I3




RGAF e IA R A

O FE—XE— MR EAREGEHREREERK
m e
v E I :u%z s, R
v S LTRSS
B T
O B E4FER B

B UAENAE, BINTHEEIEXBFNAEEIER, BfFIEREEE
BB

tEAEZS ]




HiEE e

O ET = F4FIEREGRIE
B 7KEYFE: Histogram
B FE4HE: Color Name
B ZUREFHIE: GIST

O & T EHEFIER ElIGRIE
L IREEER o) SR b o2
v BE_{ERL (LBP)
v BEREERSGE (HOG)
v 2R £ 32 (Shape Context)

B ET xS EIM soHFIE
v SIS EREAR : SIFT, SURF, LIOP, ORB

B FERES5ES
B SEFHEN




H 75 [& (Histogram)

OfF2a=BERE

B FHREANEEZ BRI A—RIBFEE, XENFEEBFITRS
(bin), REGITEEESNFEEEAREE (SELH)

B B EREMBIEEITEIUTR—MEE, ARSI ERLAR R
HIE S E XEFRY bin H

B INTERR: bin EI]EHI':PEI’J%H%E“, HYERNGEFHE
HAFHES T E, XEBBATLIZEMEEL R, BREMEA

FHIE

bl b2 b3 bd b5 b6 b7 b8 b9 blo b11b12 b13 b14 b5 b16




REET

fRE

0 —igE

/R Eb(

23

WA E7R BAERGR REAERK,

BRI — 1T EERHE.

n REELENEGR/ILTEREEAE M

117|189 |10]11]14 IRICH o
5|26 |7 |14|12]|15 6L
3|14|7|8|6]|9]|1M1 or
4L
211|147 |8|8]9 3l
8|l4|5|9[11[12]10 2“ ‘
1_
8 |10|11[15|16 |10 |13 | N
0 5 10 15 R
13| 6|9 |16]13]12]10
e E% WKEHTHA
U H A HES &R G
L REE 1 2 5 6 7 9 10 11 12 13 14 15 16
TR 2 2 3 2 3 4 5 5 4 3 3 2 2 2
BREE
0.04 0.04 0.02 0.06 0.04 0.06 0.08 0.12 0.10 0. 10 0.08 0. 06 0. 06 0.04 0.04 0.04




REERFE
=B 5 ER RS T] LUK BUHERT

_
Tty P ot g vteeed Ay Vgt M e WD TGN 1T WA

ISO 1600 f/4 1/250 17mm

ISO 800 £/2.8

ey Vo oh e et Sy et wes et B VSV ) e

1/250 , ,




RERFEREEITE

O BEREEXRY (FRMERERIT L2 )3—1)
U

> (Hi(1) — Hy)(Ha(I) — Hy)

S(H, Hy) = — —
VE(H (D) = H)? S (Hy (1) — Hy)?
m Ho N E 5 E bins BN #]

H. = %Zﬂk(t}r)
7
N

O BRHE *Esc(mtersectlon) EE=H B
B SANEREFHFITLLE—K

S(Hy, Hp) = ) min(Hy(n), Hy(m))




76 FE A B

O EX: AN 5ET R Tk g e gvir)ic
[J Basic color terms (word): EAREiBARIE
B TS —AR{ERNEN, —fRATiE
v A N TR 4 K 3R oy AP A R 4
vV AEETHEAEXRER
> RZI(crimson), B4 (scarlet)NEEAKEE®, FE T (red)
ZIBES BB KA E A EX X EIRPCHIE A2 —EEY

4 TI‘JE’Jl SEERGMENEEABEEELERN
> P EFLOE, ZiEtEA red

v .
O A~ [EiE= B Basic color terms B EEF—H
m RIE: EF2FH
B Russian: 12#, English: 11F#

Sk

Color Name: —#%




Color Name

O ES %A EA: RFEIESH Color Name B & REPETE
— ARV AR

Development color names in languages:
E..................: purple
white green
................... pink
red blue brown
orangec
black yellow s
grey

O RBPREE 11 HEKRMBEARIEF
® black, blue, brown, grey, green, orange, pink, purple, red, white,
and yellow




Computational Color Naming

O = 3] ap{a g% Z ERR ST Sy color namefrZs

Il)&

o)gi: K=EFR/RHPEE e H
ﬂiﬁﬁ rRE, =5 _Ilfl B Eh 3T iX
|/ FH color name #17#5rE?

B Find me all yellow cars?




Color Names= 3]

O E R E 5|1 ZEWE—2H55Fx12 Bl /7 (weakly labeled)

O FIFESEA (topic model) F S [El{& color nametSiERiE
B EEEA:  Probabilistic Latent Semantic Analysis (PLSA)
B Document ([El{%)->Topic (color name)->Word (RGB value)

black blue brown green

false positives 1§FH G00g|6)1||' &,':%E\' Hj El‘] ):|L

» Van De Weijer J, Schmid C, Verbeek J. Learning color names from real-world images[C]//2007 IEEE Conference on Computer

Vision and Pattern Recognition. IEEE, 2007: 1-8.



