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Video Understanding

An Egocentric Perspective

1



Dima Damen

January 2, 2022

Visual Sensing – the landscape
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Visual Sensing – the landscape
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Surveillance Sousveillance
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The present…
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The future…
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Wearable Sensing
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Wearable Sensing
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Wearable Sensing
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Egocentric Vision

● Starting 2010…

6
0

 c
m



Dima Damen

January 2, 2022

10

Why Egocentric Vision?
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Video Sources
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VLOGs

Movies

Egocentric 
unscripted

Mobile 
Recordings

Livestreaming

HowTo

TV 
(sports)

Perspective

Curation

Ego Third
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Egocentric Videos?
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45 s
econds
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Egocentric Videos?
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And so?

● What? – Actions & Objects, 

● How? – Methods, Tools, Skills

● Why? – Goals and next steps

● When? – Exact moments

● Where? – Tracking and localization

● Who?
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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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Scaling and Rescaling Egocentric Vision
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○ Head-Mounted Go-Pro, 

adjustable mounting

○ Recording starts immediately 

before entering the kitchen

○ Only stopped before leaving the 

kitchen
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Scaling and Rescaling Egocentric Vision
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○ 45 kitchens

○ Single-person environments

○ 4 cities 

○ May – Nov 2017 – 55 hours

○ May – Dec 2019 – 45 hours

○ 10 nationalities

○ 3 days - all kitchen activities

0:00
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Scaling and Rescaling Egocentric Vision
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Scaling and Rescaling Egocentric Vision
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Scaling and Rescaling Egocentric Vision
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Annotations (2) – Action Segments
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Annotations (2) – Action Segments
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EPIC-KITCHENS-100 Statistics
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EPIC-KITCHENS-100 Statistics

EPIC-KITCHENS-100
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EPIC-KITCHENS-100 Release

RGB frames: 
● 456x256 px

● 60FPS

TVL1 optical flow (u, v) frames: 
● 456x256 px

● 30FPS

FHD video:
● 1920x1080 px

● 60FPS / 50 FPS
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37 Participants – 8 in the same kitchen

2 years laterEPIC-KITCHENS
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37 Participants – 8 in a different kitchen

2 years laterEPIC-KITCHENS
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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

31
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Action Recognition Challenge
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Open Challenges

Five recently closed challenges:

● Action Recognition

● Action Detection

● Action Anticipation

● Unsupervised Domain Adaptation for Recognition

● Multi-Instance Retrieval

33
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More?
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35D Moltisanti et al (2019). Action Recognition from Single Timestamp Supervision in 

Untrimmed Videos. Computer Vision and Pattern Recognition (CVPR)

with: Davide Moltisanti

Sanja FidlerLearning from a Single Timestamp
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36D Moltisanti et al (2019). Action Recognition from Single Timestamp Supervision in 

Untrimmed Videos. Computer Vision and Pattern Recognition (CVPR)

with: Davide Moltisanti

Sanja FidlerLearning from a Single Timestamp
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37D Moltisanti et al (2019). Action Recognition from Single Timestamp Supervision in 

Untrimmed Videos. Computer Vision and Pattern Recognition (CVPR)

with: Davide Moltisanti

Sanja FidlerLearning from a Single Timestamp
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38D Moltisanti et al (2019). Action Recognition from Single Timestamp Supervision in 

Untrimmed Videos. Computer Vision and Pattern Recognition (CVPR)

with: Davide Moltisanti

Sanja FidlerLearning from a Single Timestamp
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VU - An Egocentric Perspective

39

• Part-of-Speech

• Adverbs

• Semantic Similarity

• Temporal Binding

• Audio Slow-Fast

• Multi-modal UDA

• Retro-Actions

• Few-Shot TRX

• Skill 
determination

• Action 
Completion

How 
well?

Dual

Vision + 
Language

Audio-
Visual
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• Part-of-Speech

• Adverbs

• Semantic Similarity

• Temporal Binding

• Audio Slow-Fast

• Multi-modal UDA

• Retro-Actions

• Few-Shot TRX

• Skill 
determination

• Action 
Completion

How 
well?

Dual

Vision + 
Language

Audio-
Visual

CVPR18, CVPR19

BMVC18, ICCVW19

CVPR20

ICCVW19

ICCV19 ICCV19

CVPR20ICASSP21

CVPR21

CVPR21
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41

• Part-of-Speech

• Adverbs

• Semantic Similarity

• Temporal Binding

• Audio Slow-Fast

• Multi-modal UDA

• Retro-Actions

• Few-Shot TRX

• Skill 
determination

• Action 
Completion

How 
well?

Dual

Vision + 
Language

Audio-
Visual
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VU - An Egocentric Perspective
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• Part-of-Speech

• Adverbs

• Semantic Similarity

• Temporal Binding

• Audio Slow-Fast

• Multi-modal UDA

• Retro-Actions

• Few-Shot TRX

• Skill 
determination

• Action 
Completion

How 
well?

Dual

Vision + 
Language

Audio-
Visual
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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

43

Assess relative skill for a collection of video sequences, 
applicable to a variety of tasks.
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44
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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45
H Doughty, W Mayol-Cuevas, D Damen (2019). The Pros and Cons: Rank-aware Temporal Attention for Skill 
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Fine-grained in Video?
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• Adverbs
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• Temporal Binding

• Audio Slow-Fast

• Multi-modal UDA

• Retro-Actions

• Few-Shot TRX
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determination

• Action 
Completion
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BMVC

with: Farnoosh Heidarivincheh

Majid MirmehdiAction Completion Detection

Ours

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

BMVC

with: Farnoosh Heidarivincheh

Majid MirmehdiAction Completion Detection

● Each frame in the sequence, contributes to the completion moment detection 

via ‘voting’
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VU - An Egocentric Perspective
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Multi-modal UDA

Modalities from 

same action

Modalities from 
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Multi-modal UDA

Source-Only Self-Supervision MM-SADA
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• Part-of-Speech

• Adverbs

• Semantic Similarity

• Temporal Binding

• Audio Slow-Fast

• Multi-modal UDA

• Retro-Actions

• Few-Shot TRX

• Skill 
determination

• Action 
Completion
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Retro-Actions
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TRX: Few-Shot Action Recognition

● 2-Shot Recognition?

73
Perrett et al (2021). Temporal-Relational CrossTransformers for Few-Shot Action Recognition. CVPR

with: Toby Perrett
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Few-Shot Action Recognition

● Videos in X-Shot are known as the support set

● Learn a classifier, using the support set, which can classify query videos.

● All prior works compare the query video to each video in the support set

separately, including using temporal time warping - for best matching

74
Perrett et al (2021). Temporal-Relational CrossTransformers for Few-Shot Action Recognition. CVPR

with: Toby Perrett

Query
Support set

Walk Run Sit?
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Our Idea
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Perrett et al (2021). Temporal-Relational CrossTransformers for Few-Shot Action Recognition. CVPR

with: Toby Perrett

Doersch et al (2020) CrossTransformers: spatially-aware few-shot transfer. ICLR

Mechanism to construct class 

prototypes using relevant frames 

from the support set.

No positional relationships.

How to preserve temporal 

ordering?
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Zhou et al (2018) Temporal Relational Network. ECCV
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Temporal Relational CrossTransformers (TRX)
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<latexit sha1_base64="6HhWDKCG1pE2xk5+c95AItZ490A=">AAACKXicbVDLTgIxFO3gC1EUdOlmIiFxYcgMwegSdaFLTHglMCF3SoFK25m0HRMy4R/c6i/4Ne7UrT9iB1jw8CZNTs65j9Pjh4wq7TjfVmpre2d3L72fOTjMHh3n8idNFUQSkwYOWCDbPijCqCANTTUj7VAS4D4jLX98n+itFyIVDURdT0LicRgKOqAYtKGa3QfgHHq5glNyZmVvAncBCmhRtV7eynb7AY44ERozUKrjOqH2YpCaYkammW6kSAh4DEPSMVAAJ8qLZ3andtEwfXsQSPOEtmfs8kQMXKkJ900nBz1S61pC/qd1Ij248WIqwkgTgeeHBhGzdWAnf7f7VBKs2cQAwJIarzYegQSsTUKZ4vKqevn2su56ceIw2bWqykgpCsKLffAJm2ZMgO56XJugWS65ldLVU6VQvVtEmUZn6BxdIBddoyp6RDXUQBg9o1f0ht6tD+vT+rJ+5q0pazFzilbK+v0D26qlbg==</latexit>

