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-+ 16 okTA6psA — [leHb 60cca, NpodeccMoHanbHbl NPa3aHNK PYKOBOAWTENEN BCEX YPOBHEN, OT
6puraavpa Ao npe3uaeHTa cTpaHbl; Matpuumns Xapocky B 1958 rogy npeanoxuna otmedyatb
3TOT NpasaHuK (B AeHb POXAEHNA CBOEro 0TUa, y KoToporo Marpuuns paéoTana
cekpetapém), a B 1962 r. rybepHarop wrata VnanHonc npugan emy obuLanbHbii cTatyc

Random facts:

- 16 oKTA6PS 1793 . Mapua-AHTYaHETTa, HE YPOHUB KOPONEBCKOro AOCTOMHCTBA, Cama B3owna
Ha 3WadoT 1 cama nerna nog HOX rMAbOTUHbI

+ 16 okTA6PsA 1909 . Yunbam TadT 1 Mopdupro [inas Hayanu nepsbii B UCTOPUN CAMMUT
mexay npesvaerHTamu CLUA v Mekcuku; B leHb CaMMnTa NNaHMpoBanoch NokylweHne Ha
KOro-TO 13 HUX (@ MOXET, 060¥X), HO B Mape METPOB OT NPe3nAeHTOB Y6uiiLly 3agepxani

+ 16 okTA6pPSA 1975 T, B A€Hb, kKoraa Paxume baHy berym ncnonHWNoCh Tpu roaa, y Hee
[IMAarHoCTMpoBanu HaTypanbHyto ocny Variola major; yepes Aea mecaua Paxuma
nonpasunnach, v 370 6bIA NOCAEAHNIN 3aPUKCUPOBAHHbIV B UCTOPUM Clyyait

+ 16 oKTA6pPA 1978 . MoaHH Masen Il ctan 264-m Manov PUMCKUM 1 NepBbiM HeUTanbsHUEM Ha
nanckom npecrone c 1523 roaa



VISION TRANSFORMERS




VISUAL BERT

+ KapTuHKKM — 370 e He nocnenoBaTtebHOCTU? Hy aa, HO...

- Visual BERT: naBanTe BMeCcTe MoenNnpoBaTb KAPTUHKN U
noANUCK K HUM

- Ncnonb3yem npenobyveHHbI object detection Bpoae Faster
R-CNN, Bbipe3aem 06beKTbI, CTPOUM UX BNOxXeHUA yepe3 CNN v
positional embeddings, nonaém B eAnHbIN TpaHchopmep ¢
noAnuCbIO
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VISUAL BERT

- MpenobyueHne: masked language modeling + sentence-image
prediction (MOAXOAUT NN MOAMUCH K PUCYHKY?)

- [Ipumepbl rONOB BHUMAHWA MOKa3blBAOT, KaK C10Ba 13 MOAMNUCH
«CMOTPAT» HA COOTBETCTBYOLINE O6BEKTDI
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AL TRANSFORMER (VIT)

Vision Transformer (ViT) Transformer Encoder

Transformer Encoder
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- Camad ycnewHas Transformer-apxutexktypa ans KapTUHOK:
Vision Transformer (ViT; Dosovitsky et al., 2020)

- ViT — npsimonuHenHas moaundukaumns BERT, Ho Tenepb Ha BXoje
TOKEHbI U3 M306PAXEHNS, @ He TeKkcTa



VISUAL TRANSFORMER (VIT)

Vision Transformer (ViT) Transformer Encoder

Transformer Encoder
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* Extra learnable
ass) cmbe Linear Projection of Flattened Patches J

Embedded
Patches

- Bxop pexertcd Ha maneHbkue natum: H x W kaptnHka ¢ C'
kaHanamu x € RT*WxC npeppawjaerca B NocnefoBaTenbHOCTb
natuen x,, € RN*P?xC rne N = HW /P2 — uncno P x P natueit



AL TRANSFORMER (VIT)

Vision Transformer (ViT) Transformer Encoder

Transformer Encoder
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Embedded
Patches

- [1aTym NpeBpaLLAOTCs BO BNOXEHUS yepe3 06bIYHYI0 MUHENHYIO
NpoeKLUto, MOCNeAoBaTENbHOCTb BEKTOPOB MOAAETCSA B
KOOMPOBLLMK TpaHCchopmepa

- MpenobyueHune: masked patch modeling, npsimo Kak BERT,;
MOMNOBWHY BXOOB MAacKMpyem 1 NpeackasbiBaem



VISUAL TRANSFORMER (VIT)

Vision Transformer (ViT) Transformer Encoder

Transformer Encoder
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Embedded
Patches

- ViT ucnonb3yeT positional encodings, HO Te e camble,
NUHenHble!

- Dosovitsky et al. akcnepumeHTVpoBanu ¢ 2D-KOAMPOBKAMU, HO
HWKAKOr0 YNyUlWeHNs He HaWu...



SWIN TRANSFORMERS

- Swin Transformer (Liu et al,, 2021; shifted windows): noxox Ha
ViT, HO Vepapxuyeckunn
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SWIN TRANSFORMERS

- O6bpabaTbiBaeT NaTUM HA HECKOMbKUX MacWTabax, BbluMCnss
CamMoOBHMMaHMe no natyam ¢ CNN-nofo6HOM apxUTEKTYypou

- OKHa CABUTAKTCA MEXAY CNOSMU, U 3TO AAET CBA3b MeXay
YaCTAMMU N306PAXKEHUNSH

Layer | Layer 1+1

A local window to
perform self-attention
% R

A patch




SWIN TRANSFORMERS

- Cama apxuTekTypa COKpallaeT reoMeTputo, Kak Knaccnyeckme

CNN backbones:
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(a) Architecture

(b) Two Successive Swin Transformer Blocks

- Swin MoXeT MaclTabrpoBaTbCs 40 BbICOKMX Pa3peLleHnin u
MOXET MCMONb30BaThCA AN 33434 Pacno3HaBaHs 06bekToB 1

cermeHTaunn



SWIN TRANSFORMERS

- MoTom Bbiwen Swin Transformer v2 (Liu et al., 2022) — 370 Swin
Transformer, oTMaLWICTabupoBaHHbIK 40 3B napameTpoB, Ha
KapTuHKax [0 1536 x 1536 nukcenewn, 4To eulé cunbHee

yny4ywaer 06paboTKy n306paeHnin BO BCex 3aaadax
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PACNO3HABAHWE OBbEKTOB
C TPAHCOOPMEPAMMU




DETR n AHANOIU

- DETR (DEtection TRansformer; Carion et al,, 2020) - npamas
afanTauns TpaHchopmepos

- PacnosHaBaHmne 06beKTOB — 3aflaya NpefCcKa3aHns MHOXECTBA;
DETR 006aBNAET OCHOBAHHYH Ha MHOXECTBAX rMobanbHYO
YHKLMIO NOTEPb, KOTOPas AAET YHUKANbHbIE NpeacKa3aHns
yepes NapoCOYETAHMSA, U APXUTEKTYPY
KOOMPOBLIMK-OEKOAMPOBLIMK Ha 6a3e TpaHcopmepa

s — transformer
i encoder-
S decoder

set of image features set of box predictions bipartite matching loss




DETR n AHANOIU

- DETR mucnonb3yeT TpaanLMOHHbIN CBEpPTOUHbIN backbone
(ResNet y Carion et al.,, HO MOXHO B3ATb UTO YrOLHO)

- 3atem DETR BblpaBHMBAET NPU3HAKN, AOOABIAET NO3ULNOHHOE

KOAMPOBaHME 1 NepemelnBaeT NPU3HaKM C MOMOLLbIO

KOAMPOBLLMKA

[leKkoanpoBLIMK 6epET Ha BXoA HEGOMbLIOe YNCIO 06beKMHbIX

3anpocos, 06y4aemblx MO3ULUNOHHbIX BIOXEHWW, C BHUMAHUEM

Ha BbIXOA KOAMPOBLLMKA

BbIxo4 NpoxoauT yepes maneHbkyto feedforward ceTb, kKoTOpas

npeackasbiBaeT knacc n bbox (unu “Het o6bekTa”)

backbone :: decoder 7 prediction _He_a_&éi_

set of image featurem:
|

transformer
decoder

R




DETR n AHANOIU

+ OYHKUMA NOTEPb NPOUCXOLANT U3 napocoueTaHl/lﬂ‘

- AN MHOXeCTBa NpeAckasannii y = {7, Y, 1 UCTUHHBIX 06bEKTOB
y = {y,}¥, (nntoc O, TK. N LOMKHO 6bITb 6OMBLIMM), ULLEM
nepectaHoBky o, = argmin_ ZL L maten (Ui Uo(s)) € MOMOLLbIO
BEHIepCcKOro anroputma, rae £ ~ 370 CTOMMOCTb
conocTaBneHus;

