A 11 o 5 ofF R ¥ R Vol. 41No. 11
2019411 H Journal of Electronics & Information Technology Nov. 2019

ETF BRI E T L MBRBSERIUT £ R

EHEYY WmAY BAHR?
ORARIKFRAETAENG AR EF LS T ELBRE RE  300384)
ORARIXFNG IR RAZRRFEFET S K#  300384)

8 OE: Eu2dE M (2DPCA) VA TOVE SEITE SR AE S R TG i A B e M 25 M 5 R A5 ) i, 12504
PR T B B 75 2 T R A R (2D PCA (I2DPCA) 5k o i SETC A b B T5 ZE A B AT 5 A B0 7 7 5
oM, IR IO AT, 3250 TR AEARIUR S o AW T2DP CALCHRIR T B [ R A 0 1) R, SR — ol 2 o
17407 2DPCA(IRC2DPCA) 517, ZFL A I2DPC A MRFIEA B FFCHEAT P RFAESR AL, RER T UG IR 1) 5
G EikfE R, SCILTAT AN AN J5 ) BRI S R e . B e, DAE BB AR L Gl A I ORLAN
Yale NJEARAE S HIBAT X LS, 45 RRT], AR, 4r 8% KA SR T S 8] T W 32,
HSRIER199% LA b, 43K TI897.6%, “FIIALBIIE 429 Wi /s, RS AL I SRR RS U S b B AR K .
KR BRUUN: PRy E000 RRIESREG MR T. 24 Bk i

FESES: TP391.41 XHEARIRED: A NEMHS: 1009-5896(2019)11-2768-09
DOL: 10.11999/JEIT181138

An Incremental Feature Extraction Method without
Estimating Image Covariance Matrix

WANG Xiaofeng®® SUN Mingyue® GE Weimin®?

®( Tianjin Key Laboratory for Advanced Mechatronical System Design and Intelligent Control,
Tiangin University of Technology, Tianjin 300384, China)

®(National Ezperimental Teaching Demonstration Center of Electromechanical Engineering,

Tiangin University of Technology, Tianjin 300384, China)

Abstract: To solve the problems that Two-Dimensional Principal Component Analysis (2DPCA) can not
implement the on-line feature extraction and can not represent the complete structure information, an
Incremental 2DPCA (I2DPCA) without estimating covariance matrices is presented by an iterative estimation
method, not to deal with the image covariance matrices by the eigenvalue decomposition or the singular value
decomposition. The complexity will be greatly reduced and the on-line feature extraction speed can be
improved. The proposed I2DPCA can only extract the horizontal features, and thus another Incremental Row-
Column 2DPCA (IRC2DPCA) is proposed to incrementally extract the longitudinal ones from the feature
matrices of the I2DPCA. The IRC2DPCA can preserve the horizontal and longitudinal features and implement
the dimensionality reduction in both row and column directions. Finally, a series of experiments are carried out
with the self-built block dataset, ORL and Yale face datasets, respectively. The results show that the proposed
algorithms have significantly improved the performances of the convergence rate, the classification rate and the
complexity. The convergence rate is over 99%, the classification rate can reach 97.6% and the average
processing speed is about 29 frames per second, and it can meet the on-line feature extraction requirements for

incremental learning.
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PP B L () N 7 Hdls AL, 328 T A R el 1 52
RS AL BEEK . PR, RRAERIER CAE AR
PO, EEUONEL ERF N B A
1% H AR BRI P A R 22 e 2 T T2 N