Γ

<latexit sha1_base64="6HhWDKCG1pE2xk5+c95AItZ490A=">AAACKXicbVDLTgIxFO3gC1EUdOlmIiFxYcgMwegSdaFLTHglMCF3SoFK25m0HRMy4R/c6i/4Ne7UrT9iB1jw8CZNTs65j9Pjh4wq7TjfVmpre2d3L72fOTjMHh3n8idNFUQSkwYOWCDbPijCqCANTTUj7VAS4D4jLX98n+itFyIVDURdT0LicRgKOqAYtKGa3QfgHHq5glNyZmVvAncBCmhRtV7eynb7AY44ERozUKrjOqH2YpCaYkammW6kSAh4DEPSMVAAJ8qLZ3andtEwfXsQSPOEtmfs8kQMXKkJ900nBz1S61pC/qd1Ij248WIqwkgTgeeHBhGzdWAnf7f7VBKs2cQAwJIarzYegQSsTUKZ4vKqevn2su56ceIw2bWqykgpCsKLffAJm2ZMgO56XJugWS65ldLVU6VQvVtEmUZn6BxdIBddoyp6RDXUQBg9o1f0ht6tD+vT+rJ+5q0pazFzilbK+v0D26qlbg==</latexit>

Γ

<latexit sha1_base64="6HhWDKCG1pE2xk5+c95AItZ490A=">AAACKXicbVDLTgIxFO3gC1EUdOlmIiFxYcgMwegSdaFLTHglMCF3SoFK25m0HRMy4R/c6i/4Ne7UrT9iB1jw8CZNTs65j9Pjh4wq7TjfVmpre2d3L72fOTjMHh3n8idNFUQSkwYOWCDbPijCqCANTTUj7VAS4D4jLX98n+itFyIVDURdT0LicRgKOqAYtKGa3QfgHHq5glNyZmVvAncBCmhRtV7eynb7AY44ERozUKrjOqH2YpCaYkammW6kSAh4DEPSMVAAJ8qLZ3andtEwfXsQSPOEtmfs8kQMXKkJ900nBz1S61pC/qd1Ij248WIqwkgTgeeHBhGzdWAnf7f7VBKs2cQAwJIarzYegQSsTUKZ4vKqevn2su56ceIw2bWqykgpCsKLffAJm2ZMgO56XJugWS65ldLVU6VQvVtEmUZn6BxdIBddoyp6RDXUQBg9o1f0ht6tD+vT+rJ+5q0pazFzilbK+v0D26qlbg==</latexit>
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Γ

<latexit sha1_base64="6HhWDKCG1pE2xk5+c95AItZ490A=">AAACKXicbVDLTgIxFO3gC1EUdOlmIiFxYcgMwegSdaFLTHglMCF3SoFK25m0HRMy4R/c6i/4Ne7UrT9iB1jw8CZNTs65j9Pjh4wq7TjfVmpre2d3L72fOTjMHh3n8idNFUQSkwYOWCDbPijCqCANTTUj7VAS4D4jLX98n+itFyIVDURdT0LicRgKOqAYtKGa3QfgHHq5glNyZmVvAncBCmhRtV7eynb7AY44ERozUKrjOqH2YpCaYkammW6kSAh4DEPSMVAAJ8qLZ3andtEwfXsQSPOEtmfs8kQMXKkJ900nBz1S61pC/qd1Ij248WIqwkgTgeeHBhGzdWAnf7f7VBKs2cQAwJIarzYegQSsTUKZ4vKqevn2su56ceIw2bWqykgpCsKLffAJm2ZMgO56XJugWS65ldLVU6VQvVtEmUZn6BxdIBddoyp6RDXUQBg9o1f0ht6tD+vT+rJ+5q0pazFzilbK+v0D26qlbg==</latexit>

Υ

<latexit sha1_base64="5Peft+2yshxjXF48yvr+jL9zZd8=">AAACK3icbVDLTgIxFG3xhaMo6NLNRELiwpAZgtEl6sYlJgyQwIR0SgcaOu2k7ZiQCT/hVn/Br3Glcet/2AEWPLxJk5Nz7uP0BDGjSjvOF8zt7O7tH+QPraPjwslpsXTWViKRmHhYMCG7AVKEUU48TTUj3VgSFAWMdILJY6Z3XohUVPCWnsbEj9CI05BipA3V7XuxokzwQbHsVJ152dvAXYIyWFZzUIKF/lDgJCJcY4aU6rlOrP0USU0xIzOrnygSIzxBI9IzkKOIKD+dG57ZFcMM7VBI87i25+zqRIoipaZRYDojpMdqU8vI/7ReosM7P6U8TjTheHEoTJithZ393h5SSbBmUwMQltR4tfEYSYS1yciqrK5q1e6vW66fZg6zXeuqTJSiiPtpgALCZpYJ0N2Maxu0a1W3Xr15rpcbD8so8+ACXIIr4IJb0ABPoAk8gAEDr+ANvMMP+Am/4c+iNQeXM+dgreDvH/gMpok=</latexit>

Γ

<latexit sha1_base64="6HhWDKCG1pE2xk5+c95AItZ490A=">AAACKXicbVDLTgIxFO3gC1EUdOlmIiFxYcgMwegSdaFLTHglMCF3SoFK25m0HRMy4R/c6i/4Ne7UrT9iB1jw8CZNTs65j9Pjh4wq7TjfVmpre2d3L72fOTjMHh3n8idNFUQSkwYOWCDbPijCqCANTTUj7VAS4D4jLX98n+itFyIVDURdT0LicRgKOqAYtKGa3QfgHHq5glNyZmVvAncBCmhRtV7eynb7AY44ERozUKrjOqH2YpCaYkammW6kSAh4DEPSMVAAJ8qLZ3andtEwfXsQSPOEtmfs8kQMXKkJ900nBz1S61pC/qd1Ij248WIqwkgTgeeHBhGzdWAnf7f7VBKs2cQAwJIarzYegQSsTUKZ4vKqevn2su56ceIw2bWqykgpCsKLffAJm2ZMgO56XJugWS65ldLVU6VQvVtEmUZn6BxdIBddoyp6RDXUQBg9o1f0ht6tD+vT+rJ+5q0pazFzilbK+v0D26qlbg==</latexit>

Γ

<latexit sha1_base64="6HhWDKCG1pE2xk5+c95AItZ490A=">AAACKXicbVDLTgIxFO3gC1EUdOlmIiFxYcgMwegSdaFLTHglMCF3SoFK25m0HRMy4R/c6i/4Ne7UrT9iB1jw8CZNTs65j9Pjh4wq7TjfVmpre2d3L72fOTjMHh3n8idNFUQSkwYOWCDbPijCqCANTTUj7VAS4D4jLX98n+itFyIVDURdT0LicRgKOqAYtKGa3QfgHHq5glNyZmVvAncBCmhRtV7eynb7AY44ERozUKrjOqH2YpCaYkammW6kSAh4DEPSMVAAJ8qLZ3andtEwfXsQSPOEtmfs8kQMXKkJ900nBz1S61pC/qd1Ij248WIqwkgTgeeHBhGzdWAnf7f7VBKs2cQAwJIarzYegQSsTUKZ4vKqevn2su56ceIw2bWqykgpCsKLffAJm2ZMgO56XJugWS65ldLVU6VQvVtEmUZn6BxdIBddoyp6RDXUQBg9o1f0ht6tD+vT+rJ+5q0pazFzilbK+v0D26qlbg==</latexit>

Γ

<latexit sha1_base64="6HhWDKCG1pE2xk5+c95AItZ490A=">AAACKXicbVDLTgIxFO3gC1EUdOlmIiFxYcgMwegSdaFLTHglMCF3SoFK25m0HRMy4R/c6i/4Ne7UrT9iB1jw8CZNTs65j9Pjh4wq7TjfVmpre2d3L72fOTjMHh3n8idNFUQSkwYOWCDbPijCqCANTTUj7VAS4D4jLX98n+itFyIVDURdT0LicRgKOqAYtKGa3QfgHHq5glNyZmVvAncBCmhRtV7eynb7AY44ERozUKrjOqH2YpCaYkammW6kSAh4DEPSMVAAJ8qLZ3andtEwfXsQSPOEtmfs8kQMXKkJ900nBz1S61pC/qd1Ij248WIqwkgTgeeHBhGzdWAnf7f7VBKs2cQAwJIarzYegQSsTUKZ4vKqevn2su56ceIw2bWqykgpCsKLffAJm2ZMgO56XJugWS65ldLVU6VQvVtEmUZn6BxdIBddoyp6RDXUQBg9o1f0ht6tD+vT+rJ+5q0pazFzilbK+v0D26qlbg==</latexit>

