Part5: Cooking action anticipation
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Motivation

Predicting what will happen in the future!

peelsquash _




| ——
FAOMIEABRLE T &
o
INSTITUTE OF COMPUTING TECHNOLOGY , CHINESE ACADEMY OF SCIENCES

Motivation

® Egocentric Vision

O wearable cameras O daily activities

insert coffee holder

49

Y put‘-tbmgs in sink
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Motivation

> 1n the kitchen environment

» cooking-related actions

pour milk split salmon

A new and promising area of food computmg
~ Sy N\

slice chilli flip fish apply spreads
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Motivation

» Application of sevice robots

» In the Kitchen environment
[0 Help those who are disabled to cook

recipes, wish dishes, etc

O Instruct people to learn how to cook
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Egocentric Action Anticipation

> Definition

take cup —————
o . open cupboard m———
Anticipation Model close cupboard ===
Observed video segment Label of action
( ends at time point t) ( starts at time point t+1)
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Egocentric Action Anticipation

> Difficulty

>

t i+1 timeline
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Exploration from human psychology

O Two modes in the cognitive system of human brain: intuition and analysis

O Intuition and anlysis are both crucial in solving many problems (e.g. making predictions)

A

e ™ THINKING,
System 1 System 2 FASTmSTOW
Intuitive Analytic po—
- J DANIEL

N

KAHNEMAN

Daniel Kahneman 8
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Exploration from human psychology

Construct a basic framework that integrates both intuition-based

prediction and analysis-based prediction to imitate human beings in

making predictions

[ 7\
Analysis-based —>
Prediction i take cup —
5 take bowl T
" . § ————3 putdowncup ===
. close cupboard ===
Intuition-based put down bowl mm
Prediction — @ [ ..
- 4 -




[ Intuition-based prediction

» Subconscious, habitual

Exploration from human psychology

» Tacit knowledge (hard to explain)
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»An encoder-decoder structure (a black-box process)

1

take cup

LSTM |
Decoder

take bowl

visual LSTM
features Encoder

open cupboard s

.IG!].!SSEK)
Y

the optimization of

learnable parameters

the storage of
tacit knowledge

10
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Exploration from human psychology

O Intuition-based prediction

»Visual information is insufficient to store tacit knowledge

»Introduce textual pre-training to store tacit knowledge in advance

take cup
open cupboard s
take bowl ===

Jayisse|n
Y

—

,' visual | LSTM LSTM |
. features | _Decoder

L

v

tamt knowledge storage via textual pre-training

take cup s
"open . word LSTM LSTM 5| oPen cupboard me==
cupboard” | embeddmg Encoder _Decoder take bowl

Jaljisse|D

11
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Exploration from human psychology

O Intuition-based predictior (b)

Training Past Future
> (b)—(c):

(observed (unobserved
OVisual information “

GT: "put down salt"

Oinsufficient to store tacit knowledge l\,a.idaﬁo,,
Past .
(observed Prediction opse rved) Prediction
| —— > [(adjusthos | > & —— > [putcownoil
> (a)—(b)—(d): W = & =
OVisual + text information () (d)

O Store more reliable tacit knowledge

12



Exploration from human psychology

O Analysis-based prediction
» Conscious and explicit

» Tend to process information under given principles

» An interpretable three-step pipeline

£l -
. 8 —> 3 —>.—>
visual S =
features > =} g.
o [°)
o >
= —/

uo!;eu!qwoo|
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pour salt
open salt =

take spatula ==

13



¥O M6 A ER &AL

INSTITUTE OF  COMPUTING TECHNOLOGY , CHINESE ACADEMY OF SCIENCES

Exploration from human psychology

O Analysis-based prediction

» Recognition » Transition » Combination
Vit Vi Vi+1 Vi+1
open [ open [ tak [ k [
take take c;s‘z — :Iac)see e
close close 1 putdown mm put down mm
.................. \ take cup —

close cupboard ===

n
: Mt Nt+1 Nt+1 put down cup mmm
cupboard cupboard cup  mmm cup mmm [ 7 | e
cup cup cupboard cupboard ==

bowl
fridge fridge bowl O w =

14
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Exploration from human psychology

[ Intuition-analysis fusion

»Both intuition and analysis are crucial and indispensable

» Compute attention weights for intuition-based and analysis-based

prediction and integrate them adaptively

take cup —
ppen cupboard
take bowl —

L

take cup e
close cupboard ===
put down cup mm

-

[sauB!aM uonuanv]

a4

a2

I

take cup I—
take bowl E—
put down cup ==
close cupboard ===
put down bowl mm

15
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Intuition-based Prediction Network