GIST

I:I FEEGAIEF, GaboriR#H 22— T A SRV L IR 85
4 Gabor jERES: 1EFHEBIATIA S ETZ R E
B &R Fourier T
g, y) = s.(x, y)w,(x,¥)

Heh s (x,y) = e/@TMXTP) () = K o (7(a? x40 (v-y0)7))

v ug My FAlRRERIFKEMER G EFINER

v P RIEZER AN

v\ xo Fy BRI BT R ol
B GaborfE =R G mRER AR T HR G LU
B Gaborff s tTnEa83ERIAMD S

IE5%FHK SEIEEE




GIST

O A [ElFEEY Gabor jER 28

O

29 5° 112.5°  135°  157.5°
] Gabor 7"\,\}&3?15']




GIST

O GISTHHERRE—f&RTz

gabor fitter

VBN LS =] /.| ]

arientatian

input irmege —p
< B
Q) "WI. ;{-
Coru, JE
' g

giitfeature- |“||_iF:E
: el

' ; eltract meanper
E.., _ block



GIST

1 GIST-512
B 32/ gabor jERKR: 84N AME, 4PMRE
v 153 32 M5 REIFKH feature map.
B %5 feature map 95 4x4 block, it+E & blockRHI%E
B ¥ 32 4~ feature map BYETA block HIMEEFF
v/ 3t 16x32=512 M{E, Bl 512 4 GIST 4¥FiE

feature map & block i+ E15{&



GIST

O GIST $F{EREE A

Algorithm :

Extraction algorithm of global GIST feature

Input: Image I(x,y) with the size of M X N
Out put: Feature vector G©

R

1: for j=1, --- ,m do
2: for k=1, ---, n do
3:  Calculate m x n Gabor filters g, (z, y) - EeE=rz
4: end for
5: end for
6: Divide I(x,y) into nyg = np X nyg blocks and label those different
blocks with B;
7: for =1, .-+, ng do G () = cat(I(x,y) * grn (), (v.) € B,
8:  Calculate G (x,y) 1
9: Calculate GiB Gl = TN > Gl
10: end for \ (x.y)EB;
11: G ={GB.,G},...,GB } block size

n;g




eSS
O E T EFIEREIRRIA

B Histogram
B Color Name

m GIST

O ﬁﬂ:ﬁﬁﬂﬁﬁﬂﬁ Eig Rk
& B 1Y E RN se 4 IE
v BE_{EEL (LBP)
v BEREERSGE (HOG)
v 2R £ 32 (Shape Context)

B ET xS EIM soHFIE
v SIS EREAR : SIFT, SURF, LIOP, ORB

B FERES5ES
B SEFHEN




\

O EfR%5=

= 2B —{E4R3 (Local Binary Pattern)

B EAEBREAHT, R—EHERREEEZHES, BEIBX
WG ERERN KN RRAZIRERN

O LBP%F{EFEk

B AEGHEORN, UFMERARE, HHEBMEENREESS

IMRELER

v BEGRERE:z P EEE: FIEA 1
v BEGRRE < FLHRERE: FRs2A0

B T8/ R T A B — %

v Fh. 256Fh (28)
v i iREIE: LBP{E

1
9 B Threshold
3 1

_________
-
a,

\

i Binary: 00010011
I' Decimal: 19

i



= EP_{E1=3\ (Local Binary Pattern)

O R R R
B LBPIEERIENX A
B LBP(x;y:) = Xp=5 2P - s(ip — ic)

B Hdi(e, y) AFUEER, ERERL, REAEGRERE, sATHS
A

O /Mg
m [BPAIARFIBIHRER AT, HIERRAMRTFEIRISEE

\

flat flat edge corner nan-uniform
o *e o © & L o®b | | d®e | | o®e |
. 0w ® ' o|l® | ® o|®|0

. ' ™ ;'

! | | |

B {HETUTYSIX IR /NS E, SEEFEEANE ST AN 2 1P 55 2
B NESNEETEBBIFNEEME/AT M
v AT (invariance): UATN AR



LBPHYI & (EFYKLBP)

O Biist
B 3x3IEI R A EELRE
B [E R E G AL AR
B FEYLBRENREETELHESE

asa:
IR

O LBPY: RREXR IR BERAE P MEES

g7

g% |8% |80

(P=4,R=1.0) (P=8,R=1.0) (P=12,R=1.5) (P=16,R=2.0)



LBPHYI & (EFYKLBP)

D i‘j-q:_/\éA/:E,H,JI\\\(xC) yC)5 / si&
LI §== 1 /NG W g = Ry

2 1Tp 27Tp
T) Yp = Ye — Rsin(—-~ P )

v HAR BfH1ZE, P ANASBIHE

B MRS AN EEGEVER LR L, NAAEIZRNEEE?
v WL MIRE:
11—y
(
I

FizM), SR

B=A(x, ), PEP

z, = x. + R cos(

J‘ !z LBP mfoBpg !ﬁ/LBPs [ERLBPS



SRR —{EHET -

OBAENXAR, LBP X3t

L -

JRE

LBP[Z]

IR

72\©\

BTUHIFEEE




FER —{EIRN : e AT

O ned ATt : EiREZERETHRE, ERFERFAE

O LBPABAZREATH, F—mEEE, #iTikiEE, H
fﬁ{E/\ﬁ{EKE’J%nU

O gust: ANEhed: B2 eBEiE 2 — R ¥t E X BILBP1E,
e /MEERIZS Bﬂzﬂ’ﬂa
B & 8 MLBPIRI, XMAEFEAZHILBPIEINtSJ5 00001111
IR ffﬁ‘—‘FET#—*HIEXTTHE‘tE’]F/\Ii