Γ

<latexit sha1_base64="6HhWDKCG1pE2xk5+c95AItZ490A=">AAACKXicbVDLTgIxFO3gC1EUdOlmIiFxYcgMwegSdaFLTHglMCF3SoFK25m0HRMy4R/c6i/4Ne7UrT9iB1jw8CZNTs65j9Pjh4wq7TjfVmpre2d3L72fOTjMHh3n8idNFUQSkwYOWCDbPijCqCANTTUj7VAS4D4jLX98n+itFyIVDURdT0LicRgKOqAYtKGa3QfgHHq5glNyZmVvAncBCmhRtV7eynb7AY44ERozUKrjOqH2YpCaYkammW6kSAh4DEPSMVAAJ8qLZ3andtEwfXsQSPOEtmfs8kQMXKkJ900nBz1S61pC/qd1Ij248WIqwkgTgeeHBhGzdWAnf7f7VBKs2cQAwJIarzYegQSsTUKZ4vKqevn2su56ceIw2bWqykgpCsKLffAJm2ZMgO56XJugWS65ldLVU6VQvVtEmUZn6BxdIBddoyp6RDXUQBg9o1f0ht6tD+vT+rJ+5q0pazFzilbK+v0D26qlbg==</latexit>

Γ

<latexit sha1_base64="6HhWDKCG1pE2xk5+c95AItZ490A=">AAACKXicbVDLTgIxFO3gC1EUdOlmIiFxYcgMwegSdaFLTHglMCF3SoFK25m0HRMy4R/c6i/4Ne7UrT9iB1jw8CZNTs65j9Pjh4wq7TjfVmpre2d3L72fOTjMHh3n8idNFUQSkwYOWCDbPijCqCANTTUj7VAS4D4jLX98n+itFyIVDURdT0LicRgKOqAYtKGa3QfgHHq5glNyZmVvAncBCmhRtV7eynb7AY44ERozUKrjOqH2YpCaYkammW6kSAh4DEPSMVAAJ8qLZ3andtEwfXsQSPOEtmfs8kQMXKkJ900nBz1S61pC/qd1Ij248WIqwkgTgeeHBhGzdWAnf7f7VBKs2cQAwJIarzYegQSsTUKZ4vKqevn2su56ceIw2bWqykgpCsKLffAJm2ZMgO56XJugWS65ldLVU6VQvVtEmUZn6BxdIBddoyp6RDXUQBg9o1f0ht6tD+vT+rJ+5q0pazFzilbK+v0D26qlbg==</latexit>

Λ

<latexit sha1_base64="gNhuMDh6c7JY3eG+qFaXv1ygvHg=">AAACKnicbVDLSsNAFJ34rNFqq0s3wVJwISUpFV1W3bhwUaEvaEO5mUzboZNJmJkIJfQj3Oov+DXuils/xEmbRR8eGDicc19zvIhRqWx7buzs7u0fHOaOzOOT/OlZoXjelmEsMGnhkIWi64EkjHLSUlQx0o0EgcBjpONNnlK/80aEpCFvqmlE3ABGnA4pBqWlTv9Fl/owKJTsir2AtU2cjJRQhsagaOT7fojjgHCFGUjZc+xIuQkIRTEjM7MfSxIBnsCI9DTlEBDpJot7Z1ZZK741DIV+XFkLdbUjgUDKaeDpygDUWG56qfif14vV8N5NKI9iRTheLhrGzFKhlX7e8qkgWLGpJoAF1bdaeAwCsNIRmeXVUc3qw03TcZP0wnTWuitiKSlwN/HAI2xm6gCdzbi2SbtacWqV29daqf6YRZlDl+gKXSMH3aE6ekYN1EIYTdA7+kCfxpfxbcyNn2XpjpH1XKA1GL9/p6il1g==</latexit>

Λ

<latexit sha1_base64="gNhuMDh6c7JY3eG+qFaXv1ygvHg=">AAACKnicbVDLSsNAFJ34rNFqq0s3wVJwISUpFV1W3bhwUaEvaEO5mUzboZNJmJkIJfQj3Oov+DXuils/xEmbRR8eGDicc19zvIhRqWx7buzs7u0fHOaOzOOT/OlZoXjelmEsMGnhkIWi64EkjHLSUlQx0o0EgcBjpONNnlK/80aEpCFvqmlE3ABGnA4pBqWlTv9Fl/owKJTsir2AtU2cjJRQhsagaOT7fojjgHCFGUjZc+xIuQkIRTEjM7MfSxIBnsCI9DTlEBDpJot7Z1ZZK741DIV+XFkLdbUjgUDKaeDpygDUWG56qfif14vV8N5NKI9iRTheLhrGzFKhlX7e8qkgWLGpJoAF1bdaeAwCsNIRmeXVUc3qw03TcZP0wnTWuitiKSlwN/HAI2xm6gCdzbi2SbtacWqV29daqf6YRZlDl+gKXSMH3aE6ekYN1EIYTdA7+kCfxpfxbcyNn2XpjpH1XKA1GL9/p6il1g==</latexit>

Λ

<latexit sha1_base64="gNhuMDh6c7JY3eG+qFaXv1ygvHg=">AAACKnicbVDLSsNAFJ34rNFqq0s3wVJwISUpFV1W3bhwUaEvaEO5mUzboZNJmJkIJfQj3Oov+DXuils/xEmbRR8eGDicc19zvIhRqWx7buzs7u0fHOaOzOOT/OlZoXjelmEsMGnhkIWi64EkjHLSUlQx0o0EgcBjpONNnlK/80aEpCFvqmlE3ABGnA4pBqWlTv9Fl/owKJTsir2AtU2cjJRQhsagaOT7fojjgHCFGUjZc+xIuQkIRTEjM7MfSxIBnsCI9DTlEBDpJot7Z1ZZK741DIV+XFkLdbUjgUDKaeDpygDUWG56qfif14vV8N5NKI9iRTheLhrGzFKhlX7e8qkgWLGpJoAF1bdaeAwCsNIRmeXVUc3qw03TcZP0wnTWuitiKSlwN/HAI2xm6gCdzbi2SbtacWqV29daqf6YRZlDl+gKXSMH3aE6ekYN1EIYTdA7+kCfxpfxbcyNn2XpjpH1XKA1GL9/p6il1g==</latexit>

Λ

<latexit sha1_base64="gNhuMDh6c7JY3eG+qFaXv1ygvHg=">AAACKnicbVDLSsNAFJ34rNFqq0s3wVJwISUpFV1W3bhwUaEvaEO5mUzboZNJmJkIJfQj3Oov+DXuils/xEmbRR8eGDicc19zvIhRqWx7buzs7u0fHOaOzOOT/OlZoXjelmEsMGnhkIWi64EkjHLSUlQx0o0EgcBjpONNnlK/80aEpCFvqmlE3ABGnA4pBqWlTv9Fl/owKJTsir2AtU2cjJRQhsagaOT7fojjgHCFGUjZc+xIuQkIRTEjM7MfSxIBnsCI9DTlEBDpJot7Z1ZZK741DIV+XFkLdbUjgUDKaeDpygDUWG56qfif14vV8N5NKI9iRTheLhrGzFKhlX7e8qkgWLGpJoAF1bdaeAwCsNIRmeXVUc3qw03TcZP0wnTWuitiKSlwN/HAI2xm6gCdzbi2SbtacWqV29daqf6YRZlDl+gKXSMH3aE6ekYN1EIYTdA7+kCfxpfxbcyNn2XpjpH1XKA1GL9/p6il1g==</latexit>

Λ

<latexit sha1_base64="gNhuMDh6c7JY3eG+qFaXv1ygvHg=">AAACKnicbVDLSsNAFJ34rNFqq0s3wVJwISUpFV1W3bhwUaEvaEO5mUzboZNJmJkIJfQj3Oov+DXuils/xEmbRR8eGDicc19zvIhRqWx7buzs7u0fHOaOzOOT/OlZoXjelmEsMGnhkIWi64EkjHLSUlQx0o0EgcBjpONNnlK/80aEpCFvqmlE3ABGnA4pBqWlTv9Fl/owKJTsir2AtU2cjJRQhsagaOT7fojjgHCFGUjZc+xIuQkIRTEjM7MfSxIBnsCI9DTlEBDpJot7Z1ZZK741DIV+XFkLdbUjgUDKaeDpygDUWG56qfif14vV8N5NKI9iRTheLhrGzFKhlX7e8qkgWLGpJoAF1bdaeAwCsNIRmeXVUc3qw03TcZP0wnTWuitiKSlwN/HAI2xm6gCdzbi2SbtacWqV29daqf6YRZlDl+gKXSMH3aE6ekYN1EIYTdA7+kCfxpfxbcyNn2XpjpH1XKA1GL9/p6il1g==</latexit>

