Sparse Distributed
Coding

Compact Coding
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D. J. Field, “What is the goal of sensory coding?,” Neural
Computation, vol. 6, no. 4, pp. 559-601, 1994.



Pa3peXeHHoe KognpoBaHue

State Space
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bunonornyeckune NPUNYANHbI

 [Monck ocobeHHOCTEN N conocTaBreHmne

 BepoATHOCTb OTKIMMKA KaXXaou OTAENbHOW KIEeTKU
(mepemMeHHON) HN3Ka

* BeposaTHOCTb cny4YanHoro (JI0XXHOro) NOBTOPEHUA TOrO e
camMoro LwabnoHa ToXxe HU3Ka

e XpaHeHne gaHHbIX B accouMaTUBHOM NAMATH

« Ecnu paHHbIX paspexeHsbl (sparcified), ToO ceTn N03BONSAT
XpaHUTb Borblle AaHHbIX, U U3BNekaTb X boicTpee



dopmanunsayms

RS R™ - curnan XeR" - npeacrasnedne ) < m”xm

y = DX
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° O-Hopma — «MceBaoHOopMa», paBHa KOJINYECTBY HEHYJIEBbLIX
AJIEMEHTOB BEKTOpPA X

* [locKkosbKy TOYHOrO paBeHCTBa 4OCTUYb HESb34, ULLIEM
MUHUMYM HOpMbI ||Dx-y|| npu ycnosun paspexeHHOro
npeacTaBrieHns X



CBounCTBa NPOCTbIX KNETOK

* PeuenTuBHbIE NOMA NPOCTbLIX KNETOK B
BN3yaribHOW KOpE rofloBHOro Mo3ara
obnagalT cnegyownuMmn CBOUMCTBaAMMU

MpoCTpaHCTBEHHO NIOKANM30BaHHbIE
OpueHTMpOBaHHbIE
+ 3apgaHHagda nosnoca yacTtoT (bandpass)

— YyBCTBUTENBHBI K CTPYKTYPE Ha onpeaeneHHOM
NPOCTPaHCTBEHHOM MacLuTabe

« [MnoTtesa: cTpaternsa KogupoBaHUSA curHana,
MaKCUMN3UPYHOLLLAA pa3peXXeHHOCTb,
nocrtaTtoyHa angd oobACHEeHUs 3TUX CBOUCTB

B.A. Olshausen and B.J. Field, Emergence of simple-cell receptive field
properties by learning a sparse code for natural images, Nature, 381

(1996), pp. 607—609.



Pa3pexeHHoe npeacTtaBfieHne

SRS ENSERASPNREAN
NERRNISFECNETZENE

« CnoBapb, MOMy4YeHHbIN C MOMOLLLI 0by4YeHusa 6e3

yuantens (knactepusauunm), C y4eTom
npeanosioXxeHus (ycrnoBusi) paspeXeHHOCTu
npencrasneHus



CpaBHeHune ¢ punbtpamu [[abopa
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OunbTpsbl OByu4eHHbIn «crioBapb»
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Anroputmbl Bblbopa X

y =DXx |, <L

* B obwewm crniyyae npu 0-Hopme 3agada NP-
CroXHasd

« PaspaboTaH psag npubnmxeHHbIX KagHblX
MeTO,EI,OB

Basis Pursuit
Matching Pursuit

« Orthogonal Matching Pursuit
LARS-Lasso



Matching Pursuit

Matching Pursuit
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Matching Pursuit

Matching Pursuit a = (0.0,0)




Matching Pursuit

Matching Pursuit
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Matching Pursuit

Matching Pursuit a=10,0,0.75)




Matching Pursuit

Matching Pursuit a = (0,0,0.75)




Matching Pursuit

Matching Pursuit a = (0,0,0.75)




Matching Pursuit

Matching Pursuit a = (0,0.24,0.75)




Matching Pursuit

Matching Pursuit

a = (0.0.24,0.75)




Matching Pursuit

Matching Pursuit

a = (0,0.24,0.75)




Matching Pursuit

Matching Pursuit o = (0,0.24,0.65)




Matching Pursuit

min ||x— De |3 st. |[allo <L
(‘k._'—;__'-'rﬂ" 1"'—"\.-"—"'
r
1: o — (0
2. r «— x (residual).
3: while ||«|p < L do
4 Select the atom with maximum correlation with the residual

t — arg max ||:I,-Tr|
1=1.....p

5. Update the residual and the coefficients

aff] — afi] +dr

r — r—(d!r)d;

6: end while



K-SVD

« ObobuleHne metona K-cpeaHunx ans
oby4eHuna cnosaps

° i . & ) '
3apaqa: win {|[Y - DX|} Vi, |xilly < To

* iITepaTuBHbLIN anropuTM:

NHuumnanmnsaumnsa cnosaps
[MoBTOpPSIEM:

— lNony4aem paspexeHHoe npeacrasneHne Xno D, Y
» Orthogonal matching pursuit
— Insa kaxgoro k=1,K
» ObHoBnsiem atom dk ¢ nomousio SVD pasnoxeHus

M. Aharon, M. Elad, and A. M. Bruckstein, “The K-SVD: an algorithm for designing
of overcomplete dictionaries for sparse representation,” IEEE Trans. Signal
Process., vol. 54, no. 11, pp. 4311-4322, 2006.



