O630p MeToa0B
CONoOCTaB/eHna WwabnoHa

ﬁ N n306paxkeHuns

Anekcen ®enopos

Video Group
CS MSU Graphics & Media Lab



= BBegeHue
= Local Image Interest Point

= Template Matching Based on Fourier
Coefficients

= Linear Scale and Rotation Invariant Matching
= /lONosIHEHHAA peanibHOCTb
= 3aK/1l0YeHume

CS MSU Graphics & Media Lab (Video Group) 2
www.compression.ru/video/


http://www.compression.ru/video/

BBeaeHue
[TOCTaHOBKaA 3a4Q4u

GRAPHICS & MEDIA LAB
VIDEO GROUP

YCTONYMBBLIN OTHOCUTENBHO FEOMETPUYECKNX
MCKaXXEHNN NMOUCK WabnoHa Ha n3obpaxxeHnn

[ labnoH

N306parkeHne

CS MSU Graphics & Media Lab (Video Group) 3
www.compression.ru/video/


http://www.compression.ru/video/

BBeaeHue
[eoMeTpuyeckmne rnpeobpa3oBaHuUs

= [lapannensHbiv NepeHoc ] [

= [logobue (nepeHoc,
MacluTabmnpoBaHue, NOBOPOT)

= AQdPUHHOE

= [lpoekTnBHOE

CS MSU Graphics & Media Lab (Video Group) 4
www.compression.ru/video/


http://www.compression.ru/video/

BBeaeHune
[pocTenwnm noaxon — «rpybon cunbi»

1. Bblbnpaetca moaenb npeobpasoBaHus

2. OnpepensieTcs HAbop NapaMeTpoB, OMUCHIBAIOLLUX
MoAesb

3. BblbupaeTcsa pyHKUMS COnocTaBneHns n3obpakeHnm

Sum of Absolute Differences (SAD), Sum of Squared
Differences (SSD), Normalized Cross Correlation (NCC), etc.

4. [lepebupaloTcs BCEBO3MOXHbIE 3HAYEHUS NMapamMeTpoB
B pa3yMHbIX npeaenax

CS MSU Graphics & Media Lab (Video Group) 5
www.compression.ru/video/


http://www.compression.ru/video/

= BBegeHue
= Local Image Interest Point

= Template Matching Based on Fourier
Coefficients

= Linear Scale and Rotation Invariant Matching
= /lONosIHEHHAA peanibHOCTb
= 3aK/1l0YeHume

CS MSU Graphics & Media Lab (Video Group) 6
www.compression.ru/video/


http://www.compression.ru/video/

Local Image Interest Point
Cxema paboThl

GRAPHICS & MEDIA LAB
VIDEO GROUP

1. BblbrpaeM ko4yeBble TOUKM

2. MpuMeHseM Knaccuyeckoe BeNBET-NPeobpasoBaHne
K OKPECTHOCTSIM KJ/TI0YEBbIX TOYEK U BbICOKOYACTOTHbIE
KOMIMOHEHTbI CYNTAEM 0COOBEHHOCTAMM

3. ConocTtaBnsgeM Kr4yeBble TOYKU

Ha3BaHuWe npeasoXXeHHoro MeToaa:
Rotation and Scale Invariant Matching (RASIM)

M. Amiri and H.R. Rabiee, "RASIM: A Novel Rotation and Scale
CS MSU Graphics & Media Lab (Video Group) Invariant Matching of Local Image Interest Points,” 7
www.compression.ru/video/ IEEE Transactions on Image Processing, 2011


http://www.compression.ru/video/

GRAPHICS & MEDIA LAB
VIDEO GROUP

CurHan

i 1 i L i i i

Kpau 5106

[Nonck 610608
OCYLLECTB/ISIETCH

C NOMOLLbIO pa3HULIbI
[ayccmnaH (DoG)

ve alm

; cg
! TR

[Npnmep 610608 .
A. KoHywwmH, «ConocTaBneHne n306paxxeHnin U NokKasnbHble
CS MSU Graphics & Media Lab (Video Group) 0cobeHHOCTU», Nekumn no Kypcy «BeeaeHne B KOMMNbOTEPHOE

www.compression.ru/video/ 3peHune», 2012


http://www.compression.ru/video/

i Bbibop KtOYEBBLIX TOYEK

= [1n49 noncka NnpuMeHseTca nceBao-yor-nongpHasa ceTka
ANCKPETN3aL NN

= KntoyeBble TOUKN HAXOASATCS NPpU NOMUCKE MaKCMMYMOB
M MMHUMYMOB B MacLlTabnpoBaHHOM U306pakeHnu

= MacwTtabupyeTtca npyu NoOMOLLU
pa3Huubl MayccnaH (DoG)