© L aten OODEAVHAET TOUHOCTb NPeACKa3aHui Ana y, = (¢;, b;), rae
¢, — MeTKa knacca (BoamoxHo, §), a b, € R* - bbox:

match

’Cmatch(yiv ga(z)) = 7[62' 7& Q]@a(z) (Cz) + [Ci # wl'cbox(bz? ba () )

3pech £y, — KOMOUHaLMS yHKUM noTepb oT loU n Ly;
- nocne conoctaBnenns aktmyeckas QyHKUMA noTepb

N
‘Hungarlan Z <_ IOg pJ (z) ) [ci 7& (D]’Cbox(bﬂ ,6(7(2)) )
i=1

Tenepb mMbl Npefcka3biBaeMm u ¢; = @, HO Ha NPakKTKe OHU
nonyyaroT MEHbLIVI BEC.



DETR n AHANOIN

- Xopouvne pesynbtathl, 1 DETR cnocobeH pacnpenensaTb
3K3emMnnspbl 06BEKTOB MO rOI0BAM BHUMAHUS:

self-attention(430, 600) self-attention(450, 830)

Self-attention(520, 450) o) . 3 - self-attention(440, 1200)



DETR n AHANOIU

- BHMMaHMWe gekoaepa Ansa Kaxaoro o6bekta N0KaamM3oBaHo Ha
rpaHuuax

- Ckopee Bcero, DETR pasgenser ak3emnasapbl rmobanbHbIM
BHMMAHMEM B KOAMPOBLLMKE, @ AEKOAEPY OCTAETCA TOMbKO
BbISSCHWTb KMacCbl U FPaHuLLbl 06bEKTOB




DETR n AHANOIU

- DETR pa6oTaeT xopowo, HO He 04eHb XOPOLLIO HA MAaNeHbKNx
06beKTax, a KBaapaTuyHasa COXHOCTb Aenaert
MYNbTUMACLITabHOe pacno3HaBaHWe OUYeHb CNOXHOW 3aaden

- Deformable DETR (Zhu et al, 2021): gaBanTe ucnonb3yem
nedopmMupyemoe BHUMaHKe 1 byaem obpallatb BHUMAHWE

TONbKO HA HECKOMbKO MuKcenen
Query Feature 2

Reference Point g (Pgx, Pay)

Input Feature Map x

1 Output




DETR n AHANOIN

- O6lasn apxuTexTypa:

Multi-scale Deformable
Self-Attention in Encoder

——_» Multi-scale Deformable
Cross-Attention in Decoder

. Transformer
Self-Attention in Decoder

T~
-
1

r==-==="1Im=-====Aa=-===-=--

Bounding Box Predictions

1
|
|
|
+
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T

Decoder|
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go0

Object Queries



DETR n AHANOIU

- Mo3numnoHHbIe 3anpocbl DETR — 3T0 B OCHOBHOM rMOKne
obyyaemble AKOPS AN OrPaAHNUYMBALOLLIMX MPAMOYFONbHUKOB;
OHW 06yYatoTcs rMob6aATbHO U HE 3aBUCAT OT TEKYLLErO
N306paxeHuns

Averag

ox center predicted by each query over the Coco validation set

- O6yyeHue NpoCTPaHCTBEHHbIX 3aNPOCOB Ha AaHHbIX (6e3
Kaknx-nnbo PpuUKCMpoBaHHbiXx anchor boxes) — BaxHas 4acTb
DETR, Ho DETR 06y4aeTca o4eHb, OUeHb MeaeHHO, 1
NMPOCTPAHCTBEHHbIE 3aNPOChl — 60NbLIOW (AKTOP B 3TOM

+ KaK Mbl MOXeM 3TO YNyYLINTb?



DETR n AHANOIU

- DAB-DETR (Dynamic Anchor Box DETR; Liu et al., 2022): nasaunte
BepHemcs K ngee anchor boxes

. O6yqaeMb|e AKOPA MOCTEeNeHHO YTOYHAKTCA OT C/104 K C/1010 B
aekogepe, n Tenepb OHW MMeT onpefeneHHY CeMaHTUKY:

Layer 2 l[ Layer 2 l[ Layer 2 I T
T ol g e !
e ;
o
Layer 1
(! ax|ay [ an|aw——0
xywh

Reference Positional

Positional

Positional T
Encodings D Encodings Points Encodings
Image Decoder Learnable Image Decoder Learnable Image Decoder fLearnabIe o)
Features ~ Embeddings Queries Features ~ Embeddings Queries Features Embeddings{ Anchors X
(a) DETR (b) Conditional DETR (c) DAB-DETR



DETR n AHANOIU

- WnpnHa n BbicoTa anchor box NCNONMb3yOTCA Anda moaynaunin
nepekpecTHOro BHMMaHmNA, NO3TOMY BHUMaHWeE CTAHOBUTCA
ropasfgo nyylle noKa/IM30BaHHbIM, 1 3TO MOMOTaeT YyCKOPUTb

obyuyeHne

Image
Features

encoder

Self-Attention

Positional
Embeddings

(a) DETR

(b) Conditional DETR

Image
Features

Positional
Embeddings

Learnable
Queries

Decoder
Embeddings

(¢) DAB-DETR



DETR n AHANOIU

- 0630p:
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DETR n AHANOIU

- SMCA DETR (Spatially Modulated Co-Attention DETR; Gao et al,,
2021) MOAYNUPYeT BeCa BHUMAHUA Yepes NPOCTPAHCTBEHHbIe
anpropHble pacnpeneneHuns; To, UTo psiaoM, 6oee BaXHO:
MPOCTPAHCTBEHHbIE BECA HA OCHOBE MpeACcKa3aHHbIX CMeLLeHUN
OTHOCUTENbHO OMOPHbIX TOUEK

1 <L
Spatially
Modulated
Co-Attention

Decoder 2
Scale Selection
Network

xa,

Embeddings

Modulated
Co-Attention

Self-Attention

—  Forwarding

-~ Linear projection

Encoder O\ @ [ ser- | __. Generate the Gaussian

map through MLP

Calculate co-attention
weights

B:z::tfr:e Attention
Encoder __, Generate scale attention

throught linear layer

(© Concatenate
@ Element-wise multiplication 7
Intra-Scale Multi-Scale Values
Self-Attention Self-Attention (+)  Element-wise addition



DETR n AHANOIU

- [lpyras npo6iema npoucxoguT OT ONTUMANbHOTO
NapocoyeTaHns: He6ONbLIOE U3MEHEHUE BeCOB MOXET
NPUBECTY K COBEPLIEHHO APYroMy pe3ynbTary, NpeackasaHmns
HecTabunbHbl, 0COBEHHO B Havane oby4veHus

- DN-DETR (Li et al., 2022): nasante [o6asum Opyryro Lefnb
06YUEHUA — PEKOHCTPYKLMIO 3aLUYMNEHHbIX NCTUHHbIX
NPAMOYIOMbHUKOB, KOTOPbIe MOAAITCA C AOMNOMHNUTENbHbIMY
3anpocamm

Denoising part Matching part

Transformer Decoder —

reconstruction loss reconstruction loss

{ Hungarian loss )
. [ -
1 P rrT

L | Attention mask T Atterition mask
| s}mn}m
\

BESEOS || il lll || fildl

image features+positional encoding

Attention mask

T T - -

N

/LJLJLJLJTITI\,

Transformer Encoder

T learned anchors
denoising group 0 denoising group 1 +unknown label




DETR n AHANOIU

- 3TO yNyyllaeT NnpeackasaHune CMeLLeHni: Kaxablii 3anpoc
[OMKEH NPeACKa3biBaTb OYEHb Pa3Hble CMELLEeHNA 13-3a
HecTabunbHOCTY CONOCTaBNEHUS, @ 3aNPOChl LIYMOMNOAABAEHNS
CAYXaT “XopowWwnmMmn AKopamMu” Ana NpeackasaHus CMeLLeHnin

- B pe3ynbraTte sKops pacnonaratTcs 6amke K CBOUM Lenam
(DAB-DETR cnesa, DN-DETR cnpasa):

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

X
(a) (b)



DETR n AHANOIU

- DINO (DETR with Improved DeNoising Anchor Boxes; Zhang et al.,
2022): mogndukaunsa DETR, ocHoBaHHasa Ha ugee DN-DETR

- basoBas CTpyKTypa 60onee nnu meHee Ta xe:

Pl

; Pos Neg

Query Selection Matching CDN
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DETR n AHANOIU

- DN-DETR Hy)XHbl xopoLwue sKkopst ANa yny4lweHunsa obyyeHus
CMELLEeHWI; HO YTO HACYET NNOXUX AKOPEW, Y KOTOPbIX HET
O6NN3KUX UCTUHHbBIX 06 bEKTOB?

