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Z2 Feature map 37| 24!
Feature Encoder@} Context Encoder 0| M EXIS =ESH|C}
*1/8 SHMEOM EX ==

Res, Unit (64
Res, Unit (64)

Conv7x7 (64)
Res. Unit(192)

Res. Unit (192)
Conv3x3( ESE}‘

Res. Unit (128)
Res. Unit (128)

Conv 3x3(64) p=1s=1

1.Conv 3x3(64) p=1s=1  1.Conv3x3(64) p=1s=2  1.Conv 3x3(64) p=1s=2
2.Conv 3x3(64) p=1s=1  2.Conv 3x3(64) p=1s=1 2.Conv 3x3(64) p=1s=1

Conv 7x7(64) p=3 s=2
HxWx3 H/2xW/2x64  H/2xW/2x64  H/4xW/4x128 H/8xW/8x192 H/8xW/8x256
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fion Lookup table A%t
N(z'), — (I HxWxHxW
N(z'/2), —  C2 HxWxH/2xW/2
N(z'/4), ——————————— 3 HxWxH/4xW/4
N(2'/8), ——————————— C4 HxWxH/8xW/8
Neighborhood EfAs Correlation Pylamid

ation Lookup table
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ion Lookup table H|&}

#Correlation Pylamid
OFK|EE & X001, 2, 4, 8 37(2] E-& TIliSH0{ 44|52 m|2t0|= {C1, C2, C3, C4} & #+4

CT
C2

HXxXWxHxW —» >
4D Correlation Volume C3
C4

Pooling

HxWxHXxW
HxWxH/2xW/2
HxWx H/4 xW/4

HxWxH/8 xW/8

Correlation Pylamid
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#Neighborhood EH
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tion Lookup table X%}
#Neighborhood EM
22t CHE AU Z N(X) Correlation Pylamidoll EEEILICE (FI2] 27H Xt40f2F H )
N(z'), cl HxWxHxW
N(x'/2
Correlation Pylamid2HS BFIEHL|C}
N(z'/4), c3  HxWxH/4xW/4 /
N(z'/8), C4  HxWxH/8xW/8
Neighborhood EfAf Correlation Pylamid

ation Lookup table
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ion Lookup table A%t
#Correlation Lookup table2| A|AFH

1. H2x FX|ef 3 EM He| N(z'), c1 HXWXHXW
- Correlation Pylamid : C12 M2,
C4= 2 RangeZ E7| ®aI5iCt, N(z'/2), c2 HxWxH/2 x W/2
2. ISHAHE QX N(z'/4), C3 HxW xH/4x W/4
->Motion Boundary(5 &#[2| 0|5 =L} 2ief0| E2tM M7= ZAH M)
7t SHX[X] E=L}. N(x'/8), C4 HxWxH/8xW/8
Neighborhood EfAH Correlation Pylamid

3. Hoi= =20 B2 ©E .
> S8MOS A2 5t A Ol 2 5HL|C} ation LOOkUp table
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Lookup Operlator= Optical flow2} Correlation lookup table= &1 2H&LILCE
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_,.(. .>_,.. ety correlation lookup table
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4D Correlation Volumes l l l

10+ iter.
F==sss=——cce—cs » > > 000
Feature Encoder A A)\ j - A\/Y\ j A A :
-0 — DD % —g%ﬂ .
- : . Optical flow : i

__________________________________________________________________________________________

Optical Flow

Frame |

Context Encoder




DeepShark Lab 24

RAFT

ECCV 20204 Princeton University==

/
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1.Optical flowZ 0f|& CHE 2IX[2l (U, V)& ZSLIC

(fu’fr(uf) — (u_l_ fl(u): (U f2(v))

EVAT=ANTN A or|= = HI5)5t " —
2. (u [ V) = N(X)O“ SO-I |'_'HC>E| — C1, CZ, 03, C4E |_|'9-|_|'|=| L‘|E|- - EW_EE4I ~l” ] Correlation lOOkUp table
/ [ |
N (z')r cl HxWxHxW - | 1 1
(L) L
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N(z'/8) C4 HxW xH/8 x W/8 0 - D
" 5 Optical flow =
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Correlation Lookup operator Flow < Flow + AFlow
#Warm-Start
oMl lIEH o= S = Optical flowE 0| framel| =[& Optical Flow= =7|2} A|ZIL|C}. —»  ikE £&/Occlusion gap sHZ
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Correlation Lookup operator

#Warm Start ™ 7} x{2| 2}’
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Occlusion gap (|44 7t=)S sHARILICE

O|& Frame
N Optical FlowE
— Occlusion (H| A, 7} 2leiAf) O 22 xu} E015t 0| 0|X|
0|t TZR|QI0fs QU ZHR|7} CHZ 4% 0fl Q5 T Kl B
0|2 QI3 Flowt Kats| AL 2 giCt

A7t 7HE

0|= Optical Flow

?