[lceBAO-nor-nonspHas
CeTKa ANCKpeTu3aumu

M. Amiri and H.R. Rabiee, "RASIM: A Novel Rotation and Scale
CS MSU Graphics & Media Lab (Video Group) Invariant Matching of Local Image Interest Points,” 9
www.compression.ru/video/ IEEE Transactions on Image Processing, 2011


http://www.compression.ru/video/

GRAPHICS & MEDIA LAB

‘L BenBner-npeobpasoBaHne - F

—_

w= (% k) %1
~c BuicTpoe BevBneT-
ol gy gold i P
» npeobpa3oBaHune
0
v=7""—w )
2 — BXOAHOMW CUrHarn
GO peld _ ghicokouacToTHBIN 1 HU3KOYACTOTHBIN UALTPLI
Y A — BbICOKOYACTOTHas 1 HU3KOYACTOTHAsH KOMMOHEHTH!
0! _ crapas BbicokouacToTHas KoMnoHeHTa

t — dunbTp NPOrHo3npoBaHmus
* — onepauus CBepTKu

M. Amiri and H.R. Rabiee, "RASIM: A Novel Rotation and Scale
CS MSU Graphics & Media Lab (Video Group) Invariant Matching of Local Image Interest Points,” 10
www.compression.ru/video/ IEEE Transactions on Image Processing, 2011


http://www.compression.ru/video/

BenBneT-npeobpasoBaHme
PunbTP NPOrHO3MpPOBAHUS

GRAPHICS & MEDIA LAB
VIDEO GROUP

P — pa3MEPHOCTb cbvmpra NMPOrHo3npoBaHns
U — KONMnN4yecTBO Bbl6paHHbIX 60/1bLINX BbICOKOYACTOTHbIX

KOMMOHEHT C uHaeKkcamn ki, kS, ... k!
~ - - old ~
Akl Ak—1 o Akl—pl - - 7’“;1(1
Akl k-1 Akj—pa 7 Ve,
0 5
)\k,‘; /\ki_—l Tt /\k,{J —p+1 _Ep i "}/E}d
1 1 - I L0

OuUNbTPp NPOrHO3MpPOBAHUS NOSTYYAETCH peLleHNEM
CUCTEMbI ANS1 KOMMOHEHT, MOJTly4eHHbIX OT WabnoHHOro
n30bpaxxeHus

M. Amiri and H.R. Rabiee, "RASIM: A Novel Rotation and Scale
CS MSU Graphics & Media Lab (Video Group) Invariant Matching of Local Image Interest Points,” 11
www.compression.ru/video/ IEEE Transactions on Image Processing, 2011
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AT = I' - cucrema c npeabiaywero cnaiiga
(w- xXA)T =w - xI
1

4

(’Yk; - ’}’k;)
w;, =1+ B
(’}’k’l — ’}’k;)

Yk!,Vk! — MakcuManbHas U MMHUManbHast KOMMOHEHTa

w = [wy,wa, ..., W,

o1 =1,...,v

B - HekoTopas koHcTaHTa

« X — onepaums N03/IEMEHTHOIO YMHOXEHUS

M. Amiri and H.R. Rabiee, "RASIM: A Novel Rotation and Scale

CS MSU Graphics & Media Lab (Video Group) Invariant Matching of Local Image Interest Points,” 12
www.compression.ru/video/ IEEE Transactions on Image Processing, 2011


http://www.compression.ru/video/

GRAPHICS & MEDIA LAB
VIDEO GROUP

i N3mepeHne nogobus (1)

MeToa pasgeneH Ha ABe Yactu: «oddnavH» U «OHManH»

«OdnanH»:

1. Bblbrupaem BenBneTt npeobpaszoBaHME N 3HAYEHUS
napamMeTpoB p v = p — 1

>, BblumcnsieM dunbTp NporHo3MpoBaHws ¢

M. Amiri and H.R. Rabiee, "RASIM: A Novel Rotation and Scale
CS MSU Graphics & Media Lab (Video Group) Invariant Matching of Local Image Interest Points,” 13
www.compression.ru/video/ IEEE Transactions on Image Processing, 2011


http://www.compression.ru/video/

i N3mepeHne nogobus (2)

«OHNanH»:
1. [MpuMeHsiemM BeMBneT npeobpa3oBaHme
2. 3anonHsem Bektop D

0 el > |
Dy = _ . Vk
’ {100 — (100 |y /R)) Tl < [R]
3. CyMMUpYeM BEKTOp B OKHE k+L
Takom xe AunHbl (2L), Kak T = Z D;, Yk
M curHan wabnoHa LI

