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Abstract Designing a suitable image representation is one of the most fundamental issues of computer vision. BoF mo-
del is very popular and used extensively in image classification, video search, robot localization and texture recognition.
BoF feature is an orderless collection of quantized local image descriptors. While this feature representation discards
structural and spatial information, BoF model is conceptually and computationally simple, even as good as stateof- the-
art methods. Three steps in the popular BoF were studied in detail,including feature extraction, feature coding and fea~

ture pooling. In the end, the main problems and challenges were highlighted based on analysis of current research tech-

nique.

Keywords BoF,Local features, Feature quantization, Feature pooling,Computer vision

et FE i 10 ZEHE T, BoF MAYE BN PR E
2, BT ERTE T BV SUR I B M — 24, B2
BT 28 T U B R R VLB A E A F S ER
M. KEMRERRY BoF FIEAITEIMEFERRET
WPEfE, BoF #4FM, d.#R % Bag-of-Features 5% % Bag-of-
Visterms, J A FRE T XAE SRR M IAES 4 & S0
FARBOR IR BB TR AR N LT MRRIESE S . BoF £k
B G BRI A 4 5 B BAE SR LB , HARIE
R8T R AL AR AR N T & JRARIE R Bk, IRl o
5 ERPE K RN AR R AE AR LR BE R B A AL RS IE B fE A
X R TR (R SR T HFIE R 25 8] A B R
ER SR, HE BoF BGRRA M BIAE 1w, ads
FEAESRE B I AR I AR AE B AL RN 4R L RRRAE B3 4.
FLR SORY R B IR AR IR O s B R B R AR R AT R, B

FHH B 2013-05-20 RERA I 2013-08-01
Beg R “Eis s T H (ZK20121 D ¥ B .
BOME(978—

EE.
« 36

S 0 5 TR R M -5 A T g TR AR o I ) PR L i
1A (Visual Words), 3%X—i3fR B 5ot B BB E S
B JR 3 R AR AR AE B 7 9% 1R] B (Visual Vocabulary) , B35
BEAUE K HEREY BERKYEEED BHEAM
BT Mean-Shift'™ 4, 4R J& F- 8 7 BR ) BLAG JRIRA AR 45
iF 59058 1 B P R B R R SR SE B . AR T M 1]
FE G b B R B IR, BE AR L ST R P A
PR H BRI R BIOR A U 4L i) BoF HH1IE.

TaE | i [ FeaE | Ex [ wE
0% [ER] £6
%EE}J/

MK | AT | BB | G0 P
% FESER

B 1 %7 BoF A M ERERHE
BoF #AM BN S RAERIT ERARBWEHE, A 0K

/E% i @T%‘}i

g -

A ERHABEE ST H (60905028,61033013) , JL 5711 H AR 254 (4112046),JL T

) 3 A U, FEBTSE SR ERAIE, E-mail: liangye@buu. edu. en; T £1(1969—), B, 88, 18+ S0, FEBHTW
LS 5] RN BR S X E T (1971 ), &, -F B SR , T ST

£ B R R A B, E-mail : xxtliuhongzhe@buu, ed. enGEAE



A8 BoF BUR, 3 BN B ARAE 42 B A AE B R AL I A
FFIERICERX 3 B BT R E RSB R AT 4508, (5
Fe5r T % BOF BEAL, SR AR KRB B H0 (AR o

FOH 1 SRR IR SRR , A REAE R AR T
AR 56 2 WiTiR BEAHE A R ARSEAR 28 3 Witk
FRIERIC IR B s BJ5 X #7410 e R A T R 2 .

1 REBFHEREX

R B X B SR U e R . EEURIE A B
MR REGAL IR E R, 75X B R 3547 BoF Fn Bt $¥1iE
BBAEHEE. M7, 7 BoF 4B MR R BUGRE k& 4
R RIERARIE . R 0P 0F 1% B2 BB 15 R AE A5 R T AN RRAE A3
R, BRIAFEXERNRDBRMERDOF S, BREANTART
FIE AR T R A, B S — AR R & .

L1 SR

FHE AR £ 2 B RS R RN B RESS
. WERNNEERCBEAMNES XEXBAIETE
AERLRBER T THIBR R ERALE . R SRR e IR T
BA—BI TR TS TXESAARSERENREER.
R R AR X F AR F R R RN g R, BHalA
KB B SCERZE > WITE DL P4 SRR R AR A (19 132
BV EHATHIR . R MRk B RERE R
K14, B 8RR B 5 240 Ak B AR RS 4R A
4R B R0 8 1 S48 A, 3K SRR TIEAS T T T B PR g 8 A A
F. B—FRRERT T EET AR ERITEER L R
EARA , X ALK E TR BENMLE. WA WEHRE
BEEUCAT LA 0 & IS G54 L IS S RE AL AR 1% 7 SRR O 48
=
1.1.1 A TH/GE AW B EAER-T

BRAFEEM I, (AR RN B U F A 2R
TFERGHREZEERN. RESHAZERNRBES N HR
EERARR ESESENBIZERSEREBER, XE
BENAH TR RE S AERR, TUSESCER(12], X8R
W F RE A A R B HI 5 7 B RRAE R, B0 A A TR AR
X I E 2R . ROk SRS AE AL UE AR R T 3 ZEM AR AR B
2308 (2359 s (X NERAPM BRI E s FRRE. & (x,
¥ ) JRAERAR I P W B AR AR N 26 R . T ERECHER
PGB SR T UAER R BB SRR AN AR M L R BERAE YRR 0 B
ANAEPEHAT RN .

DR SR T . BE 38 B B Moravec M g0,
Moravec £ SR Tl FREDREE LA RBEAEFR
R A 25 . Moravec £ s A - 1 R 0 2 M N R 4% ) S
FEWNRE 0, 3 B LB R . B T IR X B B
Harris™ £ SO0 F BT . SR 72 B Hak T i
F SR Tk, B R RO BESE R AEME. S, SUSAN #:3ll
TR —-MERTHEA RS AN TF. R,
Harris £ RT3 BB 45 Xt B & 7776 B R AR Bt A7 4k
AR EEBLBRERNENRNZREESEEN.,
Lowel™ AR T R E A #) B IAFAE SIFT, SIFT $§1E
BEAT— MR F I — R F. SIFT 07 &8 & #
& R 254 (DoG) B TR B K E R B AL 88 R . Miko-

lajezyk F1 Schmid™®) FF % T Harris-Laplace 107, 3X /M6
F46 T Harris M s -F 0 BEGS 1T RUE A AR fR 10 1 %
i) Laplace 8%, b 7 Ab3A £ 0048 4k, 05 5 AR AR B0 A U
BRHFET .. Mikolajezyk F1 Schmid ™™ # H T Harris (Hes-
stan) i SR F XA F & 3+ T Harris fA 8 0F R
JEREMET FrEREAF R MG, Tuytelaars F1 Van Gool
FRT —ANETHR XA F X Fs 7% Al &b
MERHA KM E Y Harris A GOAHRBKPLATHBIE. M)
IR T E TR BE AR 17, 33 A T DR B B S5 3 A
ELTFES , MR S (UM I 0 X 38R, - B AR (B & 5 R B i
. ETHARE W EEAE THHAZEE, Matas™™ 2
H T B R R SE K 38 (MSER) 4 U 7 » 3 ik il 7 38 5 43
KRR A SR IR X 3k, A G SRR . At B KR
R 70t B — O R AR BRI T, SR P R Ok 2 o
XK, BB X EA R AT R. Mikolajezyk™ 5t F
AR S RHE SRR BB AT T L IRE TS % .