Flow At 27}



DeepShark Lab 27

RAFT

ECCV 20204 Princeton University==

/
ition Lookup operator

#Occlusion gap &
Warmup [ 7k 2 0| Frame?2| FlowE M £, Si=E223
Nearest Neighbor Interpolation(Z|2& 0|2 H7hH=2 Sall X' 0f
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0|H Frame )
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Separable Conv GRU
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Separable Conv GRU

1 BEEs HELE QIS MjlE A5 A
2 X{2|5p32 0[0[X|2| 27t HH (HxW)E SXI5H| 2

Update Gate A At z = 0 (Wezy + Uzhi—1 + b;)
Reset Gate A| 4t re =0 (Wrzy + U hyq + by)
Candidate Hidden State A4 h; = tanh (Wray + Up (r: © hy_1) + by)

*| = Hidden State YO0 E hi=(1—2)@hi 1+ 20 Et
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Separable Conv GRU

#Conv GRU > 3XI&NM AlE6l= GRU
GRUZ| Linear ¢14t= Convolution2 2 LH|5101 Feature Map(CXHXW) £ =X Xe|ste X
8% +23Y0| S0t &H2| St EAHIE et5s1I] o=

SHA|: 3x3 Conval A&t

Candidate Hidden State A

=SS

O T TooM

Update Gate A| At

Reset Gate A| At

Hidden State

Yol E

it — U(CODV3X3(:ht—19 It:a Wz))
r = 0(Convsys(|he—1, ], Wr))

he = tanh(Convays ([re © hi—1, z¢], W3))
he =(1—2)Ohi_1 + 2 O® hy
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Separable Conv GRU
#Separable Conv GRU > 7|& 3x3 Conv 2 1x5, 5x1 2 L0 A &!3H

O ue AR002 SEXMOS SHHSH AX

Hi—- Too—T=

Update Gate A| &t 2z = o(Convyys(|hi_1, 2:], W.))
Reset Gate Al At re = o(Convixs([ht—1, x|, Wr))
Candidate Hidden State MM fzt = tanh(Convy.5([r: ® hi_1, ¢, Wh))

X|E Hidden State Y00 E hi =(1—2)Qhi_1+ 20 Et

.

h
Zt = O'(COIIVE,Xl(:ht, :Bti
Ty = O'(COIIV5><1(iht, I]_'fti

flt — taﬂh(COHV5X1([Tt ® hta ﬂ?t], Wh))

