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| love this movie! It's sweet, F the 4
but with satirical humor. The © 3
dialogue is great and the - 3

seen 2
adventure scenes are fun... yet 1
It manages 1o be whimsical would 1
and romantic while laughing whimsical 1
at the conventions of the - tmes 1
fairy tale genre. | would sweel !
recommend it to just about satncal 1
anyone. I've seen it several a::f:twe :
times, and I'm always happy ?m,y 1
to see it again whenever | humor 1
have a friend who hasn1 have 1
seen it yet! wm‘"'m*‘ """""" great 1
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I(x,y,t) =I(x+ dx,y + dy, t + dt)

(z,y)
\c.nsplacement = (u,v)

dl dl ol
I(x,y,t) =1(x,y,t) + —dx + —dy + —dt + ¢
dx dy ot H(xz,vy)
dldx 0ldy 0dldt
+ + =0
dx dt Jdydt Jtdt e T 5o S
Lu+Il,v+1, =0
o 4 ‘ I(z,y)
e > WL+ v + 1)

REZHE: LK R EARFIZE; (xy€Q)
(ATW2A4)-1ATW?2b.

P19



N
R

1\

A

N

il J”0
o

.

i

|0
E—
=
IK
fis
V4
X
R
m
=
k N\
Iy
p g
N\ I\
=
O\
+ =
o 2
3 it
I—L1
S N
—
i
MM._A.
]

EE /)N

D20



WERNLE 75 7%

0 YR (optical flow) HE.
SeRITEFERTB AR

i

FlowNetSimple
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LIGERHEMERAR, BERTIBNAEKR
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Spatial stream ConvNet

conv1 || conv2 || conv3 || conv4 || conv5 || fullé full7 ||softmax|
7x7x96 |[5x5x256 || 3x3x512 || 3x3x512 || 3x3x512|| 4096 2048
stride 2 || stride 2 || stride 1 || stride 1 || stride 1 || dropout || dropout
norm. norm. pool 2x2

single frame [P0l 2x2]| pool 2x2

N

4

p

Temporal stream ConvNet

' conv1 || conv2 || conv3 || conv4 || conv5 || full6 full7 |[softmax
7X7x96 || 5x5x256 || 3x3x512 || 3x3x512 || 3x3x512|| 4096 2048

stride 2 || stride 2 || stride 1 || stride 1 || stride 1 || dropout || dropout
norm. || pool 2x2 pool 2x2

input
video multi-frame pool 2x2

. optical flow
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(Temporal Segment Network TSN)
S B—RAEE, AENE%EE, YIEIRZAFHU
SENTFUMARRMEH TR, REERME
Video Snippets Temporal Segment Networks
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(Temporal Relational Reasoning in Videos)

FETSNEVEAL £, ZTEERE, B#EITaESE

s 2-frame relation
s 3-frame relation
memm 4-frame relation

Pretending to put something next to something
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Cube Construction

Bilinear Learning
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Bilinear Map Revisited:

flx,y) =x" Ay —) f(X,Y)TXTAY
[ \
L = X7TA (X, Y)=LY

Our Bilinear learning:

L(:,:,c)=X1TA(,:,¢),c=1,2,....C
Modality pooling

Z(::,e)=L(:,:,c)Y,c=1,2,...,.C

Temporal pooling

Plane-wise
Modality
4+—>
| ﬂ
Modality
+—
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0 {RH3DEFAHZE W2

RF=%%R, FKITHREDTAELE

1))

BT k= MR 45 14

+
RelLU

RO LRVA A

Z= 8] F0AT

1x1x1 conv 1x1x1 conv
A‘ ! RelLU
1x3x3 conv
1x3x3 conv 3x1x1 conv RelU [———
RelLU 3x1x1 conv
) 4
RelU (??(;‘L‘L’J/
1x1x1 conv 1x1x1 conv
) 4
+

RelU

Method Depth M(.)del
size
C3D 11 321MB
ResNet 152 235MB
P3D ResNet 199 261MB
SHEXHER LD

P32



2DFEFAH 2 P 45

) TSM(Temporal Shift Module)
¥EETE) AL, 2DEFI LAt A S R

T HW . ,
Channel C |£ c | —truncate Channel C
' Z
&~ t=0
2 G
g = =2
<P] St
=
8

v. | |pad zero

(a) The original ten- (b) Offline temporal (¢) Online temporal

sor without shift. shift (bi-direction).  shift (uni-direction).
@B o B
X DY x Dy FRAREYREF
(a) In-place TSM. (b) Residual TSM.
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2 SlowFast
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IR (K 55 ¥R CONN (FastiBiE) ST 5h
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PHYENZS

Slow pathway

aT
|ar i

1:E e NCEREIVAN 2= 0K &
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Fast pathway
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O EBUAMEZEMZE (RNN, LSTM)
16 T #8122 P 28 X B 8] _E R SR BRI T R IR B 1R
2R AL S BT 8] _ERY < BX T (CNN—A% R gEZG BT (8])

HarskE, XMTRREBRSHMAmm, BRFZXET,
MTEEEHEBREIE, BRBE

—=5 -Tmp al Average Pooling
—‘—94_J WFt e Augmentation

Input 3 Layers
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Temporal Dynamics
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.% Features
T Filter bank
N3 Spatial.Temnoral Filter bank Spatial-Temporal
Igepresentap’zion Yo
Pooling
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0 TransformerZ2#4: actionformer
RBVED RN . SR BN BY4FIEIFS
BRI : =R, ENMERFINERE, BEEMNEHF
MRS, FEIMMEERIOFNES

Detected Actions Transformer Encoder
[ Action

Classification : ‘
[ Bounda'ry ‘ ‘ Downsample
Regression
: } : i f @7
Lightweight Convolutional Decoder

X

A\ 4

\ 4

) MLP
{ } 4 $ {
~ ~ T

Action Multi-scale Transformer Encoder LayerNorm

Former \ y G;
\ ) [ Multi-Head |

Attention
Projection using Convolutions

LayerNorm
Input ¢ ‘.'".“ 8 et . p....-__.'
L q&l!!"' !d_m‘ 0 [ Embeddlngs 137




R F SIFFAE

0 TransformerZB844: ZAEEFnIIZ
LSTE = )| 2R #5 BUHERO

£ )

Cross-Modal
Transformer

(Masked)
Frame
Features

00:00:02 —> 00:00:04
That's why you won't go out

Word
Embed.

with her again?

\ 4

Video Subtitle Matching

DDDHDHDDD

p

Cross-Modal
Transformer

\

VSM

Frame
Features

00:00:34 —> 00:00:36

- 4

Query
Encoder
N Tempora| (Subtitle ﬁs Query)
,,w‘:l: Transformer
FOM'/ \ - Thank God you're here.

[

Cross-Modal
Transformer

\

MLM

Frame
Features

. i (Masked)

00:00:66 —> 00:00:68

(Joey:) Joey doesn’t [MASK] Word

food! Embed. K j

¢ o', / Y

== . i share .

— JORDRRARN
.

1

==

: v 0163452387
Masked Language Modeling

-=¥ Shuffle Frames

Emm)> MFMFlow EZE)> VSMFlow I3
E=—> MLMFlow [==,> FOMFlow (Cosine Cosine Similarity

Frame Order Modeling
[__1 Frame Features

[ word Features

I \asked Frame Foatures — [0 ] VSM Frame Featurss

[ Masked Word Features [C~ 771 shuffled Frame Features
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