MakcuManibHoe 3Ha4yeHue CyMMbl AOCTUMaeTCS
Nnpun Hanay4dwemMm COOTBETCTBUN

M. Amiri and H.R. Rabiee, "RASIM: A Novel Rotation and Scale
CS MSU Graphics & Media Lab (Video Group) Invariant Matching of Local Image Interest Points,” 14
www.compression.ru/video/ IEEE Transactions on Image Processing, 2011
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[locTobpaboTKa
[Ipeobpa3oBaHne Xada

GRAPHICS & MEDIA LAB
VIDEO GROUP

MeToa npeaHasHayeH ans noncka obbLEKTOoB,
NpuHaanexawmx onpenenéHHomy Knaccy puryp

C UCNoJib30BaHMUEM rnpoueanypbl roa1oCoBaHUA

BxoaHoe n3obpaxeHue [Ipeobpa3oBaHHOE n3o06paXkeHne

PaccTtosHue

Yron
CS MSU Graphics & Media Lab (Video Group) 15

www.compression.ru/video/ http://en.wikipedia.org/wiki/Hough_transform
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Pe3ynbTaT
CTaTUCTUKA KayecCTBa AETEKTUPOBAHNA

GRAPHICS & MEDIA LAB
VIDEO GROUP

100
—9—0.5
Qi ~8-06 ©
o =07 5 ~
5 % 85 =08 3 &
S O g0 =09 B U
B X ——1 3 S
S = 75 O X
a & =11 © O
— R 70 T
= —1d 3 T
O 65 O —
o 13 @©
60 ——14 =
.90 -75 -60 45 -30 -15 O 15 30 45 60 75 90 =—W—15

Yron nosopoTa (rpaaychbl)

M. Amiri and H.R. Rabiee, "RASIM: A Novel Rotation and Scale
CS MSU Graphics & Media Lab (Video Group) Invariant Matching of Local Image Interest Points,” 16
www.compression.ru/video/ IEEE Transactions on Image Processing, 2011
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Pe3ynbTaT
CpaBHeHWe C KOHKYpPEeHTOM

GRAPHICS & MEDIA LAB
VIDEO GROUP

Reference Template

SIFT

Frame# |

M. Amiri and H.R. Rabiee, "RASIM: A Novel Rotation and Scale
CS MSU Graphics & Media Lab (Video Group) Invariant Matching of Local Image Interest Points,” 17
www.compression.ru/video/ IEEE Transactions on Image Processing, 2011


http://www.compression.ru/video/

CTaTuCtTuUKa
NpoOn3BOAUTENBHOCTU

Test sequence SIFT SURF RASIM
boat 48.1 (sec) 5.1 (sec) 53.6 (sec)
graffiti 45.2 (sec) 4.7 (sec) 49.3 (sec)

Bpemsi paboTbl Ha OAHOM MU306paXkeHumn

M. Amiri and H.R. Rabiee, "RASIM: A Novel Rotation and Scale
CS MSU Graphics & Media Lab (Video Group) Invariant Matching of Local Image Interest Points,” 18
www.compression.ru/video/ IEEE Transactions on Image Processing, 2011
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J10CTOUHCTBO:

= YCTOM4YMBOCTb K NOBOPOTaM
M MacwTabupoBaHUto

HepocTaTKu:
= Hun3kasa ckopocTb paboThl
= HeyctoMymBoCTb K U3MEHEHUSAM MEPCNEKTUBDI

M. Amiri and H.R. Rabiee, "RASIM: A Novel Rotation and Scale
CS MSU Graphics & Media Lab (Video Group) Invariant Matching of Local Image Interest Points,” 19
www.compression.ru/video/ IEEE Transactions on Image Processing, 2011


http://www.compression.ru/video/

= BBegeHue
= Local Image Interest Point

= Template Matching Based on Fourier
Coefficients

= Linear Scale and Rotation Invariant Matching
= /lONosIHEHHAA peanibHOCTb
= 3aK/1l0YeHume

CS MSU Graphics & Media Lab (Video Group) 20
www.compression.ru/video/


http://www.compression.ru/video/

Template Matching Based
on Fourier Coefficients

Ob603HayYeHus:

Forapro — Ha3BaHMe NpeasIoXKeHHOoro anropMTMa
A — ncxoagHoe nsobpaxxeHue :
Q — wabnoH

CTabunbHOM Ha3bIBAETCA TOUKA,
KOTopasi UMEET HEKOTOPYIO
OKPECTHOCTb, B KOTOPOW HarnpaB/eHME

benble — cTabunbHble
rPaANEHTA COXPAHAETCA TOYKMW, KPacHble — HET

H.Y. Kim, “Rotation-Discriminating Template Matching Based
CS MSU Graphics & Media Lab (Video Group) on Fourier Coefficients of Radial Projections with Robustness 21
www.compression.ru/video/ to Scaling and Partial Occlusion,” Pattern Recognition, 2010


http://www.compression.ru/video/

Forapro
Nnen metona (1)