ht:(l_zt)(aht+zt®flt




DeepShark Lab 34

RAFT

ECCV 20204 Princeton University==

/

Separable Conv GRU
#Separable Conv GRU > 7|& 3x3 Conv 2 1x5, 5x1 2 L0 A &!3H

O ue AR002 SEXMOS SHHSH AX
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H#Upsampling
Convex Upsampling: Ground Truth Optical Flow H|O|EAIZ 0| &35l &t&El CNNO| Upsampling 7H5XIE G| S&tL| L.
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Optical Flow
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HUpsampling
Convex Upsampling: Ground Truth Optical Flow H|O|EAIZ 0| &35l &t&El CNNO| Upsampling 7H5XIE G| S&tL| L.
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Ist
Training Data  Method Sintel (tra.m) KITTI-15 (train) Sintel (Le§t) KITTI-15 (test)
Clean Final Fl-epe Fl-all Clean  Final F1-all
- FlowFields|7] - - - - 3.75 5.81 15.31
#Benchmark . FlowFields+-+[40] - . i - 291 5.9 14.82
Sintel: CG 7|dt 4|0 E{All S DCFlow[47] - - - - 3.54  5.12 14.86
KITTI: &8 £= 3=l sl_l'%'E -’_é 15t H|O|E{All S MRFlow[46] - - - - 2.53 5.38 12.19
Obtical fIOWI x4 Alsh LiteFlowNet[22] 2.48 4.04 10.39 28.5 - - -
= pEo Xl Zhogpt A AlsH PWC-Net[42] 255 393 1035 337 . . .
KITTI= HO0iXI= RE01T #4E =4 LiteFlowNet2[23] 224 378 897 259 i i i
C+T VCNI[49] 2.21 3.68 8.36 25.1 - - -
MaskFlowNet[52] 2.25 3.61 - 23.1 : - -
# Training Data FlowNet2[25] 2.02 3.541  10.08 30.0 3.96  6.02 -
C + T: FlyingChairs(C), FlyingThings(T Ours (small) 221 335 I8l 269 : - -
y_ 9 (C) ying g (M) Ours (2-view) 1.43 2.71 5.04 17.4 - - -
S/K/H: SInteI(S)' KITTI(K) HDTK(H) FlowNet2 |25 1.45 2.01 2.30 6.8 4.16 5.74 11.48
— - 5 tr % % ® ® ® - ® ®
JUEEESTOREEE by = G B (s @1
HD3 [50] (1.87) (1.17)  (1.31) (4.1) 4.79 4.67 6.55
H(*T5HAME 2534 Cf| 0| E{AY) C+T+S/K  IRR-PWC [24] (1.92) (2.51)  (1.63)  (5.3) 384  4.58 7.65
ScopeFlow|(8] - - - - 3.59 4.10 6.82
Ours (2-view) (0.77)  (1.20) (0.64)  (15) 2.08 3.41 5.27
LiteFlowNet2? 23]  (1.30) (1.62) (1.47) (4.8) 3.48 4.69 7.74
PWC-Net+[41] (1.71)  (2.34)  (1.50)  (5.3) 345  4.60 7.72
VCN [49] (1.66) (2.24)  (1.16)  (4.1) 281  4.40 6.30
CHTHHRAH MaskFlowNet [52] - - - - 2.52 4.17 6.10
Ours (2-view) (0.76) (1.22)  (0.63) (1.5) 1.94 3.18 5.10
Ours (warm-start)  (0.77)  (1.27) - - 1.61  2.86 -
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Ist
Training Data  Method Sintel (tra.m) KITTI-15 (train) Sintel (Le§t) KITTI-15 (test)
Clean Final Fl-epe Fl-all Clean  Final F1-all
- . ~ FlowFields|7] - - - - 3.75 5.81 15.31
# 8| = ; FlowFields+-+[40] - i i ; 204  5.49 14.82
Clean: Clean Mean EPE D-'?- OB, IM Ea, S DCFlow[47] - - - - 3.54  5.12 14.86
. . = MRFlow |4 - - - - 2.5: : 12.1¢
Final: Final Mean EPE § Hol M2 2H S > RIlow(46] 3 558 )
~epe: trai X mhs HD3[50] 384 877 1317 240 - - -
Fl-epe E{?E'" setOlA epe OUt,I'er_ = LiteFlowNet[22] 248  4.04 1039 285 - - -
F1-all: HIAE set0f|A] epe Outlier &3 PWC-Net[42] 255 3.93 10.35 33.7 i _ _
LiteFlowNet2[23] 224 378 897 25.9 - - -
C+T VCN[49] 221 368 836 251 i i i
B MaskFlowNet[52] 2.25 3.61 - 23.1 : - -
1515 = \/(“ — Ugt)” + (v — vgt)’ FlowNet2[25] 2.02 354 1008 300  3.96  6.02 -
ZH E|MlO| Of|& Q@ XHEIAMI Ct2)) Ours (small) 2.21 3.35 7.51 26.9 - - -
Ours (2-view) 1.43 2.71 5.04 17.4 - - -
— Outlier Pixels i FlowNet2 [25] (1.45) (2.01) (2.30) (6.8) 416  5.74 11.48
= Valid Ground Truth Pixels " HD3 [50] (1L87) (L17) (131)  (41) 479 467 6.55
C+T+S/K  IRR-PWC [24] (1.92) (2.51) (1.63)  (5.3)  3.84 458 7.65
Outlier: EPE > 3px 0|1 AL{Q:} > 5% ScopeFlow[s] : : : - 359 410 6.82
Ours (2-view) (0.77) (1.20) (0.64)  (1.5)  2.08 3.41 5.27
LiteFlowNet2? 23]  (1.30) (1.62) (1.47) (4.8) 3.48 4.69 7.74
PWC-Net+[41] (L.71)  (2.34)  (1.50)  (5.3)  3.45  4.60 7.72
VCN [49] (1.66) (2.24) (1.16)  (4.1) 281 440 6.30
CHTHHRAH MaskFlowNet [52] - - - - 2.52 4.17 6.10
Ours (2-view) (0.76) (1.22)  (0.63) (1.5) 1.94 3.18 5.10
Ours (warm-start)  (0.77)  (1.27) - - 1.61  2.86 -
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Ablations

Sintel (train) KITTI-15 (train)