112 ATAREZETIIRYG A LR TF

V405 A 2 TR o g 0 B S AL B A 2 s R
B XM EERE T MR ER T EEAL, Frintrop!® 3¥
HITe T M E k. It F1 Koch £ 2000 48 4 T —4
JEH FATHIREALDT 3 AMERLE B 7 7 Koch Al Ullman™ F
1985 SEHBFFERL Ay, Itti F1 Koch #) B & HERE—A
FRE R BE s 2 NMEEE, flan e . K ES, 3
Borp ge-FIAR R, - AR R @ T B b -
Fili (LoG) B34 2 43 B i (DoG) W A8 2, 5 Lindeberg™
Lowe ™ iyt R 2 A7 81 9 . Bruce F1 Tsotsos ££ 2009 B8 14
THFESEEMNERRER B, XM R MEPHLY Ka-
dir #01 Brady (1R B & 2 M ¢ S 7 BRI, B
BEEERMNB AR RERENERET — B8 5w b
B, TMEEZEMEAASENEERBEARN. EXXE
ISR AT AR HoAL AR 3 B M A s sy
B8 ST TR F R S AR R R B A b TR A 2 M i E AL
il s T BEAE B AL 4R A5 . BF SR B O A 3 U A A DS 7Y
R BRI NA 24 .

1.1.3 H#RE

EEHE T R AR 26 SR I T 1 (R R, BB R
A EINER R 2B HE S SR T 8 R,
BHFFEA B HE R ER AR A B B R B — AR (. BAR M
BRIEE TN T ERERERS B, HEXN TEGITEMS
BEGEEHEN T RDE—-FEITR R,

Mar'ee AHR T — 1 UBEHLE R E 78 O 3BT
Bt BB TRV R BRI RE R BRAXAN A%
HARE—ATEHEI BoF ik, (BRI BL8 T BEHL IR 1A 3L
. Nowak, Jurie FI Triggs 7£ 2006 FEIFER T R AT BoF B
Ay A BB SRS, 4 IR R X4 3 R 65 S i AR L B
U P BE T T 28R F . M iTEREENEE
R R bl R BE A B0 B0, B A g BENL IR 25 3R 2 B U
HYHmE . = AT IEICE S AR SIFT #R 7 & 8 /%18
R EEMEE. ES&TERRP, BEREZEEALNE
MFRR BN FRBHERE CHETE EEHYTERE
M EBRRER BoF R, 2 R&FIERTHRENIT®

o 37



BoF #nsh, e~ ERE L HB THNEEMEER.
1.2 Es#EIR

HTEARW B SRR, FEMSIES ST R,
FRAEH R BB MR AE R B AT RR , R R 5 W AHIERE#8
R [F) R B 1 K 44, 3F B TR A LM AR A
HRFHAZY:., BT, D28 T XEWRMFAERRY
s KBOAT AAT AT 4040 AR AERE IR O v B TR B A AR AIE
W T  ETRRNHR T EEYEE R OFTEHRY
%o WAMB S E S T TERHE IR T iR A B 2 ]
58, U R ITE N ILER 2 T M B R IE R R TR E
.

VLR , T A AR AE 3R Jr 1k B2 B T2 1 R 1 R R
F LB AIE N X B — MR AR T, SIFT #R
HTPBIRBHERFEN—Fr, SIFT #iR TR T SR B/
16 X 16 G O4r&EIE 16 ~FHEB.HEHENFEON 84K
BB E A, BAE R 128 44L&, SIFT ffd 7 Xt
FHRBAE L R e R A S AR AR,
BA MR B MRAF Z— . % SIFT RRAEZEHid
5 9188, Ke 1 Sukthankar™ f F§ PCA I3 —{b B & O,
fEi4b T SIFT #R F. hnie 7 ULt 49 3R B , X P iR F 8
PCA-SIFT? | 4k, HOGI , GLOHMY % iA R & SIFT
BRFRY BASGHE, X488 fg B # L T SIFT #ik
F. 1 PCA-SIFT 284), GLOH & {# f PCA kR #d
TR AR, Lazebnik S B TREATHER R T
(RIFD) , 15— &4 B I X3RRI 4324 B0 3K, AP AR U
FEHFAETEMXE. BRET R TS H % S
BRI, ERE R, Z N R TE AR LR B AR R B
B,

Freeman™ 4582 1 T 7 /6 AT I BE 2%, ERMEB B TH
TR, BE T AN AR EMNEE. A THETAERY
LA UCEL, Baumberg™” 1 Schaffalitzky 4 8 i 5 44 18
WA B REORIEBUIE . A AR RS 5 E 0k 8%
FI X BIE FIESHARER.

LBP # R R, B —FME TR R AR R
¥, BAERBAZ M, I E AT R, 5 AR E GRS RE
SRS TREFHBR. DCT #R T2 X 1E 5 X5,
#£47 DCT 25, SR G BLRT » 4~ DCT REE NI H AR F.
AR I B R ARRAE (X SR AT L R e, SR S BSR4
FFFERHRRE, ZOT B E M — N R R A R BRI &
JBfZ 8 . Marcelja®™! fl Daugman'®-% i 3f — % 5 ) Gabor
BRI %ot W B 3 A AR B R R AT R, X B R BUE S T
B A RS2 T R » B Gabor ZE#E-& T RERAFIER
iR . Wavelet Z#e 0 F 2 40 PR i BBA XK, w ik
BFR REIEME. Gabor 1 Wavelet 75 % fE 48 K bR =5 8] {5
B E—ERE AR T 5 S SR ER

Mikolajczyk 1 Schmid i 45385 B T £ MR E B
Fo SRT, ZEVEH U HER TP B EELE B SO A R
AT BT . AN FRIERR R RE E &
MABEAER. Jiang % AFE 2007 SFE e FHAE R BT iR
FIAB G5 B AE% N E BoF ERRRIHE.,
Sande % AVRANLLE T B ERFAE R R FROPEGE, S5 R RS

e 38 »

van de

ATHANMRFERRSRER EELMEYL 1 SIFT, &
B R F 4, OpponentSIFT 728 ¥ 5L T AR I WA A
R

Dongjin Song #£ 2010 4542 t T A0 I FH A )% £ BE #4
SRIESATRBAY . CPEERA T S REY¥R KB E
FORFAE T, %ok i B e iE 7E 17 MR 2 R4 J5 R BT A TE R £R 1R
T2 (AR N T KA RE ST, AR R T R B 4R 4 2K
RESR, SEREH T BRI A R

