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Image Representation Using Bag-of-phrases

ZHANG Lin-Bo''?

WANG Chun-Heng'

XIAO Bai-Hua! SHAO Yun-Xue!

Abstract Bag-of-words representation, with which an image is represented as a histogram of the numbers of occurrences

of particular visual words, has demonstrated impressive levels of performance in the past few years. However, the relative

position information between the visual words are almost entirely ignored. In this paper, the potential strength of this

relative position information is investigated and a new kind of representation named Bag-of-phrases is proposed. The

effectiveness of this strategy is validated on two benchmark databases. The classification results demonstrate that our

Bag-of-phrases strategy can achieve better results compared to Bag-of-words method.
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image contents
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h b ORE12, ot 5 ANEIR AR R 4, 8, 14, 22,
32;

4) 15 s;; BREL 0, W, ERIREAS 2> 5 e
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Bag-of-words 7732 VI S AR 1 i R AH [
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SVM 43 2B &5 AT I ZR A, SVM. A% bR £k B 1)
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N |

1 <n [21(q) — 2(q)]?
qz_; z1(q) +22(q)
Hrir z1(q), z2(q) 730¥E Q-4 iE o, Al zy MR

qg M.
4.1 Caltech-101 HiE&ELIEER

Caltech-101 &5 101 MHARZE, 3£ 9197 IR K
BB T R BLAT (K5 45 1 25 00 2R 28 R 5
EWPERE, AEREAS IS TR BEHLIEHE 30 R Bl 5 4 nk
NGB ES, HRE GBI EGES. e
Bt, 101 x 30 = 3030 W@ BG4 kI 2o 2628, T
A T 2 UG R VP I 25 R I 2 2 B 1k e, 1)
PR A SO ) Bag-of-phrases #5784 [ & % &
TNAE).

FE—NENEINGR 1 A —XF 2 1S FE &AL
(Support vector machine, SVM) 73 28%%. I 5¢
B, PR E] 101 A28, ok G, Gy Gons
FFIRMAE G I ol X 26532588, 4331 101 4>
MERAE, WA pr,p2, -+, it E, BE R
FRAB IR 43 3 xS I (1) S0 Ak Mk & 1 1) i
MARZE 1, BN

r 101 4
[, = arg, maxp;

R TRINARZE 1 5 I ESSRBIRRES 1 AR, W
SrRRGAMRENR I 7331 AN, 7858 iR.
XK1 G TARITESE Caltech-101 4l 4E E 15
Rt XL S o A A B AR ) Bag-of-words K14
FoR )ik Rz ) 4 8 Bag-of-words Ji 18
MK 1 7] LA, AL Bag-of-phrases Jj ik
] LATS B LL 3 A Bag-of-words 5 v 5 iy 1 HEAf 5.
SR, © H A () 4 1 Bag-of-words 7R 7 EANAY
ot T — 5. JRIA AT RE S Caltech-101 £l 45 11 &F
e R AL — A5, B & R4 T B4
(1) TR B I o B AR OB 43 X, 1 X 4G 1 A
T8 0] 4: 7 Bag-of-words Ron ik RIENH. FE
TRX T 08, AR SCR A AL ke B
i PASCAL VOC 2006 $iHE4E. 75X
e b, H bt %] e DT 2 RE I B AT

=Y VAW

# 1 HIESE Caltech-101 PRI X EE (%)
Table 1 Comparison of precisions on
Caltech-101 dataset (%)

T KR (%)
Bag-of-words, K = 1000 60.97 £ 0.015
) 4 Bag-of-words, K = 1000 63.01 £+ 0.054
Bag-of-phrases, K = 1000 64.02 + 0.048
Bag-of-words, K = 2000 59.81 4+ 0.022
%% 1) 4x 71 Bag-of-words, K = 2000 62.83 4+ 0.066
Bag-of-phrases, K = 2000 64.85 + 0.032