- DINO go6aBnsieT oTpuuaTenbHble MPUMepPbl 419 CMATYEH NS
3TOr0; YaCTb BXOOB — 3TO AKOPS C HOAbLIWM LLIYMOM, KOTOPblEe

OOMKHbI 6bITb OTKIOHEHbI

reconstruction no reconstruction no
loss object loss object

[ . . ]
A M

Decoder Layers x M
L Y J L Y J L Y J L Y J
positive negative positive negative
7

CDN group0 CDN groupl



DETR n AHANOIU

+ CMeLaHHbI BbI6OP 3aNpOCoB: MNO3ULMOHHbIE 3anpoChl
VHULMANU3UPYIOTCA U3 MPeanoXeHin KOAMPOBLLMKA, a
cofiepatefibHble 3anpoChl OCTAKTCA HE3ABUCUMbIMY

HEN 1]
[m|m]m| m[m}
ttrt tt
Encoder Decoder

Ly T
oooo o0

Static Anchors
and Content Queries

(a) Static Queries

HE—
LR
Query Selection

tttt

L L [ ]|
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ttrt tt
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> Decoder

LT -
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Dynamic Anchors and
Content Queries

(b) Pure Query Selection

7Y
Query Selection
idkk | mm
oog oo
trrt T
Encoder Decoder
ﬁ i i i i i 2‘::: ECsomem
0ooo oo

Dynamic Anchors

(c) Mixed Query Selection



DETR n AHANOIU

- [BonHoun lookahead: kauecTBO orpaHMUMBatoLLErO
NPAMOYTONbHMUKA 3aBUCUT OT TeKyLero akops (Mo3nLMoHHOro
3anpoca) 1 TeKyLLero NpeackasaHusa cMeLleHns

- Deformable DETR 6nokunpoBan o6paTHoe pacnpocTpaHeHue
rpaaveHTa Ana ctabunmsaumnm obyyeHuns: napameTpbl C0A 4
06HOBNAKOTCS Ha OCHOBE BCMOMOraTenbHOW YHKLUM NOTEPb OT
NPAMOYroNbHUKOB b;

- DINO 6noKupyeT rpagmeHTbl elle Ha OONH War ganblie, No3Tomy
napameTpbl C10s 4 06HOBASOTCA HAa OCHOBE BCMOMOTATENbHOW
(DYHKLWW NOTepb OT NPAMOYTONbHUKOB b; U b;

——»> gradient detach

prediction prediction prediction
pPred) pPred) ppred)
prediction prediction prediction T =1 T ! T i+
T b(predJ Tb(pred) T p(Pred)
bixs i bi—y bi b; bisy | biey
-] ]
:E ’L_'\‘ Lﬂ}'et j "__\ Layer j ’R. Layer ’r‘_\‘ Layer
i+l i i+l
Abiy : by abiy A, by

(a) Look Forward Once (b) Look Forward Twice 7



DETR n AHANOIU

- OYeHb XOpoLLMe pesynbTaThl, 6biCTpoe obyueHmne (cnesa ¢
ResNet-50 backbone)

51 e Ours S Ours
—— DN-DETR 630 SwinV2-G g
50 >4~ Dynamic-DETR :
- i Coswin-H
49 ~< | Deformable-DETR @ Florence-CoSwin-
-@- DAB-DETR(DCS)
62.0
48 Il Faster-RONN
= -@- Vanilla DETR(DCS) z GLIP
g 'E > Soft Teacher+SwinL.
B 3
= Z610
g -]
S : 2 | DyHead
- < J_ Ours: v |1v
60.0 _ W svinv2G: T EN
. @ Florence-CoSwin-H: [50m |om
# @ cLp: 1M am
() D> Soft Teacher+SwinL:[1am_[1.7m
1 DyHead: VG
59.0 <« Swinl: YR
42 . < SwinL
12 2% 36 50 108 500 84037 3000
Epoch Model size (M)
(a) ()



DETR n AHANOIU

- H-Deformable-DETR (Jia et al., 2023) - oueHb npocTas u
MHTepecHas naes

- Y Hac 04YeHb Mano MOMOXUTENbHbIX MTPUMEPOB, TaK YTO AaBanNTe
NX Konnposarb!

- Mpwn 06byYeHUn Mbl JO6ABNAEM [OMONHUTENbHbIE 3aMpoChl,
KOTOpbIE [OMKHbI MPEACKa3biBaTh TE e UCTUHHbIE
NPAMOYTOMbHUKM, C MACKAMN BHUMAHUSA, KOTOPbIe Pa3fensior
rpyMmbl 3aMpocoB

; L x Decoder Layers
' (One-to-One Matching)

(One-to-Many Matching)

E L x Decoder Layers




DETR n AHANOIU

-+ Kak ele mbl MOXeM MCNPaBUTb gonroe Bpems obyyeHusa DETR?

- UP-DETR (Dai et al, 2021) - gasainTe fobasum npefobyyeHve 6e3
06yueHus, self-supervised; Mmbl 6epem CrydanHbI KyCOK 1
npocum DETR npefckasaTb ero nonoXeHmne v BOCCTAaHOBUTb ero
NPpU3HaKK (3TO HYKHO, MOTOMY YTO Y HAC HET METOK
KnaccumuKaLmm, Ho HYYKHO COXPAHUTb CEMAHTUKY):

positional encoding positional encoding

Lo = 1or0 Las = 1or0
) Lvox = Xy, w,h = Lyox = x,y,w,h
= (Lrec = feature & (Lrec = feature

Transformer
Encoder
Transformer
Encoder

frozen
backbone
attention mask

feature reconstruct

reconstruct

input image random query patch input image random query patch

(a) single-query patch (N=3, M=1) (b) multi-query patch (N=6, M=2)



DETR n AHANOIU

- DETReg (Bar et al., 2022) — BMeCTo cnyyalHbix KpOMnoB faBante
NCnonb3yem 06bEKTHI MW 061aCTU, HANAEHHbIE APYTMU
anropuTMamu, BO3MOXHO, flaxe selective search

- Mbl TaK)Ke MOXeM MpeacKa3biBaTb BAOXKEHNUS ONs 3TUX
nceB0-06bEKTOB

Unsupervised Region

Bipartite Matching Proposal Generator
Input Image: x bz E) bzc b, g vk
i o (@Y e
f 1
. &
w——p Detector V%&’ | —
cat
—) @__ _@
G Encodier| <




DETR n AHANOIN

- Co-DETR (Zong et al., 2023) [o6aBnger HeCKONbKO
BCMOMOraTenbHbIX FON0OB U3 Apyrux object detection mogenen;
HOBbIE MOMNOXUTENbHbIE MPUMEPbI Yepe3 NapocoUeTaHns

One-to-One Set Matching A Ay Ay
r== r=- O Nt NS
b :D: It i) Training-only i b
[ T Decoder ! Decoder sss see
g 0 i
o2 oo - l%‘_ - I_E_ 1.
a2 iy i i
@ Q
§ O|7 m  HHOHO UL
i
§ >0 g _>:DE / (pos) b
b | )
8 2 Oz O 4 * Tor |
’ 3 o Multi-scale Adapter —>  Auxiliary Head 1 e ven Auxiliary Head K |
P o F oo tTg'y _________ —— ;
Input Image :D: - 1 [
[ [} One-to-Many Label Assignments A Ay
Assi A1
Head i Loss L,
‘ {pos}, {neg} G P; Generation B G