Λ

<latexit sha1_base64="gNhuMDh6c7JY3eG+qFaXv1ygvHg=">AAACKnicbVDLSsNAFJ34rNFqq0s3wVJwISUpFV1W3bhwUaEvaEO5mUzboZNJmJkIJfQj3Oov+DXuils/xEmbRR8eGDicc19zvIhRqWx7buzs7u0fHOaOzOOT/OlZoXjelmEsMGnhkIWi64EkjHLSUlQx0o0EgcBjpONNnlK/80aEpCFvqmlE3ABGnA4pBqWlTv9Fl/owKJTsir2AtU2cjJRQhsagaOT7fojjgHCFGUjZc+xIuQkIRTEjM7MfSxIBnsCI9DTlEBDpJot7Z1ZZK741DIV+XFkLdbUjgUDKaeDpygDUWG56qfif14vV8N5NKI9iRTheLhrGzFKhlX7e8qkgWLGpJoAF1bdaeAwCsNIRmeXVUc3qw03TcZP0wnTWuitiKSlwN/HAI2xm6gCdzbi2SbtacWqV29daqf6YRZlDl+gKXSMH3aE6ekYN1EIYTdA7+kCfxpfxbcyNn2XpjpH1XKA1GL9/p6il1g==</latexit>
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Γ

<latexit sha1_base64="6HhWDKCG1pE2xk5+c95AItZ490A=">AAACKXicbVDLTgIxFO3gC1EUdOlmIiFxYcgMwegSdaFLTHglMCF3SoFK25m0HRMy4R/c6i/4Ne7UrT9iB1jw8CZNTs65j9Pjh4wq7TjfVmpre2d3L72fOTjMHh3n8idNFUQSkwYOWCDbPijCqCANTTUj7VAS4D4jLX98n+itFyIVDURdT0LicRgKOqAYtKGa3QfgHHq5glNyZmVvAncBCmhRtV7eynb7AY44ERozUKrjOqH2YpCaYkammW6kSAh4DEPSMVAAJ8qLZ3andtEwfXsQSPOEtmfs8kQMXKkJ900nBz1S61pC/qd1Ij248WIqwkgTgeeHBhGzdWAnf7f7VBKs2cQAwJIarzYegQSsTUKZ4vKqevn2su56ceIw2bWqykgpCsKLffAJm2ZMgO56XJugWS65ldLVU6VQvVtEmUZn6BxdIBddoyp6RDXUQBg9o1f0ht6tD+vT+rJ+5q0pazFzilbK+v0D26qlbg==</latexit>

Υ

<latexit sha1_base64="5Peft+2yshxjXF48yvr+jL9zZd8=">AAACK3icbVDLTgIxFG3xhaMo6NLNRELiwpAZgtEl6sYlJgyQwIR0SgcaOu2k7ZiQCT/hVn/Br3Glcet/2AEWPLxJk5Nz7uP0BDGjSjvOF8zt7O7tH+QPraPjwslpsXTWViKRmHhYMCG7AVKEUU48TTUj3VgSFAWMdILJY6Z3XohUVPCWnsbEj9CI05BipA3V7XuxokzwQbHsVJ152dvAXYIyWFZzUIKF/lDgJCJcY4aU6rlOrP0USU0xIzOrnygSIzxBI9IzkKOIKD+dG57ZFcMM7VBI87i25+zqRIoipaZRYDojpMdqU8vI/7ReosM7P6U8TjTheHEoTJithZ393h5SSbBmUwMQltR4tfEYSYS1yciqrK5q1e6vW66fZg6zXeuqTJSiiPtpgALCZpYJ0N2Maxu0a1W3Xr15rpcbD8so8+ACXIIr4IJb0ABPoAk8gAEDr+ANvMMP+Am/4c+iNQeXM+dgreDvH/gMpok=</latexit>

Γ

<latexit sha1_base64="6HhWDKCG1pE2xk5+c95AItZ490A=">AAACKXicbVDLTgIxFO3gC1EUdOlmIiFxYcgMwegSdaFLTHglMCF3SoFK25m0HRMy4R/c6i/4Ne7UrT9iB1jw8CZNTs65j9Pjh4wq7TjfVmpre2d3L72fOTjMHh3n8idNFUQSkwYOWCDbPijCqCANTTUj7VAS4D4jLX98n+itFyIVDURdT0LicRgKOqAYtKGa3QfgHHq5glNyZmVvAncBCmhRtV7eynb7AY44ERozUKrjOqH2YpCaYkammW6kSAh4DEPSMVAAJ8qLZ3andtEwfXsQSPOEtmfs8kQMXKkJ900nBz1S61pC/qd1Ij248WIqwkgTgeeHBhGzdWAnf7f7VBKs2cQAwJIarzYegQSsTUKZ4vKqevn2su56ceIw2bWqykgpCsKLffAJm2ZMgO56XJugWS65ldLVU6VQvVtEmUZn6BxdIBddoyp6RDXUQBg9o1f0ht6tD+vT+rJ+5q0pazFzilbK+v0D26qlbg==</latexit>

Γ

<latexit sha1_base64="6HhWDKCG1pE2xk5+c95AItZ490A=">AAACKXicbVDLTgIxFO3gC1EUdOlmIiFxYcgMwegSdaFLTHglMCF3SoFK25m0HRMy4R/c6i/4Ne7UrT9iB1jw8CZNTs65j9Pjh4wq7TjfVmpre2d3L72fOTjMHh3n8idNFUQSkwYOWCDbPijCqCANTTUj7VAS4D4jLX98n+itFyIVDURdT0LicRgKOqAYtKGa3QfgHHq5glNyZmVvAncBCmhRtV7eynb7AY44ERozUKrjOqH2YpCaYkammW6kSAh4DEPSMVAAJ8qLZ3andtEwfXsQSPOEtmfs8kQMXKkJ900nBz1S61pC/qd1Ij248WIqwkgTgeeHBhGzdWAnf7f7VBKs2cQAwJIarzYegQSsTUKZ4vKqevn2su56ceIw2bWqykgpCsKLffAJm2ZMgO56XJugWS65ldLVU6VQvVtEmUZn6BxdIBddoyp6RDXUQBg9o1f0ht6tD+vT+rJ+5q0pazFzilbK+v0D26qlbg==</latexit>

Γ

<latexit sha1_base64="6HhWDKCG1pE2xk5+c95AItZ490A=">AAACKXicbVDLTgIxFO3gC1EUdOlmIiFxYcgMwegSdaFLTHglMCF3SoFK25m0HRMy4R/c6i/4Ne7UrT9iB1jw8CZNTs65j9Pjh4wq7TjfVmpre2d3L72fOTjMHh3n8idNFUQSkwYOWCDbPijCqCANTTUj7VAS4D4jLX98n+itFyIVDURdT0LicRgKOqAYtKGa3QfgHHq5glNyZmVvAncBCmhRtV7eynb7AY44ERozUKrjOqH2YpCaYkammW6kSAh4DEPSMVAAJ8qLZ3andtEwfXsQSPOEtmfs8kQMXKkJ900nBz1S61pC/qd1Ij248WIqwkgTgeeHBhGzdWAnf7f7VBKs2cQAwJIarzYegQSsTUKZ4vKqevn2su56ceIw2bWqykgpCsKLffAJm2ZMgO56XJugWS65ldLVU6VQvVtEmUZn6BxdIBddoyp6RDXUQBg9o1f0ht6tD+vT+rJ+5q0pazFzilbK+v0D26qlbg==</latexit>

Γ

<latexit sha1_base64="6HhWDKCG1pE2xk5+c95AItZ490A=">AAACKXicbVDLTgIxFO3gC1EUdOlmIiFxYcgMwegSdaFLTHglMCF3SoFK25m0HRMy4R/c6i/4Ne7UrT9iB1jw8CZNTs65j9Pjh4wq7TjfVmpre2d3L72fOTjMHh3n8idNFUQSkwYOWCDbPijCqCANTTUj7VAS4D4jLX98n+itFyIVDURdT0LicRgKOqAYtKGa3QfgHHq5glNyZmVvAncBCmhRtV7eynb7AY44ERozUKrjOqH2YpCaYkammW6kSAh4DEPSMVAAJ8qLZ3andtEwfXsQSPOEtmfs8kQMXKkJ900nBz1S61pC/qd1Ij248WIqwkgTgeeHBhGzdWAnf7f7VBKs2cQAwJIarzYegQSsTUKZ4vKqevn2su56ceIw2bWqykgpCsKLffAJm2ZMgO56XJugWS65ldLVU6VQvVtEmUZn6BxdIBddoyp6RDXUQBg9o1f0ht6tD+vT+rJ+5q0pazFzilbK+v0D26qlbg==</latexit>

