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Bonpochbi:

1. K ncxopgHoMy M306paskeH o NPUMEHSETCS YCPeRHStoLWas MOCKA Ans NOJaBIEHMs
LUYMQ, O 30TeéM MACKA NANAACUAHA Ong YNy4llueHus Menkmx getanei. Mamenurcs num
PE3YNbTAT, eC/IM NOMEHSTb OYEPERHOCTb STMX ONepaLmi?

2. C nomoLwbto KaKOM onepaLmm MOXHO NOMHOCTLIO YAANMTL M3 M30OPaXKEHMS
M30NMUPOBAHHbIE TEMHbIE MMM CBeTNbie Heborbwmne obnacm? Kakum gomkeH Gbitb
PA3MEP MACKM, €CNU M3BECTHO, YTO Pa3MEp TAKMX OBnacTei He NPEeBOCXOAMT N
nmMkcenem?

3. [lokaxute, 4to BTOPOI NPOXOF ONEPALMM SKBANM3ALMM TMCTOrPAMMBI [ACT TOYHO
TOT XK€ PE3ynbTaT, YTO U MOC/e NepPBOro NPOXOAd.

4. CoBMeCTHOE MCMoMnb30BaHME Npoueayp GUNbTPALMM C YCUREHUEM BICOKMX YACTOT U
3KBAMM3ALMMU TMCTOrPAMMbI ABNSETCS PPEKTUBHBIM METOLOM MOBbILLEHMS PE3KOCTMU M
yrny4llueHus KOHTpacTa. Brvser nv nopsagok Ha okoHYaTtenbHbii pesynstar? [louemy?
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3auem cpaBHMBATD U306paIKEHUS?

e [louck

« Knaccudumkaums
 indoor/outdoor
 landscape/city/forest/desert/ ...

*  AHHOTMPOBAHME

* Image parsing
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3auem cpaBHMBATbL U306paIKEHUS?
[Nomck uzobpaskeHu

Pesynbrar noucka
3anpoc - obpazew s ~N

'
), CPaBHEHWE NPEenCTABIEeHUH
n306pakeHmi

L\

\_

Konnekuus nzobpa>keHui

4 © Copyright 2012 Hewlett-Packard Development Company, L.P. The information contained herein is subject to change without notice. 4 @



3auem cpaBHMBATbL U306paIKEHUS?
Knaccudumkaums, knacrepusaums

Obyuenue
ObyueHne Knoccm|>614|<oTopo: Mogenb
COMOCTaBNEHNE OCOBEHHOCTEM KnaccudbmkaTopa
M306PaXKEHNI METKOM KIIACCOB
ObyuatoLee MHOXECTBO:
M306PAXKEHMS M METKM KNacca
Tectuposaxue

[NpepckasaHHbie
ConocraeneHme TeCTOBOro

knaccupukaTopom
M306paXKEHMs MOpenM KIACCHI:
KnaccuukaTopa — open outdoor

TectoBoe n3obpaxkerme
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3auem cpaBHMBATbL U306paIKEHUS?
O6pHapyskeHne 06bEKTOB
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3auem cpaBHMBATD U306paIKEHUS?
AHHOTMPOBAHUE

« Hebo, ropa, gom, Tpameaii, Nukan, HAGEPEXHAs, TPABA, COSTHEYHO,
neHb, fopora, ...

7 © Copyright 2012 Hewlett-Packard Development Company, L.P. The information contained herein is subject to change without notice.



Kak cpasHusarb?

* [lpepcrasuts kaxpoe uzobpaxkeHue B Buae Habopa
NPU3HAKOB
* KOMMAOKTHOCTb
*  ONUCATENbHOCTD

« CpasHueatb HaGOPbI NPM3HAKOB Mexay coboi =>
CPOBHMBATL U30OPAXKEHMS
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MpusHakm nzobparkeHuin

[ [MpusHakK M306paskeHmi }

[ TekcroBble ] [ BusyanbHbie }

AHHOTOUMM M METAOAHHbIE: [lpusHakM, nonyyeHHble No

T3, OHHOTALMM; 3HAYEHUIM MUKCENEN:

0ATA CO30AHMS; LIBETOBbIE,

reoTaru; TEKCTYPHbIE,

Ha3BOHMS daina; popmbl;

NAPAMETPbI CbEMKM NPOCTPAHCTBEHHOTO

(BbigeprkKa, pradparma, Hanuume PACNONOXEHMS.