Faster-RCNN [27]

cls: CE loss,
reg: GIoU loss

{pos}: ToU(proposal, gH)>0.5
{neg}: IoU(proposal, gt)<0.5

pos}: gt labels, offset(proposal, gt
gt labels, offset(proposal, gi
{neg}: gt labels

positive proposals
(@1,Y1,72,Y2)

ATSS [40]

cls: Focal loss
reg: GloU, BCE loss

{pos}:IoU(anchor, gt)>(mean+std)
{neg}: IoU(anchor, gt)<(mean+std)

{pos}: gt labels, offset(anchor, gt), centerness
{neg}: gt labels

positive anchors
(21,91, 72,Y2)

RetinaNet [21]

cls: Focal loss
reg: GloU Loss

{pos}: IoU(anchor, gt)>0.5
{neg}: IoU(anchor, gt)<0.4

{pos}: gt labels, offset(anchor, gt)
{neg}: gt labels

positive anchors
(21,91, 22,2)

FCOS [31]

cls: Focal Loss
reg: GloU, BCE loss

{pos}: points inside gt center area
{neg}: points outside gt center area

{pos}: gt labels, Itrb distance, centerness
{neg}: gt labels

FCOS point (cz, cy)
w=h=8x 2%




DETR n AHANOIU

- 'pachuk gna ResNet-50 backbone:

-~ Co-DETR

54 %~ DINO-Deformable-DETR
~@- H-Deformable-DETR
-@- Deformable-DETR

DAB-DETR

52 —A— DN-DETR
- Faster-RCNN
- HTC

50 .//////l

%
48
[ J

46

44

i / -

0 20 40 60 80 100 120

Epoch



PERCEIVER

- Perceiver ot DeepMind (Jaegle et al., 2021a) — 3T0 apxuTexkTypa
0611ero HazHavyeHus, KoTopas MoXeT 06pabaTbiBaTb MHOXECTBO

pa3nnyHbIX MOodan bHOCTEN

Weights optionally shared between repeats

(L]
Logits

Cross
Attention

Latent array
(NxD)

Byte array
(MxCQC)

- OCHOBHas uaes — n3bexartb KBaAPaTUUHON CIIOXHOCTY,
MCNONb3ysa NATEHTHbIE €ANHULbI MEHbLIEN PAa3MEePHOCTU

+ 3TO KBAAPATMYHO MO YNC/Y 3aNPOCOB, MO3TOMY Mbl UCMOMb3yeM
He6O/MbLIOW BEKTOP NATEHTHbIX MepeMeHHbIX A1 3anpocoB U
Job6aBnsem 6onblive Maccusbl gna K n 'V .



PERCEIVER

- Oby4yeH Ha n3obpaxeHusx, obrakax Touek, ayamo n Buaeo, 6es
cneuvanbHbIX KOAWPOBLIMKOB U 6€3 U3MEHEHWS apXUTEKTYPbI

ResNet-50 (He et al., 2016) 77.6 ResNet-50 (FF) 73.5

ViT-B-16 (Dosovitskiy et al., 2021) | 77.9 ViT-B-16 (FF) 76.7

ResNet-50 (FF) 73.5 Transformer (64x64) (FF) | 57.0 | 57.0 4,096
ViT-B-16 (FF) 76.7 Perceiver:

Transformer (64x64, FF) 57.0 (FF) 78.0 | 78.0 50,176
Perceiver (FF) 78.0 (Learned pos.) 709 | 70.9 50,176




PERCEIVER

+ KapTbl BHUMAHNA OMYyCKAtOTCA 40 OTAENbHbIX nukcenew:




PERCEIVER

- Perceiver 10 (Jaegle et al., 2021b), cnegytowas Bepcus, Kotopas
TaKXe N03BOMAET CTPOUTb 6ONbLINE 8bIXOObI

- MoxeT o6pabaTbiBaTh elle 601ee pa3HOOOpa3Hblie
CTPYKTYPUPOBAHHbIE AAHHbIe: MHOT033a4auHoe NoHuMaHune
A3blKa, NNOTHbIE BU3yanbHble 3aaaun (Hanpumep, optical flow),
rMOpUAHbIe MIOTHbIE/ pa3pexeHHble MyTbTUMOAANbHbIe 3a4aun
(Hanpumep, aBTOKOANPOBLIMK N8 BUALO+ayANO), 3a4aUn C
CUMBOMbHbBIMU Bbixogamu (Hanpumep, StarCraft 11) u Tak ganee

"
d Labet Drumming




PERCEIVER

- ApxutekTypa Perceiver 10:

Process xL [EEEEw)
array MEEEEE - . P S A .| com gl == -, ==
1 O
T, || e GO = u  corem
meem: K eV | Attention
[} 1 scores
Latent L Q& | § |! _“"—k——g—u """"
I = = 1 1
N CEO £ O € " Output
arra EEn| 8 oo 8 oo
' : g : I % : I array
[ — ! I I s | E
Output [N Ercode Q) F | o
query o [TITTH . Z [ o
array
T Decode ! 11T

- MDaKTU4ecKme BbIXOAHbIE 3aMPOChl KOHCTPYMPYHOTCS
aBTOMATMYECKMN MyTeM KOMOUHUPOBAHMS Habopa BEKTOPOB,
KOTOpble OMWCbIBAKOT CBOMCTBA TEKYLLIETO BbIXOAA



CASE STUDY:
CETMEHTALUSA MEAVLIUHCKNX
N30BPAXXEHWI




CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

- CermeHTaums 3By4nT Kak 6onee cnoxHas 3agada ans
TpaHcdopmepoBs

- Ho BOT TakcoOHOMMSA TONbKO An4 ViT, TONbKO B CErMeHTaL MK
MEAULIMHCKIX CHUMKOB, NpuYyém Tpu roga Hasag (Shamshad et
al., 2022):

| ViTs in Medical Image |

tation

|msmm| ETTE [Fmese] E
__________________ o

1

I| Skin Lesion “ Tooth Root |: [ Smgle scale | | Muln St
I 1

i | Kidney Tumor Ica‘ (e ]

1 maging 1
! Cells :
\ Segmentation

2D

Histopathology




CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

- B MeMUMHCKMX 3aaduax MaseHbKue 0amacemal, N03TOMy
TPYAHO OXMAATb ViT, 06yUYeHHbIA C HyNs HA MEANLIMHCKOM

JataceTe
@ O
Tumor
¢ 1
L L MatMul
Transformer Encoder
Norm
i@@###@ﬁ@ﬁ##@[ﬁ ; i Sm:u
Patch+Position Mask
Embedding T | Scaled Dot Product
[ Attention Attention Scale
Mathul
Lmear Projection of Flattened Patches me
Q K v

| pamecmkia

Patches

HE

- Horaa 370 BO3MOXHO, HO YaCTO MPUXOAUTCH MOAMMULINPOBATbL
APXUTEKTYPY, UTOObI 4O06ABUTL ANPUOPHYI0 NHOPMALINIO O
MeaNLNHCKMX 0COBEHHOCTAX



CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

- B cermeHTauum U-Net fonroe Bpems 6bifa camon BaXKHOM
apxutekTypon ana medical imaging:

64 64

128 64 64 2

input
image

¥
¥

output
segmentation
map

¥

388 x 388 '
388 x 388 '

]

392 x 392

572 x 572
570 x 570
568 x 568

' 128 128

284
2822
2802
2002
C——+
1982
1962
+ —

¥ 26 25 512 256 '
e et B > > =» conv 3x3, ReLU
E E LMl
A i = = copy and crop
512 512 1024 512
=l g -l ¥ max pool 2x2
- P
R | 1024 noW® 4 up-conv 2x2
o [ - O -
S s % = conv 1x1
3 &



CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

- TransUNet (Chen et al., 2021): gaBanTe Ucnonb3yem
TpaHcdopmepbl B koanposLinke U-Net

Embedded Sequence
1 42 N
Xp, Xy s Xy
., 12 t (16, H, W)
4 N =
\ /4
%\ Linear Projection N N T (64, W2, Wr2)
| : N o @ ‘@
4 Transformer Layer 5 = Convax3, ReLU
/ . 8 (128, W4, W/a)
/ 1 (n=12) . s LI 1 Upsample
Transformer Layer I m .l:ﬂ = Segmentation head
[ t @56, 8, Wie) » Downsample
A reshape
iddeniFeetureg] —— E = Feature Concatenation
(n_patch, D) (D, H/16, W/16) (512, H/16, W/16)