Γ

<latexit sha1_base64="6HhWDKCG1pE2xk5+c95AItZ490A=">AAACKXicbVDLTgIxFO3gC1EUdOlmIiFxYcgMwegSdaFLTHglMCF3SoFK25m0HRMy4R/c6i/4Ne7UrT9iB1jw8CZNTs65j9Pjh4wq7TjfVmpre2d3L72fOTjMHh3n8idNFUQSkwYOWCDbPijCqCANTTUj7VAS4D4jLX98n+itFyIVDURdT0LicRgKOqAYtKGa3QfgHHq5glNyZmVvAncBCmhRtV7eynb7AY44ERozUKrjOqH2YpCaYkammW6kSAh4DEPSMVAAJ8qLZ3andtEwfXsQSPOEtmfs8kQMXKkJ900nBz1S61pC/qd1Ij248WIqwkgTgeeHBhGzdWAnf7f7VBKs2cQAwJIarzYegQSsTUKZ4vKqevn2su56ceIw2bWqykgpCsKLffAJm2ZMgO56XJugWS65ldLVU6VQvVtEmUZn6BxdIBddoyp6RDXUQBg9o1f0ht6tD+vT+rJ+5q0pazFzilbK+v0D26qlbg==</latexit>

Λ

<latexit sha1_base64="gNhuMDh6c7JY3eG+qFaXv1ygvHg=">AAACKnicbVDLSsNAFJ34rNFqq0s3wVJwISUpFV1W3bhwUaEvaEO5mUzboZNJmJkIJfQj3Oov+DXuils/xEmbRR8eGDicc19zvIhRqWx7buzs7u0fHOaOzOOT/OlZoXjelmEsMGnhkIWi64EkjHLSUlQx0o0EgcBjpONNnlK/80aEpCFvqmlE3ABGnA4pBqWlTv9Fl/owKJTsir2AtU2cjJRQhsagaOT7fojjgHCFGUjZc+xIuQkIRTEjM7MfSxIBnsCI9DTlEBDpJot7Z1ZZK741DIV+XFkLdbUjgUDKaeDpygDUWG56qfif14vV8N5NKI9iRTheLhrGzFKhlX7e8qkgWLGpJoAF1bdaeAwCsNIRmeXVUc3qw03TcZP0wnTWuitiKSlwN/HAI2xm6gCdzbi2SbtacWqV29daqf6YRZlDl+gKXSMH3aE6ekYN1EIYTdA7+kCfxpfxbcyNn2XpjpH1XKA1GL9/p6il1g==</latexit>

Λ

<latexit sha1_base64="gNhuMDh6c7JY3eG+qFaXv1ygvHg=">AAACKnicbVDLSsNAFJ34rNFqq0s3wVJwISUpFV1W3bhwUaEvaEO5mUzboZNJmJkIJfQj3Oov+DXuils/xEmbRR8eGDicc19zvIhRqWx7buzs7u0fHOaOzOOT/OlZoXjelmEsMGnhkIWi64EkjHLSUlQx0o0EgcBjpONNnlK/80aEpCFvqmlE3ABGnA4pBqWlTv9Fl/owKJTsir2AtU2cjJRQhsagaOT7fojjgHCFGUjZc+xIuQkIRTEjM7MfSxIBnsCI9DTlEBDpJot7Z1ZZK741DIV+XFkLdbUjgUDKaeDpygDUWG56qfif14vV8N5NKI9iRTheLhrGzFKhlX7e8qkgWLGpJoAF1bdaeAwCsNIRmeXVUc3qw03TcZP0wnTWuitiKSlwN/HAI2xm6gCdzbi2SbtacWqV29daqf6YRZlDl+gKXSMH3aE6ekYN1EIYTdA7+kCfxpfxbcyNn2XpjpH1XKA1GL9/p6il1g==</latexit>

Λ

<latexit sha1_base64="gNhuMDh6c7JY3eG+qFaXv1ygvHg=">AAACKnicbVDLSsNAFJ34rNFqq0s3wVJwISUpFV1W3bhwUaEvaEO5mUzboZNJmJkIJfQj3Oov+DXuils/xEmbRR8eGDicc19zvIhRqWx7buzs7u0fHOaOzOOT/OlZoXjelmEsMGnhkIWi64EkjHLSUlQx0o0EgcBjpONNnlK/80aEpCFvqmlE3ABGnA4pBqWlTv9Fl/owKJTsir2AtU2cjJRQhsagaOT7fojjgHCFGUjZc+xIuQkIRTEjM7MfSxIBnsCI9DTlEBDpJot7Z1ZZK741DIV+XFkLdbUjgUDKaeDpygDUWG56qfif14vV8N5NKI9iRTheLhrGzFKhlX7e8qkgWLGpJoAF1bdaeAwCsNIRmeXVUc3qw03TcZP0wnTWuitiKSlwN/HAI2xm6gCdzbi2SbtacWqV29daqf6YRZlDl+gKXSMH3aE6ekYN1EIYTdA7+kCfxpfxbcyNn2XpjpH1XKA1GL9/p6il1g==</latexit>

Λ

<latexit sha1_base64="gNhuMDh6c7JY3eG+qFaXv1ygvHg=">AAACKnicbVDLSsNAFJ34rNFqq0s3wVJwISUpFV1W3bhwUaEvaEO5mUzboZNJmJkIJfQj3Oov+DXuils/xEmbRR8eGDicc19zvIhRqWx7buzs7u0fHOaOzOOT/OlZoXjelmEsMGnhkIWi64EkjHLSUlQx0o0EgcBjpONNnlK/80aEpCFvqmlE3ABGnA4pBqWlTv9Fl/owKJTsir2AtU2cjJRQhsagaOT7fojjgHCFGUjZc+xIuQkIRTEjM7MfSxIBnsCI9DTlEBDpJot7Z1ZZK741DIV+XFkLdbUjgUDKaeDpygDUWG56qfif14vV8N5NKI9iRTheLhrGzFKhlX7e8qkgWLGpJoAF1bdaeAwCsNIRmeXVUc3qw03TcZP0wnTWuitiKSlwN/HAI2xm6gCdzbi2SbtacWqV29daqf6YRZlDl+gKXSMH3aE6ekYN1EIYTdA7+kCfxpfxbcyNn2XpjpH1XKA1GL9/p6il1g==</latexit>

Λ

<latexit sha1_base64="gNhuMDh6c7JY3eG+qFaXv1ygvHg=">AAACKnicbVDLSsNAFJ34rNFqq0s3wVJwISUpFV1W3bhwUaEvaEO5mUzboZNJmJkIJfQj3Oov+DXuils/xEmbRR8eGDicc19zvIhRqWx7buzs7u0fHOaOzOOT/OlZoXjelmEsMGnhkIWi64EkjHLSUlQx0o0EgcBjpONNnlK/80aEpCFvqmlE3ABGnA4pBqWlTv9Fl/owKJTsir2AtU2cjJRQhsagaOT7fojjgHCFGUjZc+xIuQkIRTEjM7MfSxIBnsCI9DTlEBDpJot7Z1ZZK741DIV+XFkLdbUjgUDKaeDpygDUWG56qfif14vV8N5NKI9iRTheLhrGzFKhlX7e8qkgWLGpJoAF1bdaeAwCsNIRmeXVUc3qw03TcZP0wnTWuitiKSlwN/HAI2xm6gCdzbi2SbtacWqV29daqf6YRZlDl+gKXSMH3aE6ekYN1EIYTdA7+kCfxpfxbcyNn2XpjpH1XKA1GL9/p6il1g==</latexit>

