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Abstract: Feature quantization is an important component in Bag of word model. This paper proposes a novel
method called nonnegative sparse locally linear coding (NSLLC) to improve the performance of locally linear
coding. The core ides of NSLLC is to use nonnegative sparse representation to select the nearest neighbors in the
same subspace and then encode the local feature with respect to the local coordinate consisting of these nearest
neighbors. Experimental results have shown NSLLC has outperformed state-of-the-art local feature coding methods
and is in favor of image classification problem.

Key words: image classification; bag of word; nonnegative sparse representation; feature quantization
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MR 225 1) TR AL 22 1) 0 R AT RAOR BT SN 3 2 B4R v 1 5 22 ) [ (K BF T, 2 R 17 5 A A I 38 1 7
L, 20 SR P B TRT L0 J5 30 405 77 ik S B ) A W O AR B I 5 4 AR W, 2 R B — e MU
AT 5 22 3 5 350 B 25 03 I G5 R S WA A B ARSI Bk (P B e 20 v, i RIS — 5 S L AR AR AR
FEILT7 P 3 B gz b IR 7 SR ) BEATL R AR AT LLAS 21— A 20 SRR RE AR 7 A S A Al

i 0, A S — AR IR B A 7, T G R SR A S A e 4 v R o SR IR 4 S T .
R f A0 AR FR A R AE 4 B (feature encoding), 3 B AF 5 401 4] 2 Jed 38 5 A0 B S5 81 £y 10 3k i) ST 72 SRR AE 2%
Ji] e L R AR TR 3 TSR IR DG B SRS (hard assignment), FI F Je 0 418 590 3%k 438 1) 8 vP 5 A5 4 T J) S0 R i B8R
BT AR AR SR R 7R SR R R AR AR X A SR s T AN R IE R e 5 1 AN RI AR DGR, 1 AR B 40 2% 3 LA
A0 3K T AN [] 3] 9 F i) X8 (S0 S M3 ) 16 ) B E B % T o, SR IOV HY — T 4% SR IR (soft assignment) [ 5K
W, SR VFREAN JR R AE F 22 AN A IR R R R, A RS T fE AR 22 48 i T R SRR A 2 T ik g AR S i 7 VR R
RIS B A K TR) I, 12 5 VR 0 ey B e AT Ak 2 i, B e v IR R 9 5 A D A I 4 1 o
TEAZFFAE 20 5 AR B 1 53 2R AR AR 45 G A BRI AT IR 73 S R B AR AR Ze 3 SR A I v ST B 0 P — B R
fe vz A fiE D AR 7 3 DAHE T 3 RIS ) N v
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PRI ALRE F7 I RIS A K R 20 R 45 B SC 45 B sel Yu &5 A JR B LU AR ik 3 A 5.
JRBAE % — T BUE AR B, 2 WA 37358 T 1200 i A AT T B B — P =) 30 24 B 4 1 2 i 77 725 (locality  linear
coding, fRi K LLC), 2w 7 47 1iE 2w AP BB AS B B3, LLC % i 5 5 HJE R 3B 2k M % A\ (local linear embedding,
fATFK LLE)S VAL Ve 1k Ak b (8 1 2 R e 300 A0 A0 5 45 3 i by 5 R G 0 10 J S R A o 1230 19 ke
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Fig.l Diagram of KNN searching results PLORUE TR 201 & AR E AL TR —F 25 AL WKl 1 s,
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SRS P 30408 5 4 5 G 5 A A L, A 47875 7 0 e A S I 5 A 2 A 2 A U 0 g DL G 4 R A 5 0
AU WA EF NSLLC 7k nt LLC J7ikmekdt B 5 LLC J7 vk Eb, i T 3% £ 15 6 13T A8 ML 1 IE,

© HEBEERAET hipd/ www, jos. org. cn



FEE A AR QARG A KM G 91

NSLLC J5 i FL AT S 1R G B 1 i o W 7 ST A, SEAT M) 1 R 23 SRAE 55 S 4 R B0 E 1 FRAT T (K 451
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S, g A B LB 0. 24 403 04 Bk T G 2 SO R 8 U5 7 2 R (B, — 1y (B, — 1y7 )" il Bk,