Q O

O -
O 1 e _ o
® 0




L BPZ/ 485 (Uniform Pattern LBP)(E)

O a)fn: —i#HFIRRE %S
B —PLBPEFILUZEARNRRN Z#HGEIRT, M TFERARVEFX
WAEAPNRESHLBPE T (LBPR)BE A 2P #iER. (3x3
RIEAR8 N =, A 28 Rz, 7x74BmAR3610 =, NF 23¢
FRT)
O fRGE: FMER
B {ER: MLBPEFRIEAFAEHITIAH
B EN: HSENLBPITXTMBVEIS Z#HHIEMO0EI 15k N 1EI0HZ B
RERETRT, 1ZLBPETX MY —i#HE B FR A — P F MR
O =151
B ENRIE:
v/ 00000000 (0% #k2F),00000111 (2% BkTF),10001111 (2)%BkEE), ...
B BREMEXNLELGMIERINAA—LE, TMEEGERRE:
v/ 10010111 (4% BkZE)




LBPZF{#=R3\ (Uniform Pattern LBP);

O R =PE4
B FNMEAEH=E: 2P ->PP-1D+2
mNY
O 3x3 SRS KA =
v =8 EH 256 #uEb A 59
v FMEXBEMMNNEIKRERE A 1-58, REERNEHEBA O

B SN ERBPIHIER AR, SFIEASERED, TUNRDE
SR A SR I

lﬁ/ AT FMNEN
LBP3 LBP3 LBP3



LBPRIM A : LBP Histograms

O LBPHFES 1T H 5 [E(LBPH)
B FLBPHIESEIEMNZTIHIEEREE.
O ES‘E, FLBPHHEEG 7B N EERR, HiIZEENE T BREBRAE S

B RiE, FREERFERORERE—REMKLBPYFHENSITEE,
RILBPH.

O &FA: OpenCVARRIRA!
B TEEGRLBPE%
B ZLBPYHEEIGIHI TR (40497 81785164 [X 1)

B I ESRXEFTEESNELE, BERE#FITIA—, ERFEX
INJg: 1 X NumPatterns

B ERXIEE S ERTEIREOXHES R —1T, 2R LBPFHEM]
=, K/NA: 1 X (NumPatterns X 64)
C Fﬁ*ﬂ%%%jﬂﬁﬁxfﬂLBPﬁﬁEﬁg A1TIIZR, ATRMFLRR B R



LBP: /J\2§

O M=
B —ERRE LR T R A B2
B RN, FTEARERTM
B SURHEERER, TEREIR

O &5
B LSBT U SHEERERES = BV R B K /)N K R MR, X
HILBPLERAJgEth ATk
B BISIANFEATHEN, [FLBPEFEAEEE M., BXtESE
LBPERELTHEER



eSS
O E T EFIEREIRRIA

B Histogram
B Color Name

m GIST

O R:F)%ﬁﬂfﬁﬁﬂﬁ Eig Rk
&1 L Y /S BB B 45 IE
v BE_{ERL (LBP)
v BEREERE (HOG)
v 2R £ 32 (Shape Context)

B ET xS EIM soHFIE
v SIS EREAR : SIFT, SURF, LIOP, ORB

B FERES5ES
B SEFHEN




HOG: #E IR HFE

[1 HOG (Histogram of Oriented Gradient, HOG)
B ZitEGERXIENHEE S EESE
m FEEE
v E—EIEGH, BEEFREIINFIFZIR (appearance and shape) HEfS
R B BB 45 R 75 [l 3 A A
v KR SENRIHER, MBETEFE TGS

O F2LE
m HETE
B HEHES%IT
B 3 (block)f#iAF




BERRELE: HEITE

O ElfGFALE (FlikE)
B REL: BREEETRAREER
B MISHRIE: FATHEBRXLE, BFERICEBEZENZN

O#EITE A
B HEKERE Jx FMRBEEEE 9y 40 1 0

B T E SRR E 53 E NS E 5[0 1
vV BFSHE: 0~360"; TFSHE: 0~180

Er— 9z
= gg —+ g% 9 — ﬂ?‘ﬂtﬂrﬂ—g;

IKFx6 E



B

O X8

F B F

23

D cell it E R

= CeII size: 8x8

B XTFREE, 54 8x8 1 cell 84 64 M=,

' (BEX/NFMEED

B £ 9-bins M ETS BRI TSI

~ ey
-

— |
=-|—-

8x8 cells of HOG

&

Il)&
\

2 3 4 4 3 4 2 2
5 11 17 13 7 9 3 4
11 21 23 27 22 17 4 6
23 99 165135 85 32 26 2
91 155 133 136 144 152 57 28
98 196 76 38 26 60 170 51
165 60 60 27 77 85 43 136
71 13 34 23 108 27 48 110
Gradient Magnitude

80 36 5 10 0 64 9% 73
37 9 9 179 78 27 169 166
87 136 173 39 102 163 152 176
76 13 1 168 159 22 125 143
120 70 14 150 145 144 145 143
58 86 119 88 100 101 133 113
30 65 157 75 78 165 145 124

11 170 91 4 110 17 133 110
Gradient Direction

BMEEER 21

EHEPNIN

HELE
(0~180")




wERFRIERFE: BF

0 4% 0-180 E 934 9 14~ bins
B %t [0, 20, 40, ..., 160]
B S EIRELG M SR SHE S ERIEHE AN bing

Il)&
%ﬁ'
_|_.