Λ

<latexit sha1_base64="gNhuMDh6c7JY3eG+qFaXv1ygvHg=">AAACKnicbVDLSsNAFJ34rNFqq0s3wVJwISUpFV1W3bhwUaEvaEO5mUzboZNJmJkIJfQj3Oov+DXuils/xEmbRR8eGDicc19zvIhRqWx7buzs7u0fHOaOzOOT/OlZoXjelmEsMGnhkIWi64EkjHLSUlQx0o0EgcBjpONNnlK/80aEpCFvqmlE3ABGnA4pBqWlTv9Fl/owKJTsir2AtU2cjJRQhsagaOT7fojjgHCFGUjZc+xIuQkIRTEjM7MfSxIBnsCI9DTlEBDpJot7Z1ZZK741DIV+XFkLdbUjgUDKaeDpygDUWG56qfif14vV8N5NKI9iRTheLhrGzFKhlX7e8qkgWLGpJoAF1bdaeAwCsNIRmeXVUc3qw03TcZP0wnTWuitiKSlwN/HAI2xm6gCdzbi2SbtacWqV29daqf6YRZlDl+gKXSMH3aE6ekYN1EIYTdA7+kCfxpfxbcyNn2XpjpH1XKA1GL9/p6il1g==</latexit>

Λ

<latexit sha1_base64="gNhuMDh6c7JY3eG+qFaXv1ygvHg=">AAACKnicbVDLSsNAFJ34rNFqq0s3wVJwISUpFV1W3bhwUaEvaEO5mUzboZNJmJkIJfQj3Oov+DXuils/xEmbRR8eGDicc19zvIhRqWx7buzs7u0fHOaOzOOT/OlZoXjelmEsMGnhkIWi64EkjHLSUlQx0o0EgcBjpONNnlK/80aEpCFvqmlE3ABGnA4pBqWlTv9Fl/owKJTsir2AtU2cjJRQhsagaOT7fojjgHCFGUjZc+xIuQkIRTEjM7MfSxIBnsCI9DTlEBDpJot7Z1ZZK741DIV+XFkLdbUjgUDKaeDpygDUWG56qfif14vV8N5NKI9iRTheLhrGzFKhlX7e8qkgWLGpJoAF1bdaeAwCsNIRmeXVUc3qw03TcZP0wnTWuitiKSlwN/HAI2xm6gCdzbi2SbtacWqV29daqf6YRZlDl+gKXSMH3aE6ekYN1EIYTdA7+kCfxpfxbcyNn2XpjpH1XKA1GL9/p6il1g==</latexit>
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Γ

<latexit sha1_base64="6HhWDKCG1pE2xk5+c95AItZ490A=">AAACKXicbVDLTgIxFO3gC1EUdOlmIiFxYcgMwegSdaFLTHglMCF3SoFK25m0HRMy4R/c6i/4Ne7UrT9iB1jw8CZNTs65j9Pjh4wq7TjfVmpre2d3L72fOTjMHh3n8idNFUQSkwYOWCDbPijCqCANTTUj7VAS4D4jLX98n+itFyIVDURdT0LicRgKOqAYtKGa3QfgHHq5glNyZmVvAncBCmhRtV7eynb7AY44ERozUKrjOqH2YpCaYkammW6kSAh4DEPSMVAAJ8qLZ3andtEwfXsQSPOEtmfs8kQMXKkJ900nBz1S61pC/qd1Ij248WIqwkgTgeeHBhGzdWAnf7f7VBKs2cQAwJIarzYegQSsTUKZ4vKqevn2su56ceIw2bWqykgpCsKLffAJm2ZMgO56XJugWS65ldLVU6VQvVtEmUZn6BxdIBddoyp6RDXUQBg9o1f0ht6tD+vT+rJ+5q0pazFzilbK+v0D26qlbg==</latexit>

Υ

<latexit sha1_base64="5Peft+2yshxjXF48yvr+jL9zZd8=">AAACK3icbVDLTgIxFG3xhaMo6NLNRELiwpAZgtEl6sYlJgyQwIR0SgcaOu2k7ZiQCT/hVn/Br3Glcet/2AEWPLxJk5Nz7uP0BDGjSjvOF8zt7O7tH+QPraPjwslpsXTWViKRmHhYMCG7AVKEUU48TTUj3VgSFAWMdILJY6Z3XohUVPCWnsbEj9CI05BipA3V7XuxokzwQbHsVJ152dvAXYIyWFZzUIKF/lDgJCJcY4aU6rlOrP0USU0xIzOrnygSIzxBI9IzkKOIKD+dG57ZFcMM7VBI87i25+zqRIoipaZRYDojpMdqU8vI/7ReosM7P6U8TjTheHEoTJithZ393h5SSbBmUwMQltR4tfEYSYS1yciqrK5q1e6vW66fZg6zXeuqTJSiiPtpgALCZpYJ0N2Maxu0a1W3Xr15rpcbD8so8+ACXIIr4IJb0ABPoAk8gAEDr+ANvMMP+Am/4c+iNQeXM+dgreDvH/gMpok=</latexit>

Γ

<latexit sha1_base64="6HhWDKCG1pE2xk5+c95AItZ490A=">AAACKXicbVDLTgIxFO3gC1EUdOlmIiFxYcgMwegSdaFLTHglMCF3SoFK25m0HRMy4R/c6i/4Ne7UrT9iB1jw8CZNTs65j9Pjh4wq7TjfVmpre2d3L72fOTjMHh3n8idNFUQSkwYOWCDbPijCqCANTTUj7VAS4D4jLX98n+itFyIVDURdT0LicRgKOqAYtKGa3QfgHHq5glNyZmVvAncBCmhRtV7eynb7AY44ERozUKrjOqH2YpCaYkammW6kSAh4DEPSMVAAJ8qLZ3andtEwfXsQSPOEtmfs8kQMXKkJ900nBz1S61pC/qd1Ij248WIqwkgTgeeHBhGzdWAnf7f7VBKs2cQAwJIarzYegQSsTUKZ4vKqevn2su56ceIw2bWqykgpCsKLffAJm2ZMgO56XJugWS65ldLVU6VQvVtEmUZn6BxdIBddoyp6RDXUQBg9o1f0ht6tD+vT+rJ+5q0pazFzilbK+v0D26qlbg==</latexit>

Γ

<latexit sha1_base64="6HhWDKCG1pE2xk5+c95AItZ490A=">AAACKXicbVDLTgIxFO3gC1EUdOlmIiFxYcgMwegSdaFLTHglMCF3SoFK25m0HRMy4R/c6i/4Ne7UrT9iB1jw8CZNTs65j9Pjh4wq7TjfVmpre2d3L72fOTjMHh3n8idNFUQSkwYOWCDbPijCqCANTTUj7VAS4D4jLX98n+itFyIVDURdT0LicRgKOqAYtKGa3QfgHHq5glNyZmVvAncBCmhRtV7eynb7AY44ERozUKrjOqH2YpCaYkammW6kSAh4DEPSMVAAJ8qLZ3andtEwfXsQSPOEtmfs8kQMXKkJ900nBz1S61pC/qd1Ij248WIqwkgTgeeHBhGzdWAnf7f7VBKs2cQAwJIarzYegQSsTUKZ4vKqevn2su56ceIw2bWqykgpCsKLffAJm2ZMgO56XJugWS65ldLVU6VQvVtEmUZn6BxdIBddoyp6RDXUQBg9o1f0ht6tD+vT+rJ+5q0pazFzilbK+v0D26qlbg==</latexit>

Γ

<latexit sha1_base64="6HhWDKCG1pE2xk5+c95AItZ490A=">AAACKXicbVDLTgIxFO3gC1EUdOlmIiFxYcgMwegSdaFLTHglMCF3SoFK25m0HRMy4R/c6i/4Ne7UrT9iB1jw8CZNTs65j9Pjh4wq7TjfVmpre2d3L72fOTjMHh3n8idNFUQSkwYOWCDbPijCqCANTTUj7VAS4D4jLX98n+itFyIVDURdT0LicRgKOqAYtKGa3QfgHHq5glNyZmVvAncBCmhRtV7eynb7AY44ERozUKrjOqH2YpCaYkammW6kSAh4DEPSMVAAJ8qLZ3andtEwfXsQSPOEtmfs8kQMXKkJ900nBz1S61pC/qd1Ij248WIqwkgTgeeHBhGzdWAnf7f7VBKs2cQAwJIarzYegQSsTUKZ4vKqevn2su56ceIw2bWqykgpCsKLffAJm2ZMgO56XJugWS65ldLVU6VQvVtEmUZn6BxdIBddoyp6RDXUQBg9o1f0ht6tD+vT+rJ+5q0pazFzilbK+v0D26qlbg==</latexit>

