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Human-Centric Object Interactions:

A Fine-Grained Perspective from Egocentric Videos
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Fine(r)-grained?
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● Coarse-grained: Cooking

● Fine-grained: add garlic

● Fine(r)-grained: smash garlic

○ When was the garlic smashed?

○ How was the garlic smashed?

○ Why was the garlic smashed?

○ How skilled was this person in smashing garlic?

○ Has garlic now been fully smashed?

● What information to make these decisions

○ Change in appearance

○ Motion

○ Audio

○ ??

Fine(r)-grained?
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Natural Object Interactions… 
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Natural Object Interactions… 
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Scaling and Rescaling Egocentric Vision: 

The EPIC-KITCHENS Dataset

Dima Damen Hazel Doughty Giovanni M. Farinella Sanja Fidler Antonino Furnari Evangelos Kazakos

Davide Moltisanti Jonathan Munro Toby Perrett Will Price Michael WrayJian Ma
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Scaling and Rescaling Egocentric Vision

Data 
Collection

Live 
Narrations

Dense 
Action 

Segments

Extension 
Data 

Collection

Pause-
and-talk 
Narrator

Improved 
Annotations

EPIC-
KITCHENS

-100

EPIC-KITCHENS-55
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37 Participants
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Annotations Statistics
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Open Challenges

Five currently open challenges:

● Action Recognition

● Action Detection

● Action Anticipation

● Unsupervised Domain Adaptation for Recognition

● Multi-Instance Retrieval
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Action Recognition Challenge
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open

oven

(open, oven)

Given a trimmed action segment:            

classify the action within.

Action Recognition Challenge

12



Dima Damen

January 13, 2021

Action Recognition Challenge
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with: Will Price

Evaluating Action Recognition Models

W Price, D Damen (2019). An Evaluation of Action Recognition Models on EPIC-Kitchens. Arxiv
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with: Will Price

W Price, D Damen (2019). An Evaluation of Action Recognition Models on EPIC-Kitchens. Arxiv

M
odels

 R
ele

ase
d

Evaluating Action Recognition Models
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More?
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Fine(r)-grained?

17

• Multi-Verb Labels
• Part-of-Speech

• Adverbs

• Temporal 
Binding

• Multi-modal UDA

• Retro-Actions

• Skill 
determination

• Action 
Completion

How 
well?

Dual

Vision + 
Language

Audio-

Visual
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Fine(r)-grained?
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• Multi-Verb Labels
• Part-of-Speech

• Adverbs

• Temporal 
Binding

• Multi-modal UDA

• Retro-Actions

• Skill 
determination

• Action 
Completion

How 
well?

Dual

Vision + 
Language

Audio-

Visual

CVPR18, CVPR19

BMVC18, ICCVW19

CVPR20

ICCVW19

ICCV19 ICCV19

CVPR20

BMVC19
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Fine(r)-grained?
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• Multi-Verb Labels
• Part-of-Speech

• Adverbs

• Temporal 
Binding

• Multi-modal UDA

• Retro-Actions

• Skill 
determination

• Action 
Completion

How 
well?

Dual

Vision + 
Language

Audio-

Visual
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with: Hazel Doughty

Walterio Mayol-Cuevas

H Doughty, D Damen, W Mayol-Cuevas (2018). Who's Better? Who's Best? Pairwise Deep Ranking for Skill 

Determination. CVPR

Assess relative skill for a collection of video sequences, 
applicable to a variety of tasks.

Skill determination in video
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Input: Pairwise annotations of videos, indicating higher skill 
or no skill preference

H Doughty, W Mayol-Cuevas, D Damen (2019). The Pros and Cons: Rank-aware Temporal Attention for Skill 

Determination in Long Videos. Computer Vision and Pattern Recognition (CVPR)

with: Hazel Doughty

Walterio Mayol-CuevasSkill determination in video
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H Doughty, W Mayol-Cuevas, D Damen (2019). The Pros and Cons: Rank-aware Temporal Attention for Skill 