.3&505490?3 '|:)' 4 2 2
37 9 9 179 78 27 169 166 p 1?,13? 9 3 4
87 136 173 39 102 163 152 176 r”,z‘? % 272 17 4 6
76 13 1 168 159 22 125 143 Iz ‘99 165 135 85 32 26 2
"
120 70 14 150 145 144 145 143 ,"f 91 155 133 136 144 152 57 28
P
58 86 119 98 100 101 133 113 7,71 |98 19% 76 38 26 60 170 51
P
30 65 157 75 78 165145124 | 7~ o !" 165 60 60 27 77 85 43 136
v s
11170 91 4 110 17 133 116 | » | 71 13 34 23 108 27 48 110
Gradient Diracti}:nr' 7/ 7 I Gradient Magnitude
PR I
-~ 7 !
’ /
’ 7 I
/
7 Sy y
2 2 2
0 20 40 60 80 100 120 140 160

Histogram of Gradients



Ib&
%ﬁ'
i

wERFRIERFE: BF

0 4% 0-180 E 934 9 14~ bins
B %t [0, 20, 40, ..., 160]
B S EIRELG M SR SHE S ERIEHE AN bing

80 36 5 10 0 64 90 73 2 3 4 4 3 4 2 2

37 9 9 179 78 27 169 166 S M 17137 9 3 4

11 21 23 27 22 17 4 6
23 99 165135 85 32 26 2

87 136 173 39 102 163 152 176
76 13 1 168 159 22 125 143

120 70 14 150 145 144 145 143 91 155 133 136 144 152 57 28
58 86 119 98 100 101 133 113 98 196 76 38 26 60 170 51
30 65 157 75 ?3145 124 165 60 60 27 ??43 136
11 170 91 4 110 17 133 110 71 13 34_23-108 27 48 110
Gradient Direction " ~ Gradient Magnitude
- |
=7 n
-7 l
- - - - i
_.."'" #
21.25 63.75
0 20 40 60 80 100 120 140 160

Histogram of Gradients



=— \

wERFRIERFE: BF

O B4 8x8 cell N E R ERIEFE
B FTBGESTEEI R M
m b4, 0 EFRRyHSE, 7E 140-160-0(180) E ML B 5 ERIER
R, WRAAERXD cell PEEHRFA LTS ERS, BERARE
Yt B S .

A . - :
. mmh .
~ . :,\V
i 7
0 1 2 3 4 5 G 7 8

Il)&
o)
o
<

-




R4 (block descriptor)

O block )/3—1t
B K/: 16x16 (B &4 cell)
B HEY: PEEEERAIR N
B T blockF4MNEE AIEIEEM, FTblocki#HITI—1LEIXHZ36
HEEHITIA—L
B blockleE| EEE
O 3SXREHOGHH a2
B HHEFRBblockpymEE RN A
B EE. E5(64x128)RIHOGHH{EL4E ?
v block #: 7x15
v HOGHFE4E : 7x15x36=3780

EASEE]

ey i
B
i
/&

BZ: H—blockh i E%ZREEEZAHERESH
(a, D)L T HE: f(X) =ax+b, THREIFEHHOGISERE
BEALTK?

11 .
'

L




HOGHYF{EA] 1

O 84 cell, BHLRid

L

blockl3—tEHIEFE

*

-

—

o]
p
P
kst
-
A
-
o
¥
]
I
y
I
-
=
b |




eSS
O E T EFIEREIRRIA

B Histogram
B Color Name

m GIST

O R:F)%ﬁﬂfﬁﬁﬂﬁ Eig Rk
&1 L Y /S BB B 45 IE
v BE_{ERL (LBP)
v BEREERSGE (HOG)
v 2R ETR3Z (Shape Context)

B ET xS EIM soHFIE
v SIS EREAR : SIFT, SURF, LIOP, ORB

B FERES5ES
B SEFHEN




O zptl: SR EERT_EE

-

fiz4k _E T3¢ (Shape Context)

A HY EFRAR (L

—

N

model

target




SN LT FAREEE

O RN (EERTRIFEEE, tEBAERSBMEUE, UK
LAC KR




Btk kT
O URE—1MRERRASZERS, Siit]

Lfth % FR R Y 577

KA % AR 8 bin X 7] H ) s i
g

Count=4

Count =10




iZAR E T3

O tRAFRZ= B X 5775 KRN EErFg, HRE S
A LA 4R R 7R

PTHNER

logr




AR ETIC: Mk

O XERTHmAEF AT M

L] l_L_ﬁ'_E:.I:=I= (=] L_E,J __’f:l:; Wiﬁéﬁﬁﬁ&“?ﬁ&ﬁﬁxﬁi’li

O @ kFREEYIRMERbinESESE k), AIXNKEEES
DEAL:

O a8 2/ N A e ELE




log r

IRETX: EEE=E

log r

J&F-Chi Squared distance, 11

P R )8

h; |[__ F... .) + F:r..j (k)

O AAULEARHC ;, B RARZANE /) B
[ L, A5 21 P A A BT R LR AR

- Z C (i, ar(s))

oy EUL RO ) 2F R R




2R E T ISCHI R FR

il LU AP

« S. Belongie, J. Malik, and J. Puzicha, “Shape matching and object recognition using shape contexts”, IEEE TPAMI 2002.