Γ

<latexit sha1_base64="6HhWDKCG1pE2xk5+c95AItZ490A=">AAACKXicbVDLTgIxFO3gC1EUdOlmIiFxYcgMwegSdaFLTHglMCF3SoFK25m0HRMy4R/c6i/4Ne7UrT9iB1jw8CZNTs65j9Pjh4wq7TjfVmpre2d3L72fOTjMHh3n8idNFUQSkwYOWCDbPijCqCANTTUj7VAS4D4jLX98n+itFyIVDURdT0LicRgKOqAYtKGa3QfgHHq5glNyZmVvAncBCmhRtV7eynb7AY44ERozUKrjOqH2YpCaYkammW6kSAh4DEPSMVAAJ8qLZ3andtEwfXsQSPOEtmfs8kQMXKkJ900nBz1S61pC/qd1Ij248WIqwkgTgeeHBhGzdWAnf7f7VBKs2cQAwJIarzYegQSsTUKZ4vKqevn2su56ceIw2bWqykgpCsKLffAJm2ZMgO56XJugWS65ldLVU6VQvVtEmUZn6BxdIBddoyp6RDXUQBg9o1f0ht6tD+vT+rJ+5q0pazFzilbK+v0D26qlbg==</latexit>

Γ

<latexit sha1_base64="6HhWDKCG1pE2xk5+c95AItZ490A=">AAACKXicbVDLTgIxFO3gC1EUdOlmIiFxYcgMwegSdaFLTHglMCF3SoFK25m0HRMy4R/c6i/4Ne7UrT9iB1jw8CZNTs65j9Pjh4wq7TjfVmpre2d3L72fOTjMHh3n8idNFUQSkwYOWCDbPijCqCANTTUj7VAS4D4jLX98n+itFyIVDURdT0LicRgKOqAYtKGa3QfgHHq5glNyZmVvAncBCmhRtV7eynb7AY44ERozUKrjOqH2YpCaYkammW6kSAh4DEPSMVAAJ8qLZ3andtEwfXsQSPOEtmfs8kQMXKkJ900nBz1S61pC/qd1Ij248WIqwkgTgeeHBhGzdWAnf7f7VBKs2cQAwJIarzYegQSsTUKZ4vKqevn2su56ceIw2bWqykgpCsKLffAJm2ZMgO56XJugWS65ldLVU6VQvVtEmUZn6BxdIBddoyp6RDXUQBg9o1f0ht6tD+vT+rJ+5q0pazFzilbK+v0D26qlbg==</latexit>

Λ

<latexit sha1_base64="gNhuMDh6c7JY3eG+qFaXv1ygvHg=">AAACKnicbVDLSsNAFJ34rNFqq0s3wVJwISUpFV1W3bhwUaEvaEO5mUzboZNJmJkIJfQj3Oov+DXuils/xEmbRR8eGDicc19zvIhRqWx7buzs7u0fHOaOzOOT/OlZoXjelmEsMGnhkIWi64EkjHLSUlQx0o0EgcBjpONNnlK/80aEpCFvqmlE3ABGnA4pBqWlTv9Fl/owKJTsir2AtU2cjJRQhsagaOT7fojjgHCFGUjZc+xIuQkIRTEjM7MfSxIBnsCI9DTlEBDpJot7Z1ZZK741DIV+XFkLdbUjgUDKaeDpygDUWG56qfif14vV8N5NKI9iRTheLhrGzFKhlX7e8qkgWLGpJoAF1bdaeAwCsNIRmeXVUc3qw03TcZP0wnTWuitiKSlwN/HAI2xm6gCdzbi2SbtacWqV29daqf6YRZlDl+gKXSMH3aE6ekYN1EIYTdA7+kCfxpfxbcyNn2XpjpH1XKA1GL9/p6il1g==</latexit>

Λ

<latexit sha1_base64="gNhuMDh6c7JY3eG+qFaXv1ygvHg=">AAACKnicbVDLSsNAFJ34rNFqq0s3wVJwISUpFV1W3bhwUaEvaEO5mUzboZNJmJkIJfQj3Oov+DXuils/xEmbRR8eGDicc19zvIhRqWx7buzs7u0fHOaOzOOT/OlZoXjelmEsMGnhkIWi64EkjHLSUlQx0o0EgcBjpONNnlK/80aEpCFvqmlE3ABGnA4pBqWlTv9Fl/owKJTsir2AtU2cjJRQhsagaOT7fojjgHCFGUjZc+xIuQkIRTEjM7MfSxIBnsCI9DTlEBDpJot7Z1ZZK741DIV+XFkLdbUjgUDKaeDpygDUWG56qfif14vV8N5NKI9iRTheLhrGzFKhlX7e8qkgWLGpJoAF1bdaeAwCsNIRmeXVUc3qw03TcZP0wnTWuitiKSlwN/HAI2xm6gCdzbi2SbtacWqV29daqf6YRZlDl+gKXSMH3aE6ekYN1EIYTdA7+kCfxpfxbcyNn2XpjpH1XKA1GL9/p6il1g==</latexit>

Λ
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Temporal Relational CrossTransformers (TRX)

80
Perrett et al (2021). Temporal-Relational CrossTransformers for Few-Shot Action Recognition. CVPR

with: Toby Perrett
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Results
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Results

82
Perrett et al (2021). Temporal-Relational CrossTransformers for Few-Shot Action Recognition. CVPR

with: Toby Perrett
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Results

83
Perrett et al (2021). Temporal-Relational CrossTransformers for Few-Shot Action Recognition. CVPR

with: Toby Perrett
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Fine-grained in Video?

84

• Part-of-Speech

• Adverbs

• Semantic Similarity

• Temporal Binding

• Audio Slow-Fast

• Multi-modal UDA

• Retro-Actions

• Few-Shot TRX

• Skill 
determination

• Action 
Completion

How 
well?

Dual

Vision + 
Language

Audio-
Visual
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What is a Cross-Modal Video Retrieval?

85

Video

Text
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What is a Cross-Modal Video Retrieval?

86

Video-to-Text Retrieval Task

Q

Ranked Text – Gallery (or Retrieval Set)

put garlic down

Text-to-Video Retrieval Task

Q

Ranked Video – Gallery (or Retrieval Set)
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87
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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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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Gabriela Csurka
Diane LarlusFine-Grained Action Retrieval



Dima Damen

January 2, 2022

91
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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Fine-grained in Video?

92

• Part-of-Speech

• Adverbs

• Semantic Similarity

• Temporal Binding

• Audio Slow-Fast

• Multi-modal UDA

• Retro-Actions

• Few-Shot TRX

• Skill 
determination

• Action 
Completion

How 
well?

Dual

Vision + 
Language
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Visual
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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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with: Hazel Doughty

Ivan Laptev
Walterio Mayol-CuevasAction Modifiers: Learning from Adverbs
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Ivan Laptev
Walterio Mayol-CuevasAction Modifiers: Learning from Adverbs
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Fine-grained in Video?

96

• Part-of-Speech

• Adverbs

• Semantic Similarity

• Temporal Binding

• Audio Slow-Fast

• Multi-modal UDA

• Retro-Actions

• Few-Shot TRX

• Skill 
determination

• Action 
Completion

How 
well?

Dual

Vision + 
Language

Audio-
Visual
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M Wray et al (2021). On Semantic Similarity in Video Retrieval. Computer Vision and Pattern Recognition (CVPR)

with: Michael Wray

Hazel DoughtyOn Semantic Similarity in Video Retrieval

● Which of these captions correspond to the following video?

A band is performing for the crowd

A man is peeling fruit carefully and neatly.

A girl is sitting in a chair

Add prawns to the pan and mix
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M Wray et al (2021). On Semantic Similarity in Video Retrieval. Computer Vision and Pattern Recognition (CVPR)

with: Michael Wray

Hazel DoughtyOn Semantic Similarity in Video Retrieval

● Which of these captions correspond to the following video?

A man performing an Origami tutorial

A demonstration in Origami

A guy explains the steps of folding paper

A man folding a piece of paper into a 

paper airplane
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99
M Wray et al (2021). On Semantic Similarity in Video Retrieval. Computer Vision and Pattern Recognition (CVPR)

with: Michael Wray

Hazel DoughtyOn Semantic Similarity in Video Retrieval

● Previous methods have made the following assumption

○ “There exists only one corresponding caption for a given video and vice versa”

YouCook2

MSR-VTT

EPIC-KITCHENS
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100
M Wray et al (2021). On Semantic Similarity in Video Retrieval. Computer Vision and Pattern Recognition (CVPR)

with: Michael Wray

Hazel DoughtyOn Semantic Similarity in Video Retrieval

● Want to relate two items 

semantically.

● Assume that a caption sufficiently 

describes a video.

● Define a proxy function that relates 

captions

A band is 
performing 

for a crowd

Two men 
competing in 

a ping pong 

match

?