BCMbILKM. ..).
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MpusHakm nzobparkeHuin

[ [pu3Hakm }

[ I'noéoanble} [ JlokanbHble }
OnUCcbIBAOT KAPTUHKY LIENMUKOM: OnucbIBAOT YOCTb KAPTUHKM:
CpenHss APKOCTb, CpenHsa APKOCTb BEPXHEN NTEBOMU
cpepHee 3Ha4yeHue no HETBEPTH,
KPpOCHOMY KaHany, cpegHee 3Ha4YeHue no KPACHOMY
KAHANY B OKPECTHOCTU LEHTPA
M306paKEHMS;
O6bl4HO, MPM3HAKK BbIYUCNAKOTCS CermeHtaums, nomck Touek MHTEPECQ,
MO BCEM MUKCENSIM M30OPaKEHMS NOCTPOEHNE NMPM3HAKOB NO

OKPECTHOCTAM TOYEK MHTEPECA
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[pocTtpaHcTea npusHakos

Bektop npusHakos — HOBOP YMCOBLIX NAPAMETPOB, OTPAXKAKOLMX
0COBEHHOCTU U30OPAXKEHMS

[TpOCTPAHCTBO NPU3HAKOB — MPOCTPAHCTBO BEKTOPOB NPU3HAKOB C 3AAC0HHOM
dyHKUMeN nopobus (PACCTOSHMS) ANs UX CPABHEHMUS.

Imaage A Image B

T iy g —u e ¢ S T AR St £ 11 R TS £ 0 At 1 et st 1t



KombuHuposaHmue npusHaKos

Image A

Image B

Similarity measure

Similarity measure

Similarity measure

v
N
@
N

w
N

~
N

D=Zcidi
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Mpu3sHakn no coaepxaHuto

-~
- ;
>

NMpocTpaHCTBEHHbIE MPU3HaKKU
(spatial layout)

NMpu3Haku TeKcTypbl MNMpu3Hakm hopmbl
(texture features) (shape features)
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LiseTt

NMpu3Haku uBeTa
(color features)

( rVICTOFpaMMbI ) ( CraTuctnyeckaa mogenb )

Mar. oxupanue, gucnepcus, 3-
MM MOMEHT. O KQXXOOoro
LIBETOBOrO KOHANA

b h, F(I) = (B, E5LES,
o]|102|/o3|/
F(I) = (h1|/ h2|/ ceey th) S1|'52|153|)
Metpuku: Ly, Ly, L., X2, Metpumku: ~L,

EMD (earth mover's distance), ...

Stricker M., Orengo M. Similarity of Color Images. Proceedings of the SPIE Conference,
vol. 2420, p. 381-392, 1995
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MonynspHble GpyHKLMM PACCTOSAHMS ISt TUCTOFPAMM

[lepeceuenmne rmuctorpamm (Histogram intersection)
rMCTOFPOMMbI OOJ1>KHbI 6b|Tb HOPMAJTM3OBAHDI

DkeueaneHTa L,

histint(h;, h,) =1—§K: min(h, (m), h;(m))

Chi-squared Histogram matching distance

<, [hy ()~ h; ()T
2

: _1
# ) = 2 my+hy (m)
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KeaHTOBOHME NPOCTPAHCTBA NPU NOCTPOSHUM
rMCTOrPamm

T 0

CxeMd KBOHTOBOHMS BMIMAET HO PA3MEP BEKTOPA MPU3HAKOB
Ecnm metpuka He yuntbisaeT nogobue LiBeTos:

MHOro NPOMEXXYTKOB — PACCTOSHUE MEXAY ONU3KMMM MO LBETY
MOXKET 6bITh OOMbLUMM

Mano rg)omexymos — PACCTOfHME MEXAY AAnekKMMM no LBeTy
MOXXET ObITb MOMEHbKMM
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KeaHtoBaHue B cnyvyae mMHOromepHbIX MPU3HAKOB

N ] 3 .

ol. .t . o . -

g S '

E 4. . . . ‘ ‘E . [ N . +
feature 1 feature 1

=] ‘E .o' [ | - .i.

; * + '- . * i * E * *- . * * - i

SRR : -1

O . o .

