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The current paradigm of Computer Vision Research
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The current paradigm of Computer Vision Research

Let’s choose a
dataset!
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In this talk....on Video Understanding

Dataset

Tasks

and
Methods
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Part |: Collecting a Dataset
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Our dataset is made up of... videos
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The history of

Edited

Remote camera
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The history of

Figure 1. Examples of two action classes (drinking and smoking)
from the movie “Coffee and Cigarettes”. Note the high within- Laptev and Perez (2007)
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The history of

Edited

Movies

Remote camera

CCTV
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The history of

BAK University of Damen and Hogg (2009). Recognizing linked events: Searching the
BRISTOL space of feasible explanations. CVPR July 26, 2024
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The history of

two stitches on two
and we’'ll slip stitch

two stitches on two
and we'll slip stitch

G AR NANS A NS A

Templated,
Multilingual Domain
Queries:

“Morning routine”,
“realistic  ditl 20157,
“mijn realistische
routine”, “Ma routine
d'apres-midi”, ...

216K Video Candidates (2.5 Years)
Low Video-level Purity

by skipping the first
three stitches

Egocentric

unscripted

SuLcI anua just guing

YouTube

Videos

NOEING OR KAYAKING

to Mariel all the way jedqdited \ 4
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The history of Video Understanding

TV

VLOGs

YouTube
Videos

unscripted CCTV
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Video Understanding

Speech/Plot

Edits/Shots

Assistance
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The Egocentric Perspective
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Data Collection Exercises

CPIC e EG&)C)

2017 - now 2020 - now
100 hours 6730 hours
45 kitchens 923 participants
4 countries 74 locations
Long-term recording 9 countries

Short-term recording
All daily activities

Kitchen-based activities

&
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Data Collection Exercises

EGO-EXO4D 2024 — [coming]

2022 - now [new recordings]

Released Dec 2023
1422 hours

8 skilled activities
839 camera wearers
Ego-Exo recordings
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4 D with: Kristen Grauman

EgO-EXO +102 authors
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e o e S R " ~ with: Kristen Grauman
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- with: Kristen Grauman

EgO'EXO4D I v . \ +102 authors
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Scenario:
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E G o EX 0 4D over your mouse over scene cameras above to see a ple video for the chosen

A diverse, large-scale multi-modal, multi-view, video dataset and benchmark collected across 13 cities worldwide by 839 camera wearers, capturing 1422 hours of video of
skilled human activities.

Learn More | Watch Video / Start Here /






If you were to do research in
video understanding, which

video type(s) would you
explore? Why?
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The history of

Edited

Remote camera

YouTube
Videos
Egocentric -

unscripted CCTV
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sli.do

Joining as a participant? #3639 120 Q
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ImageNet Dataset
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A. List of Kinetics Human Action Classes

L ] L]
KI n etl CS D a ta S et This is the list of classes included in the human action
video dataset. The number of clips for each action class is

given by the number in brackets following each class name.

abseiling (1146)
. air drumming (1132)
. answering questions (478)

. applauding (411)

. applying cream (478)
. archery (1147)
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Kinetics Dataset. .-

B

Bax

A. List of Kinetics Human Action Classes

This is the list of classes included in the human action
video dataset. The number of clips for each action class is
given by the number in brackets following each class name.

e e

O 90 5N @y Gy s A ROe ke

C]'EI T
. baby waking up (6 ~ |
|y )({

. baking cookies (927) ‘f = ,
_ &) o &
. balloon blowing (826) A JJ /-l
. bandaging (569) wl@)n Dima D -
. ima Damen
. barbequing (1070) ~[;/ July 26, 2024

abseiling (1146)

air drumming (1132) Statistics: The dataset has 400 human action classes, with
answering questions (475) 400-1150 clips for each action, each from a unique video.
zﬁii‘::c‘::;z . Each clip lasts around 10s. The current version has 306,245
archery (114 videos, and is divided into three splits, one for training hav-
arm wrestljg (1123 ing 250-1000 videos per class, one for validation with 50

arranging/flg 183)
assemblj g\)r ~0
auctionimg(478) f @
N~

rdeos per class and one for testing with 100 videos per
cstatistics are given in table 2.