𝑆 𝑥!, 𝑦" = 𝑆′ 𝑦!, 𝑦"
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M Wray et al (2021). On Semantic Similarity in Video Retrieval. Computer Vision and Pattern Recognition (CVPR)

with: Michael Wray

Hazel DoughtyOn Semantic Similarity in Video Retrieval

● When evaluating with a single caption, the correct caption can be arbitrary.

Peel and chop the potatoesPeel and cut up the potato

Peel the potatoes and cut them

Peel the potatoes and cut 
them into halves

Query Video

Caption 
Rankings
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M Wray et al (2021). On Semantic Similarity in Video Retrieval. Computer Vision and Pattern Recognition (CVPR)

with: Michael Wray

Hazel DoughtyOn Semantic Similarity in Video Retrieval

MoEE: Antoine Miech, Ivan Laptev, and Josef Sivic. Learning a text-video embedding from incomplete and heterogeneous data. CoRR, abs/1804.02516, 2018
CE: Yang Liu, Samuel Albanie, Arsha Nagrani, and Andrew Zisserman. Use what you have: Video retrieval using representations from collaborative experts. In BMVC, 2019

JPoSE: Michael Wray, Diane Larlus, Gabriela Csurka, and Dima Damen. Fine-grained action retrieval through multiple parts of-speech embeddings. In ICCV, 2019
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M Wray et al (2021). On Semantic Similarity in Video Retrieval. Computer Vision and Pattern Recognition (CVPR)

with: Michael Wray

Hazel DoughtyOn Semantic Similarity in Video Retrieval

● We instead, propose to use normalised Discounted Cumulative Gain to evaluate 

multiple items with differing relevance.
Peel the potatoes and cut them

Caption 
Rankings

1.0

0.0

Peel and chop the potatoesPeel and cut up the potato

Peel the potatoes and cut 
them into halves

Query Video
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M Wray et al (2021). On Semantic Similarity in Video Retrieval. Computer Vision and Pattern Recognition (CVPR)

with: Michael Wray

Hazel DoughtyOn Semantic Similarity in Video Retrieval

● Whilst models outperform the MLP baseline (MME) for Instance Video Retrieval, 

this isn’t the case when Semantic Similarity is used.
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VU - An Egocentric Perspective

105

• Part-of-Speech

• Adverbs

• Semantic Similarity

• Temporal Binding

• Audio Slow-Fast

• Multi-modal UDA

• Retro-Actions

• Few-Shot TRX

• Skill 
determination

• Action 
Completion

How 
well?

Dual

Vision + 
Language

Audio-
Visual
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● The magic of audio-visual understanding…

Why do we need audio?

106
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● The magic of audio-visual understanding…

Why do we need audio?
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Harmonic vs Percussive

110
E Kazakos, A Nagrani, A Zisserman, D Damen (2021). Slow-Fast Auditory Streams For Audio Recognition. ICASSP

with: Vangelis Kazakos

Arsha Nagrani
Andrew Zisserman

Harmonic Sounds Percussive Sounds
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Harmonic vs Percussive

111
E Kazakos, A Nagrani, A Zisserman, D Damen (2021). Slow-Fast Auditory Streams For Audio Recognition. ICASSP

with: Vangelis Kazakos

Arsha Nagrani
Andrew Zisserman

Harmonic Sounds Percussive Sounds

V
G

G
-S

o
u
n
d



Dima Damen

January 2, 2022

Auditory Slow-Fast

Outstanding Paper Award – ICASSP 2021

112
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● Strong evidence in neuroscience about ventral-dorsal streams in human 

auditory system

o Some works suggest that ventral has high spectral resolution, while dorsal has high temporal 

resolution and operates at a higher sampling rate

113
E Kazakos, A Nagrani, A Zisserman, D Damen (2021). Slow-Fast Auditory Streams For Audio Recognition. ICASSP

with: Vangelis Kazakos

Arsha Nagrani
Andrew ZissermanHarmonic vs Percussive
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Harmonic vs Percussive

114
E Kazakos, A Nagrani, A Zisserman, D Damen (2021). Slow-Fast Auditory Streams For Audio Recognition. ICASSP

with: Vangelis Kazakos

Arsha Nagrani
Andrew Zisserman
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Audio Slow-Fast

115
E Kazakos, A Nagrani, A Zisserman, D Damen (2021). Slow-Fast Auditory Streams For Audio Recognition. ICASSP

with: Vangelis Kazakos

Arsha Nagrani
Andrew Zisserman

• Slow has low temporal precision and large amount of channels
• Fast has fewer channels but high temporal resolution

• Multi-level lateral connections
• Separable convolutions



Dima Damen

January 2, 2022

Audio Slow-Fast

116
E Kazakos, A Nagrani, A Zisserman, D Damen (2021). Slow-Fast Auditory Streams For Audio Recognition. ICASSP

with: Vangelis Kazakos

Arsha Nagrani
Andrew Zisserman

Top-1 Accuracy (%)

Split Model Verb Noun Action # Param.

T
e
s
t Damen et al. [1] 42.12 21.51 14.76 10.67M

Slow-Fast (Proposed) 46.47 22.77 15.44 26.88M

Model Top-1 Top-5

Chen et al. [2] 51.00 76.40
McDonnell & Gao [3] 39.74 71.65
Slow 45.20 72.53
Fast 41.44 70.68
Slow-Fast (Proposed) 52.46 78.12
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Audio Slow-Fast
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E Kazakos, A Nagrani, A Zisserman, D Damen (2021). Slow-Fast Auditory Streams For Audio Recognition. ICASSP

with: Vangelis Kazakos

Arsha Nagrani
Andrew Zisserman
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Audio Slow-Fast
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E Kazakos, A Nagrani, A Zisserman, D Damen (2021). Slow-Fast Auditory Streams For Audio Recognition. ICASSP

with: Vangelis Kazakos

Arsha Nagrani
Andrew Zisserman
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Audio Slow-Fast

119
E Kazakos, A Nagrani, A Zisserman, D Damen (2021). Slow-Fast Auditory Streams For Audio Recognition. ICASSP

with: Vangelis Kazakos

Arsha Nagrani
Andrew Zisserman
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Audio Slow-Fast

120
E Kazakos, A Nagrani, A Zisserman, D Damen (2021). Slow-Fast Auditory Streams For Audio Recognition. ICASSP

with: Vangelis Kazakos

Arsha Nagrani
Andrew Zisserman

● Project webpage: https://ekazakos.github.io/auditoryslowfast/

● Code & models: https://github.com/ekazakos/auditory-slow-fast
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VU - An Egocentric Perspective

121

How 
well?

Dual

Vision + 
Language

Audio-
Visual

Explainable?
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122
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

Expected output 

(Prior probability for 

classification model)



Dima Damen

January 2, 2022

124
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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with: Will PriceFrame Attributions in Video Models
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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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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 Price
Tom StarkFrame 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 Price
Tom StarkFrame Attributions in Video Models
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Is there enough data??
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Coming soon… Ego4D Dataset

> 3400 hours of Egocentric Data



Dima Damen

January 2, 2022

Ego4D

137

with: Kristen Grauman
+83 authors

K Grauman et al (2021). Around the World in 3,000 Hours of Egocentric Video. ArXiv

EPIC
@
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Ego4D Narrations

● Inspired by the EPIC-KITCHENS narrations

● Narrators are provided the following prompt: “Pretend as you watch this video 

that you are also talking to a friend on the phone, and you need to describe to 

your friend everything that is happening in the video. Your friend cannot see 

the video.” 

138

with: Kristen Grauman
+83 authors

K Grauman et al (2021). Around the World in 3,000 Hours of Egocentric Video. ArXiv
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Ego4D Narrations
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with: Kristen Grauman
+83 authors

K Grauman et al (2021). Around the World in 3,000 Hours of Egocentric Video. ArXiv
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Ego4D Narrations
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Ego4D Dataset
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More?
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with: Kristen Grauman
+83 authors

K Grauman et al (2021). Around the World in 3,000 Hours of Egocentric Video. ArXiv
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Conclusion

● Video Understanding goals depend on the video source.

● Egocentric videos offer unscripted footage with plenty of potential

● The value of audio and language cannot be underestimated.

● Frame attribution methods can offer new insights into next steps…

● Large-scale Egocentric Vision is here (EPIC-KITCHENS)

● Massive-scale Egocentric Vision is on the way (Ego4D)

143
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The Team
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2017 2018 2019

2020 2021
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Thank you

145

For further info, datasets, code, publications…

http://dimadamen.github.io

@dimadamen

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

Q&A