M L] ] L] [ +* ] 1]
feature 1 feature 1

* Joint histogram Marginal histogram

— Requires lots of data « Requires independent features
— Loss of resolution to « More data/bin than

avoid empty bins joint histogram

Images from Dave Kauchak



KeaHTOBOHME NPOCTPAHCTBA NpY NOMOLLIU
Knacrepmsaumm

feature 2
feature 2

feature 1 feature 1

[MoctpoeHme KnacTepos No NPU3HAKAM OOYUAIOLLErOo MHOXECTBA
OnpepeneHne LEHTPOB KNACTEPOB

[ns nukcens 1ecToBoro M3o06paXXeHus — MPUHARNEXHOCTb MPOMEXYTKY
KBOHTOBOHMS NO ORMKAMLLEMY LEHTPY

Images from Dave Kauchak



Bbi60op cxemMbl KBOHTOBAHUS LIBETOBOrO NPOCTPAHCTBA

[poBepka CyL4ECTBOBAHMS MOPOrOBbIX 3HOUEHMI LIATA KBAHTOBAHMS, TAKMX YTO BLIGOP
MEHbLLUMX LLIArOB He NPMBOAMT K MOBBILLEHMIO KOYECTBA PE3YNbTATOB MOMCKA

Tucao HSI', nHSIF, | CIELab, nRGD o P
OBHOMEPHOE KBOHTOBOHME
aunanasonos | HCL, nHCL | nCIELab P
36 (6,2,3) ColorSpace( K x L x M) = {Agim k=1 Ki=1.Lm=1.M,
11 (6,2,3)
G4 (4,4,4) _ N & (rr e = N P
-9 :121 Q 3} {:Q‘ G 6} ' Ak.!.m = {(I\ Y. v}|33 = (lk_-. J'k—l]w Y= (yfw yi+l]~ z = (_~rn.-. vm—l] }\
fJ(J :6 -1‘ —L:: :IYJ- = JJJ yj = Jéy 2} = }6:
108 (18,2,3)
144 (4,6,6)
D] ) _," LI x "\_ I,-" A x 5 _," LI . “_
ji(: 162 GJ‘ %} 2613 ?}Q} (6,6,6) o PqBHomepHoe KBAHTOBAHWE C FPAHUYHbBIMU
19 T sss YCNOBMIMM MPOCTPAHCTB cememcTea HSV
576 (12,6,8) .
586 (12,6,8) ColorSpace(K x L x M)y = AP U AV
864 (6,12,12) {AG et U { A tm et K =1 Lan=1.M s
52 ‘
Ho2 .. | \ AP ={(z,y,2)]z < IB}, AV ={(z,y,2)|z> IV
1728 (12,12,12) | (12,12,12) | (12,12,12) ={(z,y,2)[z < I"}, ={(z,y.2)]z = 1"},
3060 (17,12, 15) G oG
077 | (17,12, 15)4, A =A{(z,y,2)ly <57, 2 € (2m, 2msal },
Hh832 (18,18,18) | (18,18,18) | (18,18,18) _ _ _
il 18 18, 18’ (]b 18, 16'} 18 18, 18’ Apjm = {(I\ Y. 3)|I = (1?3:: mk—L]\ ye (yn'\ yi-l—i]\ Z e (3rra.-. 3m—L] }\
rlpOCTpGHCTBCI M CXEeMbl KBAOHTOBAHWA, . we. L n .
:EJ' = jél'\ y_:l‘ — .IS _'_‘}dy. ::.)l - I + JO:.

YYACTBOBABLUME B SKCNEPUMEHTAX

19 7,
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Histograms: Implementation issues

* (Quantization
— Grids: fast but applicable only with few dimensions
— Clustering: slower but can quantize data in higher

dimensions
Few Bins Many Bins
Need less data Need more data
Coarser representation Finer representation
* Matching

— Histogram intersection or Euclidean may be faster
— Chi-squared often works better

— Earth mover’s distance is good for when nearby bins
represent similar values

Slide credit: James Hays



uBeTOBbIe TMMCTOrpamMmmbl — HE[OCTATKU

1. He yuutbisoetcs nogobue LseTos:

I - H - L B « d(Hy,H,)=4/(H; —H,)-A-(H, —H,)T

H"}'
| T L I L I “ A — maTpuua ¢ koadbpuumeHTamu

«nogobusa» LBeToB

= KyMynsTmBHblE TMCTOrPOMMbI

I

I I H3 Niblack W., Barber R., et al. The QBIC project:
Querying images by content using color, texture and
shape. In IS&T/SPIE International Symposium on
Electronic Imaging: Science & Technology,
Conference 1908, Storage and Retrieval for Image
and Video Databases, Feb. 1993

d(H1l H2) > d(H]I H3)
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uBeTOBbIe TMMCTOrpamMmmbl — HE[OCTATKU

2. He yuntbIBOETCS NPOCTPAHCTBEHHOE PACNONOXEHUE LIBETOB!

HA= HB = HC

22 © Copyright 2012 Hewlett-Packard Development Company, L.P. The information contained herein is subject to change without notice.



