget, S gL,
ARV BREEMBIEE A ERE.

M3 5 BT, 78 Yale BB FEL I ¥, NSTLFDA B 51
REFEEMIRBIER. SR, Bk NSTLFDA #1 TSA 4, H
EIHERE AR RE SR B ) BB, S nTE
Strain 323 ", TLFDA iR B2 % 58. 2%, {& F LFDA ¥
62.6%, XEERMATF Yale HIBEFHRILABREBZ N
BAREHE W, Z 7048 ORL 1 ExYaleB B X, @il K&
FgRAEREELZZRE MR GRETELHENE
AR, FRRBIERAARME, M LPP i FHAEIE
B 2 HGARBIRMRETHESEE.

£ 4 MBI ORL MR EHRRYIGHEASCT U BI% N

Samples NSTLFDA TLFDA LFDA TMFA MFA TSA LPP TLFD LFD
2train 0. 8441 0. 7594 0. 8031 0. 7593 0. 7391 0.7972 0. 5546 0. 8053 0. 6200
3train 0.9164 0. 9101 0. 8814 0. 9019 0. 8364 0. 8935 0. 6163 0. 8879 0, 6994
4train 0. 9525 0. 9450 0. 9363 0. 9367 0. 8967 0, 9237 0. 6670 0. 9304 0. 7863
Strain 0. 9700 0. 9640 0. 9600 0. 9540 0. 9125 0. 9500 0. 7055 0. 9435 0. 8086
6train 0.9733 0. 9730 0. 9700 0. 9656 0, 9350 0. 9575 0. 7606 0. 9600 0, 8176
Ttrain 0. 9781 0. 9742 0. 9702 0. 9642 0, 9333 0. 9542 0.7733 0. 9567 0. 8312
8train 0. 9862 0. 9812 0. 9775 0. 9861 0, 9437 0. 9775 0. 7700 0. 9738 0. 8431

1E# 6 ExYaleB St &5 2 ,NSTLFDA #1 LPP £ Fi R
By RE e S bR —B. WA FRNEME

EEANKBREERAREMR, B—KBIET kR
ERE FEEELULEINE B A AR TR,

#5 BHBEERAE Yale ARREPRFEGHATT WIRHHEI

Samples NSTLFDA TLFDA LFDA TMFA MFA TSA LPP TLFD LFD
2train 0. 5407 0, 4104 0. 5340 0. 3993 0. 4496 0. 4563 0. 4546 0. 4289 0. 5319
3train 0. 6658 0. 5817 0. 6258 0. 5633 0. 6050 0. 5742 0. 5063 0. 5442 0. 6525
4train 0. 7450 0, 6824 0. 7440 0. 6570 0. 6827 0. 6390 0. 6157 0. 6281 0, 7229
Strain 0. 7856 0. 7256 0. 7689 0. 6867 0. 6970 0. 6600 0. 6355 0. 6500 0. 7511
6train 0. 8167 0. 7480 0. 8130. 0, 7290 0.7140 0. 6927 0.6712 0. 6813 0. 7880
Ttrain 0. 8300 0. 7817 0. 8250 0. 7600 0. 7400 0. 7200 0. 6833 0. 7030 0, 7967
8train 0. 8556 0. 8400 0. 8444 0. 7800 0. 7567 0. 7489 0. 6900 0.7234 0. 8344

K6 SFHBEHBA ExYaleB AR FEPRRIGREARLT #iREIH L,

Samples NSTLFDA TLFDA LFDA TMFA MFA TSA LPP TLFD LFD
Strain 0. 7521 0. 7321 0. 6528 0. 7180 0.6134 0. 7059 0. 4014 0. 6743 0, 6665
10train 0.8398 0. 8334 0. 7970 0. 8270 0. 7601 0. 8183 0. 4879 0. 8030 0. 7503
20train 0. 8966 0. 8934 0. 8544 0. 8911 0. 8463 0. 8814 0. 6180 0. 8724 0. 8279
30train 0.9108 0.9108 0. 8598 0. 9088 0. 8499 0. 9009 0, 6370 0. 8923 0. 8391
40train 0. 9306 0. 9306 0, 8570 0. 9287 0. 8500 0. 9187 0. 6530 0. 9169 0. 8436
50train 0. 9422 0. 9422 0. 8663 0. 9331 0. 8510 0. 9301 0. 6665 0, 9233 0. 8500
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