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An image classification method based on bag of words model

YANG Xiao-min, YAN Bin-yu', LI Kang-li, SU Bing-shan
(College of Electronics and Information Engineering, Sichuan University, Chengdu Sichuan 610064, China)

Abstract: The Bag of Words(BoW) model is applied to object classification. An improved algorithm
based on soft quantification is proposed. This algorithm quantifies the Scale-Invariant Feature Transform
(SIFT) descriptor into several nearest visual words and performs weighting on them, which can conserve
the space information. Therefore, it can avoid the information loss of eigen space caused by hard
quantification. The experiments are carried out on Caltech 101 database. Experimental results show that
the proposed method performs better than traditional method on image classification.
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[ 1 AR IR AR IR
4) Gror2kds . SCAFIn HLR BRI EL 92 O T LA 3 28 88 2 — o RO JEVAE I a7 4 AE 25 18] vp 54 B
PR32 P18, DI A2 (] A AN [ RF AR R A7 4325 0 SVM SR fige dae A0 768 S TG (0] S50 ] DA S50 TR i n R 5 2

1 n
min{=|w|* +CD ¢} (1)
wé 2 i=1

AREZME R y(wex,—-b)=1-&, E=0, {TEMi=12n. Hbhw H 5B FRAERE; C NEDKH
T & NI . AR SCRA SYM HEAT 4035, 1 AR 1) A bR R .

2 ETHHEMNREITEZHIEEN

1% 48 oy ¥ 0. 3 R AIE 01 i A R R T AR A JR) S i 3 R AE 5 1) S v BT R B PR Y /N BT, A% R B R AR
FHE B B ot ) L5 B ) A7 A o Xl 7 T e 30 3 A 1) e A (AR SR TR R AT 22 T 3 S P 1 — el R A



728 KMZMESEFEEFR 12 %

AL, SR E AR AETE A B 2 v i R A R B . s 2 Fras, K AB,C.DE A I A Y AL 68 iR
1,2,3,4 J )Rl E AL . AEA SRR AL T 0T, KRR 3 RIARAE 4

RAL WA, [C:A] . JRATEN1HE B AR, fH 2 20 5 B 1 AL U5 2 41 . .
8 TR A RS 307, Ak, FERERRME 75 R, BRI 1,2,3 [ B . E\ *
FAL R RLAE B [A]] . JEHE I AR 2-3 WOBE BT 1-3 BEES VA0 L o0 .

Fhas ) . b TR R B A A, RAR SCBREE B AR L R R b % ! ;? c
5 LB B AR S Rk s AL T B RV R SR S B B T AR AR - "
M, R R BRI, L, TG kA

fo. PR, WK — ORI G, RIS e e

M LAPAE R 5 A RAEIT | A7 7T AR B L4 R R WL il 1

B 2 0 R 2 R A R IR 7 2% 19 4 f

Jr 2 15 W 3 B =)
I — L, 7SR 1K AL %8 e S O A 0

I o 8 4 0 B LR > WA, 0 —

B PR HEAT A, AL G =t (2))5)?/% . Fig.3 Relationship between hard and soft
’ ’ assignment quantification
d? P 3 R E L S HORE R L Z A OC R
w=exp “2g7 )]
o

e d O R AR S R AR 5 A B FE AR AR 25 ) P B BR s B o W E S 8. PR Al T I R
e ALy 5 R B RO 8 n ASRUSE TR, JEXSIHEAT AL, il b PR AF R A 25 18] T A R B A5 8., DA T it D s 1
AL B R AR =S (5 SR RS al DUR SRR 7 2, R ik 1,2,3,4 45 Bl W8 O 15 22 B fi ot 1)
n S HLBE B (47 n=3), I35

d, 2] [ d, 2] [ d 2] [ d, 2]
Aexp| -2 Aexp| ——24 Aexp| -4 Aexp| ——24
P 207 P 207 P 20° P 207
d, d, s’ dy g’ d, g
1| Biexp| —2_ ||, 2 —| Biexp| ——2E_ | |,3—| Biexp| ——2_ | |, 4 — | B:exp| ——=&
P 26° P 207 P 20° P 207
d, d,.? d, d, .’
C:exp| ——£ C:exp| ——2& C:exp| ——=£ C:exp| ——£
P 20° J P 207 P 20° P 207

(R AL 73T, A5AE 3 SHHE 4 L R 7 A0 0L5E 200, (R 7T LD S AT 2-3 IO RE B I
1-3 BB T A R {5, MR T B I Ak 7 2 F 09 £ 402 A (B 5 M (B Ak 2 1] 19 6
mE 3 iR

3 ANEZRE

IRt 7 .