(a) (b)



CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

- ViT nonyyaet BNoxeHna natyen m3 pasHbix cnoes CNN, a
NoBbIleHWe pa3pelleHuns aHanornyHo U-Net:

Embedded Sequence
x, 22, xly
v Xpr 0 Xp

/4

inear Projection

\ .
s - v - @ ‘@
Transformer Layer \ = Conv3x3, ReLU

1 (n=12) ™ s 1 Upsample
Transformer Layer I m .l:ﬂ = Segmentation head
I 1 (256, H/8, W/8) > Downsample
a reshape
Hidden Feature | —— - Feature Concatenation
(n_patch, D) (D, H/16, W/16) (512, H/16, W/16)

(a) (b)



CErMEHTALLUA MEANLIMHCKNX N30BPAYXEHUN

- TransUNet coxpaHsieT 60nblle geTaneu:

. aorta gallbladder .leﬂ kidney right kidney [flliver pancreas spleen stomach

(a) GroundTruth (b) TransUNet (¢) R50-ViT-CUP (d) AttnUNet (e) UNet




CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

- Boundary-aware Transformers (BAT; Wang et al., 2021) ans
CermeHTaLmn NOPAXEHUI KOXM, TUNMNYHAA 3a[a4a
BU3yanu3auum, rae HyxHo JO6aBUTb KaKue-To JOMNONHUTENbHbIe
anpuopHble pacnpegenexmns




CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

BAT nmoxox Ha ViT, Ho 406aBMAEeT reuT rpaHUYHOr0 BHUMAHMUA
(BAG), KOTOpPbI/ MPUHUMAET NPWU3HAKM HA BXO[ U BblgaeT
H6MHAPHYI0 KapTy BHUMAHWS Ha YpOBHe naTyen, rae 1 o3Havaer,
YTO NaTy NEXUT Ha HEOAHO3HAYHOWN rpaHuLie:

Transformer Transformer Predicted
Encoder C Decoder Segmentation

»ﬁ@m%é? -0

Lseg

—
' |
Positional Learn-able Boundary
Embedding § E Point Prototype

Predicted Ground-Truth
Key-Patch Map Key-Patch Map

E v
Embedded Add & @L Add&| | m i
Sequence . M N°"“ M > Z Mop

-

Min/Max
abs(overlap area - 0.5,

Binary Key-Patch Map



CErMEHTALLUA MEANLIMHCKNX N30BPAYXEHUN

+ BAT paet pesynbrathl nyyule, yem, Hanpumep, TransUNet:

(a) Image (b) UNet++  (c) CE-Net  (d) TransUNet (e) Ours ) GT



CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

- Group Transformer Network (GT U-Net; Li et al., 2021):
CerMeHTaLnsa peHTreHOBCKUX CHUMKOB 3y60B A
IHOOLOHTUYECKOTO NeYeHus

+ PEHTreHoBCKMEe CHMMKM YacCTo MI0OXOro KayecTsa
(HEﬂ,O,ﬂep)KaHHbIe nnu nepenepmaHHble), FPaHnLUbl PA3MbITbI,
eCTb HaNnoXeHn4...

| : II
i |
{
. ()

10



CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

- GT U-Net coxpaHseT ctpykTypy U-Net, Ho nobaBnsiet Group

Transformer:
m

Matrix
Multiplication

®
fast Element
1

C
hXwxe BXwXZ hxXwx2e

| Group o™
\ Transformer .-~
S

Wise Sum
Max-pooling

1 Upsample
Pointwise

Convolution

@ Skip
Connection
Self-Attention Layer -

===+ Copy and Crop

10



CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

- MIHTepecHas yacTb — shape-sensitive Fourier descriptor: ecnu
(Zpys Ypy) — KOOPAMHATA HA TPaHULE KOPHA 3y6a ¢ N nukcenamu,
Mbl MOXeM ChopMUpPOBaTb (DOPMY FPAHMLIbI KAK KOMMTEKCHOoe
uncno z(m) = z,, + jy,, ¥ onpeaenuTb geckpuntop Oypbe Kak

1 N—-1
Z(k) = DFT(z 2(m

m:O

27rmk

- 37O KONUYECTBEHHOE NPEACTaBAEHME 3aMKHYTbIX KOHTYPOB,
He3aBMCKMMOE OT UX HAYANbHOW TOUKM, MacLUTaba,
MECTOMOMOXEHUS U BPALLEHUS

- [lo3TOMY B AOMNONHEHNE K OUHAPHOW KPOCC-IHTPOMMUMN Mbl
MOXEM BblYNCNUTb PA3HOCTb Mexay Aeckpuntopamu Oypbe
AZ(k) = |Z(k) — Z(k)‘ M onpeaennTb PyHKUMIO noTepb FD Kak

1



CErMEHTALLUA MEANLIMHCKNX N30BPAYXEHUN

- B pesynbrate GT U-Net ynyyliaeT pesynbTaTbl CerMeHTaLnm,
0COBEHHO C hyHKLMen noTepb FD:

GT U-Net

Image Label U-Net Att U-Net TransUNet (without FD loss) GT U-Net
%

\
'
§



CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

- CermeHTaums onyxonein noyek ¢ COTR-Net (Shen et al,, 2021):
no6aBum TpaHcthopmepbl BHYTpb U-Net

| |
<

J

TransConv
CNN
TransConv
CNN
TransConv
CNN
TransConv
CNN
TransConv

-

— Encoder

NND
NND
JouLIOJSURL]
NND
JoULIOJSURI],
NND
Jauiojsuedy,
NND
Jouojsue.ty,

Decoder

7 I Skip connection




CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

- COTR-Net yny4yllaeT cermeHTaumo:

Ground Truth U-Net U-Net+R+P+D U-Net+R+T U-Net+R+T+P COTRNet




CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

- CermeHTaumsa knetok ¢ Cell-DETR (Prangemeier et al., 2020) Ha
ocHose Detection Transformer (DETR):

image features|
input image segmentation
cell) prediction
'celt'celi !
LN class & BB
1) "aP predictions



CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

- Cam DETR (Carion et al., 2020) Mbl yxe obcyxaanu:

transformer
encoder-
decoder

set of image features set of box predictions bipartite matching loss

backbone |
set of image leaturesii

transformer
decoder

R

object queries

transformer
encoder

EIISERs)




CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

+ KapTbl BHMMaHna DETR xopowo pasaenstoT 3Kk3eMnnapb:

self attention(430. 600) self-attention(d 50, 830)

self-attention(520, 450) 5 - self-attention(440, 1200)



CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

- Swin-UNet (Cao et al., 2021):

Linear Embedding Patch Expanding W x H x C(4%)
Skip Connection
woH Swin Transformer 14 Swin woH
4 Block x2 Block x2 4 4
Patch Merging Patch Expanding
Skip Connection
WoH . Swin T 18 Swin WOH .
Flaria Block x2 Block x2 e
Patch Merging Patch Expanding
Skip Connection
1/16
Lt e M
16716 16716
Patch Expanding
Encoder

Decoder

Bottleneck



CErMEHTALLUA MEANLIMHCKNX N30BPAYXEHUN

+ [IONOMHUTENbHO yNyyllaeT CerMeHTaLn KOMMbIOTEPHbIX
TOMOTIpaMm:

W 2orta gallbladder [l left kidney right kidney [ liver pancreas spleen stomach




CErMEHTALLUA MEANLIMHCKNX N30BPAYXEHUN

- B 3D: cermeHTauuMa neyeHoUHbIX COCYA0B Ha KOMMbIOTEPHbIX
Tomorpammax (Wu et al., 2021)

...... 10



CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

- ApxuTekTypa ocHoBaHa Ha 3D Swin Transformer:

HxWxDx2

Feature extract
block

(B3 comvansrelyx2 |

' ( Conv 1x1x1, BN, RelU ]
T

HxWxDx1 Feature extract block -1xWxDx64g,

Patch embedding

HxWxDxC 5X5x5 Conv 212x2 stride
skip
Patch embedding -

H W D 313x3 Conv 1x1x1 stride
Ry
3D Swin; It&nilgrmer 3D Sml‘! &m‘fgvmu 3343 Conv 1x1x1 stride