Tatsuya Harada ZE3CER[35 ]-P 4R i} 73R — MR “45
SR REAEIERR T T A REFI 2R nERER IR
AKX EGER S ER AR S RIE?”, FEELEICH
Rt T —E I HERR B BB A R FRARAE R A 2R B A
AR 22 B B 5 AR 4R T 18 B B B A TR S R AT
AR KBRIER T XM TR, b, Bk 85T
FMB L XA S5 2% 5T — - BA A FIE A AR T A
REA—ERERMIIE. X7 HKSE 8 Karinsky
AR 00 M B 2 T HI BIRFAE F R AR I S B0 7 85,
A Winder S5 A$R t B9 RRAE 1R T ROBEIR 708 K Fo A0 Ao
RACHERE B 7 :07% . Winder MEBIIF 238 FIIOFFIER B F
Bldn SIFT, AR BEEE 1f X 0 7 ¥k 5, 3 EL AT DL O 2 2
HAREE YT

2 HHEMRATIRED

2.1 WHERLMBMBAIEXLIRA

FMRFRL AR BURIR R 2 B Ak BE A LRl , (BB M B 18
FREBMERFERBE R, FMESEERN TR,
BRI i AR ROIX FRBUE &, FRM BN F/EH
R B CREAE A5 AR AE TE 2 SR UL A% /N — 28, Wl L@
FHN BT IE TR A B R B BR KRB S AW B
BE. HAT, FEAERR IR R L ARIDRRE.

EFREMERBEARZE, CAHFSHRRA LS
Mo Xaxn={(x1,22,° 7 s on) AR B EIFEH IR F 05
A o € R d RaAFRIE 4R, N R REARE 84
B Baxm=(br s by o5 by ) RER AT M, Kb b €
RY,d FRAHIE M 4580 M R AR AN EGU= (Gur s uz s
o un Y RBRTAFE IR FRIGORE S v BRFAEMRT
x: BRI, u; R WAET b, X 2 WG, FpIE IS
FHETCEMAL T LUURE 2 RER.

B2 fEmEmLERER

R RRTERII R . f, R f AT 4
IERR T HATHRES, WA g IR BRI 2 T SR A
RFBEGRERE FHEBENRT . WHSIHFAITIRR
AL R BALARIGEAR . B35 3 WA R4 TS KR AE
CHEEAR.



2.2 HAMIERBF %
2.2.1 209G R i Fo IR IR D T ik
JR A1) BoF J7 51 R FBESR IR 4 O B 3t R BB 4R T 3
TS . TR IR A AR R 1 A AN R S HEAT R AR IE
0 AR B B AR S B AR 55 LB BRI BT X R AR 18
BT SR 78 B SR A 8 R RRARAE BT Xeh 0L B A B8 B A 1 A
T 53 BL 28 B i — LB ] , B 43 L B DR B 1R %o B A 4
B 1L HARMREE R 0, AXRRRNT
{1 ,  fnRarg min || z—b ||
0y = J21M

0, &N

BIERRH T EAFE—HRRE, RN F R R E
HIRIFFHERIS; RN R AA RS ERMUAETH
HOREPE R AN e PR R A . LR BRI AR E PR R AR A
BH AR AP EE ML RS, SRR
UL T B s Fon Bain) , (HA 20 T HEMH X BRIEAE.
B BRI AR F E R R AR B A S EWIREE
AL HE T — S0 BLR] , BRI A R

BRIGIR GRS B ST XT AR 1 IR SR 1) BR R ) Yy —F
BUR T . FERRISIR ARG b — MRIE R R 2 MR R
k. BERRASHLARESA R STREER, B MR
BABEMA, REEITEREEHE A 9517 Z 18] K BB
. RBAHRBARNT.

— exp(—=F | z:—b; | )}
Sexp(—pl =t |1

2.2.2 RBABBRBDT &

(DB RFS

WH Bt Ty —ME R R RS T . BEE R
FHER THEBRAGNEGEENE . BRAGTLUEERE
o B HRR T ENREH S, FREN 11 ST E N RIE
e

wy=arg min || z; —Bu || }+A || | .,AER €))

M

u€

SR, X AP B AE AL HH AR KK, T LR &7 2 4
AR T 8 RS I A — B RN . R RRE
R R F IR T A& B A B R T A
BRI, X2 FHARTAL MR TR ER
KR o

() R AR S

ST IS FFE R A, K Yu™ I TEA M E
— B RIS, X O RS A R AR AR A R b

¢y

@

FRBGBEARBREUT .
w=argminll z;—Bu | {+A ] d: Oull§,AER
ueRM (4)
s.t. 1Tw; =1
Kb, di— exp(PEEOB i) By =[dist(zir 1) -+ dist

[}

(zi, o) T ARBIFE R T = A BE RS2 B9 P56 3R] B9 BK
RIER, o ZIEH BBEEREENRESE. W EEL
SR FER AT AR 1R T AR B R = 181 o 18 PR KL
BBER AT T ARASEEMANREAFREEX
i, B AE A B R X R B A B AN RN
TS (LLC)™ iyt 22 BT LAE S F B 2 FRIE M «

N
min2; || 2 —Biu; || ¢

v (5)
sot. 1T =1

BB I E A I AR B B T 4 SR B AE X S AR AE
x R ARR KA KR B, TTRXA ¢ BiL SWREE
& B;.

Xinggang Wangl™ 215 7 & B H 5B F 35, X R &
A R E RSP A Rk 1R BI B 4R HS A AR, BN 1R)
XoF L R SRAS AT

1
w ={/z—m,- exp(— || z—b; | 1),  H0E b; € Ni (2
0, 1]
®
M
s, t. Elu,, :1

Linggiao Liu“? ZEA£ G5k 4 B B AL 4R 5 ek (O 260 b
AT REEAR, B AR T

_ exp(—Bd (zi,5))
gy M A
kz:lexp( “ﬂd (:Ci 9bk)
{d(xisbj)’ ﬁﬂ% b,-ENk(x,-)
o0, @m‘]

Az b RERE R T 2 7k BOE MR 6, 21
B, 36 ELHER 2 b 4R AO LA ML 7 0 B 1B Yoo, X IE
BAHE G PR

B ) 58 A — T A T , 4 B BT BAT
B B AR PR, RO AE T R A
AR B, BRT = FBE WA b; 28] 8
i%‘&%ljﬂ :

)

iﬁf#l 1&(1‘;‘ 9bj)=

’

A
Il z:—b; Il %

1 2 A
=72 N zi—ba Il }
mFj

u; = $( ) &

k—1

BC o ) R A VR EIs (B} =1, o+, b, SRS
1z Bk AEOEASSEIA . AN TFHEA T AN, % B 20
SR T ORI MR , BB MR R T R
YRR — B

(R R B

S. Gao T 2010 £E3RH T 5 Sh— Fh 6 1 4 B — B b
{7 B, RO E AR A (D) B B I T R
RER AT FRARTB I T , BAR R ER

ar%min | zi—BU|3+A | w || 1 +Br(ULUT) ,AER
U €©)]
s.t. |16 | <1,VjeM

R, L=A—W RUERFERE, W RHCUEER, #2R R

FAAEZFEINIKT 3 A X A = DWom

PR EAER & 0 BT I IR A R
BRI IR R TATH. A2 PR EORH AT 25
T A IER T SR BURASE ., (RO A
BUSAFIER) &SRR RERAK .