1) BB ZRREAS R TA R A 1 J7 SCHR AT 7 1) SIFT RRAE

2) X L —BRRBU T A SIFT FRIE, RA K-means JraUsbf7 A, 53815 TAREPORE, IR
B

3) XA — RN GRE P iy SIFT HRAESEATH AL, SR R 4 08 121 SR i A T xU 3mSR 3] i BT I, 4R
Jei 7 B R I k8

4) KM SVM XN ZRREAR AT N SR B Zhig > 2 70 BB, R M I RAE AR IR IE SRR A o IEAEAR
N B IX S B PR LB B R T IR, SRR AR BEAIL 1 O 0 ik e X B Y PR AL oE B e BT IR IR SURE AR A
OS5

e SuRE

1) XTIl S, SR TR R A 1 05 AR HUA A (Y SIFT R4k

2) XL AR B SIFT FFAEREAT Fei Ak, 3530 00 3 Pl 45 A 0 B ) 7 ]

3) M ZRkr iy SVM 2 R ar AT 028, 13380 4R .



505 ) BEREESE. —METRAZFEANEGSEFTE 729

4 KBWERSHH

TEARSCHIEFE R, R T IEE I3 8RR BT 55 i85 22 i 1 Bdie ) Caltech 101 #EATSEER K0 IE . Caltech 101 %X
Wi PE HAT R B E R . IR MR Z | XM RBN B SRS, B — @ iR X BG4 708 101
%, k9146 ARG, AR, TR AR YK, BRARERLS, WK 4 FiR.
A JE AL 1 BB DA 40 B 80 A4, BRIR KR K2y 300200 73R, J& T a5,

Fig.4 Some samples of the Caltech 101 image database
& 4 4y Caltech 101 548 2 F%

BEALIHEL 10 SEHEAT7SC0, SRJ5 B BIE B 10,15,20,25 i G AE R U500, L4 i T4 S il B a . Ot
AL, BEABAN L n=10. K5 AR UNZR EGF IR SIFT Hik 7, K& 5 R BE AR B % 42 B SIFT ik 1w
L X S R T4 1 K B R 500 ARG F5 (T K-means 25, Hith k=1 000), F7 A )% #B7E Windows XP #
fERZ %, 2GB NFF, Matlab 7.0 58 T a7, SVM 43288 R M & W K¥EME &1 LIBSVM. XF & A 1 E1R
£, BBOL P TR AE N ARG ST ISR . 35— 2 BRI 10 MG, o 3IxE S50 ¢ f1 o BURIE Y (i
A, )5 R PSEL C =100, 9= 0.3 B¢ 6 = 0.4 IR, S g BN 1 i .

MW 1 T LUE, & ISV GREARE RN, ARSI SE G R4S R E N A JS e se AR5 8 T M. A
MR BB, RCEIEN S ISMER RS TGRS B . HUAh, AR SCIREE X W0 58 PR i) 4 1k B 3 40 0 A~ sk 46 1F
175080, i BGE 484~ %0 #=5,10,15,20, XERLRWNE 6 Fran. S5R £V, 2R IEH R SREE LN
WK, HRE— SR R S T

56
55
54
53
52
51

50 ] ] ] ]
5 10 15 20

nearest neighbor number

classification accuracy/(%)

. . . . Fig.6 Effect of the nearest neighbor numbers
Fig.5 Illustration of extracting dense SIFT descriptor on classification accuracy

B S HARERN SIFT it TEH PR 6 JE 4R SR A B



730 KMZMESEFEEFR %12 %

# 1 ARIO7 RS GUAAS R R A LA

Tablel Comparison of accuracies

training sample numbers 10 15 20 25 30
accuracy of the proposed algorithm/(%) 53.2 53.8 54.1 54.3 54.6
accuracy of the traditional bag of word model/(%) 50.6 51.3 51.9 52.2 52.7
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