Determination in Long Videos. Computer Vision and Pattern Recognition (CVPR)

with: Hazel Doughty

Walterio Mayol-CuevasSkill determination in video
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H Doughty, W Mayol-Cuevas, D Damen (2019). The Pros and Cons: Rank-aware Temporal Attention for Skill 

Determination in Long Videos. Computer Vision and Pattern Recognition (CVPR)

with: Hazel Doughty

Walterio Mayol-CuevasSkill determination in video
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24
H Doughty, W Mayol-Cuevas, D Damen (2019). The Pros and Cons: Rank-aware Temporal Attention for Skill 

Determination in Long Videos. Computer Vision and Pattern Recognition (CVPR)

with: Hazel Doughty

Walterio Mayol-CuevasSkill determination in video
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H Doughty, W Mayol-Cuevas, D Damen (2019). The Pros and Cons: Rank-aware Temporal Attention for Skill 

Determination in Long Videos. Computer Vision and Pattern Recognition (CVPR)

with: Hazel Doughty

Walterio Mayol-CuevasSkill determination in video
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Fine(r)-grained?
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• Multi-Verb Labels
• Part-of-Speech

• Adverbs

• Temporal 
Binding

• Multi-modal UDA

• Retro-Actions

• Skill 
determination

• Action 
Completion

How 
well?

Dual

Vision + 
Language

Audio-

Visual
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27
F Heidarivincheh, M Mirmehdi, D Damen (2018). Action Completion: A Temporal Model for Moment Detection. 

BMVC

with: Farnoosh Heidarivincheh

Majid MirmehdiAction Completion Detection

C-R

Ground truth

R-R

R-C

C-C

Pre-V

VR
T
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28
F Heidarivincheh, M Mirmehdi, D Damen (2018). Action Completion: A Temporal Model for Moment Detection. 

BMVC

with: Farnoosh Heidarivincheh

Majid MirmehdiAction Completion Detection

C-R

GT
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29
F Heidarivincheh, M Mirmehdi, D Damen (2019). Weakly-Supervised Completion Moment Detection using 

Temporal Attention. ICCV Workshop on Human Behaviour Understanding

with: Farnoosh Heidarivincheh

Majid MirmehdiAction Completion Detection

Frame-level labels: annotations are expensive, subjective and noisy.

We detect completion using only weak labels during training.
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Fine(r)-grained?
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• Multi-Verb Labels
• Part-of-Speech

• Adverbs

• Temporal 
Binding

• Multi-modal UDA

• Retro-Actions

• Skill 
determination

• Action 
Completion

How 
well?

Dual

Vision + 
Language

Audio-

Visual
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31
J Munro, D Damen (2020). Multi-Modal Domain Adaptation for Fine-Grained Action Recognition. Computer 

Vision and Pattern Recognition (CVPR)

with: Jonathan Munro

Multi-modal UDA
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32
J Munro, D Damen (2020). Multi-Modal Domain Adaptation for Fine-Grained Action Recognition. Computer 

Vision and Pattern Recognition (CVPR)

with: Jonathan Munro

Multi-modal UDA
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J Munro, D Damen (2020). Multi-Modal Domain Adaptation for Fine-Grained Action Recognition. Computer 

Vision and Pattern Recognition (CVPR)

with: Jonathan Munro

Multi-modal UDA
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J Munro, D Damen (2020). Multi-Modal Domain Adaptation for Fine-Grained Action Recognition. Computer 

Vision and Pattern Recognition (CVPR)

with: Jonathan Munro

Multi-modal UDA
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J Munro, D Damen (2020). Multi-Modal Domain Adaptation for Fine-Grained Action Recognition. Computer 

Vision and Pattern Recognition (CVPR)

with: Jonathan Munro

Multi-modal UDA
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36
J Munro, D Damen (2020). Multi-Modal Domain Adaptation for Fine-Grained Action Recognition. Computer 

Vision and Pattern Recognition (CVPR)

with: Jonathan Munro

Multi-modal UDA

Modalities from 

same action

Modalities from 

diff action
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37
J Munro, D Damen (2020). Multi-Modal Domain Adaptation for Fine-Grained Action Recognition. Computer 