EERE SR I T SRR AR, KR
ASRXPH L AT TS, BRSSP it
SRR S RA R AR R

e 30 o



2.2.3 BBEE Y RHmA

R B SRS kAR R R A AR R s M M R T 2y
R EFECE % BRI E G s A ) — SR, R, £
B EES, WEN R SEZTE L TXER. X
BT L (81 B 0 BV T 5 P B o S AR AE 2 el AR L, BB A S Bk
B — X B R . RIS B REXF LT XE
B 5 BTz M b T X M REA—3, 3B 4
1TJG SE 0% [ FE TR VE RT3 2 B A M B R FRIE B A T
$£19. Shabou, AP T IR T R ES 785 RO g 2 5, 5B
ATEEZREM T XEE. BB TEFNER, CEt
(5412183 T iz R{E B e S s M — 3 i, 30
T RER WBOR B ol A, R E X RS
GG, T RS SO R B RE R REHL

- A A A
E(Y): prdam (Ip va)+ /\_}f-pn‘ar(prBq) (10)
rE ]

Eputa E prior

BB R M & TS Edata TAHE AR ME R R T xp A
PEFEMFEZ [0 B EEES . Eprior F/MURIFAER AR F xp MFEH
BRI R A EE R A, XM RLAY Eprior 3844
MFEW TEGESE ERAKR, SERESRIFH T ke %
P

3 FEMILE

BRI T AU SE A ZR G54 Pl SR AL T 25 (8]
TCAE B, XA~ M B2 5B B I IX 3R ) R AE 1R F I BK A
ST S . EE R, AN H SRR R FE R h—
A AR XA THEEER . EF T A
REYTT 5 ieAh . B FRAR T X FA BB AR & LRAR
AAMEMENNEEE, B ERIENESEER. FIETENA
B FIRIET 1962 45 Hubel I Wiesel )56 T35 52 12 40 g
B TTAUEE TAEDS , 2 1999 4R T T 4E 1 Koenderink # 5 3
7 E GRS A RRD . A s A IR S e X
AN o P R ARAT B AR AR, EL T R E R INE
HRE R,

3.1 CHkEmE
.11 Zpeyir ik

Jarrett® B 2RI T2 /M GREERY -2 vh 4 LT £
RETHEWREN NGB RE, RERT SE0ILE
FE BME RV R R AR R B T R 5. BRI
TCAEERE R K AL £ (sum pooling) ., 3R 3 34 I £ (average
pooling) A1 B K4 (max pooling) , -3 BT L
THEHAXER:

few="L1lul, an

A, N 2R R E A EREWRRLERAE R
FRIE_E MRS . IR QDo R, BeA kT4, I
KA.
BXREMTCEFET AT EMARER .
fow=ul 12
Yang ' fE N HMERIRE LML RERC L ER. A
PR B AT SR e S RE P SRR E i,
BRI RS AT EBEARTERTNSL2HH
. 40 .

FERMMARE. RARET £ E B GRIR R R
AN R F 4 45 A0F 0 4 £ 35 B ) 45150 o 88 K i
TTHERBRM LSO BRI EN HMAXSY SRHTY
ISR HRE 2 X I8, V1 BRI . 15 B AT R RRAE SR S A
WAl R TICERA 0 SIFT.HOG KXt 77k i, 18
Ty, ERE RS T A KBTI, B4R IR
KBTI E R A R EFE. X EREi S
BB R IR F R+ B RS S 2 R D PN A5 1R R vk
B MY TN

3.1.2 AiteyimEHRHE

SCERL67]E Ut IR BE 45 IR B AL AL R Al B R IC 9%
VERMZRAE S E M BUR S Lazebnik® R B #7538 % v 88 5%
KRR F R W, AT H A B RN A8 KICEHREaR
BB AEHEE R, Y-Lan Boureau®™ 4 7 X 445 4, M
PG LA i TR A A R IR T L T AR T SR 4%
P, 3¢ BT T MR B ZE AT R i e Ak BN R 22 oy 2 b iy
S SGLE M RS T A RN EBAE N IX 458 0
PL BT AR AR AR PR RE B AN TR BB 2K, L0 B E W IR M
B, A LR RAT TR R S — R SR .

Bl W 3G 2 AT BRI M RIS B AE A A R Rl
B X BRI ERE ™ R &k B TR e AT T
o T RSB, FBASIT AR S RE W AT Hi51
Fk. Jiashi Feng F 2011 4E4H T 43 (6] p M I 4E 7 ik
(GLPY') I 4 o $0 B 3 M35t K fh 28 ] IX 43 B A7 v >
23, RARGHX SR T ERR T S MEEENE M
FET 2 (VAR 7 o R O ] A 0 TR By s (e e A SR B T
SNHBENRRE. SOy 2 R EARE 22 (8] 0 Sk i 17 3
B3 B RHE AR HEAT TR A S AR s A, R BRI
EREM TP ICEREL —MEABOERST TH — K
KARE T E5 AR R B RE 1 A o 2 i

Lingqiao Liu 4 tH 5 AT A B 09 6] RE A T JAGH T 4
RGP IR R HR s T LR T H B R R,
SERFIX AR , Linggiao Liv F 2011 4R42 3 T — #5149 mix-
order B RTLERMEF KLY, EXMFES . LR TEIA
BEVAE PR P B OB — A R BLCBOR T R B
AT LA 1L XA TR P v S BB S 1R T HE B R 1
B/MER 2 WH R . BRI EEMER mix-order £ AT
SRR b= HERIENL.