Experiment Method Cloan  Final Flepe Fiall Parameters
CE = 100,000 tl|_-| =, K 6O,OOOH|_-| _|_7|- —H Reference Model (bilinear upsampling), Training: 100k(C) — 60k(T’)
- ConvGRU 1.63 2.83 5.04 19.8 4.8M
= S= . Jpdate Op. e —
HIEXO 2 Flow= RH|0|ESt= ALK Update Op Conv 204 321 766  26.1 4.1M
H Jto =2 QS Taine Tied Weights 1.63 2.83 5.54 19.8 4.8M
HEE0ICH 22 TSX|E AtEdX Lying Untied Weights ~ 1.96  3.20  7.64 24.1 32.5M
= Context 1.63 2.83 5.54 19.8 4.8M
Context Encoder AF2&IX Cotihext No Context 193  3.06  6.25 23.1 3.3M
- = - = Single-Scale 1.63 2.83 5.54 19.8 4.8M
= |0l & o rey Ao&e) ‘eature Scale e
FeatureS tIY SHIA = AFESX| 012 SHE == AR SR KISR0 SOa Multi-Scale 208 312 691 23.2 6.6M
0 3.41 4.53 23.6 44.8 4.7M
. . O o X = T 1 1.80 2.99 6.27 21.5 4.7TM
Correlatlon Lookup Al _|_|:|I_=| 7_3 9|_I-E JéI'EOEFX Lookup Radius o 178 9 89 & 84 911 L8M
4 1.63 2.83 5.04 19.8 4.8M
= = = S T . No 1.95 3.02 6.07 23.2 4.7TM
Correlat|on Pyram|d(|:|' oH E)E Al'-g-cél'x Correlation Pooling . 1.63 9 83 5 54 10.8 4.8M
32px 291 4.48 10.4 28.8 4.8M
A ALSH ST I 64px 2.06 3.16 6.24 20.9 4.8M
Correlation= G0t 5H| ALK Correlation Range 128px 1.64 281 6.00 19.9 4.8M
All-Pairs 1.63 2.83 5.04 19.8 4.8M
o.| O|E IEPSI=E= % ) = e Tl Correlation 1.63 2.83 5.54 19.8 4.8M
= | | Al O‘I 'I E Al‘ E | Features for Refinement i 9.97 3.73 11.83 391 9.8M
O _— O = or=2=
CE - 100 OOO I:II—-I |, KE 1OOIOOOH|—-| _|_7 _II-I=I Reference Model (convex upsampling), Training: 100k(C) — 100k(T)

= = = Convex 1.43 2.71 5.04 17.4 5.3M

x| = = =l HfEH sampling Convex
%|E FlowE &itst= SH Upsampling Bilinear 160 279 517 19.2 4.8M
1 4.04 5.45 15.30 44.5 2.3M
== HiE S| A 3 2.14 3.52 8.98 29.9 5.3M
‘I‘E A| ,_|' — %\I‘I‘ Inference Updates 8 1.61 2.88 5.99 19.6 5.3M
3 1.43 2.71 5.00 17.4 5.3M
100 1.41 2.72 4.95 17.4 5.3M

200 1.40 2.73 4.94 17.4 5.3M




DeepShark Lab o 43
Ablations

/
Conv GRU Correlation Pooling
Tk= Convolution=2 L} ¥H=X 91 Flow 0] I 211X 0|LC}. Correlation Pyramid= CIFst 37(2] X2 S1M O = X{2|SHC}.
Tied Weight Correlation Range All-Pairs
SH0ICH 22 7I=X|= As2 =5|10 ul2H0|El= 3A| 244 A|ZIC. D= EM WOl Correlation= AE35t= 210] 71E =2 MsS HOILCL
Context Encoder Update: Correlation
Context Encoder= 271X 20 MEHZ HI01510{ HEtE I} SHAMEICE,  Warping =2 Ll Correlation FeatureE 0|28t 2{H|0|EJ} &M HEHS|IC.
Single-Scale Convex Upsampling
RAFTOlIME CH SHAIE FeatureDtQ 2 25t M52 SIMSICL. 8k J|8t Convex UpsamplingOl Bilinear 2t E XEt5t FlowS S2I3iC}.
Lookup radius =4 Iterlatlon—32
G 42 4 CorrelationS HZE4E HEHT 7 SIMEIC HHE SIS SULAE ML0| SHALE|D OF 323] 0| S HES SHAL Z0| ZHOFILE,
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4 N\ N\ N\ 7 )
Point 1 Point 2 Point 3 Point 4
HI =X xq xﬂ IL| Al M}
CIol T13HAIE: © T =TT L = O O—XOo| M=
A2 =X(C| i E SAIUS 100H O|Afo| EIE|ME & 4D Correlation Volume2 Sintel 2! KITT| ®lx|O=
=X|X| 2210 M2t CHY V7 EASER] 410 ~3Eot= L1IE°J:'7rECﬁEO_| e WL OlA SOTA AsS SN
= H&Egh £ 5Lt OFYME HRIL|C} X|G9HOI M[E S0
EE_ Sk A Olj—” o|'|__||___|-
\_ /L /L /L
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