But what about layout?

H‘nmﬂ ¥
e N it

1400

1200 -

1000

aon

EDO

400

200

All of these images have the same color histogram
Slide credit: James Hays



[pocTpaHcTBeHHOE pacnono)xeHue LBEToB

= Paszbuenne n306paxeHns Ha GUKCUPOBAHHbIE BIOKM

= «Heuetkne obnactmy»

Stricker M., Dimai A. Spectral Covariance
and Fuzzy Regions for Image Indexing.
Machine Vision and Applications, vol. 10.,
p. 66-73, 1997
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LiseToBas rucrorpamma ¢ nidpopmaumeit o
NMPOCTPAHCTBEHHOM PACMONOXXEHUM LiBETOB

Bektop npusHakos

HistSP(I) = {ci | ci = (pi, i, yi)}i = 1.~

B c_6=1(0.09,59,40)
Bl c_12=1(0.31,50,15)
B c_26=(0.2657,78)

N — uncno LBeToBbIX AUANA30HOB, 627 = (0.31.38 60)

P. — nons nukcenei i-ro puanasoHa,
(Xi, Y;) — HOPMMPOBAHHbIE KOOPAMHATHI LIEHTPA MACC
nUKCenen i-ro AMana3oHa.

DyHKums nogobus

N
Dyigsp(IW, 1?)) = Z ((Dp(ci(l}. c?)) - a-) (Dl,y(c§1). 01{2}) + _3) — a-,.-B).
i=1 _
—
D;

1) (2 1) 2
Dy(eM. ey = [p" = p?).

1 1

Vi 51]__ 5-2) 2 1(1,1_ 1(2] 9 {1) - (2) )
Day(c®, ) /e P ) > 0ApT >0
1 ’ — .

1, pP=0vp?=0
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¢ PeKTMBHOCTD NOMCKA NO LBETOBbIM FMMCTOFPAMMAM

Mpesocxopctso npusHakos HistSP skyne ¢ ¢yHkumen

MCTOTPAMMOMM C MOHXETTEHCKOW METPUKOM

Diisisp HOR KNACCUYECKMMM

nHSI* |

fi.2,

nHSI* |

2.3)
6.2, 30 n

nHSI* |

12,2, 3)

nHSI* |

6.4.4)

nHSI*

(18,2, 3)

nHSI*

(16,6, 6)

nHSI*

(12,4.6)

nHSI*

12,6, 8)

nHSI*

(12,6, 8)en

nHSI*

(12,1212

nHSI*

(17.12,15)

nH5T*

17,12, 150,

nHSI®

'L\ ]H_ ]5‘|.

Pa3HOCTL B TOMHOCTH Ha ypoBHe 1

30.00%

25.00%

20.00%

15.00%

10.00%

5.00%

0.00%

e

.

\.

N

2 s P - S oY 5 B N
N o o v o o g
oW AT FF TP F P

T oak & o 4’\ ool

Yucno UEETOEBIX ANANazoHOE

R F

ImageDB-1000:
1000 m3zo6parkernit,
100 3anpocos

D,OéGBJ'IeHMe MPAHUYHDBIX YCJ'IOBMH NO3BOJIUNO MOBbLICUTb NMOKA3ATESTM TOYHOCTU U NOJTHOTHI ONA

CXEeM C HeOOMbLUMM YMCIIOM LIBETOBbIX GUMANA30HOB (BbIMrpbIWw B TOuHOCTM fo 10%).

I_Ipm PABHOMEPHOM KBAHTOBAHMU ONTUMAJIBHO MCMNOJ1b3OBAHME NOPAOKA 500 LBETOBbIX

[OMAMNC30HOB.

