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Abstract: By means of significant test and co-linearity analysis, this paper proposes principal component linear encoding which selects
the K-nearest neighbor visual word with the strongest linear correlation. The multiple linear regression method based on principal
component is used to solve weak and instable coding caused by the visual words’ co-linearity problem, improving the accuracy of the
visual object classification effectively. Recognizing that the scarcity of the image quantify plays an important roles in the classification
accuracy, the study analyzes the scarcity of the quantitative results obtained by the principal component linear encoding and then
processes it with energy regularization to improve the classification efficiency further. The experimental results demonstrate that this
method increases the recognition rate average over 1% than existing algorithms.

Key words: bag of visual words; co-linearity; principal component regression; feature points merging; energy regularization
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The correlation coefficient of local feature point and visual words(All)
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Table 1 Significant test of the linear regression model
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The closest visual word and the second closest one(correlgjon coefficient 0.66824)

0 20 40 60 80 100 120
The second closest visual word and the third closest one (correlation coefficient 0.35924)

0.2 -

0 20 40 60 80 100 120
The third closest visual word and the 4th closest one (correlation coefficient 0.57683)

80 100 120

20 40 60
The 4th closest visual word and the 5th closest one (correlation coefficient 0.72012)

0 20 40 60 80 100 120

Fig.2 The correlation of K neighbours visual words
B2 K ImARPLSE A R A DG
Table 2 The correlation coefficient of K neighbours
x2 KRR AR
4R 1 4R 2 4B 3 4R 4 4R 5

AR 1 1.00 0.36 0.67 0.48 0.49
4R 2 0.36 1.00 0.04 0.19 0.34
4L 3 0.67 0.04 1.00 0.35 0.34
T4k 4 0.48 0.19 0.35 1.00 0.22
4R 5 0.49 0.34 0.34 0.22 1.00

3.2 HE Mt RRRRR
% UL IR S8 i N TRl o B = (C'C) OX, BlAE AT LIE W] B B /N TT 2 TR A i,
RIE BT A7 TE D s v R A AT d5e /N J7 22 1) T8 A 2 304G T 76 R S RF AE 1 1) 2 P i 0 el b el O B ] T ) e
P 5 BOBE T 50 A5 T 45 SR AR T ASER 0 AR AR, 0 )R SRR Ik (%) S A 45 SR 28 H LR ORI 22 i), BUfe G i Ak 72
AR I3 B S B AR
1E J B AE 55 2 1k 4 L) (4] Sz 36 vy SR FH O B U5 05V (ridge regression) iR e 405k B3] S 28 7 ) 1R 2B 3
A Massy 7E 1965 4E42 1 T 32 543 11 (principal component regression)!), 7E_F i i 77 1 I B0 T 04 % 1,18 4k 3
B TTIEA R
JREBAFAE A 8 Btk S Y 7 v T SR B R
(1) A K ARG 3] 1)
R K 3 T I O VAR B KR AR AL A {C G =1L K) I E RO R AZ (= 1,..,K),Z, =
D BC,. H T FERANKE s AR Z, AT HE T LA 5 LA sl B AN B2 i RN Z, B T R
) Z, AF R Loy ) B A D € = [C).Z =[Z,], P = {Py}, WL 103 43 BT i B T 2k
Z=PC ©
(2) VRS [ AR AL
TR 3 W T RAT KA R B S ] ) 5 G v B A R LA, R L T AT AT e e e R T A ey
£k AR E, DA SR AIE s o AR B SR e /s — A7V SR A I 2 Jl o0 o] U SR EOR AR e 1.
a=(22)zx =22X (10)
(3) AL K AR B R3] 1 [ 2R A
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TR R g KB IE T 7 VR I = 45 B0 A0 AR BT AZE SVM 3 28 Ho v H A AR 47 (1) 25
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EEIE A R P, G 5 2R B0 43 TE AR AR 4 A T 20 B A0 o, AT S BURNE 1) =24k 5 SR A i 1) =,
R BB 3(c) s bt ) 52 DLURR X PE B 00 AR B B 18 110 20 S 00 R AR AN AR, IR 1 7 PG f A &5 SR 1 F i
P 2 5 W 43 2 1E A 2R 1 B 2 DR R RE 1 AR T v e S 2 A0 25 SR A =R (12) I b 38 A B S 1 45 SR an ki 3(d)

f(z)=sign(z)x|7|" (12)