Machine’Learning in Practice

e Autonomous Driving...

Welcome to the KITTI Vision Benchmark Suite!

We take advantage of our autonomous driving platform Annieway to develop novel challenging 3607 Velodyne Laserscanner
real-world computer vision benchmarks. Our tasks of interest are: stereo, optical flow, visual

odometry, 3D object detection and 3D tracking. For this purpose, we equipped a standard station
wagon with two high-resolution color and grayscale video cameras. Accurate ground truth is
provided by a Velodyne laser scanner and a GPS localization system. Our datsets are captured by
driving around the mid-size city of Karlsruhe, in rural areas and on highways. Up to 15 cars and
30 pedestrians are visible per image. Besides providing all data in raw format, we extract
benchmarks for each task. For each of our benchmarks, we also provide an evaluation metric and
this evaluation website. Preliminary experiments show that methods ranking high on established
benchmarks such as Middlebury perform below average when being moved outside the laboratory
to the real world. Our goal is to reduce this bias and complement existing benchmarks by
providing real-world benchmarks with novel difficulties to the community.

To get started, grab a cup of your favorite beverage and watch our video trailer (5 minutes):

stereo flow sceneflow depth odometry object tracking road semantics raw data

- o
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Machine’Learning in Practice

biect P -

Let’s collect Data!

EPIC
KITCHENS-100
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The EPIC-KITCHENS Dataset
g @

Giovanni M. Farinella Sanja Fidler Antonino Furnari Evangelos Kazakos

Dima Damen Hazel Doughty

Jian Ma Davide Moltisanti Jonathan Munro Toby Perrett Will Price Michael Wray
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EPIC-KITCHENS
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Scaling and Rescaling Egocentric Vision

o Head-Mounted Go-Pro,
adjustable mounting

o Recording starts immmediately
before entering the kitchen

o Only stopped before leaving the
Kitchen
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EPIC-KITCHENS
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ERIC-KITCHENS

% [ University of
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Epic Narrator o

File Select microphone ettings Ifo Recordings
00:26:21.604 @
00:26:24.099 L @
00:26:40.849 @
00:26:42.101 ! @
00:26:43.851 @
00:26:47.851 L @
00:26:49.351 &
00:26:51.852 ! @
00:26:54.601 @
00:26:56.099 L @
00:27:05.878 B @
00:27:07.111 !
Playbackspeed @ 0.50 1 0.75 ( /1.00 ( 11.50 () 2.00 REWEEG M EGR G 00:27:24.601 / 00:35:20.362 00:27:08.359 @
USRI NM NN EMED WAND (O RN NP MURR VRIPRRUUIEN WERR WD N W BN D IW DENOWO Y WSRO SRR FIREER N 00:27:09.361 [ @
00:27:11.351 [ @

K [ @ )

00:27:19.599 | &
Microphone level 00:27:21.349 @
Output path /audio _ &

Video path /videos/asdf.MP4
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ERIC-KITCHENS and Ege4D

Store
Lay-down open vocab  lay-down stovetop
Place Rest-on J J

closed vocab put hob
stove burner l J
hob |
stovetop ~ 9as category leave appliance
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ith: Krj.stégﬁ Grauman
+83 authors

EQRDweY > &7 @5 5. X
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Narratlon #C C scraps off wood filler from one putty knife with the other putty knife
C: camera wearer 1_&0 C picks up another putty knife from the white board

13.2 sentences/min
3.8 M sentences

1,772 verbs

i hotd.drop.
4,336 nouns

Card —cloth: :
bo%tleha n 5'

PAPET
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Data Collection Exercise

Labels
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Pascal VOC
ImageNet

Kinetics
Something-Something

e =

S /

EPIC-KITCHENS
Ego4D

KITTI

Data
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The chicken or the eqgg...