= 3Ha4yeHus LUBETa Ha paananbHOM
M KPYroBOM NPOEKLUSIX B TOUKE
NPEACTaBASIOT COBOM 3HAUEHUS ks i
OVUCKPETHBIX DYHKLNN

= Bbiumncnmm nepsble L(K) KOMMIEKCHbIX
KO3 DUUMEHTOB C;(r;) Pa3foXeHUs1 KpyroBou
(paguanbHoOW) dyHKUMK B psaa Dypbe

H.Y. Kim, “Rotation-Discriminating Template Matching Based
CS MSU Graphics & Media Lab (Video Group) on Fourier Coefficients of Radial Projections with Robustness
www.compression.ru/video/ to Scaling and Partial Occlusion,” Pattern Recognition, 2010

PagmanbHag KpyroBas
= [1pnbnmsnm nx HenpepbIBHLIMK npoeKumns npoeKumns

DYHKUMSIMU U PA3NIOKUM és Lque R? Loqxe
nocnenHue B psabl Oypbe (A(.Y)) (A(X.Y))

22


http://www.compression.ru/video/

Forapro
Nnen metona (2)

GRAPHICS & MEDIA LAB
VIDEO GROUP

BblunCiMM BEKTOP OCOBEHHOCTEN V;, MHBAPUAHTHbIX
K MOBOPOTAaM M MacTabmpoBaHUIO

LT )T| — NONSIPHBIN Yron 1 ANMHA KOMM/IEKCHOMO YMCIa

dra, =mod(ZLry — kZry,2m), k=2

Via =[drap,dras, ..., drag] Vim = v[Ir1, Ir2l, - -+, Ik 1|
Ve = v[re(cy), im(cq), re(cz ), im(cz), ..., re(cy ), im(cp )]

Vi = (Vrm, Vras Ucf)

A(ve(A(x, ¥)), V(T(Xo0,¥0))) — byHKUMS pacCcTOSHUS MexXAy
[IBYMS1 BEKTOPaMN 0CObeHHOCTEN

H.Y. Kim, “Rotation-Discriminating Template Matching Based
CS MSU Graphics & Media Lab (Video Group) on Fourier Coefficients of Radial Projections with Robustness 23
www.compression.ru/video/ to Scaling and Partial Occlusion,” Pattern Recognition, 2010


http://www.compression.ru/video/

Forapro
LLlarn anropntma

1. BblUMCNAKOTCA 3HAUEHUSA KO3(MDULIMEHTOB C;, I'; U V;
ansa scex Todek A n Q

2. Bblbnpatotcs N ctabunbHbIX Touek n3 Q, KoTopble
obpa3yoT MHOXecCTBO {T}

. AngiorlaoN

[na kaxxgoro nmkcens (x,y) n3 A BblYMUCNIAKOTCA
Di(x,y) = A(v¢(Ti(Xo0,¥0)), Vr(A(X, y)))

HaxoauTcs nukcenb € caMbiM MasnblM OTK/IOHEHWEM
n nobaBnsieTcs B MaccuB

4. C nomouwbio npeobpazoBaHms Xada yTOUHSAETCH

pe3ynbTaT
H.Y. Kim, “Rotation-Discriminating Template Matching Based

CS MSU Graphics & Media Lab (Video Group) on Fourier Coefficients of Radial Projections with Robustness 24
www.compression.ru/video/ to Scaling and Partial Occlusion,” Pattern Recognition, 2010


http://www.compression.ru/video/

GRAPHICS & MEDIA LAB

Pe3ynbTaTthl (1) =

i e

b} I;U‘(" .;,-“)‘:.}3 WO n}' OWa 17

NcxonHoe n3obpa)keHue PesynbTar

H.Y. Kim, “Rotation-Discriminating Template Matching Based
CS MSU Graphics & Media Lab (Video Group) on Fourier Coefficients of Radial Projections with Robustness 25
www.compression.ru/video/ to Scaling and Partial Occlusion,” Pattern Recognition, 2010


http://www.compression.ru/video/

* Pe3ynbTaThl (2)

icxoaHoe n3obpaxkeHue PesynbTaT

H.Y. Kim, “Rotation-Discriminating Template Matching Based
CS MSU Graphics & Media Lab (Video Group) on Fourier Coefficients of Radial Projections with Robustness 26
www.compression.ru/video/ to Scaling and Partial Occlusion,” Pattern Recognition, 2010


http://www.compression.ru/video/

J10CTOUHCTBaA:

s YCTONYMBOCTD:

= K UBMEHEHUSM MO SIPKOCTU U KOHTPACTY
= K MOBOPOTaM M MacliTabupoBaHUo

HepocTtaTku:
= HeBbICOKast CKOpPOCTb paboThl
= HeyCToM4mMBOCTb K U3MEHEHUSIM NEPCNEKTUBBI

H.Y. Kim, “Rotation-Discriminating Template Matching Based
CS MSU Graphics & Media Lab (Video Group) on Fourier Coefficients of Radial Projections with Robustness 27
www.compression.ru/video/ to Scaling and Partial Occlusion,” Pattern Recognition, 2010


http://www.compression.ru/video/

‘L CopaeprkaHue

= BBegeHue
= Local Image Interest Point

= Template Matching Based on Fourier
Coefficients

s Linear Scale and Rotation Invariant
Matching

= /lonosIHEHHAa peanibHOCTb
= 3aK/loYeHue

CS MSU Graphics & Media Lab (Video Group) 28
www.compression.ru/video/


http://www.compression.ru/video/

Linear Scale and Rotation
‘L Invariant Matching

O603HaueHus: v c1p.(p)

object

~___ cl@f@)
M — MHOXecCTBO To4yek wwabfioHa

N — MHOXeCTBO nap To4ek u3 M
P.4q — HEKOTOPbIE TOYKN U3 MHOXECTBA M
f(p),f(q) — TOUKM, COOTBETCTBYIOWME P, q

cr(p. f(P)) — CTOMMOCTb COMOCTaBAEHNS
(3aBUCUT OT BEKTOPOB 0COBEHHOCTEN)

CS MSU Graphics & Media Lab (Video Group) H. Jiang, S.X. Yu, D.R. Martin, “Linear Scale and Rotation Invariant 29
www.compression.ru/video/ Matching,” IEEE Trans. on PAMI, 2011


http://www.compression.ru/video/

GRAPHICS & MEDIA LAB

i OCHOBHaa naesa MeToaa

ConocTtaBnsieM Touku WwabnoHa u nobpaxeHus,
pelas 3aaadvy MHENHOro nporpammupoBaHus (J1M)

CTaHaapTHas noctaHoBKa 3aaayu J1MT:

MakcmmnanposaTb PYHKLUMIO F(x) = > ¢x,

j=1

npu ycnosuax Y a;x;<b anai=1,2,...,m,
j=1

rae c;, a;, b; — HEKOTOpblE€ KOHCTaHTbI

CS MSU Graphics & Media Lab (Video Group) H. Jiang, S.X. Yu, D.R. Martin, “Linear Scale and Rotation Invariant
www.compression.ru/video/ Matching,” IEEE Trans. on PAMI, 2011

0 GROUP

30
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pen metopa
Kputepun conoctasnenus (1)

4 )

min ¢ Z cr(p, f(p)) + A Z gr(p.q.f(p).f(q))

£, 1 - -
- | peM {p.ateN )
cr(p,f(p)) — nokanbHas CTOMMOCTb COMOCTAB/IEHMS

gr(p.q.f(p),f(q)) — npocTpaHCcTBEHHAs CTOMMOCTb
COMOCTaB/IEHUS

A — BECOBOW KO3(DULIMEHT

“~

CS MSU Graphics & Media Lab (Video Group) H. Jiang, S.X. Yu, D.R. Martin, “Linear Scale and Rotation Invariant 31
www.compression.ru/video/ Matching,” IEEE Trans. on PAMI, 2011
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pen metopa
KpuTepun conoctaBnenus (2)

PI?{Z con(P£P)+A DY |R-(p—q) - (f(p)—f(q))l}

peM {p.gteN

cs.z(P,f(pP)) — ctouMocTb conocTaeneHus,
MHBApWaHTHast OTHOCUTESbHO
MacLITabnpoBaHUs 1 MOBOPOTA
S — KO3(dUUMEHT MacluTabmupoBaHuS
R — MaTpuua noBopoTa (2x%2)

CS MSU Graphics & Media Lab (Video Group) H. Jiang, S.X. Yu, D.R. Martin, “Linear Scale and Rotation Invariant 32
www.compression.ru/video/ Matching,” IEEE Trans. on PAMI, 2011
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pen metopa
Kputepun conoctasnenus (3)

GRAPHICS & MEDIA LAB
VIDEO GROUP

min £(X, s, R) = tr(C'X) + A\|EMR — sEXT)
X — brMHapHasa mMaTpuua ConocTaB/ieHUs
To4ek WwabnoHa n n3obparkeHus

'’ — TpaHCnoHMpoBaHHas MaTp1La
CTOMMOCTEWN COMOCTaB/IEHUS

E — maTtpuua nHumaeHTHoCcTn pebep
M — koopANHATbl TOYKK LIABMOHA
1" — KoopAWHATbl TOYKU N300paXkeHus