alt
2
3

Ttk b T SCHIRE

query 150317

o el —p k4
b @ (e <
query I 0.096 2: 0.147 3: 0.153

query 1: 0.066 2: 0.073 3: 0.077

¢ «@ F 7 = 20X5

query 1: 0.086 2: 0.108 3: 0.109

; N A —
DB\ T S [ 2
G (@) (B ) |
inker acoustics \ TN RADIO PISTA
p g WP NI NS 1:0.078  2:0.116  3:0.122
query 1:0.046  2:0.107  3:0.114
a oo A TEE
query [:0.046  2:0.107 3:0.114 query 1: 0.092 - 0.10 3:0.102

« S. Belongie, J. Malik, and J. Puzicha, “Shape matching and object recognition using shape contexts”, IEEE TPAMI 2002.



eSS
O E T EFIEREIRRIA

B Histogram
B Color Name

m GIST

O & T EHEFIER ElIGRIE
L IREEER o) SR b o2
v BE_{ERL (LBP)
v BEREERE (HOG)
v 2R £ 32 (Shape Context)

B ET xS S 5o
v IR A EREA : SIFT, SURF, LIOP, ORB

B FERES5ES
B SEFHEN




SIFT B ERX g 4 E $ A

O B#r
B CFE G EERX S A R A B E 4 B RFIE R E
B ST AT, REAE
O FIREIRRREE N BRI X A fEA?
B REENGIN: FHERSMEBNEREREERN S, S2—M
{E[=)=
B BE, XMAFAXH/NFBMEiiEEgR! | !

region A region B

&
=
=

o
“

<

vector a vector b




SIFTEHERX e 4F1E+

O GA{a] e J LT R EY AN 2 4 2
B RN EHEE
B RtsE: HRal%—RT

Multiple Yiew
Geometry
1T CRauter vision

B




SIFT B ERX g 4 E $ A

O anfa] LI AT 4 ?
B —RISRGBERE AR EEK
B RIEEEXEBNARETRALKE: HEARESE (SIFT)
B RiEFEIBXEHGEEHENTKEXRNALZ: LBP, KETH

Modelled as a linear transformation:
scaling + offset




SIFT EER[X 15 4FIE

O SIFTiRiAFRZER ST KZFProf. LoweT19994F 12 H,
A RIEICCV'99, PEEY BHEATIMA LR FIJCV03
B BRI EREESIBESH R

] SIFT Scale Invariant Feature Transform

Distinctive image features from scale-invariant keypoints

Dav|d Lowe DG Lowe - International journal of computer vision, 2004 - Springer
This paper presents a method for extracting distinctive invariant features from images that
Professor can be used to perform reliable matching between different views of an object or scene. The
. . " features are invariant to image scale and rotation, and are shown to provide robust matching
UnIVGI’SI.ty of British across a substantial range of affine distortion, change in 3D viewpoint, addition of noise, and
Columbia change in illumination. The features are highly distinctive, in the sense that a single feature

can be correctly matched with high probability against a large database of features from ...

Yo 99 [#EIRRE: 62199] HBXNE AT 156 MhRA

O SIFTHEA FRIEARRIZE

___________________________________

i : ) ; i‘a‘n EHHER |
| st | st ]ﬁ>[ B4 ]:>[ HEHIE J@[ TR }

N
4

HEsE A2 FESRAFIERY X 47 14 M TR TE AT



SERX A . SIFTHIAF

O FHEfhit
B Bir: NEGREE A E(dominant orientation), AT HERE XS
O BRdiE
B NEGIITESE, MES36NAFENBEREERE (HOG)
v IRIESEREMSHIESIES, #HITSHTMR
B FEARELAES, BEXMNADbN (FED) AEHE
v Hibbin EMEMR KT H=AKERNB0%, HlAEFSHE
vV — P EIGRATER LIS REIZ N EF(E

L -

K




SERX i dEIA . SIFTHEIAF
O X TFFAME, SNEURRIEGE X ST

B 5 E & & 1E B — canonical orientation.

L .




SERX A . SIFTHIAF

O SIFTHaik T4 %
B EEGXIEGEBEIEEKR D, 595 R4X480/ 0k
B Rt EREARIESE (8-D)
B S RRESEHHE, SR128%MEE S EE S E
B 5fE, NEFEHITL T E
v SERRSCENAT, S¥§V3—{iLRYSHEm S IR A512, HEREAER
255, XEB—%RA—1"FETRIAEMH.

=EE M :
AR E 71 71 :‘;
a6 = O st 5

L -

| B 3 o ol
| % - < s T )
2 | X Asuls b s 1=
N L1 (A % %
\' wltle A/
Image gradients Keypoint descriptor

Gl 2X2Xi R, FAHEHELTRERE. SEERSIFTRAREAL X455,



gig kR B X SIFTHHE R BRI 22

O mR—BIREERLXERBTHR, BIf(I)=255-1,
RUSIFTHHE (RHEFDOGHIMKHE ) A&‘*JJrMiEI’J'T (&

B SIFTHERN#H=E, B/ SIFTHENXBEBSE. 56, FIERE.
128Dk +?




gig kR B X SIFTHHE R BRI 22

OWMR—BIxRERGLEERETH, BIf() =255-1, Ei%
HHISIFTHHES K E T A FRTHL?