AL GRS IO il e T s b 7 2,
YA ERSr M7 (Principal Component Analysis,
PCA). ZtEF1%5 73 # (Linear Discriminative Ana-
lysis, LDA) &7 5373 B (Independent Component
Analysis, ICA)% 6, HAPCAYE R —Figl )iz Al
R LRI B B e U7 ik, HRE Sk —41
RLIEAT (o) B (RPAE 80 4r), LA R BE% 1 )
oy 2B KT BB BEIN B 24k KR
FMEEAT RIS I A3 AR JE o Yang®5 A B .
et 724 3 593 5341 (2-Dimension PCA, 2DPCA)
Trike BEfE, AHOCHISUE SE AR XA 2DPCA (two-
Directional 2DPCA, 2D?PCA)P K& X 7 PCA (Bi-
Directional PCA, BDPCA)!"G ZI AW H . Yang
2 NI H T 47412DPCA (Row-Column 2DPCA,
RC2DPCA), {ERFIESRIERE LA R0t — DTt .
Ak, 2DPCAM ST IE LE A 21545 1% 7] 2
4. GaoZe N T Angle-2DPCA 7V, 1E
Wi R H s 7 2 B KR BRI EoR A T B eR B4 kR g
FERUEN], @ T BRI, 1 ZhoudE NINITE
Angle-2DPCARFERN F32 H 7 XA Angle-2DPCA
(Bilateral Angle 2DPCA, BA2DPCA), MAT5I#
AT M BEATRFAESR I, 75 SE I B4 1) [R] I 3045
TR EEERE. FIRINESR A E T,
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FOPT IR REA, 0 R RE A T 35 5 i L sk
o

8RR E SR U7V RE S Bl 5 BT A A BT S AL
FRAE,  JCHAE RREAE I v BN 230507 1 2028 H bRk
NI, 385 Tk HAT WY S B N .
PCA (Incremental PCA, IPCA) REREFEAS 1134 i 5
FrRFE TRy, JEAWTE NI FEA . IPCAR T
J7 AR A 7 S 20 ik S oy T 22 e
ToR3FKM, F2ZHR AT R P 5 ZE R R R S
1, HEREIEBO(nE®), n WFEARL, kARHE
TR, HAR SRR, HE DL A 52 N 4 A B
ik o Weng®5 AUPH I8 EDW B 7 22 T RIPCA
(Candid Covariance-free IPCA, CCIPCA), REf¥
PRI T BRRE BRI T g, BT BRI sik

R F MBS NECCIPCARSERY F3 1 T —Ff
o A 4E 2 ) BB 172 AL CCIPCA 7% (General-
ized CCIPCA, GCCIPCA), #1JE T HILEEHE
Bl baRaMhss by 22T T, ofR s 2%
FE MR TR A 2 R BT e A AEAT 75 e Tk
LR 51 ) R Al THRFIE R RS o DRIk, LR A
AL R pg x pg, WHEMKRER, M LU 2 %
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VE, BT R SR O SRR AT B 5 T W 7 R
(RRFAE 32 F 23 vk S L, A il RE R T 5
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WL, BRI T MR T RA R EE BDPCASE
e, AT LASRAS RS BERRAE ) B (0 A (e, R TEAE
B . Bk, JETH 7 22 TR M SR AR SR U
LT EER] N 2 FE R A MR AR D L I N I

KRBT RNZE T, BRI T —
FhEET- W7 220K 3G 8 X 2DPCA S (Incremental
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T 56 UG BEEE g 14k ) i, BT 75 B B
Wiy B E R A E R 1 2 (S RPRIUP R (3 @ 1~
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NSZIOREA, AT . 2R TR IR &
s A AEAEE BRIV SE B0 L 5 43 BT 6
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2.1 2DPCAEE

Yang® NS I LR 2DPCASE ML, WK%
FEASERE N X'(3) € RP*9 (i =1,2,---,n), WI{ELT
5 1) At 24 G A 1 R P 5 22 B Ay
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Xf I RARFAE o) F, ) BRRSEHE BE Ay
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BOEATINGRAPRE e B AN 7] B R I ZRbs
KT I DRI, BEAL ARSI A b il
LAFEARME G INGRaE 2], %R SR N IFEAR IR
7y RNk

R2—RAG Y T A FAEAE3N B H b 3R A5
Wde 2R, 35 A SR M (R AL E 5. A

T DU, B DI ARSI 0, e Hesi
RSPV R B LT tas, BEE ALY
fn, IRC2DPCAM RS m T e TR, 3L
B REAIRIT.6% .. HAr R PEGEAE NG S
LT IHANE, XEZAERBDITE, BEE AL
ghaliim, R PILAE N, S512DPCA