2011 £ Jimei Yang ™ 8 i BLSL A 3% b 48 K S B A 5
A& 2L B B X 2 B B s ER A T I SR e R B B
BROR MR AT RER A T8 5, Al S8 B BB B A L RE AT
FH . SCPE XTI, R T — R I A BB X A R
PGB RICEREITEPIA TET BENRE.
MITE S AR RR IS E &,

Avila, S, {AJE R I 28 38 19 SRR S A0 B AT SR 3R
T ARS8 S A AR 4 A5 R R 5 A A b AT T 8. Avila,
S, THAE 2011 4R 4R T A0TSR BB R, UL AR PR R B A o
BRI X N I R TRARAE M G T B RO EERE L i BERS
W bR SRR RN IR F 2 1B I B SRR S B 1 PR PR A AL B
24 BOSSA (Bag Of Statistical Sampling Analysis) . 4% 4iF (9 £
RIEMERUE T, B BoF R 81 T B 210 L



BAWTEFEHREE -~ NXMPRBESILER
BB M Zefyi i, X BN SRHHIE A5 MR b iR
A E. SRR Y JE SRR AE BB TR, Xinnan Yu
BEXTIXFPBLA, £ 2011 4R T — R RO RRIEIC S 7 k1,
HERET 2 g HFERFRE, OB F 4 0 B 8 7T LUR A
BEMER, AT URES A A T EVLRSE
g,

3.2 CEXEA%ER

PRI G2 BRAE Wk B S R 1E AN TR) 1) B 2 [ o SR S b
LR IR AR X R AE M A B AT X B0 H D4R, B & 738
(SPMYUS g B A ) —Fh 2 ML k. SHEFIER
W b B 1R X S AT 4l 4y, R & FIE W F KBl SE T R BT
TE M IC SRR T A B A B B AR R BT 4R IE B4R, IR Rl
ANTEZM=EER, AT KRS THRE. fE&FE0
UL U T X AR AT A I R R E B,

Harada, T. /4 tH SPM 7¢ E& ) 5 )22 4 235 Rl 43 B 40
BETFLHEEENRAS, o RO KE. Yang
Cad™ WX FH M H A BFFE T — R 32 ALY BoF AL, LUE
AEEGRELYEEEE. 1 SPM R4 g RE 2, B
1% LR IE Y e AR R B B R e R bR — R 5
WIH 71 BoF R 5 31 P IX PR 4R 8 o s 11 SR (R R R A [
LB SR ERERTE. RIETEEFR 2 boosting
W A TRHIE 3, BRI RA AR RIE I &/, BF
[¥J BoF FEHA &4 1) BoF MBI, 7T LLE/ER SPM
ZRIPEMEZH . AMEEETEZHEEGER, MEEAET
R S FUR AR M, Mateusz Malinowskil” gk — 3
Rt T SPM Zs ) R 4 ik o5 < X8 R 43 B xR AR 4
55 WA BB BB £ 55 40, R4 S JB T X X SR B R
4y, 22 A BT AR R R X SR PT B2 A BIA R M F X, 1
FESTXFME LR TBA AL R S BOMICE KRN
B, 30 EON T 38 R B AR ARRIE s I AL AL R B A A TR 4R
W TR E Y, — TR B R R RS 4L,
BRI A R 53 8 TR LR LR B . Yan-
gaing Jia " BRI T BRI S X IR T B Ay R B
Wi 5 45 5 B R ST 4 K RHEAT B 38 W 192 > R K IR b 4R 5
REM R, M EERBHBRER/ PMERFEL, H TS
ARG F T SE SOPRA T it B & 09 B, TR B AR B
TRBMICEXBIE L, RFNGEMMB KL, R
SRR TE. WNBRBRT - MERNET
RS REIE e B AN F I SR B B AT IR I ST, I R AR
{1 P B AR 2 (R AE 25 R AV US T B ST L RE .

BRIE  BoF $SMEME TN SR & 21—
RAFIE, HoP AR 2 . REMIRS R W EY] BoF 1
1A A RIF I PERE . BoF MRV ¥ 35 R ke
TESRE . F S A B AR AE ) BAL AR S R IE B0 IC &R . Bl
i TAED 01 7R3 FARANE S, 30 = S B3 M T )5 TH
£ B B A AE SRS AR AE T 48D SR B/ — 38, BT RIAR 3
B E R EAFIE BRI B RED RHE M IC R B AR 3
TTiHE. RECHNBIRRE T LIEY BoF f1EE BB
DRMET NA R EERER 5 8RR T, (BRI
R EARR AR BB YE AR . e BRI T .

(DZEMEE. 2 A BRI E R R BoF S 4E ) — A HE
. FEACTEZS LSBT, WANAE AR EL O A B b AN X
SEGR B R 2 R 0 R B, B2 S B E 5 B BoF
EBCE A, ST 264 B BoF A0 Byt A 0 R A £
oz 5 B ISR AT A

COIEEE. RE— AR R SRR,
AR KA RIRR BA BRI 3L, 7E BoF %
TR AL BT S B AR LEAD B S AT 5 A B
T HRES AR NE BB RIS N FEARR. 2009 4
ff) ImageNet 4B 2 — -/ NI ) T 1 SR1E &R 2 1]
59 5 T (B R o IV S v ) Eo A B R (4R
(B8 BRI RO E

R E, SCHRLT7]E XA E AR X A T3S
BT TIVH . SRTTBEE AT R AE RERO R I H4TE 01X
AYBEFIE T W 3 ELRRAE A 7R 20 b5 10 4 e P
AERTEBRME , R — A~ B I R P B R K R
B, A RBERAREE, EERERT, %E S0
S SRR TR A 0 B, TR R R . AT RO 1
SRR AL T IV A, B — 8 P ORI . B DAE R i
b SRR B M SER R K

(OBERCFIGR., BT ORARGTEE TERL.
BRI BRI BE AR R4 A B AR %,
TESRT I X SO AR TR BAR RO IE ML b B B4R
VAR B S B 1 B AR TR AR DL B R B 12 B ML B 4
Wk, BB B AT R RS B L M2 —Bk. Ieoh, 191
SRS TR A /N A 2 BE AT A AR,

VISAETT 4, TERRIETC S0t R v P I 22 T B 2
KRS G . RTIFTR VX AR B 5k
B, FEGE TR R 2 4% S SO R 2 60 4 A 3
32 10 R, 0402 R B IR 28 9 1 190 .25 1A 43 A6 R R
DA K T 2 B 43 A5 A ST S TS, oAb, R RIS T B 454
WA AR 220 KB R SR RE

(OBEMLBTE G, FEFRARERRES LD
BIE T BAFHA AR BR B TR LML R %
3k b2 BB R SRR E A B B R, X
7 TR b B AR, AR M X ST B AT R
FIbaE. FRLAA BRI — AN — 0 & R Rt AT
Gi— B, NTIRAE B R AT,

(TYEA21) BoF #SAE 44 33 R AR E 1 RO F i
1, B2, BoF AR R —FER ISR X254
EAE PRV P W0 e 2 O PR A 9 2 IV P AR B BT I
RO B FHATE 8 5 5 A 20 00 AR 4 265 (R U e X
TR RIFHORCR , BT UL BE 75 45 & 10 R WA IE A R BLABARAE %
HA RIS R R E R TS AR U BUS B IR AR R
AMERRTF SR,

2 £ X #

[1] Csurka G, Dance C R, Fan Li-xin, et al. Visual categorization
with bags of keypoints[_C] // Proceedings of European Confe-
rence Computer Vision 2004, workshop on Statistical Learning

in Computer Vision, 2004. Prague, Czech Republic; Springer-
* 41 -



€21

(3]

f4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

(12]

(13]

[14]

(15]

[16]

[17]