[Mpu pABHOMEPHOM KBAHTOBAHMM C FPAHUYHBIMK YCIOBUSIMM OIM3KME NO TOUHOCTU M NOJIHOTE
pe3ynbtatel npu 41 granasone.
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[ucrorpammbi unu momentbi? (1)

rank of the image

Stricker M., Orengo M. Similarity of Color Images. ... (3000 nsobpaxeHumn)

max.
index sim. measure rank
Wi 8
9 moments W 8
W5 9
8/2/2 L. 98
16/4/4 L, 3 57 57
cum. hist. 8/2/2 I, 53 162 162
16/4/4 L, 33 354 354
8/2/2 L, 65 158 158
16/4/4 L, 15 306 306
8/2/2 L, 138 394 394
16/4/4 L, 4 132 132
histogram 8/2/2 L, 71 541 102 541
16/4/4 Lo 10 1358 75
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[ucrorpammbi unu momeHtbI? (2)

baza Corel Photo Set (285 uzobpaskeHmii)

[TonHota TouyHocTb
ColorHist 56,77 % 23,02 %
ColorMoment 55,98 % 25,06 %
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Mpu3sHakn no coaepxxaHuto

-~
nd ;
>

NMpocTpaHCTBEeHHbIE NMPU3HaKKU
(spatial layout)

NMpusHakn uBeTta
(color features)

MNMpu3Hakun chopmbl
(shape features)
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Texcrypa

[mapgkas

30 © Copyright 2012 Hewlett-Packard Development Company, L.P. The information contained herein is subject to change without notice.
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Texcrypa

TeKCTyprle npu3|-|a|<u
(textu re features)

\

Cratuctuyeckue

CneKTpaanble

ters

Haralick’s co-occurrence matrices PWT
Tamura features MopenbHbie TWT
Markov random fields DCT, DST, DHT
C velets

Gabor filters
ICA filters

Fractals
FeomeTpuyeckune <

Voronoi tesselation features
Structural methods

=  Marpuusl cmexxHoctn — Haralik’s co-occurrence matrices
= [puznaku Tamura — Tamura features (Tamura image)
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Martpuubl cme)xxHoCcTH

Grey Level Co-occurrence Matrices (GLCM):

MaTpumuya yacTtotr nap nukcenei onpepeneHHoM SPKOCTU, PACMONOXEHHbIX HA
M306Pa>KEHUM ONpefeneHHbIM OBPa30M OTHOCUTENBHO APYT APYTa.

Cli. ) = ZZ 1, ecau 1 (p,g) =1, I (p+AX,g+Ay) = ]

o |0, unaue
(AX,AY) - napametp chpura, 304QHOWMIt B3AMMHOE PACTONOXKEHUE NUKCEene;
l(p,q) — YPOBEHb FPKOCTM MUKCENS M30OPAXKEHMS, PACMONOXEHHOTO B TOouKe (p, q).
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Martpuibl CMEXXHOCTU: NpUMmep

1) YitEt
"" l . l”i' 291[121| 71| 53| 48| 44| 43| 44
| i
i n 1R 212191 7g| 60| 52| 52| 53| &2
| 1 !
1 ] ’ 212|180 75| 75| 75| 76| 78| 75
- o | image pixel
| | dakiah 212(140( 52| 46 49] 49] 46| 44
|I | 4 211|115| 53| 44 44| 43 43| 46
| ' 211115 54| 44| 44| 46| 37| 43
1 211122 55| 52| 52| 52| 44| 44
211144 7] 74 75 75 71 70
ariginal image quantisation
4 levels
A 20 10 0 of o] o
vector — length 1 a2 1| 0O o of o
28] Of 0O 0O pixel, direction al | 1l 4l 4l 4l 4l 4
sl 10l ol o horizontal
2 0] O 9 of o] 0o
1| 4 o o =]
= *) ol o| o o ol o
2|1 L L / 3™ o] o] o o o o
CO-0Courre _———(=™
i AN 3 D Of of of of of o
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MartpuLbl CMEXXHOCTU: XAPAKTEPUCTUKM

Crammctmyeckme NAapameTpbl, BbIYUCNEHHBIE MO MATPHLAM.

Energy = ZZCZ (1, J) - MMHMMOIIEH, KOTAA BCE 3M1EMEHTbI PABHbI
— =

KOrad BCeE 3r1eMEHTbl PABHbI

Entropy = _ZZC(L J) |092 C(i, J) - MEPAa XAOTUYHOCTHU, MOKCUMANEH,

Contrast = ZZ (i— j)ZC(i, i) - Mar, Koraa 6OJiju14e 3IIEMEHTbI

B6]'I U3 TMABHOM OUATOHASIN

C(
Inverse Difference Moment = E E (. J) - Man, korna BonblUME SMEMEHTbI
1+ (l — J) [ONEKU OT IMOBHOM AMArOHANM
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Mpusnakm Tamura

XCIpCIKTepMCTMKM, CywecCTBeHHbIE OJ14 3PUTESIbHOTO BOCIPHATHA.