CS MSU Graphics & Media Lab (Video Group) H. Jiang, S.X. Yu, D.R. Martin, “Linear Scale and Rotation Invariant 33
www.compression.ru/video/ Matching,” IEEE Trans. on PAMI, 2011
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pen metopa
JInHeapusauus

GRAPHICS & MEDIA LAB
VIDEO GROUP

= [lobaBnsatoTcs MacwTabmnpoBaHHble WAbMOHbI MOUCKA

X = E X X} — buHapHas MaTpuLia COnoCTaBEeHNs Touek
', MacwTabupoBaHHOro WabnoHa n n30bpaxkeHus

U —U
= M3MeHsaeTca MaTpuua noBopoTta R = [ ]

voou
a4 JIMHEapW30BaHHbIE MAPaMETPbI:
% xy=-2=x]

cxoaHble napameTpsl: u? + v2 = 1

CS MSU Graphics & Media Lab (Video Group) H. Jiang, S.X. Yu, D.R. Martin, “Linear Scale and Rotation Invariant 34
www.compression.ru/video/ Matching,” IEEE Trans. on PAMI, 2011
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i LLlarn anropntma

1.

GRAPHICS & MEDIA LAB
VIDEO GROUP

Bbluncnenme matpuubl C CTOMMOCTEN COMOCTABNEHUS
To4yek WwabnoHa u n3obpa)keHuns

Bbibop pernoHa AoBepus AN KaXKaon ToYKM WaboHa

BbluMcneHne MMHUMAsIbHOM BbINyK/10M 060/104KN BEPLUWH
U3 PeErmoHa AOBepUs ANs KaXKaou TOYKKU wabnoHa

PelleHre 3aga4m TMHENMHOro NporpaMMMpOBaHNS

YMeHbLUEeHMe perMoHoB gosepus. Ecnm Touku
COMNOCTaBUINCb XOPOLLO, TO BbIBOAATCA pe3ynbTaThl,
MHa4ye — NepenTn Ha war 3

CS MSU Graphics & Media Lab (Video Group) H. Jiang, S.X. Yu, D.R. Martin, “Linear Scale and Rotation Invariant 35
www.compression.ru/video/ Matching,” IEEE Trans. on PAMI, 2011
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i [Tpnmep paboTbl anroputma

(f) (9) (h) (1)
(@) — wabnoH, (b) — Ha4yanbHOe NpUbNUXXeHne,
(c)—(i) — ntepaumn anroputMma, (j) — pesynbtaT
LIBETHbIE NPAMOYrO/IbHUKU — PErnoHbl A0BEpPUS

CS MSU Graphics & Media Lab (Video Group) H. Jiang, S.X. Yu, D.R. Martin, “Linear Scale and Rotation Invariant 36
www.compression.ru/video/ Matching,” IEEE Trans. on PAMI, 2011
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GRAPHICS & MEDIA LAB
VIDEO GROUP

Pe3ynbTaT
CpaBHeHWe C KOHKYpeHTaMu

3 O. Duchenne, et al.
“Tensor-Based
Algorithm for High-Order

S. Belongie, et al.
' B Shape Matching Using
i 2y Shape Contexts,” 2002

..050. s'a.

MpeanoXXeHHbIN
anropuTMm

LLIa6sioH Kaapbl BUAeonocneaoBaTebHOCTU

CS MSU Graphics & Media Lab (Video Group) H. Jiang, S.X. Yu, D.R. Martin, “Linear Scale and Rotation Invariant 37
www.compression.ru/video/ Matching,” IEEE Trans. on PAMI, 2011
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Pe3ynbTaT
O6bekTbl € cunbHOM gedopMaumen (1)

GRAPHICS & MEDIA LAB
VIDEO GROUP

Kaapbl BuaeonocneaoBaTenbHOCTU
\

|
KaﬂpblBMﬂGOﬂOCﬂEﬂOBaTeﬂbHOCTM

CS MSU Graphics & Media Lab (Video Group) H. Jiang, S.X. Yu, D.R. Martin, “Linear Scale and Rotation Invariant 38
www.compression.ru/video/ Matching,” IEEE Trans. on PAMI, 2011
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Pe3ynbTaT
O6bekTbl € cubHOM gedopMaumen (2)