Verlag LNCS, 2004 :59-74

MacQueen J B. Some Methods for classification and Analysis of
Multivariate Observations [C] // Proceedings of 5-th Berkeley
Symposium on Mathematical Statistics and Probability, 1967.
Berkeley, University of California Press,1967,1.281-297

Arai K, Barakbah A R, Hierarchical K-means: an algorithm for
centroids initialization for K-means{J]. Reports of the Faculty of
Science and Engineering, 2007,36(1):25-31

McLachlan G J, Basford K E. Mixture Models: Inference and
Applications to Clustering [M1. New York: Marcel Dekker,
1988

Comaniciu D, Meer P. Mean Shift; A Robust Approach toward
Feature Space Analysis[]]. IEEE Transactions on Pattern Ana-
lysis and Machine Intelligence,2002,24(5) :603-619

Beaudet P R, Rotationally invariant image operators[ C] // Pro-
ceedings of the 4th International Joint Conference on Pattern
Recognition, 1978, Kyoto, Japan; Institute of Electrical and Elec-
tronics Engineers Inc. ,1978;579-583

HamsC, StephensM. A combined cornerand edgedetector[ CJ //
Proceedings of Alvey Vision Conference, 1988, University of
Manchester, 1988:147-151

Smith S M, Brady ] M. SUSA N: A new approach to low level
image processing[J . International Journal of Computer Vision,
1997,23(1) :45-78

Moravec H, Towards automatic visual obstacle avoidance[C] /
Proceedings of the International Joint Conference on Artificial
Intelligence, 1977, Cambridge, Massachusetts, USA; Massachu-
setts Institute of Technology,1977 ;584

Johnson A, Hebert M. Object recognition by matching oriented
points{ C] // Proceedings of the IEEE International Conference
on Computer Vision and Pattern Recognition, 1997. San Juan,
Puerto Rico; IEEE Computer Society,1997;684-689
Mikolajczyk K, Schmid C. A Performance Evaluation of Local
Descriptors[ ] ]. IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence, 2005,27(10):1615-1630

Lindeberg T, Feature Detection with Automatic Scale Selection
[J]. International Journal of Computer Vision, 1998, 30(2);79-
116

Tuytelaars T, Van Gool L. Matching widely separated views
based on affine invariant regions[ ] 7, International Journal of
Computer Vision, 2004,59(1) :61-85

Lowe D G. Object recognition from local scale invariant features
[C] // Proceedings of the 7t International Conference on Com-
puter Vision, 1999. Kerkyra, Greece: IEEE Computer Society,
1999,1150-1157

Mikolajczyk K, Schmid C. Scale® Affine Invariant Interest Point
Detectors[ J]]. International Journal of Computer Vision, 2004,
60(1):63-86

Frintrop S, Rome E, Christensen H I. Computational visual at-
tention systems and their cognitive foundations: A survey[J].
ACM Transactions on Applied Perception (TAP) ,2010,7(1);
1-39

Itti L,Koch C. A saliency-based search mechanism for overt and
covert shifts of visual attention[ J]. Vision Research, 2000, 40
(10-12):1489-1506

'42c

(18]

[19]

[20]

[21]

[22]

(23]

[24]

(25]

[26]

[27]

(28]

[29]

[30]

fa1]

[32]

[33]

Matas J,Chum O, Urban M, et al. Robust Wide Baseline Stereo
From Maximally Stable Extremal Regions[ C] // Proceedings of
British Machine Vision Conference, 2002. British: the British
Machine Vision Association,2002:384-393

Kadir T,Zisserman A, Brady M. An Affine Invariant Salient Re-
gion Detector [ CJ // Proceedings of European Conference on
Computer Vision, 2004, LNCS, 2004,302 1.228-241

Mikolajczyk K, Tuytelaars T, Schmid C, et al. A Comparison of
Affine Region Detectors[ J]. International Journal of Computer
Vision, 2005,65(1/2);43-72

Koch C, Ullman 8. Shifts in selective visual attention: towards
the underlying neural circuitry[]]. Human Neurobiology, 1985,
4(4):219-27

Lindeberg T. Detecting salient blob-like image structures and
their scales with a scale-space primal sketch:a method for focus-
of-attention[J]. International Journal of Computer Vision, 1993,
11(3).:283-318

Lowe D, Distinctive Image Features from Scale-invariant Key-
points[ J . International Journal of Computer Vision, 2004, 60
(2):91-110

Ke Y, Sukthankar R, Pca-sift; A More Distinctive Representa-
tion for Local Image Descriptors [ C] // Proceedings of IEEE
Conference on Computer Vision and Pattern Recognition, 2004.
Washington, DC; IEEE Computer Society, 2004 :506-513

Dalal N, Triggs B. Histograms of Oriented Gradients for Human
Detection[ C] // Proceedings of IEEE Conference on Computer
Vision and Pattern Recognition, 2005, San Diego, CA, USA.
IEEE Computer Society, 2005 ;: 886-893

Belongie S, Malik J, Puzicha J. shape matchjng and object recog-
nition using shape contexts[ J]. IEEE Tran8actions on Pattem
Analysis and Machine Intelligence, 2002,24(4) ;509-522

Jiang Y G,Ngo C W, Yang J. Towards optimal bag-of-features
for object categorization and semantic video retrieval[C] // Pro-
ceedings of ACM Conference on Image and Video Retrieval,
2007. New York,NY,USA:ACM, 2007;494-501

van de Sande K E A, Gevers T, Snoek C G M. Evaluating color
descriptors for object and scene recognition[ J1. IEEE Transac-
tions on Pattern Analysis and Machine Intelligence, 2010, 32
(9):1582-1596

Freeman W T, Adelson E H. The Design and Use of Steerable
Filters{J]. IEEE Transactions on Pattern Analysis and Machine
Intelligence,1991,13(9) :891-906

Baumberg A. Reliable feature matching across widely separated
views[ C] // Proceedings of IEEE Conference on Computer Vi-
sion and Pattern Recognition, 2000. Hilton Head, SC, USA;
IEEE Computer Society, 2000 774-781

Schaffalitzky F,Zisserman A. Multi-view Matching for Unorde-
red Image Sets[ C] //Proceedings of 4th European Conference on
Computer Vision, 2002, Copenhagen, Denmark: Springer, 2002 ;
414-431

Ojala T, Pietikdinen M, Maenpaa T. Multiresolution Gray-Scale
and Rotation Invariant Texture Classification with Local Binary
Patterns[J]. IEEE Transactions on Pattérn Analysis and Ma-
chine Intelligence, 2002,24(7) :971-987

Hadid A, Face Description with Local Binary Patterns: Applica-



[34]

(35]

[36]

[37]

(38]

f39]

[40]

(41]

[42]

[43]

[44]

[45]

[46]

[47]

tion to Face Recognition[ J]. IEEE Transactions on Pattern A-
nalysis and Machine Intelligence, 2006,28(12) ;2037-2041