Data @

Naturally unbalanced
Harder to label (exposes ambiguity)
Closer to application

Multiple tasks

% [ University of
BRISTOL

Labels O

Unnaturally balanced (or nearly)
Easier to label (hides ambiguity)
Can be expanded

Single task
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Data Collection Exercise

What should come first? Labels or Data

O — \@

Labels Data
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sli.do

Joining as a participant? #3639 120 Q
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Part Il: Labelling a Dataset
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What type of labels can we provide?

o« Temporal labels — Strong vs. Weak labels

e Semantic labels — Open-vocab. vs Closed-vocabulary
e Ranking labels — video-to-video comparisons

o Pixel-level labels — segmentation labels

(&
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What type of labels can we provide?

B
oy,

o« Temporal labels — Strong vs. Weak labels

e Semantic labels — Open-vocab. vs Closed-vocabulary
e Ranking labels — video-to-video comparisons

o Pixel-level labels — segmentation labels

(@
z
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Action Recognition Challenge

Given a trimmed action segment:

(tstart y tstop)
classify the action within.

Yyern — OPEN

yIlOUIl — oven

Yaction — (open, oven)
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» o N Ca with: Davide Moltisanti

@

Inconsistencies of temporal bounds across datasets for the same action

BEOID: take cup
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» A5 NV < o : with: Davide Moltisanti

@

GTEA Gaze+
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with: Davide Moltisanti
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with: Davide Moltisanti

The Rubicon Boundaries

e [A] There are two stages of an action, separated by three boundary points
o Pre-action stage:

o Action stage:

initiate motion Point of no return Goal completed

[A] P. M. Gollwitzer (1990). Action phases and mind-sets. Handbook of motivation and cognition.

Bl University of D Moltisanti et al (2017). Trespassing the Boundaries: Labeling Temporal Bounds for Object Dima Damen 66
BRISTOL Interactions in Egocentric Video. International Conference on Computer Vision (ICCV). July 26. 2024
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with: Davide Moltisanti

The Rubicon Boundaries ~

Cut pepper (GTEA Gaze+)
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with: Davide Moltisanti

The Rubicon Boundaries » o

Rubicon Boundaries

Now we show some object interactions segmented

by multiple annotators using conventional labeling,

along with the same actions labeled by different annotators
following the Rubicon Boundaries (ref. Figure 3).
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with: Davide Moltisanti

The Rubicon Boundaries

—Conventional annotations — RB annotations . MTurk |
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The power of temporal labels

start

(&
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Other approachesto tempeoral boundaries

e Start-and-end times
o Inconsistent
o Consistent
e Fixed segment lengths
o Kinetics Dataset -- 10 seconds videos
o Moments in Time Dataset — 3 seconds videos
e No temporal annotations
o Charades Dataset — Video-Level supervision (3-4 actions per video)
e Single-timestamp supervision

% [ University of Dima Damen 71
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Scaling and Rescaling Egocentric Vision
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Scaling and Rescaling Egocentric Vision

Narrations
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with: Davide Moltisanti

Narrations

Learning from a Single Timestamp

press take pick-up put SCoop pour
button cup jar jar Spoon spoon

VAR R 2 B dbs 52 2

cihddan fumimnnaan

Bl University of D Moltisanti et al (2019). Action Recognition from Single Timestamp Supervision in Dima Damen 74
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with: Davide Moltisanti

Learning from a Single Timestamp
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with: Davide Moltisanti

Learning from a Single Timestamp U sinare

i) EPIC Kitchens (success)

take_glass move_bottle

~HE

epoch: 84

Eﬂi’é University of Dima Damen 76
. BRISTOL July 26, 2024



with: Davide Moltisanti

Learning from a Single Timestamp U sinare

i) EPIC Kitchens (success)

take_glass move_bottle

~HE

epoch: 84
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with: Davide Moltisanti

Learning from a Single Timestamp U sinare

i) EPIC Kitchens (success)

take_glass move_bottle

~HE

epoch: 84
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with: Davide Moltisanti