4.2 PASCAL VOC 2006 #iE&E FHySCib R

1EF PASCAL VOC (Visual object challenge
2006) %4k 4 1 A 2 B ) PASCAL VOC 2010
Bl 42 3 T LU R % E8: 1) PASCAL VOC 2010
DR K 45 bR HE AR VE SO A, 2) 78 PAS-
CAL VOC 2006 3&2€H, 13 2 3% B $5 54l %
H 18] 5.1 Bag-of-words Jj VA B # 2% 0] 4 71 Bag-
of-words EME RNk, B R T4 ARSI 7 15 FH
Ml VR AT AN IERNT L. Ti#E PASCAL VOC
2010 seFEh, RS IR TR B LF R, ¥
Bag-of-words |15 3 7 55 i 1 I At 25 Fofr £ 4 10 7
ARRlGAE—He XA B 1 45 A3 2 T A7 IX S84,
ARILFER 4R, FiAES — AN RFLS 2
HEATPEREEL R, 3) PASCAL VOC 2006 4 4t
10 NI 5304 TEE L, 1 PASCAL VOC
2010 HHEEEPAE T 20 N2 21 738 1R K14,
1 # PASCAL VOC 2006 #i 4 v Ly /b 5256 11
FE). BBAN, B SR ) PASCAL VOC 2010 $#s

FER% 2 ey A BEIE A H Jz i > R A S H K
L. R, B EASOA RS ml, AL S PAS-

CAL VOC 2006 Hudfa 11 0 A SR — A5 1) Kot

1.

PASCAL VOC 2006 ##ifE 34 10 A3
A 5304 TEEME, 10 N2E14: HATZ (Bicycle)
ARG (Bus)s 54 (Car). 4 (Cat). B4 (Cow).
% (Dog). 5 (Horse) FEFG% (Motorbike). A (Per-
son) F4E=F (Sheep). i PASCAL VOC 2006 41
ZUE KR, XL G 1) 2 618 1 EHGBH RIE N
NZREME, IR 2686 M B A 2 il Bl g ekl
WP TR R T RE.

P 2360, INRIA Larlus 20124 SR
F e FEA Bag-of-words 74, DA & BARAT T 45 4L 55
A ITIEAE AR S B g AT X b o Tk
B e i (O MEBE, INRIA Larlus 20 75 &3 B 45 b o
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38 %

¥ {1

W7 223K 10000 A 2 2 DX I8 4 B A K /N B A
K = 5000. dhak, ASCWLEH T 2% A 67 1 Bag-
of-words 7 PASCAL VOC 2006 ##%E L Ege.
7E 78 ) 4 -1 Bag-of-words SE56H, A K4 45
A1 x 1F12 x 2 (TR,

75 PASCAL VOC 2006 3538 (¥ P4 5
W — 3, ARSI HPERERH ROC (Receiver operat-
ing characteristic) Mz ™M EAEAT UHAL. A2
Ui, ROC {2 T iy i BB, ek I 1 S92 1 1 R
L. SIS RN EE 2 SR LI 6, Forb s [A) < - 1 Bag-
of-words 7E[& 5 F kit A Spatial bag-of-words.

Area under curve

Classes

K6 Pl Bt (1 Ja3 B AL A AR R SORS K] 2 i) ) 5 3R

Fig.6 The relationship between words in document and

local features in image

M6 1 CLE B, BARA LK Bag-of-phrases
JTFEA IR E R P AE A T 1000 A2 2 Xk, I
ffi I Lt INRIA Larlus 4HPY /N3 Z (54, HIm]LL
IS SEAFFIPERE. BEAh, AT TR BEFEGE . N
DL 45 2E 2 G oy 2R PERE L Bag-of-words 7%
2% (1) 4 -1 Bag-of-words J7iEMLHAW W, 7F 55285
BHE bR 22, TR AR BRI, A SCH 71 A
Bag-of-words J7 V2 Fl1 %5 7] 4x 7+ ¥4 Bag-of-words J5
EUF— 5, B R, FAH KA K = 2000
PR AL K = 1000 fIRSAS, BT DLk 1w i 11 1 Re.

e

M b TR A ) SR G 4 ROk R, AN SCH) Bag-of-
phrases J7iEVERE BT, X WG IF S ARSI S e —
. AR, drr ORI R B, AR ST Bag-of-
phrases J7 V&R RETE A WITUH K &, e AN 73 1A]
471 Bag-of-words I — A, 1M sVAMERE L H #Y E
B bV SO A0 X P A B0 4 b ) e 45 R
IRZ . X LR S PR AT BB A, AR SCHE VAR DG