Vision and Pattern Recognition (CVPR)

with: Jonathan Munro

Multi-modal UDA
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J Munro, D Damen (2020). Multi-Modal Domain Adaptation for Fine-Grained Action Recognition. Computer 

Vision and Pattern Recognition (CVPR)

with: Jonathan Munro

Multi-modal UDA
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J Munro, D Damen (2020). Multi-Modal Domain Adaptation for Fine-Grained Action Recognition. Computer 

Vision and Pattern Recognition (CVPR)

with: Jonathan Munro

Multi-modal UDA
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J Munro, D Damen (2020). Multi-Modal Domain Adaptation for Fine-Grained Action Recognition. Computer 

Vision and Pattern Recognition (CVPR)

with: Jonathan Munro

Multi-modal UDA
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J Munro, D Damen (2020). Multi-Modal Domain Adaptation for Fine-Grained Action Recognition. Computer 

Vision and Pattern Recognition (CVPR)

with: Jonathan Munro

Multi-modal UDA
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42
J Munro, D Damen (2020). Multi-Modal Domain Adaptation for Fine-Grained Action Recognition. Computer 

Vision and Pattern Recognition (CVPR)

with: Jonathan Munro

Multi-modal UDA

Source-Only Self-Supervision MM-SADA
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43
J Munro, D Damen (2020). Multi-Modal Domain Adaptation for Fine-Grained Action Recognition. Computer 

Vision and Pattern Recognition (CVPR)

with: Jonathan Munro

Multi-modal UDA

Source-Only Self-Supervision MM-SADA
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44
J Munro, D Damen (2020). Multi-Modal Domain Adaptation for Fine-Grained Action Recognition. Computer 

Vision and Pattern Recognition (CVPR)

with: Jonathan Munro

Multi-modal UDA

Source-Only Self-Supervision MM-SADA
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45
J Munro, D Damen (2020). Multi-Modal Domain Adaptation for Fine-Grained Action Recognition. Computer 

Vision and Pattern Recognition (CVPR)

with: Jonathan Munro

Multi-modal UDA

Source-Only Self-Supervision MM-SADA
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Fine(r)-grained?
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• Multi-Verb Labels
• Part-of-Speech

• Adverbs

• Temporal 
Binding

• Multi-modal UDA

• Retro-Actions

• Skill 
determination

• Action 
Completion

How 
well?

Dual

Vision + 
Language

Audio-

Visual
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47
W Price, D Damen (2019). Retro-Actions: Learning ‘Close’ by Time-Reversing ‘Open’ Videos. ICCV MDALC Workshop

with: Will Price

Retro-Actions
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W Price, D Damen (2019). Retro-Actions: Learning ‘Close’ by Time-Reversing ‘Open’ Videos. ICCV MDALC Workshop

with: Will Price

Retro-Actions
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W Price, D Damen (2019). Retro-Actions: Learning ‘Close’ by Time-Reversing ‘Open’ Videos. ICCV MDALC Workshop

with: Will Price

Retro-Actions
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Fine(r)-grained?
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• Multi-Verb Labels
• Part-of-Speech

• Adverbs

• Temporal 
Binding

• Multi-modal UDA

• Retro-Actions

• Skill 
determination

• Action 
Completion

How 
well?

Dual

Vision + 
Language

Audio-

Visual
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51
M Wray and D Damen (2019). Learning Visual Actions Using Multiple Verb-Only Labels. BMVC

with: Michael Wray

The Verbs Dilemma
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M Wray and D Damen (2019). Learning Visual Actions Using Multiple Verb-Only Labels. BMVC

with: Michael Wray

The Verbs Dilemma

Open
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M Wray and D Damen (2019). Learning Visual Actions Using Multiple Verb-Only Labels. BMVC

with: Michael Wray

The Verbs Dilemma
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M Wray and D Damen (2019). Learning Visual Actions Using Multiple Verb-Only Labels. BMVC

with: Michael Wray

The Verbs Dilemma

Open Cut
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M Wray and D Damen (2019). Learning Visual Actions Using Multiple Verb-Only Labels. BMVC

with: Michael Wray

The Verbs Dilemma
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M Wray and D Damen (2019). Learning Visual Actions Using Multiple Verb-Only Labels. BMVC

with: Michael Wray

The Verbs Dilemma

Open Cut
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57
M Wray and D Damen (2019). Learning Visual Actions Using Multiple Verb-Only Labels. BMVC

with: Michael Wray

The Verbs Dilemma

● Action representations using a single verb is highly-ambiguous

○ Solution1: pre-selected non-overlapping verbs (SL)