Learning from a Single Timestamp U sinare

i) EPIC Kitchens (success)

take_glass move_bottle

~HE

epoch: 84
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Learning from a Narration' Timestamps

e Miech et al (2019). HowTo100M: Learning a Text-Video Embedding by
Watching Hundred Million Narrated Video Clips

S - b o

Vs A

| network

= | network
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ith: Kri té;n:'Grauman
+83 authors

Ego4D

#C C picks trowel

#C C opens the decoration #C C walks out

#C C places the pen on
balls box

tho canvas paper
e \ 2. \

3

#C C tightens the knob of #C C chops the cucumber
a lawn mower A J ,S 2

r o>

#C C picks water bottle #C C rolls the rope
Y o

§ o
!

N P 2l e / A .

i#C C folds pizza box #C C wipes his hands with #C C moves the soil.
hlS trousers ' .

#C C throws the coconut.

'///aﬁﬁ

#CC throws a ball

#C C fixes the pipe in
the cable pass

#0 person E uses phone #0 A man X looks at the #X person o shows the tin #0O Ladv Y mB\ /es meat in erson A drops the
e cellmg to the child a bowl cha in the dust bi
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with: Will Price

Reversing Time
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This CVPR2014 paper is the Open Access version, provided by the Computer Vision Foundation.
The authoritative version of this paper is available in IEEE Xplore.

Seeing the Arrow of Time

Lyndsey C. Pickup'! Zheng Pan? Donglai Wei? YiChang Shih® Changshui Zhang?
Andrew Zisserman' Bernhard Scholkopf* William T. Freeman®
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- Will Price

Reversing Time

.

moving [part] of [something]

INVARIANT

a0t

moving [part] of [soming]

y \

I\

], revealing [somethingl behind

2

removing [something

|_
=
<
<
=
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o
(18]

L
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wn
o
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=
w
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o
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" e . W Price, D Damen (2019). Retro-Actions: Learning ‘Close’ by Time-Reversing ‘Open’ Videos. ICCV MDALC Worksho .
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Reversing Time

with: Will Price

23 } - ]

Moving _and _ so they pass each other

Swipe
% [ University of
BRISTOL

Trying to bend _

Take one of many
similar things on the
table

unbendable

Put something similar

to other things already
on the table

Camera «

Removing _

revealing _
behind

Roll hand
forward

Camera —

Putting _in
front of _

Roll hand
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with: Will Price

Reversing Time
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with: Will Price

Reversing Time

Approaching something with your camera

Moving away from something with your camera

Burying something in something

Digging something out of something

Covering something with something

Uncovering something

Moving something and something closer to each other
Moving something and something away from each other
Moving something away from something

Moving something closer to something

Moving something away from the camera

Moving something towards the camera

Moving something up

Movi(njg something down

pening something

Many-shot Closing something
Zero-shot Pushing something from left to right
Pulling something from right to left

Pushing something from right to left

Pulling something from left to right

Putting something behind something

Pulling something from behind of something

Putting something into something

Pulling something out of something

Removing something, revealing something behind

Putting something in front of something

Taking one of many similar things on the table

Putting something similar to other things that are already on the table
Turning the camera downwards while filming something
Tumir}g the camera upwards while filming something
urming the camera left while filming something

Turning the camera right while filming som%hing

ther

o0®
>
E
o
¥ EEEET  EEEEEEE W

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

Reversing Time

Now, results from a model supervised by
time-reversal example synthesis

Bl University of Dima Damen 89
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with: Vangelis Kazakos Jaesung Huh

MUIti-mOdaI Iearning .9, Arsha Nagrani. Jacob Chalk

Andrew Zisserman

e The magic of audio-visual
understanding...

e Object-Object
interactions
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with: Vangelis Kazakos Jaesung Huh

MUIti-mOdaI Iearning .9, Arsha Nagrani. Jacob Chalk

Andrew Zisserman

e The magic of audio-visual
understanding...

e Object-Object
interactions

e Material sounds

% [ University of
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with: Vangelis Kazakos Jaesung Huh