® 1 FREIBIRE THEE 2UWSERNIERIFEE

5 " I2DPCA(IMH /brifZ2) IRC2DPCA (418 /bt %)
éﬁ%?ﬁ t‘ﬁﬁ)\{j’\ﬁ e 0 A 4T 1h L = A NI e L S0 AN ek T 1 2L NN ST B 2
R4/ REAE ) B JE AL ] HAANRAE ) 5 Je AANFEAE ) 5
m=2 0.99442/0.00361 0.86836,0.17826 0.98964,/0.00573 0.96564,/0.01135
HpHe m=>5 0.99924,0.00041 0.95478/0.15818 0.99824/0.00101 0.97302/0.01020
m =10 0.99981,/0.00010 0.98453,/0.02225 0.99950,/0.00030 0.99495/0.00322
m=2 0.99991/0.00004 0.89400/0.06763 0.99753/0.00203 0.98175/0.01027
ORL m=25 0.99997/0.00002 0.91620,/0.05154 0.99951,/0.00037 0.99441/0.00231
m=10 0.99998/0.00001 0.92833/0.05163 0.99986,/0.00010 0.99755/0.00074
m=2 0.93732/0.07244 0.96069,0.03026 0.99602,/0.00441 0.98308,/0.00659
Yale m=>5 0.96001/0.04678 0.98261/0.01609 0.99924/0.00074 0.99528/0.00140
m=10 0.97283/0.03180 0.99041/0.00970 0.99975/0.00024 0.99793/0.00088
%= 2 VMRBIEENRESLE
YN 2DPCA RC2DPCA  Angle-2DPCA  BA2DPCA BDPCA IBDPCA I2DPCA IRC2DPCA
FEA% (120x4)™ (8x8)1 (120x4) (8x8)1sl (8x8)1 (8x8)t7 (120x 4) (8%8)
L=10 0.933 0.927 0.922 0.931 0.930 0.930 0.926 0.922
L=25 0.957 0.960 0.958 0.961 0.959 0.959 0.962 0.968
L=50 0.959 0.961 0.961 0.961 0.961 0.967 0.962 0.972
L=T75 0.954 0.957 0.954 0.957 0.958 0.956 0.955 0.958
L=100 0.966 0.963 0.966 0.964 0.963 0.973 0.971 0.976
% 3 ORLEBIEEMNRENXE
R 25 2DPCA RC2DPCA  Angle-2DPCA  BA2DPCA BDPCA IBDPCA I2DPCA IRC2DPCA
FEA S (112x4)# (8x8)H (112x4)1 (8x8)l13 (8x8)Hl (8x8)117 (112x4) (8x8)
L=1 0.744 0.728 0.742 0.725 0.728 0.708 0.736 0.717
L=2 0.850 0.844 0.850 0.847 0.847 0.844 0.847 0.841
L=3 0.868 0.857 0.868 0.861 0.861 0.846 0.864 0.857
L=4 0.888 0.896 0.888 0.892 0.904 0.904 0.883 0.900
L=5 0.905 0.905 0.905 0.905 0.915 0.915 0.905 0.925
F 4 YaleIEEMRES AR
A 25 2DPCA RC2DPCA  Angle-2DPCA  BA2DPCA BDPCA IBDPCA I2DPCA IRC2DPCA
FEASL (100x4)# (8x8) (100x4)2 (8x8)1t¥ (8x8)1ol (8x8)7 (100x 4) (8x8)
L=1 0.560 0.560 0.560 0.560 0.560 0.553 0.573 0.560
L=2 0.719 0.733 0.719 0.733 0.741 0.741 0.726 0.726
L=3 0.800 0.808 0.792 0.800 0.817 0.825 0.792 0.825
L=4 0.857 0.876 0.857 0.876 0.876 0.876 0.857 0.867
L=5 0.856 0.889 0.856 0.889 0.889 0.889 0.856 0.889
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TESEIGE B T IE41 i /s, TMIRC2DPCAZ) 422 i /s,
I REAE i I R E P AR BE SR . S H e 6
SLAR LG, TR R A R SO
AR R . FERFAEREE 2 2R R T
B #E E -, IRC2DPCA H12DPCA %) jilik 3|
29 i /sF49 Wil /s, 5¢ A0 A2 B VL 1K S5 1) A 31 75
Ko MFE6TLAEH, TRC2DPCAARFIEFEE A 7
AR A7 A R s T e TR L. B
KEFEA GRS 0, Ho i S Ae R A A7