LLIa6s1oH Kaapbl BuaeonocnenoBaTe/ibHOCTH
\

|
Kaapbl BuaeonocneaoBaTelbHOCTU

CS MSU Graphics & Media Lab (Video Group) H. Jiang, S.X. Yu, D.R. Martin, “Linear Scale and Rotation Invariant 39
www.compression.ru/video/ Matching,” IEEE Trans. on PAMI, 2011


http://www.compression.ru/video/

CTaTnCTUnKa

i Npon3BOANTEIIbHOCTU

video book | magazine | bear | butterfly | bee | fish
#frames | 856 601 601 771 101 | 131
#model | 151 409 235 124 | 206 | 130
#target |2143| 1724 1683 | 1405 |1029|7316
time 1.6 11 2.2 1 2 | 0.9
accuracy [ 99% | 97% |88% | 95% |79% | 95%

#frames — KOMMYECTBO KaapoB B BUAEOMNOCIEA0BATENBHOCTH
— KOJIMYECTBO TOoYeK B LWabnoHe

#model

#target — KonM4yecTBO TOYeEK Ha U306paxkeHun

time

— BpeMs paboTbl Ha 1 kaape (cek) Ha 2.8 GHz PC

dCCuracy — cpegHd4 TOYHOCTb Mo BCEN BMAEOMOC/EA0BATENBHOCTH

CS MSU Graphics & Media Lab (Video Group)
www.compression.ru/video/

Matching,” IEEE Trans. on PAMI, 2011

H. Jiang, S.X. Yu, D.R. Martin, “Linear Scale and Rotation Invariant 40
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J10CTOMHCTBA:
s CTabunbHOCTb

= BbliCcOKasi ckopoCTb paboThl

HenoctaTok:

= He oroBapuBaeTcs, Kak BblbupaTb TOYKM AN

COMNoCTaBJ/IEHUSA

CS MSU Graphics & Media Lab (Video Group)
www.compression.ru/video/

H. Jiang, S.X. Yu, D.R. Martin, “Linear Scale and Rotation Invariant
Matching,” IEEE Trans. on PAMI, 2011
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= BBegeHue
= Local Image Interest Point

= Template Matching Based on Fourier
Coefficients

= Linear Scale and Rotation Invariant Matching
= JlonosiHeHHasA peasibHOCTb
= 3aK/1l0YeHume

CS MSU Graphics & Media Lab (Video Group) 42
www.compression.ru/video/


http://www.compression.ru/video/

i [IpyMep npuMeHeHnd

[lornonHeHHas peanbHOCTb — AobaBneHune
K NOCTYMatoLLMM U3 peasibHOro MMpa
OLLYLLIEHNUSIM MHUMbIX 06BbEKTOB

[Tpnmep
[10MOJSTHEHHOM
peanbHOCTH

CS MSU Graphics & Media Lab (Video Group)
www.compression.ru/video/ http://vitodibari.com/ru/hit-lab.html
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[lononHeHHada peanbHOCTb
Kak 3To paboTaet?

GRAPHICS & MEDIA LAB
VIDEO GROUP

Weérable objects with
ARTag markers |

|

Rear
Projection
Screen

—

HaxoasATca n pacno3HaoTcs cneumasbHble MapKepbl,
3aTEM IOPUCOBbIBAETCS HYXXHast MHbopMaLms

CS MSU Graphics & Media Lab (Video Group) 44
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[lononHeHHaqa peanbHOCTb
Cucrtembl MapKkepoB

T

22 o a-':
Data Matrix Maxicode QR (Quick
(3 examples) (US Postal Service) Response Code)

O no B

ARToolkit ARTag
(4 examples) (4 examples)

ARSTudio

HekoTopble CUCTEMbI MapKepOB

CS MSU Graphics & Media Lab (Video Group) Martin Hirzer, “Marker Detection for Augmented Reality
www.compression.ru/video/ Applications,” Project Image Analysis Graz, 2008

GRAPHICS & MEDIA LAB
VIDEO GROUP
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[lononHeHHaqa peanbHOCTb
bnbnmnorteku

Ha AaHHbIM MOMEHT CyLEeCTBYET HECKO/bKO
HENNOXUX OTKPbITbIX peanu3aLunm rnoucka

N TPEKMHIA MapKepoB:

= ARToolKit (n no4epHune)

= /Bar

B OpenCV no yMon4aHuio TpeKnHra
MapKepoB HET

CS MSU Graphics & Media Lab (Video Group) 46
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[lononHeHHasa peasnbHOCTb
[TonCcK MapKepoB

GRAPHICS & MEDIA LAB
VIDEO GROUP

OavH U3 MeToaoB NoMcKka MapkepoB

CS MSU Graphics & Media Lab (Video Group) Martin Hirzer, “Marker Detection for Augmented Reality 47
www.compression.ru/video/ Applications,” Project Image Analysis Graz, 2008
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Pe3ynbTaT
CpaBHeHWe ¢ KOHKypeHTaMu (1)