= 3epHucrocTb (coarseness)

= KoHtpactHocTs (contrast)

= Hanpaenexnocts (directionality)
= [luneinocts (line-likeness)

= PerynapHoctb (regularity)

= [py6oct (roughness)
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Tamura image:
Coarseness-coNtrast-Directionality
— TOYKM B TPEXMEPHOM

npoctpaHctee CND
[NpusHaku:

= Esknupoeo paccrosnue B 3D

(QBIC)

= 3D rucrorpamma (Mars)



Texkcrypa: cnektpanbHbie

TeKCTyprle npu3|-|a|<u
(textu re features)

\

Cratuctuyeckue

CneKTpaanble
General statistics parameters

Haralick’s co-occurrence matrices PWT
Tamura features MopenbHbie TWT
Markov random fields DCT, DST, DHT
C velets

Gabor filters
ICA filters

Fractals
FeomeTpuyeckune <

Voronoi tesselation features
Structural methods

= Bewsner-npusnaku, bunstpsl labopa
= QOunetpsl ICA
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BeiBner-npusHakm

Beitener-aHanus — pasnoxxeHne cMrHana no cneumuansHomy 6asmcy:
f(x) = Zak‘//j,k (X)
K

Vik = 212 (2 x k)
j,kez, o) el*(R)

=V e W =KaW,e W

Puc. 7.11. BaaumocBa3b QYHKLHOHATEHBIX ITPOCTPAHCTE, NOPOXIAEMBIX MACLLTA-
oupyioueH gyHKiMel ¥ Belianer-dyHKIHEH.

37 © Copyright 2012 Hewlett-Packard Development Company, L.P. The information contained herein is subject to change without notice.



w(x) = yo, 0(x)

1

0 ] 2 3
w1 0(x) = V2 y(2x)
1
0
I
1
|
0 i ) 3
Jalx) € Vg
, | W2/4.90.0
0 |7—;|
-1 | —\'IE"'S‘PU,I
0 i p) 3
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X

wo, 20x) = y(x—2)

|

0

1 2 3

fyen=heaew

1

ﬂ —
I |
-1
|
] 1 2 3
Ja(x) e Wy
|
: | —J2/8 Vo, 2
AN
q ~V2/4 yo,0
0 1 2 3

Puc. 7.12. Beiipnere Xaapa B roanpoctpancteax Wy u W,

Macwrabupytowas
dyHKums Xaapa:

1 0<gx<l;
o(x)=
0 B oCTAILHBIX CAY4asX

Beitenet-yHkums Xaapa:

I,

W’{x}= _15
0

0<x<0,5;
0,5<x<l;
B OCT&JIBHBIX CJTYyUasiX.



BeiBner-npusHakm

Habop 6a3uncHbix dpyHKLMM — BAHK GUILTPOB
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N300paxxkeHue
Ounerp | F———=>Q=———=> Dueprus 1
@uiprp 2 ————>Q———> Dueprus 2
®unerp N ———>&——"> Dueprus N

> BEKTOP NPM3HAKOB




®Punbrpbl fabopa

Macwrabupyrowas dyHkums: dyHkums [abopa

1 1[ x* y? .
a(x,y) = (2%0 - Jexp[— 2{2 + yz) + Zme}
xCy Oy Oy

Habop éunbtpoe:

g..(xy)=a"g(x,y), a>1 m,n=integer, m=0,1,...,S-1,
X'=a " (X cosO + ysin0),

y'=a ™ ™(=xsin® + y cos @), K — obuee uncno HanpaeneHui,
S — uncno macwTabos,

©=nz/K U, U — MaKCUMYM 1 MMHUMYM

a=(U,/U,) "D PACCMATPMBAEMbIX YACTOT.
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®unbtpsi ICA

OunbTPbl NOMYYEHbI NPU MOMOLLM AHANM3A HE3ABUCHMMBIX KOMMOHEHT

; H (b
KLy (H, H,)= Y (H,(b)-H, () log——
> B "
. . ) N
uames | dle(l I I2) = ZKLH(H],' / H2i)
i=1

H. Borgne, A. Guerin-Dugue, A.
Antoniadis. Representation of images
L for classification with independent

frequences
@ = =
g g
| 1 1

features. Pattern Recognition Letters,
| vol. 25, p. 141-154, 2004

]