4.3

(N piy) AERRSERLTE T, UM RE T ORBE RS iy DT
TER) JRIF X IR i AR B (it 2 S0 ) FIAE
FLAR SN HABAL 7] A7 EAE S, FEAFHIE R piy
S B A AR i 1] PR UM S e ih i, H RTA SO
THENUNFE G T 55 piy FEILARR & B A A, A
WA FAEI LT S A

FEFIX T S, W9 —Fh 5 VAR v A
LV (1) W) A AN F 2 o Al R 357) 1 67 5 HE 91 1 O
I HA AR LR (1) 08 SUE B AT @, 2k
BEIXAN 1L OB T AE. T, S5l ) L
FVRAT LIS XA o) A T 5 ).

Ak, AR Bag-of-phrases J7 74 & VAR IX
FERR 2 B o SEHURE o2 o 1) R 8 4 Ak ) B
HXARGR PN T (BRE) A [ HAS
MER. SEBr b, KER 2 I 0t o S b, 9 dn ] 4
R B S 1 O = 1 ) R N7 /AN T
H A A8 G LA R R B R /N IR, 1 0
BULCACSE % T il 2 4R B H A ) i — A
HZEI, JR R Ak o] GE A o H AN B2 (AR /N — 6
g3, IXR L N FH AR S ) SR G A ) AN K H
2, JEGETEENEERERY T E —H
ANHR RIS i, SR SRR R T B T AN A ) A A
B R F SR AR SO S, A 2 T4 G B
T.

M E T o3 A A DA R g5l AR 2 AN R
R G REAT RN TN 53 BT N i B A BRI T 2L
w4558 — e R, v LR 2 A RE B A A
BT . AE R R SR, 1T 5T Bag-of-
words P77 & [ &5 FEARE 8 DX Ik 45 R RE AR 2
[F) PRSI 20 R0 SCAA5 S, W LAAS B0 i, SRS
FEIX SR D 46 T 1 FE Al 1155 Bag-of-phrases By
I Fy BRI () OC R A9 2R 1) 1 (Visual
sentences), S J57EIX L) 7 (134l 5 Bag-of-
sentences By K =%, o, FIHPTA XL H
77 Bl L AR R — IR R, IR R, bR
i S I R R I BIRE SE m) S ) I i, PR A R A
KH, RS B S TS5 EUMGT.

A, SCHER [25—26] 2] T Visual phrase
MR, 5 A SOR) R ik 2 TR) () A7 B OG AR 4
o JR SR AR J2 R AN TR () A, SCHR [25] R R S8R AE
(Visual words) Z [A] 3L 5C & i€ Visual phrase,
RIGF 1S 2] Visual phrase = Hr AP e #RFAE,
A B 22 B JR) SO ARE AR Hh L1 ] AR AN 22 SO IR )
H . HASCRISCHER [25] #AN R, SCHR [26] K
Visual word & XA EG RSN H bR, 108 HARZ
6] ) ¢ 22 5E W Visual phrase, 28 J5 A 5 H bRk
DN H A5z 18] ¢ R A I 45 G 1 77 208 vy B As A i v

ou
He.



13 FRIRGE 2. FET Bag-of-phrases HI 4% R 512 53
5 ﬁ:i/k\, 10 Fergus R, Perona D, Zisserman A. Object class recognition

WS i o | R R B A SR R N
Bag-of-words J7 % [P0 B LA K& 5 SCAR AR 2K
A+ Bag-of-words X W IR, R )5, $FEH T
R RS, AR AR, B8 T R RN
S TR A J SRR A 2 T £ 2 TR HE 51 O 3R A0 Aot
LA I, Bag-of-words R 7 A5 B 4 B 442 T 21|
T Bag-of-phrases FR/nEA. SLIG 25 JLR W], AL
$#¢ i 1 Bag-of-phrases {4 K /8 LT 2 A
1.

I, feth T PR SO AR SOV S S A
B SoF T B AN 7 AR R VR B B, T A B
Aoz (HFRTE XA S 0 B At AR DT 1] 437 53 AT
(P[RS, AR 2% e ] [ LA A i 3] ()8 AR R o —
P2, BEERT U IERH 2 RERR, AR5 H
I3 A B P K R IR A5 IR
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