■ run, walk, open, close

○ Solution2: Using nouns to disambiguate actions (V-N)

■ open-drawer, open-bottle, open-fridge

■ actions constrained to known nouns

○ Solution3: Multi-verb labels (ML, SAML)

■ open, hold, pull
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M Wray and D Damen (2019). Learning Visual Actions Using Multiple Verb-Only Labels. BMVC

with: Michael Wray

The Verbs Dilemma
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M Wray and D Damen (2019). Learning Visual Actions Using Multiple Verb-Only Labels. BMVC

with: Michael Wray

The Verbs Dilemma
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Fine(r)-grained?
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• Multi-Verb Labels
• Part-of-Speech

• Adverbs

• Temporal 
Binding

• Multi-modal UDA

• Retro-Actions

• Skill 
determination

• Action 
Completion

How 
well?

Dual

Vision + 
Language

Audio-

Visual
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61
M Wray, D Larlus, G Csurka, D Damen (2019). Fine-Grained Action Retrieval through Multiple Parts-of-Speech Embeddings. ICCV

with: Michael Wray

Gabriela Csurka
Diane LarlusFine-Grained Action Retrieval
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M Wray, D Larlus, G Csurka, D Damen (2019). Fine-Grained Action Retrieval through Multiple Parts-of-Speech Embeddings. ICCV

with: Michael Wray

Gabriela Csurka
Diane LarlusFine-Grained Action Retrieval
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M Wray, D Larlus, G Csurka, D Damen (2019). Fine-Grained Action Retrieval through Multiple Parts-of-Speech Embeddings. ICCV

with: Michael Wray

Gabriela Csurka
Diane LarlusFine-Grained Action Retrieval
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M Wray, D Larlus, G Csurka, D Damen (2019). Fine-Grained Action Retrieval through Multiple Parts-of-Speech Embeddings. ICCV

with: Michael Wray

Gabriela Csurka
Diane LarlusFine-Grained Action Retrieval
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M Wray, D Larlus, G Csurka, D Damen (2019). Fine-Grained Action Retrieval through Multiple Parts-of-Speech Embeddings. ICCV

with: Michael Wray

Gabriela Csurka
Diane LarlusFine-Grained Action Retrieval



Dima Damen

January 13, 2021

66
H Doughty, I Laptev, W Mayol-Cuevas, D Damen (2020). Action Modifiers: Learning from Adverbs in Instructional Videos. Computer 
Vision and Pattern Recognition (CVPR)

with: Hazel Doughty

Ivan Laptev
Walterio Mayol-CuevasAction Modifiers: Learning from Adverbs
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H Doughty, I Laptev, W Mayol-Cuevas, D Damen (2020). Action Modifiers: Learning from Adverbs in Instructional Videos. Computer 
Vision and Pattern Recognition (CVPR)

with: Hazel Doughty

Ivan Laptev
Walterio Mayol-CuevasAction Modifiers: Learning from Adverbs
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H Doughty, I Laptev, W Mayol-Cuevas, D Damen (2020). Action Modifiers: Learning from Adverbs in Instructional Videos. Computer 
Vision and Pattern Recognition (CVPR)

with: Hazel Doughty

Ivan Laptev
Walterio Mayol-CuevasAction Modifiers: Learning from Adverbs
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• Multi-Verb Labels
• Part-of-Speech

• Adverbs

• Temporal 
Binding

• Multi-modal UDA

• Retro-Actions

• Skill 
determination

• Action 
Completion

How 
well?