Song Dong-jin, Tao Da-cheng. Biologically Inspired Feature
Manifold for Scene Classification| J], IEEE Transactions on Ima-
ge Processing,2010,19 (1):174-184

Harada T,Nakayama H, Kuniyoshi Y. Improving Local Descrip~
tors by Embendding Global and Local Spatial Information[ C] /
Proceedings of European Conference on Computer Vision, 2010.
Heraklion, Crete, Greece, 2010 736-749

Karlinsky L, Dinerstein M, Ullman S. Unsupervised Feature Op-
timization (UFO) ; Simultaneous Selection of Multiple Features
with Their Detection Parameters [ C] // Proceedings of IEEE
Conference on Computer Vision and Pattern Recognition, 2009.
Miami, Florida, USA; IEEE Computer Society, 2009;1263-1270
Winder S, Brown M. Learning Local Image Descriptors{C] /
Proceedings IEEE Conference on Computer Vision and Pattern
Recognition, 2007, Minneapolis, Minnesota, USA; IEEE Com-
puter Society,2007;1-8

Winder S, Hua G, Brown M. Picking the best DAISY[C] //Pro-
ceedings of IEEE Conference on Computer Vision and Pattern
Recognition, 2009, Miami, Florida, USA ; IEEE Computer Socie-
ty,2009.:178-185

Coates A, Ng A Y. The Importance of Encoding Versus Trai-
ning with Sparse Coding and Vector Quantization[ C] // Procee-
dings of the 28t International Conference on Machine Learning
2011. Bellevue, WA, USA, 2011

Rigamonti R, Brown M A, Lepetit V. Are Sparse Rrepresenta-
tions Really Relevant for Image Classification? [C] // Procee-
dings of IEEE Conference on Computer Vision and Pattern Rec-
ognition, 2011. Colorado Springs,CO, USA; IEEE Computer So-
ciety,2011.:1545-1552

Sivic J, Zisserman A. Video google: A Text Retrieval Approach
to Object Matching in Videos[ C] // Proceedings of IEEE Inter-
national Conference on Computer Vision, 2003, Nice, France:
IEEE Computer Society,2003:1470-1477

Lazebnik S, Raginsky M., Supervised Learning of Quantizer Co-
debooks by Information Loss Minimization{ J]. IEEE Transac-
tions on Pattern Analysis and Machine Intelligence, 2009, 31
(7):1294-1309

Mairal J,Bach F,Ponce J,et al. Discriminative learned dictiona-~
ries for local image analysis[ C] // Proceedings of IEEE Confe-
rence on Computer Vision and Pattern Recognition, 2008, An-
chorage, Alaska, USA; IEEE Computer Society, 2008;1-8
Gemert J C V,Geusebroek ] M, Veenman C J, et al. Kernel co-
debooks for scene categorization] C] // Proceedings of European
Conference on Computer Vision, 2008. Marseille, France:
Springer, 2008 : 696-709

van Gemert ] C, Veenman C J, Smeulders A W M, et al. Visual
Word Ambiguity [ J]. IEEE Transactions on Pattern Analysis
and Machine Intelligence, 2009,32 (7).:1271-1283

Lee H,Battle A, Raina R, et al. Efficient Ssparse Coding Algo-
rithms[ CJ // Proceedings of Advances in Neural Information
Processing System, 2007. Vancouver, B. C. , Canada; Springer,
2007

Yang J» Yu K,Gong Y, et al. Linear Spatial Pyramid Matching

[48]

[49]

[50]

[51]

[52]

[53]

[54]

(553

[56]

[57]

{s58]

[59]

[60]

Using Sparse Coding for Image Classification[ C] // Proceedings
of IEEE Conference on Computer Vision and Pattern Recogni-
tion, 2009, Miami, Florida, USA: IEEE Computer Society, 2009 ;
1794-1801

Gao S, Tsang I, Chia L, et al. Local Features Are Not Lonely-
Laplacian Sparse Coding for Image Classification[ C] // Procee-
dings of IEEE Conference on Computer Vision and Pattern Rec-
ognition, 2010. San Francisco, CA, USA: IEEE Computer Socie-
ty,2010:3555-3561

Wang J, Yang J. Yu K, et al. Locality-constrained linear coding
for image classification[ C] // Proceedings of IEEE Conference on
Computer Vision and Pattern Recognition, 2010, San Francisco,
CA, USA. [EEE Computer Society,2010:3360-3367

Yu K, Zhang T,Gong Y. Nonlinear Learning Using l.ocal Coor-
dinate Coding[ C] // Proceedings of Advances in Neural Informa-
tion Processing System, 2009. Vancouver, British Columbia,
Canada; Springer, 2009

Marcelja S. Mathematical description of the responses of simple
cortical cells[J]. Journal of the Optical Society of America,
1980,70(11):1297-1300

Liu Ling-qiao, Wang Lei, Liu Xin-wang. In Defense of Soft-as-
signment Coding{ C] // Proceedings of IEEE Conference on Com-
puter Vision and Pattern Recognition, 2011, Colorado Springs,
CO, USA IEEE Computer Society,2011:2486-2493

Huang Y, Huang K, Yu Y,et al. Salient Coding for Image Clas-
sification[ C1 // Proceedings of IEEE Conference on Computer
Vision and Pattern Recognition, 2011, Colorado Springs, CO,
USA; IEEE Computer Society,2011;1753-1760

Shabou A, LeBorgne H. Locality-constrained and Spatially Reg-
ularized Coding for Scene Categorization[ C] // Proceedings of
IEEE Conference on Computer Vision and Pattern Recognition,
2012, Providence, Rl, USA: IEEE Computer Society, 2012;3618-
3625

Hubel D H, Wiesel T N. Receptive Fields, Binocular Interaction
and Functional Architecture in the Cat’s Vsual Cortex[J]. The
Journal of Physiology,1962,160;:106-54

Koenderink J J, Van Doorn A ], The structure of locally order-
less images[J]. International Journal of Computer Vision, 1999,
31(2/3):159-168

Fukushima K, Miyake S. Neocognitron; A New Algorithm for
Pattern Recognition Tolerant of Deformations and Shifts in Po-
sition] ] ], Pattern Recognition, 1982,15(6) ;455-469

LeCun Y,Boser B,Denker ] S, et al. Handwritten digit recogni-
tion with a back-propagation network[ C]// Proceedings of Con-
ference on Neural Information Processing, 1989. Morgan Kauf-
mann, 1990;396-404

Ranzato M, Boureau Y, LeCun Y. Sparse feature learning for
deep belief networks[ C] //Proceedings of Conference on Neural
Information Processing, 2007. Vancouver, B, C, , Canada: Sprin-
ger, 2007

Jarrett K, Kavukcuoglu K, Ranzato M, et al. What is the Best
Multi-stage Architecture for Object Reognition? [C]// Procee
dings of IEEE Conference on Computer Vision and Pattern Rec-
ognition, 2009, Miami, Florida, USA: IEEE Computer Society,
2009:2146-2153

o 43



[61)