\ J i) | . ..
&
—
[
[

4 4.75E-11 5.945E-8 7 429E-5 0.092841

values

N $unbtpos
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CpaBHeHMe TeKCTYpPHbIX NPU3HAKOB

Table 6: TRECVID evaluation - mean average precision

retrieval
Feature Single Combined with HSV
B koHTekcTte 3a0aum nomcka

Gabor-2-4 3.93% 4.31%

Co-occurrence homogeneity 2.85% 3.03%

Tamura standard all 2.57% 3.43%

Tamura CND 1.65% 2.72%

Tamura coarseness-2 0.97% 2.49%

Table 7: ImageCLEF retrieval results

Feature Mean average precision
Gabor-2-4 35.3%
Co-occurrence homogeneity 19.8%
Tamura standard all 20.7%
Tamura CND 18.4%
Tamura coarseness-2 14.5%

P. Howarth, S. Riger. Robust texture features for still image retrieval.
In Proc. IEE Vis. Image Signal Processing, vol. 152, No. 6, December 2006 @
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CpaBHeHMe TeKCTYpPHbIX NPU3HAKOB (2)

Ounbtpbl [abopa v. s. dunbtpsl ICA
DKCNEPUMEHTbI NO KNACCUPUKALMM U30OPAXKEHUI:

= Konnekums aHrnorpadmuueckmx CHUMKOB
= Qunbtpel ICA nyywe Ha 13%
= Konnekums tekcryp Brodatz

= Qunetpbl ICA nyywe Ha 4%

Snitkowska, E. Kasprzak, W. Independent Component Analysis of Textures

in Angiography Images. Computational Imaging and Vision, vol. 32,
pages 367/-372, 2006.
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Mpu3sHakn no coaepxxaHuto

NMpusHakn uBeTta
(color features)

Mpu3Haku TeKcTypbl
(texture features)
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>

NMpocTpaHCTBEeHHbIE NMPU3HaKKU
(spatial layout)




Popma obbekTOB

Mpu3Hakn opmbl
(shape features)

[ Aeckpuntopk! rpanmu ) HeckpunTopbl obnacren
(boundary-based methods) [ sl Bndiesa methods)]

—

FeomeTpuyeckue CurHatypsbl
FmobGanbHbIe
MepumeTp Centroid Distance FeomeTpuyeckue
JKcueHTpucuTeT Complex Coordinates
KpueusHa § Curvature signature Mnowaak Zernike moments
Hanpaenexue ocen Turning Angle KomnakTHoCT Pseudo Zernike moments

Yucno Ainepa

‘ Grid method

MpencraBneHue
CUrHaTyp

—————
ourier Descriptors
UNL-Fourier
NED

Wavelet Descriptors

Jdekomnosuuusa

LlenHble koapl _ .
Triangulation

Medial Axis Transform
(Skeleton Transform)

CnektparnbHble
neckpuntopsl (spectral
descriptors)

B-Splines
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TpeboBaHus K npusHakam ¢opmbl

= JHBOPUAHTHOCTb K NAPANNENEHOMY NEPEHOCY

= | HBAPUAHTHOCTL K M3MEHEHUIO MacLUTAbA

* /IlHBAPMAHTHOCTb K NOBOPOTY

= YCTOMUMBOCTb K HE3HAYMTENbHBIM M3MEHEHMIM GOPMbI
» [lpocrora BbluMcneHMs

» [lpocTtota cpaBHEHMS
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Popma 06bEKTOB: rPAHULbI

( FeomeTqueCKMe )

Mpu3sHakn chopmbl
(shape features)

\

HeckpunTopbl obnacren
(region-based methods)

( CurHaTypbl ) C FeomeTpuueckme ) ( FmoGanbHble )

N

lNMpepcraBneHue
CUrHatyp

. <
e

Fourier Descriptors
NFD

( Odekomnosuuusa )

Llennsie kogpl (Chain Codes)
Heckpuntopbl Pypee (Fourier Descriptors)
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LlenHble kopgpl

Hymepaums Hanpaenexuit gns 4-cBF3HOro u 8-CBI3HOTO LiEMHbIX KOFOB!