Image-Signature Dictionary

Jm

M. Aharon and M. Elad, “Sparse and redundant modeling of image
content using an image-signature-dictionary,” SIAM Journal on Imaging
Sciences, vol. 1, no. 3, pp. 228-247, 2008.



[TpmeHeHune

 LymonogaBneHue, peKOHCTPYKLNS
N300paxeHnn, pacro3HaBaHme

« Cxema wymonogaBneHus:

* [locTpoeHune crnoBaps

— 1o ucxogHomy nsobpakeHusm (Mnu gaxe no
3allymneHHbim!)

— MNpumepsl: ISD pasmepom 75x75, natum 8x8, L=2, 110000
npumepoB
« KoguposaHue
— Ncnonb3sosanne OMP
— [lo6aBnsiem atomebl, Noka owwmndbka He npesbicuT 1.1 * sigma
— Sigma — oueHka Wwyma B UICXOAHOM n3obpaxxeHnn



[pumep

Noisy images
i

PSNR=21.61dR PSNR=21.61J{B

PSNR=33.641R PSNR=32221R



PeKoHCTpyKuunA

Leamead reconstruction Haar reconstructionOverComplaete DCT reconstruction
Average # coeffs: 4.0202 Average # coeffs: 47677 Average # coefls: 4.7694
MAE: 0.012977 MAE: 0.022833 MAE: 0.015718
50 %% missing pixels RM3E: 0.025204 RM3E: 0.071107 RM3E: 0.037745
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Learmned reconstruction Haar reconstructionCverComplate DET reconstruction
Average # coeffs: 3.5623 Average # coeffs: 3.9747 Average # coeffs: 4.0539
MAE: 0.020035 MAE: 0.032831 MAE: 0.025001
RMSE: 0.065643 RAMSE: 0.087571 RMSE: 0.083086




PeKOHCTpYyKUMs n3obpakeHum




PeKOHCTpYyKUMs n3obpakeHum
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Vicnonb3oBaHue gnga knaccudoukaumm

 Npes:
« OO6Gyunm No crioBapro Ansa Kaxxgoro Krnacca o6bekToB
« HoBOMy curHany Has3Ha4mm Knacc, PeEKOHCTPYKLMSA No
KOTOpOoMYy Hanbonee TovHas
o [leTanu:

* [loctponm ROC-kpuByto no napameTpy L ans
PEKOHCTPYKLUNKU NO KaXKOoMy CroBapto

* [locTtpoum crnoBapu ons pasHbiX paspeLleHnn N pasHbIX
Kriaccos

« Habop ROC-kpuBbIX COCTaBUT BEKTOP-NMPU3HaK AN
Krnaccmdukauum

J. Mairal, M. Leordeanu, F. Bach, M. Hebert, and J. Ponce. Discriminative sparse
image models for class-specic edge detection and image interpretation. In
Proceedings of the European Conference on Computer Vision (ECCV), 2008b



MHoromacLuTabHbIn KrnaccndukaTop

¥

Classifier 1 J—’ ll.“-: e
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' ; : Linear
— — — Classifier 2 = " — :
T classifier

— Classifier 3J—> \:.:

Signal input Subsampling Sparse coding




[Tonck KpaeB
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« OObyyarowas Bblibopka — pesynbTat Canny, BbIOOP XOPOLLMX/NIIOXUX
KpaéB MO OTCErMEHTUPOBAHHbLIM MOSIb30BaTENEM N30OPaAKEHNAM

* 14 knaccndumkaTtopos, 7 pasMepoB pPparMeHToB, 2 paspeLlleHns (Makc
n nonosuHa), k=256, no 150000 cdoparmeHTOB AS1 XOPOLUNX / NITIOXUX
Kpaes, L=6



[Tonck KpaeB

NcxoaHoe
crioBapto

KaHHU

[1o




[Tonck KpaeB

NcxogHoe

KaHHU

[1o cnoeapto



[leTeKkTop KpaeB ans Knacca

Intput Bike Bottle
Contours Edge Detector Edge Detector

One vs All knaccudukaTtop

People
Edge Detector
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AyTeHTudnkaumsa KapTuH

J. M. Hugues, D. J. Graham, and D. N. Rockmore. Quantication of artistic style through sparse
coding analysis in the drawings of Pieter Bruegel the Elder. Proceedings of the National Academy
of Science, TODO USA, 107(4):1279-1283, 2009
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AyTeHTudnkaumsa KapTuH
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Fake
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