[62]

[63]

[64]

£65]

L66]

(671

[68]

[69]

L70]

(71]

[72]

73]

[74]

Serre T, Wolf 1., Poggio T. Object recognition with features in-
spired by visual cortex[ C] // Proceedings of IEEE Conference on
Computer Vision and Pattern Recognition, 2005, San Diego, CA,
USA: IEEE Computer Society, 2005 :994-1000

Pinto N, Cox D, DiCarlo J. Why is real-world visual object recog-
nition hard{J]. PLoS Computational Biology, 2008,4 (1); 151~
156,

Sivic ], Zisserman A, Video Google: A text retrieval approach to
object matching in videos[ C] // Proceedings of IEEE Interna-
tional Conferenceon Computer Vision, 2003, IEEE Computer So-
ciety, 2003.:1470-1477

Zhang J,Marszalek M, Lazebnik S, et al. Local features and ker-
nels for classifcation of texture and object categories: An in-
depth study[ J]. International Journal of Computer Vision, 2007,
73(2):213-238

Yang J, YuK, Gong Y, et al. Linear Spatial Pyramid Matching
Using Sparse Coding for Image Classification[ C] // Proceedings
of IEEE Conference on Computer Vision and Pattern Recogni-
tion, 2009, Miami, Florida, USA; IEEE Computer Society, 2009,
1794-1801

I.azebnik S, Schmid C,Ponce J. Beyond bags of features; Spatial
pyramid matching for recognizing natural scene categories[ C]/
Proceedings of IEEE Conference on Computer Vision and Pat-
tern Recognition, 2006, New York, NY, USA; IEEE Computer
Society, 2006:2169-2178

Boureau Y, Bach F,LeCun Y, et al, Learning mid-level features
for recognition[ C] // Proceedings of IEEE Conference on Com-
puter Vision and Pattern Recognition, 2010, San Francisco, CA,
USA: IEEE Computer Society,2010:2559-2566

Boureau Y, Ponce J, LeCun Y. A theoretical analysis of feature
pooling in vision algorithms[ C] // Proceedings of International
Conference on Machine Learning, 2010. Haifa, Israel; Omni-
press, 2010

Feng Jia-shi, Ni Bing-bing, Tian Qi, et al. Geometric p-norm
Feature Pooling for Image Classification[ C] // Proceedings of
IEEE Conference on Computer Vision and Pattern Recognition,
2011, Colorado Springs, CO, USA: IEEE Computer Society,
2011:2609-2704

Yang Ji-mei, Yang M-H. Learning Hierarchical Image Represen-
tation with Sparsity, Saliency and Locality[ C] / British Machine
Vision Conference, 2011. British. BMVA Press, 2011, 19. 1-19.
11

Avila S, Thome N,Cord M, et al. Bossa: Extended Bow Formal-
ism for Image Classification[ C] // Proceedings of International
Conference on Image Processing, 2011. Brussels, Belgium: IEEE
Computer Society,2011:2909-2912

Yu Xinrnan, Zhang Yu-jin. A 2-D Histogram Representation of
Images for Pooling[ C]//SPIE. 2011

Harada T, Ushiku Y, Yamashita Y, et al. Discriminative Spatial
Pyramid{ C] // Proceedings of IEEE Conference on Computer Vi-
sion and Pattern Recognition, 2011, Colorado Springs, CO,
USA:IEEE Computer Society,2011,1617-1624

Cao Yang, Wang Chang-hu, Li Zhi-wei, et al. Spatial-Bag-of-Fea-

e 44 o

[75]

[76]

L77]

(78]

{79]

[80]

[81]

[8z]

[83]

(84]

[85]

[86]

[87]

[88]

[89]

tures| C // Proceedings of IEEE Conference on Computer Vision
and Pattern Recognition, 2010. San Francisco, CA, USA: IEEE
Computer Society,2010:3352-3359

Jia Yang-qing, Huang Chang, Darrell T. Beyond Spatial Pyra-
mids: Receptive Field Learning for Pooled Image Features[C]//
Proceedings of IEEE Conference on Computer Vision and Pat-
tern Recognition, 2012, Providence, RI, USA: IEEE Computer
Society, 2012 ;33703377

Deng J,Dong W, Socher R, et al. ImageNet:a large-scale hierar-
chical image database[ C] // Proceedings of IEEE Conference on
Computer Vision and Pattern Recognition, 2009, Miami, Flori-
da, USA; IEEE Computer Society,2009;248-255

Schmid C, Mohr R, Bauckhage C. Evaluation of interest point
detectors| J]. International Journal of Computer Vision, 2000,37
(2):151-172

Wang Xing-gang,Bai Xiang, L.iu Wen-yu, et al. Feature context
for image classification and object detection[ C] // Proceedings of
IEEE Conference on Computer Vision and Pattern Recognition,
2011, Colorado Springs, CO, USA; IEEE Computer Society,
2011:961-968

Malinowski M, Fritz M. Learnable Pooling Regions for Image
Classification[ OL]. http; //arxiv. org/abs/1301. 3516

Bruce N D B, Tsotsos J K. Saliency,attention, and visual search:
An information theoretic approach{ ] 7. Journal of Vision, 2009,9
(3):1-24

Elazary L, Itti L. Interesting objects are visually salient [J].
Journal of Vision,2008,8(3):1-15

Kienzle W, Franz M O, Scholkopf B, et al. Center-surround pat-
terns emerge as optimal predictors for human saccade targets
[J1. Journal of Vision,2009,9(5):1-15

Tatler B W, Baddeley R J,Gilchrist I D. Visual correlates of fix-
ation selection; Effects of scale and time[]]. Vision Research,
2005,45(5) :643-659

Maree R,Geurts P, Piater J, et al. Raet alndom subwindows for
robust image classification[ C] // Proceedings of IEEE Interna-
tional Conferenceon Computer Vision, 2005. San Diego, CA,
USAIEEE Computer Society, 2005 34-40

Nowak E, Jurie F, Triggs B, Sampling strategies for bag-of-fea-
tures image classification[ C] // Proceedings of European Confe-
renceon Computer Vision, 2006, Graz, Austria; Springer, 2006,
3954:490-503

Lazebnik S, Schmid C,Ponce J. A sparse texture representation
using local affine regions[]J]. IEEE Transactions on Pattern A-
nalysis & Machine Intelligence, 2005,27(8):1265-1278
Daugman ] G, Two-dimensional spectral analysis of cortical re-
ceptive field profile[J]. Vision Research,1980,20(10) :847-856
Daugman J G. Uncertainty relation for resolution in space, spa-
tial frequency,and orientation optimized by two-dimensional vis-
ual cortical filters[J]. Journal of the Optical Society of America
A,1985,2(7):1160-1169

Hui Bin, Tang Xu-sheng, Luo Hai-bo, et al. SDF Matched Filter
Based on Gabor Wavelet Transform for Face Recognition[ ] ]. In-
formation and Control, 2008,37(5) :633-636