"open cupboard" |—

@ Pre-trained parameters

LSTM —>» LSTM —>» mMLP

1 L N —
... %3 LSTM |—> LSTM |—> MLp — ([ +—>

| LSTM |—>» LSTM —>» MLP j

[ntuition-Analysis Integrated Framework

Fi (x¢)

take cup

open cupboard =

take bowl

- e o e o= o= e o= o= o= e
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Adaptive Fusion Network

take =
close =

put down mm

AN

F (x¢)
take cup E—
take bowl S
put down cup mmm

put down bowl

close cupboard m=m

take cup

close cupboard ==
put down cup mEm

Analysis-based Prediction Network
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ysis Integrated Framework

» LSTM:
store tacit knowledge

Intuition-based Prediction Network

- e o s e e e e e e e e e e R e e e e R e e e e e e e e e R e Ee e s e e e

’

MLP

@ Pre-trained parameters

I
I 1 L
r!, ., Fy(xy) i -
: t t LSTM —> LSTM > MLP Adaptive Fusion Network
I =T TFEEsEsEssEEEEEEEEEEEEEEE- LY
RGB ! 1 L L 5 take cup — .
i {f[ 3 oeee s ft } M e 4)@_) open cupboard = Y
Features . LSTM _){ LSTM |_’ MLP take bowl -— : 1 F (xt) :
el —_— |7 1
LSTM |—» LSTM —> MLP j - ' aq !
l‘ {0/ - | A A ! : —1"@ take cup — :
B M L e = ¥ take bowl — i
— it e - put down cup === I
Features I" Vi Vi+q niv,a) 1| \Kf' close cupboard = .
||z open | ] . taki = 4‘—:» az t d bowl !
! tr s pp— — I clo :E — ¥ s put down bowl m .
I 2 close v put down mm : . :
) T S N A R
Object ™+ take cup |1 L
| 1 close cupboard =EEE |l T = === s fmss s s s sssss s
FEE‘IIJI'E__Bl-/- 1 r‘@_} put down cup mmm !
: Zt : cupboard cup mmm| | | e :
e UL 12D s B T, cupboard = :
Xt | fridge - bowl mm FA {xt) I
e I (e .
N Nt Nt+1 n(n,a) i
Analysis-based Prediction Network > Fusion:

» Markov logic:

transit from past to future

F(x:) = a;*F;(x¢)+a,*Fy(x,)
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Evaluation

0 EPIC-Kitchens Dataset

» 32 kitchens - 4 cities

» Head-mounted camera

» 55 hours of recording - Full HD, 60fps
» 11.5M frames

» 39,594 action segments

» 125 verb classes

» 352 noun classes

» 2,513 action classes

18
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Evaluation

O Comparison with other methods

Method  [Top1@V|Top1@N|Topl@A|Top5@V|Top5@N|Top5@A

2SCNN [30] | 25.23 | 997 | 229 | 6866 | 2738 | 9.35
TSN [35] 2530 | 1041 | 239 | 6832 | 29.50 | 9.63
TSN+MCE [9] | 21.27 | 990 | 557 | 6333 | 2550 | 15.71
Miech ef al. [20]| 28.37 | 1243 | 724 | 6996 | 3220 | 19.29
RULSTM [10] | 27.01 | 15.19 | 816 | 69.55 | 3438 | 21.20
Ours-IPN | 27.24 | 1458 | 806 | 69.17 | 3421 | 20.21
Ours-APN | 24.07 | 1465 | 727 | 68.62 | 3445 | 18.33
Ours-1AI 27.89 | 1489 | 857 | 70.06 | 35.51 | 21.41

» Topl@V/N/A: Top-1 accuracy for verbs/nouns/actions

» Top5@V /N/A: Top-5 accuracy for verbs/nouns/actions
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intuition and

analysis
complement
each other

Observation Intuition-based Analysis-based Intuition-Analysis Integrated | Future Ground-truth
S get bowl — close cupboard = get mug T |
' get mug = turn on tap = get bowl —— : =
close cupboard === get mug = close cupboard s : get mug
place bowl = get bowl — turn on tap L 1
place mug - pick up sauce " place bowl - :
1
1
1
put knife —_— take board [ put knife e :
wash knife g turn on tap —_— cut onion e ' i
cut onion p— put knife — Wash knife — ' cut onion
put onion = cut onio_n = take board [ :
move board - wash knife = turn on tap ] 1
1
1
1
tum on tap — turnontap e turn on tap P '
wash plate — take bowl — wash plate - :
wash bowl — wash plate = put plate - ' put plate
putdownrag mm put plate = take bowl = X
put plate = turn off tap = wash bowl - :
1
1
take meat — take container e take container — mm—— |
take container = put container e take meat -— :
close fridge = close fridge f— put container N : take mushrooms
take tomato == take meat = close fridge - 1
put container = put meat = take tomato o :

More food-related information from cooking domain is needed !

20