MR EMAWR R . ik, B s
JUHE FH T KRR A S s 1 1 SR AE e
5 ZERIE

ARSI T 24E Loy M B, $e i T S Py
T TR R2DPCASIEFIRC2DPCASE, fig
FH T4 B S ISP AE SR o T 3o U A B A o s
BT AT HON 7 PR AE SR, FRAR T S R A
B, R TR S AP T . Wi AT gy 1) b
PR IR, 1 Sy BEIAG FRE [ ep TE R [ e 1 3
AT ARG, AR ERRR AR JE 5N S8 B AT
JR AR M5, $em T 283, BB i AN
B AR (P10 LS 56 20 B 38 BH gt VA . 3L
WCSICR IR 3099%,  HANTHERIE ) 5 BT T B S
fEF . YW ER AL 120 x 120 FF 218 x 8K,
HE DB RRATIEIT.6%, BT Hesiik.
IRC2DPCALETHH I (A N A7 b [ A HA B 1
Prdhe, HV 35 A B AT IR B120M /s, HEME i AL 1
T SEI A BEFT SR o 1SN S R IR SR I ST R
PE—Fh 5 LS A 51k, T BN 2K
Yise. SCF B ESIUe BRI, U
Y RAE AR RS2 U7 TR B B

5 WIRBR AR BT BRHERTEL ()

. L=10 L=25 L=50 L=T75 L=100
IR A FRA TR HJORA BRI 0N RN AR R i)
2DPCA(12U><4)[8] 2.152 5.279 9.568 6.561 32.745 7.990 69.065 9.015 123.779 10.319
RCQDPCA(8><8)'“] 2.029 0.941 9.208 1.140 32.630 1.362 66.446 1.335 115.344 1.554
Angle-2DPCA (120 ><4)“2] 4.991 1.097 15.604 1.174 93.28 1.296 67.788 1.471 57.624 1.545
BAQDPCA(8><8)V13] 13.117 1.179 14.261 1.190 46.107 1.203 65.105 1.250 48.089 1.233
BDPCA(8><8)[”’] 2.356 0.933 9.456 0.966 32.988 1.248 67.501 1.414 127.39 1.556
IBDPCA(8><8)[17J 11.826 0.868 29.074 1.055 56.778 1.221 86.120 1.408 114.845 1.604
I2DPCA(120 X 4) 3.103 5.361 7.381 6.225 14.693 7.778 21.938 8.963 29.039 11.181
IRC2DPCA(8x%38) 7.159 0.846 17.047 1.043 34.413 1.266 51.577 1.443 65.510 1.669
% 6 YIRMIRE IR BN R (kB)
. L=10 L=25 L=50 L=T75 L=100
Sk BRI R RHEIIN KU R A 20RE R YGRS R 4K
2DPCA(120><4)[S] 16.658 70.889 37.588 69.935 72.753 68.149 107.941 66.383 143.179 64.622
RC2DPCA(8 ><8)»“] 16.736 11.354 38.199 11.423 73.977 11.227 109.867 10.805 145.764 10.612
Angle-2DPCA(120 ><4c)UzJ 16.096 48.774 16.096 48.118 16.080 46.768 16.080 45.596 16.080 44.440
BAQDPCA(SXB)”] 16.080 21.642 16.088 21.142 16.104 20.57 16.12 20.504 16.096 20.036
BDPCA(SXS)“'” 16.379 11.345 37.040 11.427 71.663 11.243 106.438 10.768 141.160 10.620
IBDPCA(SXS)[H] 8.830 11.382 8.499 11.403 8.482 11.218 8.478 10.780 8.486 10.612
IZDPCA(IZO x4) 8.847 70.897 8.503 69.935 8.486 68.141 8.486 66.301 8.503 64.602
IRC2DPCA(8 X 8) 8.511 11.350 8.507 11.419 8.486 11.243 8.536 10.797 8.511 10.604
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