SIFTHFHERIBE: 1T

FNSIFTHIER KRB E . FIERE: 1%
FANSIFTHHERE S HHZE180E

FNSIFTHHER 128Dk F

VIR THRENMR TN E T RE R EAE, BEE167M 8 FRIH
U5 e E R

s 16| 7|8 hE4%£180°

:> 12 | 11 | 10 | 9

13 | 14 | 15 | 16 4 | 3 2 1
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B Histogram
B Color Name

m GIST

O & T EHEFIER ElIGRIE
L IREEER o) SR b o2
v BE_{ERL (LBP)
v BEREERE (HOG)
v 2R £ 32 (Shape Context)

B ET xS S 5o
v BERI A EREA : SIFT, SURF, LIOP, ORB

B FERES5ES
B SEFHEN




SURF¥FiEFR A

[1 SURF (Speeded Up Robust Features)
B EHEGT

v Circular neighborhood of radius 6s around the interest point (s = the
scale at which the point was detected)

Side length = 4s, Cost 6 operation
2025/4/17 to compute the response .



SURF¥FiEFR A

[1 SURF (Speeded Up Robust Features)
B EHEGT

v" The Haar wavelet responses are represented as vectors

v" Sum all responses within a sliding orientation window covering an
angle of 60 degree

v" The two summed response yield a new vector
The longest vector is the dominant orientation
v" Second longest is ignored

AN

y
’./_/_—H_Hh\-\
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SURF¥FiEFR A

0 SURF (Speeded Up Robust Features) &k +

O ‘4 FERBXEBI XI5 A4 x 4N B FXE, 80N FXEES5 x 55F

B HESMERRENBEEL, M, , FRSEZEEEM

B HESNFXE,RF(sum), AR, BIF
v PHRI6NFXERERE R, S2I324tmE

B ARG HEESRE, EXME, 7ATESEEND M, EXE
v BHR16 FIXERVER B/ XTER E RV AN, HISE|644i M=

B XS EFHEREHITIH—HEIBAEE

» Description

ME _B
D dy Y d
Z|d}’| Z|d}|

2025/4/17
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B Histogram
B Color Name

m GIST

O & T EHEFIER ElIGRIE
L IREEER o) SR b o2
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v BEREERE (HOG)
v 2R £ 32 (Shape Context)

B ET xS S 5o
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SER[XEiEA : LIOPHEIAF

O SIFTHF{EFLERY O]/
B E5EEEEIRE, EEMSAET =5 EEIRREE T
FEMA
B OEELE: SRR EROE, MENEREE. BHEGPRINT R
LB RITERSIFTHHE, HEEFSEESon—B

L .

4000,

A
3500t \ 2000 \
J

&)
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, |
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1000

1000} ' /
L £00
o P ,._&,/ k | 2 \

-200 —100 100 200 S 10 20
deqrees degrees

(a) (b)
Figure. Orientation assignment errors. (a) Between corresponding points, only 63.77% of errors are in the
range of [-20,20]. (b) Between corresponding points that are also matched by SIFT descriptors.

B AERFREERFREMET, TEXIFT, BIAHREHFE, RERFFREREA

M ?

» Wang Z, Fan B, Wu F. Local intensity order pattern for feature description. ICCV, 2011: 603-610.



BERX A : LIOPHIAF

O LIOPYFE: BiEN SR

B OEARE: EGXiEHGERENENANERFERE

B I BGENREERR, BEGYS AN FEN X

" SRR mENEHERE, BERRARERHERTH

_,[a @ ...... rj

(b)Normalized region (c)Region division (d)Bin 1 (e)Bin 2

(a)Detected region LIOP de scriptor = (1_'“ 2 )

"21..000

1m>

* Wang Z, Fan B, Wu F. Local intensity order pattern for feature description. ICCV, 2011: 603-610.



SERX g dEA : LIOPHIAR F

O LIOPYFME: FEFE A T MH4EME
B ETFiRARRERE, RS REHE
B EMTFLBP, EFHEMANER, BHEEETH—HES|HES
B NE—IPFXiE, TEEENRSIESHERE

For apointx: n Ind(m)

L -

P(x) = (I(xy). 1(x2). I (x3). 1(x,)) 1234 1
x2 = (86,217,152,101) 243 2
1

! & 1324 3
13- % 1342 4

Yo v(P(x)) = (1.43.2) =
\ 1423 5
LIOP(x) = ¢(y (P(x))) -~ 1432 6
=(0,0.0,0,0,1,0,---,0) 2134 7
' g

‘ 2,143

J 43,12 23

histogram ofbini 4321 24

(a) Ongmnal patch

* Wang Z, Fan B, Wu F. Local intensity order pattern for feature description. ICCV, 2011: 603-610.
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ORBEER —{E¥F 1

[1 ORB: Oriented FAST and Rotated BRIEF

B ERGE: FREAAEE, BROBES/LAFRONERS
v BERENREENENEEXE RO R E (offset)
v HEBIXEBARKELE:

Mpq = Z aPytI(z,y)
z,y

¢

v E X EERX g K E R
O (@ @)
moo 1Moo
v AR Rl S B RE BD AM

6 = atan2(mg1, mqg)
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ORBEER —{E4F1E

O FHETEAE
B S S S

g(pi.pPi) = (P; — Pi)

Hpj, o) —1(pioi)
lpi — pill”

A={(pi,pj) ER*xR*|i< NAj<inijeN}

S = {(p'i-'pj) €A | Hp? - p?” < 'Sma:c} C A
L= {(papj) e A | Hpj - sz = (Sﬁi-f-?l-} C A
1