1 2
3 |
2 0 4 / 0
5 7
3 6
[pumep:
0 0
1 30‘ 0, V73 2 O, 0,
lll > > 3 21\
A\ 4
lll 3 21\
\ /  Z
\ / 1A 3 \
\\/, 21‘ P 32 3 5
T2 2
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A: 03001033332322121111
b: 70016665533222

. 3

MHsapuaHTHOCTL K BBIBOPY
HOYASTbHOM TOUKM: MUHUMASbHBIM KOL

70016665533222 -> 00166655332227

= =

HBOPMATHOCTL K NOBOPOTY:
PA3HOCTH Undp Kopa

00166655332227 -> 01500706070051
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[Qeckpunropbl Pypbe

1. Boluncnenume curHarypei (2D -> 1D):

» PaccrosHue oT ueHTpomaa Jo rPaHMLb
» KomnnekcHble koopamHartel: z(t) = x(t) + iy(t)

2. Boiuncnenue koadpduymentos Pypobe (s(t) — curnartypa):

1 N-1 _
un _ _Zs(t)e—j2ﬂnt/N
N t=0

3. Hopmanuzaums (NFD — Normalized Fourier Descriptors):

uy u,| Up
U] “Juo| " Jug)

4. CpasHeHue:
NC

d=0]

n=0
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dPopma 0b6bekTOB: 06NACTH

Mpu3sHakn chopmbl
(shape features)

&

[eckpunTopbl rpaHuLy
(boundary-based methods)

T~
C Feome‘rpuqecme

Fmob6anbHble

C FeomeTpuueckue )
C CurHaTypbl )
( Mpoune )
Jekomnosnuusa

MpepcraBneHune
cUrHatyp

Moment invariants
Zer S
Pseudo Zernike moments

Grid method

= [pug-metog (Grid-method)
»  JMuBapuaHTHble MOMeHTb (Moment invariants)
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[pup-metop

A LLLATEL L] A- 001111000 O 1IN 11111111 111110111 0111000011
PANNENEEY

b4 ii] B:001100000 011100000 111100000 11O 11111110 001111000

NHBOPMAHTHOCTS:

Hopmanuzaums no rmaeHom ocu:

" HOMPABIEHHME;
" pazmep;
" NO3ULMOHUPOBAHME HA TPUAE.
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NHBapuaHTHbIe MOMEHTDI

MomeHT nopsagka (p+q) AByMEPHOM HenpepbiBHOM GYHKLMIA:
Mpg = ”Xpyq f (x, y)dxdy

LlentpanbHbie MomeHnTsl ans f(x,y) — AMCKpeTHOro M306pPaKEHMS:

Hpq :ZZ(X—Y)p(y—y)q f(x,y), X:%, y=—2%

00 m00

Bektop npusHakos:

C Mcnonb3oBaHMEM HOPMUPOBAHHbIX LIEHTPAMbHBIX MOMEHTOB bl BbIBEAEH
HA60pP M3 7 MHBAPMAHTHBIX K NAPANNENbHOMY NEPEHOCY, NOBOPOTY U
M3MEHEHMIO MACLUTAOO MOMEHTOB.
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CpaBHeHue npu3HAKOB ¢opmbl

Table 1. Average retrieval efficiency values for different methods. T is
the short list size of retrieved images

Methods T=35 T=10 T=I15 T=20
Reduced chain code 35.1% 47.6%  50.0% GI0.6%
Fourier descriptors ( FD) 72.2% T6.00 75.9% 74.9%
UNL features B1.3% 790% RiT7T% BO3%
Moment invariants (MI) 84.7% BAI% BOo.B®m B1.T%
Zernike moments 66.9% 66.5% T04%  T7R.2%
Pseudo-Zernike moments 66.9%  66.5%  704% T8.2%
MI and FI 03 R B7.3% g7.10: 80.6%
MI and UNL 093.3% RO24: RO3% 9].1%

Mehtre B. M., Kankanhalli M. S., Lee W. F. Shape measures for content based image
retrieval: a comparison. Inf. Processing and Management, vol. 33, No. 3, pages 319-

337, 1997. @
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3aKnro4yeHume

= DBonbloi BbiBOp pasnmuHbIX CNOCOBOB NPERCTABNEHUS M30OPAKEHMIA
= Llger: rucTorpammbl Mnm cTatMcTMyeckas Mogerb?
= Tekcrypa: dunbtpsl fabopa, eunbtpsl ICA
» Oopma: geckpuntopbl Pypbe, MHBAPUAHTHLIE MOMEHTBI

= [lpu cpasHEHMM M30BPAXKEHUM HACTO HEOOXOAUMO KOMOUHMPOBATL
PO3MYHbIE MPU3HAKM
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