Dual

Vision + 
Language

Audio-

Visual
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Audio-Visual Temporal Binding

70E Kazakos, A Nagrani, A Zisserman, D Damen (2019). EPIC-Fusion: Audio-Visual Temporal Binding for Egocentric Action Recognition. ICCV

with: Vangelis Kazakos

Arsha Nagrani
Andrew Zisserman
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Audio-Visual Temporal Binding

71E Kazakos, A Nagrani, A Zisserman, D Damen (2019). EPIC-Fusion: Audio-Visual Temporal Binding for Egocentric Action Recognition. ICCV

with: Vangelis Kazakos

Arsha Nagrani
Andrew Zisserman
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Audio-Visual Temporal Binding

72E Kazakos, A Nagrani, A Zisserman, D Damen (2019). EPIC-Fusion: Audio-Visual Temporal Binding for Egocentric Action Recognition. ICCV

with: Vangelis Kazakos

Arsha Nagrani
Andrew Zisserman
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Audio-Visual Temporal Binding

73E Kazakos, A Nagrani, A Zisserman, D Damen (2019). EPIC-Fusion: Audio-Visual Temporal Binding for Egocentric Action Recognition. ICCV

with: Vangelis Kazakos

Arsha Nagrani
Andrew Zisserman
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• Multi-Verb Labels
• Part-of-Speech

• Adverbs

• Temporal 
Binding

• Multi-modal UDA

• Retro-Actions

• Skill 
determination

• Action 
Completion

How 
well?

Dual

Vision + 
Language

Audio-

Visual

Explainable?
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75
W Price, D Damen (2020). Play Fair: Frame Attribution in Video Models. Asian Conference on Computer Vision (ACCV)

with: Will PriceFrame Attributions in Video Models

MODEL

P
u
tt
in

g
 ?

, 
?
 a

n
d
 ?
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76
W Price, D Damen (2020). Play Fair: Frame Attribution in Video Models. Asian Conference on Computer Vision (ACCV)

with: Will PriceFrame Attributions in Video Models

Expected output 

(Prior probability for 

classification model)
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W Price, D Damen (2020). Play Fair: Frame Attribution in Video Models. Asian Conference on Computer Vision (ACCV)

with: Will PriceFrame Attributions in Video Models

(expected output)
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W Price, D Damen (2020). Play Fair: Frame Attribution in Video Models. Asian Conference on Computer Vision (ACCV)

with: Will PriceFrame Attributions in Video Models
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W Price, D Damen (2020). Play Fair: Frame Attribution in Video Models. Asian Conference on Computer Vision (ACCV)

with: Will PriceFrame Attributions in Video Models
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W Price, D Damen (2020). Play Fair: Frame Attribution in Video Models. Asian Conference on Computer Vision (ACCV)

with: Will PriceFrame Attributions in Video Models
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W Price, D Damen (2020). Play Fair: Frame Attribution in Video Models. Asian Conference on Computer Vision (ACCV)

with: Will PriceFrame Attributions in Video Models

Δ! 1,2,4,5 = −.2
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82
W Price, D Damen (2020). Play Fair: Frame Attribution in Video Models. Asian Conference on Computer Vision (ACCV)

with: Will PriceFrame Attributions in Video Models

ESV

IG

GradCam
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W Price, D Damen (2020). Play Fair: Frame Attribution in Video Models. Asian Conference on Computer Vision (ACCV)

with: Will PriceFrame Attributions in Video Models
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W Price, D Damen (2020). Play Fair: Frame Attribution in Video Models. Asian Conference on Computer Vision (ACCV)

with: Will PriceFrame Attributions in Video Models
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W Price, D Damen (2020). Play Fair: Frame Attribution in Video Models. Asian Conference on Computer Vision (ACCV)

with: Will PriceFrame Attributions in Video Models
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The Team

86

2017

2018

2019

2020



Dima Damen

January 13, 2021

Thank you

87

For further info, datasets, code, publications…

http://dimadamen.github.io

@dimadamen

http://www.linkedin.com/in/dimadamen

Q&A