B SIpEEESME: &= ( z,z >— 2 gpip))

H Ijﬁ[’:ﬂ : o = arctan2(g,, g.)
O Z{E%FHIEE R

po [ L IPFa) > P oi) e poye s
0, otherwise |
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E T FalFIE B BlR RIE EARHESR

O FEE G2, iFZoRaal)35 HE&REIRIEE
O EEI R IEN MmN S A RIFAIX M FIzRIE ]
B XM AYRIREER
B RikS: ATEEXNER

B UM ERSHM R EEEREE /), REW RSN FEE
=HEX

O 5 S
B ST EES, BEAREGPE SRS EY=AE
B SEN—EIEEGEFHNEEFEHITEN (wiL) MBS, £ri—

TMeEEKERNRERIE
u N 4 ) (1 )
=L L

BEMHEHER) \ sEsER )\ SRS




#A*fﬁE

k

O M4 FERAZZ M (invariance)
B PUATENAT: BREGETREE T =ETikE /LT, R
e B8R BT, HTRRN
N %‘W.EGZ?'E'I‘E
V SEATM, ERATM, REATH, RE (9GHD AT H4
O EER S FIERE Y
E%B%fﬁm\*ﬂ/ﬂu
v FRE XS AL E AR N EERX AT A/
B SERX g id
v BEGESXEIGEZESTRARBEHEERFHIERE

Interest Point
Detector

Local Feature
Descriptor

Interest Points Local Feature

|11




Fisher Vector Representation

D ﬁZl:,L,\,L,\
K EEPNEN BRI EFHES(E— MR EM o AR EE
B A ERTA—ITEE
v TRUASA R E Y BR S
F A AR EY

A

O

V,log p(X|A)
X={x:},(t=1,---,T),

p(+): the PDF function,
A: a set of parameters

O BRIt FIE B FE B I3

LX) = logpX1D) = log | [pCrel) = ) logp(xeI)

Ats:is

*  F. Perronnin and C. Dance, “Fisher Kernels on Visual Vocabularies for Image Categorization”, CVPR, 2007



Fisher Vector Representation

B RA&SEMREGMMAT o idtiTia i

p(x, | 1) = zwp.(xtu.) Qw1
, exp{—*(x ) 2 (X = 40}
pi (x| 4) = (2 )D/2 ¥ {1/2 A={wyu,2,i=1,-,N}

BT EN IR RSE T RS MR E:

v, log p(X [ 4) = ZV(I) 7;51)} T ey
! 1 . . W, p; (% | 4)
IR 7= pil%,4) =
V .« log p(X Ii)—Z%('){ (0%)? } _Z_‘,W,- p; (% [4)
(X -4 1 } exp(e,)
L log p(X |2 - = k
9R(X[4)= tzl (){ (Gid)2 GicI ) Z'j\;EXp(ai)

F. Perronnin and C. Dance, “Fisher Kernels on Visual Vocabularies for Image Categorization”, CVPR, 2007



FV5BoWFIVLADR X H

[0 iR %8 (BOW: bag-of-words model)
B The gradient with respect to the weight of GMM:

7. (1) 7/t(1)
Wi

v, log p(X|2)= Z{

B Soft version of BoW

B Sparseness is b &n&iirad (ShhTRL g fth visual word

v" Suitable for the inverted index

1 VLAD (vector of locally aggregated descriptor)
B The gradient with respect to the mean vector of GMM

X — M
B Disadvantage Vi log p(X|4) = Zyt(l){( ')’ }

v" Non-sparse: unsuitable to apply the mverted index



1Al 42157 (Bag-of-Words Model)

O AZFERED, BETXARIEFTHRFRAL AR
mE
R

China is forecasting a trade surplus of
$90bn (£51b 1) t0 $100bn thls year, a

Retrieve

are unfairly herpe
undervalued yuan.




A 1] L2458 (Bag of Visual Words)

O &% 3214 ABag-of-Visual Words?

mmmplll Bag of ‘visual words’

{




\

» A )

1a] SR Y (Bag of Visual Words)

%ﬂﬁ

— /\*+~Z|:|E,IEEB§

B QLl: 2Afe[E X AL vz B ir) A0 v D 7N 2

v AL X RKERNEEREHEHFITESX (Wk-means) , Al
WMAMEEIE, TERNEERFIOHMET MR,

W Q2: anfarfE ’é’l\ﬁﬁﬁ RS HFIE S o8 BRI R ?

v A2 ETFUREAR, BIXEEH, FEIUGTHHIEHE R
1T BRI v BR1A)

v BIRESE (lossy compression), FRikXKiE,

B Q3 N ETX—IEEIGH EEM e FIEE S HITEE
RIK?
v A2: BT RBEIRERGHEIANNE, WENTRIRELE




ETERB RN RE

%7

O S B sm A A J) B AR 1 2 X

.'4"

e i SN ; ierarchical K-
o ( . EF_} : \\ mp—TEa0S Clustering
~.‘,,7_‘:_\,__ E,\‘ s - = T »

i <X
- 'c l/ / . N " A ;\\\I"\; y Mi‘~
“‘ AN -l = ’[l .'i !