D H W

L"?"T"“ lGELU +INlayer

_ skip
Down-sampling
BEWoD
XgXgx2C

2:2x2 Conv 1x1x1 stride

3D Swin transformer
Blockx2

Down-sampling

Bw oD
lixibxléx“:

3D Swin transformer
Blockx2

' LN layer




CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

- UNETR (Hatamizadeh et al., 2021): ewie oaHa cTpykTypa ViT+UNet
nna 3D cermeHTauum

Segmentation
Output

Transformer Encoder

00)0)8,0)80)0)0)0,

Linear Projection of Flattened Patches

I O 4 I

3D Patches

HXWXDXxC



CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

- MpeacrtaBneHns, Npou3eeaeHHble TpaHCHOoPMEPOM,
o6beAnHATCA B Aekofepe Ana obecnedyeHns Menknx aetanen,
B ctune U-Net:

HxW xDx4 [ q HXW xDx64
f o

HxWxDxM‘

Norm Z3
L W | o—ili
H H

t WD
X=X —x 768 SX x5 x 128 WD

b 61616 757732 | Fxgxgxim
Attention
G?: i — [ # f ‘—‘

H H W D

H W %D 768 TR Xgx6 i w.D

T°F77 Ix—x—

Nomn 16716 16 TXT xR0 ’Dec\vaXZXZ

Z
—9._.0_ [ '_‘ . Deconv 2 X 2 X 2, Conv 3 X 3 X 3, BN, ReLU
H

16)(16)(16)(768
gx%x%xsu ’ Conv 3% 3% 3, BN, ReLU
212

L] -C(mle‘lxl
16x16x16x768




CErMEHTALLUA MEANLIMHCKNX N30BPAYXEHUN
- Pe3ynbTaTbl ynyullaoTCs:

Ground Truth TransBTS

LA

2 ®




CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

- Transbridge (Deng et al., 2021): cermeHTauus 8
3NeKTpoKapAnorpadun

- TpaHcopmep paboTaeT Kak MOCT MexXay CBEPTOUHbBIM
KOAMPOBLIVKOM 1 CBEPTOUHBIM AEKOLEPOM

L ‘

m
3
=3
]
a
o
=

a

| JouLojsuel]
W JouLojsuel|
W Jouojsuel|.
q Jouuojsuel)

|

CNN Encoder Transformer Encoder CNN Decoder



CErMEHTALLUA MEANLIMHCKNX N30BPAYXEHUN

+ YnyylaeT rpaHuLibl cermeHTaumm:

=

Trénsﬁﬁ?ié;e—L

@0 & Tramridee® (6



CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

- bonee TOro, MOXHO He OrpaHNYNBaTbHCA BUONMbBIMY
N306pAXKEHNAMN

- TunepcnekTpanbHas cbémka (hyperspectral imaging, HSI)
M3yyaeT, Kak WUPOKNI CNeKTp CBETa B3aMMOAEeNCTBYET C
HabntogaeMbiMy MaTepuanamu; cnekTpanbHas nHdopmaumsa
npeacTaBneHa COTHAMM Y3KUX CMEXHbIX CMeKTPanbHbIX MOMOC,
ropasao 60/blie KaHanoB, Yem NPoCTO TPY OCHOBHbIX LiBETA

- Bxof Tenepb — runepky6 CO MHOXECTBOM CMeKTPanbHbIX MOMOC:

MULTISPECTRAL IMAGING HYPERSPECTRAL IMAGING

= Continuous spectrum

HYPERCUBE

* N separated bands

" pixel )

2y

Wavelength

.
Pixel (x, i)

]

Wavelensth

Intensity

Intensity




CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

- SpecTr (Yun et al., 2021): U-Net + Transformer ans
rnepcnexkTpanbHbiX CHAMKOB

~Transformer Encoder

¥ | T

5@@@—@@%

[ — —

—” Concatenate
Max-pool [}) Up-sample:
Conv3x3, SN, ReLU
Convolution+Average
Conv3x3x3, BN, ReLU
Transformer Encoder




CErMEHTALLUA MEANLIMHCKNX N30BPAYXEHUN

- [lpyroe HanpaBneHue — 3D cermeHTaumsa
- BiTr-Unet (Jia, Shu, 2021): CNN + Transformer gng cermeHTaunu
onyxonen mo3ra Ha MPT

(c)Tlc (d)T2-FLAIR



CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

- CHoBa U-Net-nogo6Has apxutekTypa ¢ 6nokamm ViT:

6128128128
2646060
632323 X
@inmizg — I >
—) weach
21161616 28161616
asess) @s6xss)

) Downsample Convolutional Block

Skip Connections

,,,,,,,, > Lincar Projection
mmss)  Vision Transformer Block
-3 Feature Mapping

mmmm)  Upsample Convolutional Block



CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

- Swin UNETR: Swin Transformers gna cemaHTnyeckom
cermeHTaLMm onyxonen mo3ra Ha MPT-1306paxeHunsax

Segmentation Output
Hx Wx Dxas HxWxDx3
Head

|
I
4
o
. o .
2 ek ) Hidden Feature ST — =
WD e WD e 4 WD /
TET T =77 TTTY ma [ Cwe ) [T]
e _—l lru@ / ‘
e 1 e el /
&)

[N % wwo 4 T
7

Input MxWxD s |

Hx WxDxa

LRLAE m—=—a !
Rl I Bottleneck. mture, ;

|
PO B = el i -
(ot (il LNLALM 1 W-MSA
onwn i, =k L e e L=/

El
i s - + / Linear Norm
| vierging [N K I | N /
ge3 _ —— Hw D D /
e s | s XXX 384 econv. A
' uw —'{ =y |y 1671616 I

LA, 3 4
STy ST [ NS I Patch Merging Swin Transformer Block
= e




CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

- Swin UNETR aganTupyeT MeTof CABUHYTbIX OKOH K 3D 06BbEMHbIM
OKHam:

o
oo
g
8
8

TN Y

3D Tokens: 8x 8 X 8 ‘ ) )
Window size: 4% 4 X 4 Number of windows: 8 Self-attention Unit



CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

- VT-UNET: Transformer ana o6bémHon cermenTaunn (Peiris et al.,
2021)

DxHxW XK

Classifier

MRIVolume Layert

VT Encoder Block L

DH W
Fxgxgxac
/
b B W
FXTeX7ex4C |5 | VT Encoder Block

|- —— Skip Comection — — —

/
] (3D Patch Expanding

[ 3D Patch Merging
N, |




CETMEHTALUS MEAULMHCKNX U30BPAXKEHUIA

- VT-UNET: Transformer gng o6bémHon cermenTtaumm (Peiris et al.,
2021)

Fig. 2: (a) Illustrates VT-UNet Architecture. Here, k denotes the number of classes. (b) shows vi-
sualization of Volumetric Shifted Windows. Consider an MRI volume of size D x H x W with
D = H = W = 8 for the sake of illustration. Further, let the window size for partitioning the volume
be P x M x M with P = M = 4. Here, layer [ adopts the regular window partition in the first step
of Volumetric Transformer(VT) block which results in 2 X 2 X 2 = 8 windows. Inside layer [+ 1,
volumetric windows are shifted by (%, %, %) =(2, 2, 2) tokens. This results in 3 X 3 x 3 = 27
windows. (c¢) shows VT Encoder-Decoder Structure. (d)Encoder-Decoder structural comparison with
other SOTA methods. The proposed VT-UNet architecture has no convolution modules and is purely
based on Transformer blocks. (e) Illustrates the structure of the Fusion Module.