SV I BHLH B TR AT 7 R O — . 3 0 0 9 A, e 92 B 75 1 7 7. B 2 S48 B 0 B B %
BRI T AR FRA VB I R BB 0,

3 KR5S

AR SCAE H i Caltech 101 4 86 R3GUESVE K45 2tk 9F 55 ScSPM J7 vkl LLC 7 ik BIHkAT L e s
76 PC HLE 58 ML FL B4 Intel 2.4G AP %8,4GB A AE, 52561 6 & Windows7(32 £i7)+Matlab 2010745 #f 2
HI Matlab 52352 1H 5 fE 71 BT B, A SCS2 B0 B X LIk $E T Caltech 101 F¥n £ T 7 422 (accordion,airplanes,
anchor,ant,Background_google,barrel,bass) #4732, B4 £dls &1 1 507 5k, w1l 2 Fios.

Fig.2 Image samples in experiments

2 KEEBHA

FEASC 2B v BATHLHL SIFT REAE AR by PR 2 R AL, SR 1 245 i) 4 7 8% UG I AL (SPM)? I 45 5 “max
pooling™ - AE A H HUER (A L MR AE. SE A, T A SO 3 ZA R AL, I R M LLC Tk B b
PR AR M (B8 1 024 ANLBEIRNL). B Ja A SCR ek SVM AR 73 26488 ARSI 77 8 i B T LS %
SCHR7,81.04 1 DRAIE LEAZ IR 23 V-1, BT A S 36 3270 20 ¢ ML A Js R IR S 36 A I B Al ik 2, B 2 X 20 kg 8
G5 R T RN Ay B 28 S 5 R WA 1 3L R 4 i 75 1058 LLC 5 ¥ A9 ARRS 73 990 A SCHR (20,211 R 8 MR 1
A UL AR SO SR AL G B 7 3 SE A 28 S A A T R Sr R AT 55

Table 1 Classification performance on Caltech 101

F 1 1F Caltech 101 Fr¥n 4 o> 251k fig

I Sk I EREARL i OBEEASL UIES b2
NSLLC 30 10 0.84 0.021
NSLLC+P 4 30 10 0.85 0.026
ScSPM J7 7120 30 10 0.81 0.021
LLC J5 32! 30 10 0.82 0.029

(1) AR SRR A A1 () 5 M AR SCR AR 4709 3 20 B B AR R A O & S0 A0 S50 B8 6 (30 40 il b5 244 i Je BB AR
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Ak [ 2 T o b o R 2 s A TR A L AR 7R i s Y B AT 5 A 2 B, P A5 B 0 4 SR RAT S I
Mgtk B 3w B 1 R AE A AN RIS 2 o 545 28 (0 B g3 s SR B wl A4 45 RN 3 T LU AR SR
2 73 R R T A 38 S A 2 B, BT 5 FRATT A
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15 | | | | I 03 | | | | |
0 a0 0 €00 80 a0 0 20 40 600 300 1000

(a) Without Nonnegative Constraint, (b) With Nonnegative Constraint,
# of non-zero elements is 127 # of non-zero elements is 21
(a) WAL AR TR A 127 (b) AR, AT TR A KL 21

Fig.3 Influence of nonnegative constraints to the sparsity of coefficients
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AN AR e, T A5 380 10 45 SR Al T U 1 RIP 5T Ay b, A SR — A BT i 39T AR B (80 128) K X T
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A Ak ) T LB ] TR F) — AN IF 5 300 5, o PR A 43 2 S F T A S T 40 S A SRR AR 7 i
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B AU, LG IE S A SR A AR SOOI B AR TT LR v SR AR AL G 6 1 (VT S 2R e
AT B, e bR SR R s 82 1 — A F ST 7 7).

BUS AR, TRATTEOA RO PN I T 5 8 RO e i 8 R i e B DA OR g SR U T4 T K ST i
FHE T B HHME2011 2 330UR Jp S 0 A SCER A — A 52 Bt A AT UL 2 SR U b 42 o i N BT 45 7 [0 55 53 1
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