GRAPHICS & MEDIA LAB
VIDEO GROUP

MpeanoXXeHHbIN anropuTMm

CS MSU Graphics & Media Lab (Video Group) Martin Hirzer, “"Marker Detection for Augmented Reality 48
www.compression.ru/video/ Applications,” Project Image Analysis Graz, 2008
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Pe3ynbTaT
CpaBHeHWe C KOHKYpeHTaMun (2)

GRAPHICS & MEDIA LAB
VIDEO GROUP

ARToolKit

CS MSU Graphics & Media Lab (Video Group) Martin Hirzer, “"Marker Detection for Augmented Reality 49
www.compression.ru/video/ Applications,” Project Image Analysis Graz, 2008
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Pe3ynbTaT
CpaBHeHMe ¢ KOHKypeHTamun (3)

MpeanoXXeHHbIN ARToolKit
anropuTm

CS MSU Graphics & Media Lab (Video Group) Martin Hirzer, “Marker Detection for Augmented Reality
www.compression.ru/video/ Applications,” Project Image Analysis Graz, 2008

GRAPHICS & MEDIA LAB
VIDEO GROUP
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J10CTOMHCTBA:

= YCTOMUYMBOCTb K YAaCTUYHbIM NEPEKPLITUAM
= BbliCcOKasi ckopoCTb paboThl

HenoctaTok:

= HeyctoMymBoCTb K U3MEHEHUSAM SAPKOCTU
(He paboTaeT Ha TeMHbIX 06beKkTax)

CS MSU Graphics & Media Lab (Video Group) Martin Hirzer, “Marker Detection for Augmented Reality 51
www.compression.ru/video/ Applications,” Project Image Analysis Graz, 2008
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= BBegeHue
= Local Image Interest Point

= Template Matching Based on Fourier
Coefficients

= Linear Scale and Rotation Invariant Matching
= /lONosIHEHHAA peanibHOCTb
= 3aKJ/Il0YeHue

CS MSU Graphics & Media Lab (Video Group) 52
www.compression.ru/video/
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i 3aKJ1ro4eHue

= PaccMOTpeHHble anropuUTMbl C pa3HbIX CTOPOH
NOAXOAAT K PELLEHUIO 334341 NOUCKa
N COMoCTaB/ieHns WwabnoHa u n3obpaxxeHns

= Y KaXAoro eCtb CBOW MJHOCbl U MUHYCh,
obnactb NpUMeHEHUS

CS MSU Graphics & Media Lab (Video Group) 53
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i [lponenaHHas paboTta

[lpoTecTMpoBaHa paboToCNOCOOHOCTb
6ubnunoTtekn ZBar no NoncKy MapkepoB

= BxoaHble aaHHble: n3obpaxkeHns (19 meranukcenen),
NpUBNMKEHHbIE K «60eBbIM»

=« Bpems paboTbl: 2—3 cekyHAbl
= Pe3ynbTaT: BCe METKN HaNAEHDI

CS MSU Graphics & Media Lab (Video Group) 54
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[IlponenaHHas paboTa
Pe3ynbTaThl

GRAPHICS & MEDIA LAB
VIDEO GROUP

%EMMMMW.L;

,bzg
B A ) Munmu
/N - = @
N\ /) L |ﬂnl|i

N306parkeHne, NpnbnmxeHHoe K peasibHOMy
TECTMPOBAHWUIO YCTPOUCTB

CS MSU Graphics & Media Lab (Video Group) 55
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i [TanbHeuLre niaHbl

= Co3zaHne nporpaMMbl-BMU3apaa ans
aBTOMATUYECKOro TeCTUpOBaHUSA 3D-yCTpOUCTB

= TeCTUpPOBaHNE HOBbLIX U YXXe& UMEIOLLMXCS
3D-ycTpoucTs

= PaspaboTka cucTeMbl TECTUPOBAHUS
CTEPEOCKONMMUYECKOrO 3pEHUS]

CS MSU Graphics & Media Lab (Video Group) 56
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Bonpochk!?
[1pepnoXxeHnsa?
Hapsaabl?

iaLa ideo Group) 58
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JTabopaTopuns KOMMNbIOTEPHONLE
i rpadukn U MynbTuMeama

Buageorpynna — 370:
= BbINYCKHMKW B acnuUpaHTypax
AHrnum, ®paHummn, LLiBenyapum
(B Poccnn B MI'Y n UMM mm. Kengpliwa)

= BbinyckHMKaMuM 3alLmLLEeHbl 5 ancceptauni

= Hambonee nonynsipHble B MUpe CpaBHEHUS
BUEOKOOEKOB

= bonee 3 MUNIMOHOB CKaYaHHbIX DUILTPOB
06paboTKn BUAEO

CS MSU Graphics & Media Lab (Video Group) 59
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