CErMEHTALLUA MEANLIMHCKNX N30BPAYXEHUN

- EcTb 06LMe fAataceTbl AN CpaBHeHWs; Hanpumep, 3D gataceT
onyxonen mo3sra BraTS 2021 (Baid et al., 2021)

Method #params Flops Dice Score (Avg.)
TransBTS [138] 33 M 333G 84.99
BiTr-UNet [139] - - 86.20
UNETR [35] 102.5 M 1935 G 84.51
nnFormer [144] 39.7M 110.7 G 86.56
Swin UNETR [145] 61.98M 39484 G 88.97
VT-UNET-T [143] 54 M 52 G 86.82
VT-UNET-S [143] 11.8M 100.8 G 87.00
VT-UNET-B [143] 20.8 M 165 G 88.07

Ground Truth TransBTS




M DINO

- Mask DINO (Li et al,, 2023): naeun Mask R-CNN MOHO MpuUMeHuTb
W K JeTeKTOpam Ha 0CHOBe TpaHCchopMepoB

/s
115
Query
/32 cmbedding
<

> Boxes

Multi-Seale
ENEEEEE—

LT —

Unified&Enhaced QS Unflatten

[~ Classes
| ——

Hybrid Matching i Unified DN

EEER R TS NN

ARENARE BEE

e TR EHY

Va
Alue Decoder Layers x M

L e P I T T
Posional ——— 0000000000 g, 0000000 000

Embeddings

1



MAsK DINO

+ Ynyyuwatotca pesynbratbl Ha COCO n ADE20K

Backbone Pre-training | Detection Pre-training val
Method Params| Backbone Dataset Dataset WoTTA  w/TTA
Instance segmentation on COCO AP
Mask2Former [3] 216M SwinL IN-22K-14M - 50.1 -
Soft Teacher [36] 284M SwinL IN-22K-14M 0365 51.9 52.5
SwinV2-G-HTC++ [23] 3.0B | SwinV2-G |IN-22K-ext-70M [23] 0365 53.4 53.7
MasK DINO(Ours) 223M SwinL IN-22K-14M - 52.6 -
MasK DINO(Ours) 223M SwinL IN-22K-14M 0365 54.5(+1.1) .
Panoptic segmentation on COCO PQ
Panoptic SegFormer [19] -M SwinL IN-22K-14M - 55.8 -
Mask2Former [3] 216M SwinL IN-22K-14M - 57.8 -
MasK DINO (ours) 223M |  SwinL IN-22K-14M 58.4(+06) —
MasK DINO (ours) 223M SwinL IN-22K-14M 0365 59.4(+1.6) .
Semantic segmentation on ADE20K mloU
Mask2Former [3] 215M SwinL IN-22K-14M - 56.1 57.3
SeMask-L MSFaPN-Mask2Former [14]| —M |SwinL-FaPN IN-22K-14M - - 58.2
SwinV2-G-UperNet [23] 3.0B | SwinV2-G |IN-22K-ext-70M [23] — 59.3 59.9
MasK DINO (ours) 223M SwinL IN-22K-14M - 56.6 -
MasK DINO (ours) 223M SwinL IN-22K-14M 0365 59.5  60.8(+0.9)

1



- ViT-Adapter (Chen et al,, 2023): aganTep 6e3 npeaobyyeHus,
yTO6bl NPUGNN3UTL VIT K SWin ANS NNOTHOro NpefacKa3aHus

Stepl: Image Modality Pre-training Stepl: Multi-Modal Pre-training

—
Vision-Specific -
Image P SL/ssL Image, ViT SL/sSL
Modality apsoimen 4 Video, Text, ... %

Step2: Fine-tuning Step2: Fine-tuning with Adapter

—_— —W 7
-~ — i §
coco V'TS"’"'fSF’ec'f'c Det/Seg coco M Det/Seg
ADE20K S omet, 4 ADE20K Adapter y

(a) Previous Paradigm (b) Our Paradigm




- ApanTep no3sondaeT ViT paboTaTb C cermeHTaumen

(a) Vision Transformer (ViT)

Patch
Embedding el

Block 2

Spatial . . L ks
. Prior Module Injector 1 Extractor 1+{ Injector 2 Extractor 2|--»{Injector N

Extractor N|

(]

()

Position
Embedding

Element-wise
Addition

Log amplitude

<

¢
=}

—— ViT-Adapter
— VIiT

)
w o u

-2.0

N
&

0.0m 0.2m 0.5m 0.8m 1.0m
Frequency

Spectrum

(a) Relative Log Amplitudes

(b) ViT-Adapter

(c) Spatial Prior Module (d) Spatial Feature Injector i

ViT

ViT-Adapter

(€) Multi-Scale Feature Extractor i

(c) Stride-8 Feature



INTERNIMAGE

- CNN He ymepnu! Internimage (Wang et al., 2023) - HoBas
6a3oBas mogenb Ha ocHoe CNN, ncnonbsytouias

nedopmupyemblie CBEPTKHY

% query pixels response pixels with fixed weights

| response pixels with adaptive weights

(a) global attention
v long-range dependence
v adaptive spatial aggregation
X computation/memory efficient

(c) large kernel
v long-range dependence
X adaptive spatial aggregation
v computation/memory efficient

(b) local attention
X long-range dependence
v adaptive spatial aggregation
v computation/memory efficient

(d) dynamic sparse kernel (ours)
v long-range dependence
v adaptive spatial aggregation
v computation/memory efficient

13



INTERNIMAGE

- HoBas uges — UMeTb MHOTOrPYMNMNOBYIO CTPYKTYPY, KakK pasHble
rONOBbl BHUMAHUSA: Pa3Hble TPYnmnbl UMEOT pa3Hble CMelleHns B
CBEpTKAaX U AeNCTBUTENIbHO MOMYYatoT Pa3Hyo CeMaHTUKY

stage 1 stage 2
i * x
L
. 22
< .
stage 3 stage 4



INTERNIMAGE

+ XOpowo 1 Ans pacnosHaBaHus 0ODbEKTOB:

67
65.4
65 A 642
63 4631
.61
X
=59 B InternImage-H (test-dev)
% 57 A SwinV2 (test-dev)
255 / A FD-SwinV2-G (test-dev)
o iT- -
353 ® BEIiT-3 (test-dev)
8 51 Florence-CoSwin-H (test-dev)
] -8- Internmage (val2017)
49 -4~ Swin (val2017)
47 - ConvNeXt (val2017)
45

0 0.5 1 1.5 2 2.5 3 3.5
#parameter (B)

13



- Eule ofHa 6onbluas 061acTb — MynbTUMOAANbHbIE MOAENU; OHM
MOTYT 6biTb 0UEHb INHEKTUBHbI A8 CerMeHTaLm

- BEIT-3 (Wang et al,, 2022): cxogatcs BMecTe npefobyyeHune
A3bIKa, BM3yaNibHble AaHHbIbl 1 MYNbTUMOAANbHOCTb

Masked Data Modeling iy S — .
t I VEEN  LFFN VRN |

Vision  Language VL
Expert Expert Expert

BEIT-3 Lo B
(Multiway Transformer) I
1 I T Shared Multi-Head
Images Texts Image-Text Self-Attention
Pairs

Multimodal Input

14



- BEIT BbINONHAET MAaCKMPOBAHHOE BM3YaNbHO-3bIKOBOE
MOJennpoBaHne BO MHOMMX MOAANTbHOCTAX:

player a
4
VLFFN
V-FFN Fx t t
Lx t L-FEN Multi-Head Self-Attention
Multi-Head Self-Atiention | 1 4
$patch Embectings MulHead Seft-Atention | (| V;FFN '-':F"

ENEE =S $Word Embeddings Multi-Head Self-Attention

(a) Vision Encod A baseball player throwing a ball . F——— F——
a) Vision Encoder - i
" A baseball [MASK] throwing [MASK] ball .
() Language Encoder B BEDEEER
Image Classification (IN1K) Masked Language Modeling (c) Fusion Encoder
Semantic Segmentation (ADE20K) Masked Vision-Language Modeling
Obiject Detection (COCO) Vision-Language Tasks (VQA, NLVR2)

14



+ A TaKkxe NMOUCK 1 NOpPOXIeHNe:

Image-Text
/v Contrastive Learning v\
V-FFN L-FFN
Lx t Lx t

Multi-Head Self-Attention Multi-Head Self-Attention

1Pau:n Embeddings
ENaFNEEEE

(d) Dual Encoder
Image-Text Retrieval (Flickr30k, COCO)

1 Word Embeddings

A baseball player throwing a ball .

throwing
VL-FFN

Fx + +

Multi-Head Self-Attention
V-FFN L-FFN

(L-F)x 4 +

Multi-Head Self-Attention
1Patch Embeddings 1 Word Embeddings

A baseball player is [MASK]

(e) Image-to-Text Generation
Image Captioning (COCO)

14



- YAYYWWUA MHOTMe pesynbrathl (B 2022 roay):

Image
Captioning
(Coco)

Visual Question
Answering
(VQAv2)

Zero-shot T2I
(Flickr30k)

Zero-shot 12T

Semantic
Segmentation
Visual (ADE20k) ImageNet
" Classification
Reasonlng bli
(NLVR2) (w/ Public
Resource)
62:5
90.0 B9.5 Object
Detection
610 (CoCO)
86.0 §9.0
146.25 635
142.5 52082546 5 630
83.25 82.0 84.0  Finetuned 12T
(coco)
64.0
86:0 66.0

Finetuned T2I
(Coco)

Previous SOTA
CoCa
Flamingo

—— Florence vl 14
BEiT-3 (This Work)

Finetuned 12T

(Flickr30k) (Flickr30k)

Finetuned T2I



ONE-PEACE

- ONE-PEACE (Wang et al., 2023)

A
-
A

—T—

VAL-  VA- VL- AL- V- A- L-
Branch Branch Branch Branch Branch Branch Branch

)

/
/
Linear J

s
J

N

.