AT
-"‘ :
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Roeia)iRfRE: FFERE= L St

O TS ARI4TIE S X
BT M RHEEE R, BFIEST @Mﬁha?% ﬂ,
FNEEFOEEAMA—I AT RIE, XN— iR F= 8]
B ERMRRINES, WA
O BEXEEH, SEIEFIELAD
B AE— NI ERE, RESEUNANREAGIRE S E &R 5 E 1R
%S : q(x) = arg m1n||vk —X||
B BEXREEN, FTHNRFIEREEERF=E
O SYHNREENTE

B Hierarchical k-means [Nister 06]

HKM with b=3

» K-means tree of height h

» Branching factor b: k = b"*
» Assignment Complexity:

O(dhb) = O(dhk™)

Nister & Stewenius



frequency

5T 1A AR AL
BlEIGRRIEAN R RIRN T HETE

|

Visual Word Histogram

ir

FPLONERLS

Visual words codebook
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K PR [ 8] B — 3 /& R L g

magnitude

Rt 2 e b e e o D INY) e e i
20 0 60 80 1 00 120

magnitude
3)
90
=)
o)
©
'a)

S5 uu.u) AL QAL U= AL AL S AT A
40 60 80 100 120
feature vector bin

BEATLES
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O kB MEE & P RISIFTHEW EHEIE— MR s 2 im, W
Ik P [ 2 B B — 3 R BB LB
n BEUARER L IR
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Wengang Zhou, Hougiang Li, Yijuan Lu, and Qi Tian, “Principal Visual Word Discovery for Automatic License Plate Detection,”
IEEE Transactions on Image Processing (TIP), vol. 21, no. 6, pp. 4269-4279, 2012.



Wengang Zhou, Hougiang Li, Yijuan Lu, and Qi Tian, “Principal Visual Word Discovery for Automatic License Plate Detection,”
IEEE Transactions on Image Processing (TIP), vol. 21, no. 6, pp. 4269-4279, 2012.



FNB AR T8
(VLAD: Vector of Locally Aggregated Descriptor)

('D ﬂssign descriptﬂrs K3
M1
o o

Given a codebook {y;,i =1...N} ,
e.g. learned with K-means, and a set of
local descriptors X' = {ux,t = 1...T}:

- @ assign: NN(x;) = arg min ||z, — ;|
"

T

- @O compute: v; = Z Ty — pu; | @ computex- I

:r,:NN{H'r:JZ.HE ° f ( ()

- concatenate v,’s + /5 normalize

@ v,=sum x- u , for cell i P

4,; y Vs
w1 vy /
'.' f V3 vy .

» J&ou, Douze, Schmid and Pérez, “Aggregating local descriptors into a compact image representation”, CVPR 2010.




BaR &tk FEE: K

A graphical representation of v; = Ty — fbi
I ZNNE:EE ):_“,_;
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J&ou, Douze, Schmid and Pérez, “Aggregating local descriptors into a compact image representation”, CVPR’10.
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FeFi = 1t (Product Quantization)

O ijlm

B GERK, MEHEFIEREHITRERNL, HBFRERFBIE
X8, RN

B ATHRFREEBESATUERITE, SHFIEREERESRTIR
FLf B HYAS =7 22 [B] Y #E B SR U

B R SHAHAE, 8MEFENNITERB/), ERIREHRM
N, _EREEEE AR




FeFI =1t (Product Quantization)

O EARBE: e ETRERSMENRIS, BNERiRE
B SSEEEX SR m BFEE

i'] ...... I']_); ...... 11) D*+1 5 .I'Q

= o v

uy(r) Uy ()
— q1(u1(2)), .. ., G (um (),
B XNE—EfEEyx), B 4\%1{%5q(-) HITEN
v ED 4= lEﬂ BERRER—HRBLEFIDERIE{V,, -, Vi)
HET: Ez%mgw\“ﬁﬁp*é’ﬁ S [E X 7 AKASF =]
FNhT: & /I\Dé’ﬁfﬁﬁ S[E)# X5 IK ™S F =]
ENXEEE: q(ui(x))—argmlnllvk—ul-(x)ll (k=1 ,K)
> ZERFREHEMER, T?E_L—T—jgﬂ_’,nn, HHEZR]—NENE
O FeFREHAIME -
B ENXITESLAER, TEMSSIMITHET BRI E SR 59

 Jegou H, et al. Product quantization for nearest neighbor search[J]. IEEE TPAMI, 2011, 33(1): 117-128.
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FeFI =1t (Product Quantization)

O E=EEIEUitE

MymeﬁJimwowmeMm c(b)IE=>d,,

k=1

where a, —qk(uk(X)), b, —qk(Uk(Y))

'
u () WENEE a MREFILEE

O it EHFRE S 3R i lda. | 14
B BN LR A e -
m ALV EEEESEN, NEEE
B HEE RO D)ENO(m)

dKl dKK

 Jegou H, et al. Product quantization for nearest neighbor search[J]. IEEE TPAMI, 2011, 33(1): 117-128.



FeFI =1t (Product Quantization)

O 1IZESHT
B ¥ AESEIREMSDE)R R EEHENIFZEMSE)

d(z,q(y)) — d(y,q(y)) < d(z,y) < d(z,q(y)) + d(y.q(y)),

2

(d(z, y) —|d(z,q(y))* < d(y.q(y))’.

da.y) = \/Zduj 43(5(y))?

MSDE(q) = // d(x,y) —d (z,y))” pla)dx p(y)dy.

g/ ( / (v.a(v))’ p(y) dy) da
MS

asymmetric case



