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Restricted Boltzmann Machine

V € {0,1}" — nabniopgaembie nepementbie, H € {0,1}9 —
ckpbiTble nepemerHble. RBM npeacrasnsiet us cebs cnegyrowyto
rpachmyeckyo Mofens:

v () (O () Er——

E(v,h|©) = —vTWh— vTb* — hTbh,
\VY rae © = {b¥, b", W}

VO

P(V7 h‘@) = ﬁ exp(—E(v, h‘@))
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Beisog 8 RBM

CrpykTtypa RBM J
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Oby4yernne RBM

Hactpoiika © no obyuvatoweii seibopke V' nyTtem makcummusauyuu
HenosHoro npasgonogobus P(V|©) — maxe.

Mpoueaypa

CroxacTuyeckuii rpagmeHTHbIN cryck.
'paguenT ¢ nomowbro Contrastive Divergences:

dlogP(v|©) _OE(v|©) OE(v*|©)
00, T 00, 00
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Deep Boltzmann Machine

V € {0,1}" — Habatogaemblie nepemenHbie,
Hy € {0,1}¢, H, € {0,1}J — ckpbiTbie nepementbie. DBM
npeacTaensieT n3 cebs cneayoulyto rpacnyeckyto Moaenb:

E(v, hl, h2|@) = —vIWIpl — RIT W2H2 —
vTpv — thbh1 _ hszh2

rae © = {b*, ", b W1, W2}

BepositHocTb

P(v,hl, h?|©) = zioy &P(—E(v, hl, h?|©))
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Beisog 8 DBM

Crpyktypa DBM J

L

AnanuTuueckn suipaxatotcs P(v; = 1|ht, ©),
P(h} =1|v,h? ©), P(h2 = 1|ht,©)
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Oby4yernne DBM

Hactpoiika © no obyudatoweii sbibopke V' nytem makcummusauyuu
HenosHoro npasgonogobus P(V|©) — maxe.

Mpoueaypa

Mpenobyuyetne.
CroxacTuyeckuii rpagmeHTHbIN cryck.
'paguenT ¢ nomowbto Contrastive Divergences:

dlogP(v|©) _JE(v|©) JE(v*|©)
00, T 00, 00
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Oby4yernne DBM

Pre-training

RBM

Deep Boltzmann Machine

RBM
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Strong probabilistic model of binary object shapes:

@ Realism

@ Generalization

Realism Generalization
Globally Locally
Mean v - -
Factor Analysis v - v
Fragments - v v
Grid MRFs/CRFs - v v
High-order potentials  limited v v
Database v v -
ShapeBM v v v
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ShapeBM

Realism + Generalization )

3

DBM: mHoro napameTpos,
a obbem obyuyatouleii
BLIBOPKN OrpaHmMyeH

L

ShapeBM |
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ShapeBM
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ShapeBM

Cwmbicn cTpyKTYpbI

o OTtbpacbiBanune cesizeii: Hanbonee CunbHbIE 3aBUCUMOCTN
WMEIOT JIOKAJIbHbI XapakTep.

o Obuwe seca W': mMHorue ceoiicTsa hopmbl (H-p, F1aaKoCTb)
He 3aBUCAT OT MECTa Ha PUCYHKE.

o H': nokanbHble orpaHuyeHus.
o H?: rnobanbHble orpaHnyeHns.

o dr << di.

AnanorudHo obyyenuto DBM, ¢ ysetom ctpyktypsl ShapeBM npw
nofcyeTe rpafueHTOB.
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Experiments: Weizmann horses

Mapametpbl ShapeBM

Bxoa: kaptunkn 32 x 32.
Overlap b =4, d; = 2000, d» = 100.

Obyuenue ShapeBM

Mpenobydenne: 1 yposeHs - 3000 ntepauuii, 2 - 1000 ntepaumii.
Obuee obyuerue: 1000 ntepaunii.

Jlo6auesa EkaTepuna The Shape Boltzmann Machine



ﬁ
<
a
3
%) '_
R fl l i
=
)
~
@

E
IIIIII
Rlielhhalalhali




f2faf 2
£rs
Err

hm.ll
24s

@
A
©
p—
3]
c
)
@)
¥
: m..
n
-
@)
<=
c
c
©




(o]
I
0
T
>
O
n
4,
o
S
@)
<
=
c
I
£
N
=




Multiple object categories

rhinos dragonflies llamas
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Mpn obyyeHun He pgaeanack uHcopmaums o knaccax! J
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Classification
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Figure 13. (a) Inter- and intra-class distance ratios (values > 1 indi-
cate that inter-class distances are larger). (b) GLM classification.
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Segmentation with ShapeBM: same size

BeognM mONONHUTENBHBIE YHAPHBIE BECA HA BUAMMBIE NEPEMEHHbIE
c”. Beogum koadhhuumeHT o, 0TBEYaOWMii 33 COOTHOLLEHNE LIBETA
n chopmel. CnoxeHue LBeTa U POPMbI Ha YPOBHE V.

| \

DHeprus

E(v, hl,hzl@) =
—vTWIR — RITW2R2 — yTpv — yTev — thbh1 . hszh2

bhh e
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Segmentation with ShapeBM: larger size

Cnoxetue ugeta u popmbl Ha ypoBHE €Y, TO €CTb HE MOLE/b
LBETA YMEHbLUAEM, @ MOAENb (POPMbI YBENYNBAEM.

V
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Segmentation with ShapeBM: Color model

Obyuatotcs 4 mogenn ugeTa: no ase Ans obbekToB 1 Ansa doHa.
Onn npepctaensoT us ceba cmeck rayccman B npoctpaHctese RGB
n LUV.

Komnosuuusa mogeneii ans RGB, LUV — ansa nsobpaxkeHus
nonydaem: p_obj,p not obj.

c¥ = log(p_obj) — log(p_not _obj) )
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Segmentation with ShapeBM: Results (train)
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Segmentation with ShapeBM: Results (test)
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