MHA
(+RPB)

IIIIooiH

g |

Linear

| Linear | | Linear | \\I
| Vision FFN Audio FFN Language FFN ||
| TT1 [T 1 [T 1T |xN
| Self-Attention ]
|

E O T EE e B

[ Vision Adaptor ] [ Audio Adaptor ] [LanguageAdaptor}

Twao boys playing frisbee
on the grass
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ONE-PEACE

- 3a/1a4a 34ecb 06bIYHO B TOM, YTOObBI M306PECTN MHOXKECTBO
3afau ¢ self-supervision BO BCEX MOLANbHOCTAX; 1 3TO XOPOLIUN
MOMEHT, UTOObI NEePenTn K 06CYKAEHWIO MyNbTUMOAANbH bIX
npeacTaBneHunn

~ /1 R ()

AN RS EE R R EE
EEnaw

I
1
1
1
1
1
1
1
1
( Modality-Fusion Encoder J |
[
1
1
1
1
1
1
1
1

1
[ONE-PEACE (W/O Masking)J Y

Denoising Contrastive /

Learning /

[ ONE-PEACE (W/ Masking) J

i
N |t
/B !
Contrastive Contrastive
ONE-PEACE pe— ONE-PEACE P— ONE-PEACE
g carning
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CLIP n BLIP




MynbTUMOAANDBbHbIE NATEHTHbBIE MPOCTPAHCTBA

- Y Hac eCTb MHOMO KAPTUHOK W TEKCTOB, CBOGOAHO LOCTYMHbIX B
NHTepHeTe

.

Kak Mcnonb3oBaTth TEKCT B Nape C N306paXEHNAMN TaK, UTOObI
NOMNyyYnTb XopoLwee MybTUMOAANbHOE NATEHTHOE
NMPOCTPAHCTBO?

AgTopbl CLIP nuwyT, 4To nx Nnepeon naeen 6b110 06y4nTh
CBEPTOYHYIO CETb ANS M306paXKeHu 1 TpaHcdopmep Ans
TeKCTa, YTobbl NpeAcka3biBaTbh NOAMUCH K U306PAKEH IO

- Ho 370 He cpaboTano: NpeackasbiBaTb TOUHYIO MOAMKUCH OUYEHb
CNOXHO (NpaKTuyeckn 6e3HanéxHo), n 3T0 He COBCEM TO, YTO
HaM HY)KHO B 3TOV MOAENN, HaM NMPOCTO HYXXHbl XOpOoLlve
MyNbTUMOLANbHbIE NPeACTaBNeHNs



- KoHTpacTusHoe npenobyyerue (contrastive pretraining):
MOJeNnpyemM CUMbl MPUTSHKEHUA 1 OTTaNKMBAHWUA B COBMECTHOM
NaTeHTHOM NPOCTPAHCTBE

My black and white A dog running
cat smiling politely _— S - like the wind

Latent
space




- CLIP (Radford et al., 2021; OpenAl), Contrastive Language-Image
Pretraining; nCnonb3oBany napbl N306paxeHne-TekCT, KoTopble
6bIIN NPOCTO COOPaHbI U3 MHTEPHETA:

1. Contrastive pre-training

peppAev the Text
aussie pup Encoder 1 1 1 1
T T, Tz n
— 1 T | g | I; Ty
— I, AR | T | ESEG|S E
“ - 17
4 i
» ti Image
76 i Encoder |~ I3 LiTal NI TN Wl S R L Ty
e
. g, St | v | o ||




- B utore pabotana gaxe zero-shot knaccuukaymsa -
npeobpasyem MeTKW KNaccoB B MPOCTble 3anpocChl:

2. Create dataset classifier from label text

a photo of Text
a {object}. Encoder

3. Use for zero-shot prediction
TI T2 TS TN

Image
. = Encoder - 5 L LT LT LRM
aphoto of
adog.



CLIP

- KoaunpoBLmk nsobpaxkeHnin 6oin VIT (Vision Transformer,
Dosovitsky et al,, 2020)

Vision Transformer (ViT) Transformer Encoder

L x °

Transformer Encoder

* Extra learnable R R R
[class] embedding [ Linear Projection of Flattened Patches ]

RN | ]
s

Multi-Head

Attention

/4

T T 11
o o ——— 58 I O
T




CLIP

+ CLIP cTan nonynAapHbIM UCTOYHUKOM COBMECTHbIX

npeactaBneHunin; Hanpumep, DALL-E 2 pucoBan KapTUHKK B
naTeHTHoOM npoctpaHcTse CLIP:

“a corgi
playing a
flame
throwing
trumpet”

CLIP objective

img
encoder

decoder



CLIP

- OcHoBHOe npumeHeHune CLIP — 310 obecneyeHune
MHMOPMALMOHHOIO MOUCKA U MOPOXAAKLWMX MOAENEN:

A white dog is running
towards the camera

Query:




- BLIP (Li et al., 2022) - Bootstrapping Language-Image Pretraining;
NOPOXAaeM CUHTETUYECKME NOAMUCK U (DUABTPYEM WX

Real data l That's my Fl |
y Fluffy! > (
‘ Look at him go! x.)

A black and white cat V
jumping for a ball

T,: “the current castle was
built in 1180, replacing a 9th
century wooden castle”

Jauondeo
oljeWoNY

Ty “in front of a house
door in Reichenfels,
| Austria”

Tyy: “from bridge
near my house”

Ts: “a flock of birds
flying over a lake at
sunset”

T,: “a large building with a lot

51 “a potted plant sitting
of windows on it”

on top of a pile of rocks”

Q< rn ]

“chocolate cake

with cream frosting
[J=| and chocolate °¢| ||
19

sprinkles on top”




- CTpyKTypa o6ydeHus:

Model Pretraining Dataset Bootstrapping

Filtering

5 b

Filter

(0

(Imag
Text Encoder)

|:>To data

I,: web images
1Iy: human-
images

ITC&ITM finetuneﬁ

D = {(hy, Ty)} + {(hy, T}
U T}

Multimodal Mixture of
Encoder-Decoder

LM finetune @

T,y: web texts

T, filtered web texts
Ts: synthetic texts
Ts: filtered synthetic

Captioner

texts
(Image-grounded )
Text Decoder) Captioning Ty: ?:)(T:n-annotated
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+ Tpwn pasHbix kognposLnka n gekodep: ITC — KOHTpacTUBHaA
(hyHKLMA NoTepb N8 n306paxeHuns n Tekcta (conoctasnexue
NpeacTaBNeHun n3obpaxeHnsa n Texkcra), ITM — dyHKLWSa noTepb
Ha COOTBETCTBME N306pAXEHNs 1 TeKcTa (pasnuueHune
NONOXUTENbHbIX U OTPULIATENbHbIX Nap), LM — a3bikoBoe
MoAennpoBaHue (aBToperpeccMBHoe NOPOXaEHe Noanucen)

Image
Encoder

Feed Forward

—>

Self Attention

Text
Encoder

Bi Self-Att

“les +

Image-grounded

Feed Forward

Cross Attention

Bi Self-Att

Image-grounded

Feed Forward

Cross Attention

Causal Self-Att

Text encoder "[Encode]+[:]" Text decoder ”[Decode]+:]"
T

“a little girl holding a kitten next to a blue fence”
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