S5 5 BRI, g E AL TV B A T G A 45 R R R i M, T 2 iy T R 40 44k 23 2R 1R kG % .7 LLC 77

VR SRANA I 7 12k R DA Dk 4 T A5 B (14 45 5 L d5 KA VA I 07 2 T D e, 3 B0H: 40 0k FE R R H B i
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Fig.3 Energy regularization process
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5 RBERSHH

Caltech-101 K14 42 b s F 0 ] UG S FEan ] 4 B, .35 €l (airplane). Y% (car). A Ji(face).
PEFE A A 2K B v 400~700 5K 1B T ANEEIL 20 156 5K R SCHR[107 5K 50 v i A FH P PG 50 128 A SCAE T [R] 4 7
BGHE e OB AT S0 25 SR LU 18] 4 245 8 T 38 ST AE AR

JR TR AL £ ) A 5 AE ) SPM. R0vk UL AR JR) SRR AIE A5 1) 2 () 47 B4 L. SPML 3K 3 J2 K7 R A AN 404y il
N 1x1,2x2,4x4 528 4y FINAE 3 FAGE T PR 32 o Gtk A5 (LA FR PLC)AN =y 3 4% 1tk g 5 7 v (LU T AR
LLC)HI 43 2RI R, 3 R JF D7 i G FIA IF . S RAE I JF . IEWIRIIE I 07 vk 40 2R 45 R 3.

%o ey #do o %
Fig.4 Part of images in image library
K4 EGZFEDE R
Table 3 Experimental results of image library

£3 EBFERLRLSR

vk FHIE KA AR 1E W AH I Wang!"?
LLC PLC LLC PLC LLC PLC
kAL 97.9 98.1 99.1 99.5 99.1 99.4 98.0
i 88.6 89.5 99.5 99.5 99.8 98.9 99.5
N5 87.3 88.3 96.6 96.8 96.5 96.6 94.7
BEAL7E 98.0 97.7 99.4 99.6 99.6 99.3 96.0
Sy 92.2 93.7 98.7 98.8 98.7 98.8 97.7

Al BAE A 965 30 F ,PLC J7 3 b LLC J7 vk 1.5%, B BEG 240, Hodlh 3 28444 1) IR S R A 4 48 i s 7
B KAB AN IE AT YT I 77 20 R 2B R B3R 2 ik 98% I T4~ ,PLC IR A& Lk LLC 57 0.1%[M#2 5.

PNV A S I R R A GG AT T WA, W8 4 7R SCB A A P AR J) 0 4 I st - P 4% 1) 43
SIFT Ffiid 51 1, YU 45 AR T Csurkal™ 2 A 1572

Table 4 Comparison among the experimental results of different algorithms

R4 ARCEG S T A R SR 4 R B

Ji A S Wang!'"! Csurkal”! Oplet Fergus Sivic!”!
®HL 99.5 98.0 96.3 88.9 90.2 95.3
KE 99.5 99.5 97.7 91.1 90.0 98.1
N 96.8 94.7 92.7 93.5 96.4 94.0
PESL 99.6 96.0 94 92.2 92.5 83.6
S 98.8 97.7 96.6 89.7 - _
Mg BRSSO B B AR IR TR 2 S B BB AR i 1% LA b A B 1 8 R AR A A SR R Y

VR D v FC ) B SCAR S0 28, R R R A 12 P 45 DX 3 b 35 2% IR A i 1R i AR SRORT (K U 0 D5 i v AR S
(1 55 WD 08 1 P J 0 2 P S B 7 3K R W Jd PSR A s A o R A SO 11 2 o) e Mk i 7
A J R IL L, SR AR A 2 1 R ECE A RO E
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AR ST Xt WL ) A 24 010 i) SRS 7R e ) 1 B 1 e, DA 2 P[] A R A 3 A 6 A e Ak T S
il B8 07 2 R e W e ) 77 0 gl Y G B 2 2, AR T B G ) e S 160 22 i U OF T v A e 23 A g ) 45 2R
(I M T 23 S5 SR S Y R R 1 AR T VA B v T L A 2y R T A
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