MUIti-mOdaI Iearning .9, Arsha Nagrani. Jacob Chalk

Andrew Zisserman

e The magic of audio-visual
understanding...

e Object-Object
interactions

e Material sounds

e Sound-emitting
objects

University of Dima Damen
BRISTOL July 26, 2024




1 1 with: Jaesung Huh* & Jacob Chalk*
M Otlvatl O n Vangelis Kazakos Andrew Zisserman

Video

Audio
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1 1 with: Jaesung Huh* & Jacob Chalk*
M Otlvatl O n Vangelis Kazakos Andrew Zisserman

Video

Close bin Close bag Wash carrot Wash tomato Take knife Cut tomato

Audio * pr
% [ University of Dima Damen
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1 1 with: Jaesung Huh* & Jacob Chalk*
M Otlvatl O n Vangelis Kazakos Andrew Zisserman

Video

Close bin Close bag Take knife Cut tomato

Audio 10»——}»'“ |
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1 1 with: Jaesung Huh* & Jacob Chalk*
M Otlvatl O n Vangelis Kazakos Andrew Zisserman

Video

Close bag Wash carrot Wash tomato Take knife Cut tomato
| in

Audio [l

23
——
—3—
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1 1 with: Jaesung Huh* & Jacob Chalk*
M Otlvatl O n Vangelis Kazakos Andrew Zisserman

Video

Wash carrot Wash tomato Take knife Cut tomato
| || 1 .

Close bin Close bag

Audio

23
——
—3—
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1 1 with: Jaesung Huh* & Jacob Chalk*
M Otlvatl O n Vangelis Kazakos Andrew Zisserman

Video
Close bin Close bag Wash carrot Wash tomato ; Cut tomato
. .
Audio
Bl University of Dima Damen
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1 1 with: Jaesung Huh* & Jacob Chalk*
M Otlvatl O n Vangelis Kazakos Andrew Zisserman

Video

Wash carrot Wash tomato ife Cut tomato

Close bin Close bag

Audio

,é University of , _ Dima Damen
BRISTOL J Huh*, J Chalk* E Kazakos, D Damen, A Zisserman (2023). EPIC-Sounds: A Large-scale Dataset of Actions That Sound. ICASSP July 26, 2024




1 1 with: Jaesung Huh* & Jacob Chalk*
M Otlvatl O n Vangelis Kazakos Andrew Zisserman

Video
Audio
Open/close Sniffing Footsteps Metal Metal
Audio
labels
Rustle Tap running Cut food
University of Dima Damen
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1 1 with: Jaesung Huh* & Jacob Chalk*
M Otlvatl O n Vangelis Kazakos Andrew Zisserman

Video

Close bin Close bag Wash carrot Wash tomato Take knife Cut tomato

Visual
labels

Open/close Sniffing Footsteps

Audio
labels

Rustle Tap running Cut food

Audio
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EPIC-SOUNDS with: Jaesung Huh® & Jacob Chalk*
c Vangelis Kazakos Andrew Zisserman

EPIC-KITCHENS VIDEOS
100 hours
45 kitchens

EPIC-Sounds

isual Action A '
Visual Action Annotations Audio-Based Annotations

90K visual actions
97 verb classes
300 noun classes

79K categorised audio events
44 sound categories
39K uncategorised events

& iversity of '
Eri{/féii—‘)gl, J Huh*, J Chalk* E Kazakos, D Damen, A Zisserman (2023). EPIC-Sounds: A Large-scale Dataset of Actions That Sound. ICASSP ?l::;zg,azrg;z







EPIC-SOU

NDS

with: Jaesung Huh* &.Jacob Chalk*
Vangelis Kazakos Andrew Zisserman

B Train: #60055 (76.6%)

Audio Class

100 80 60 40 20
E % of class

23 BRISTOL

I Val: #8035 (10.3%)

C: metal-only
scrub / scrape
cut / chop
open / close
rustle
water
C: plastic-only
stir
footstep
slide object
C: metal / wood
C: metal / plastic
C: metal / ceramic
background
C: ceramic-only
beep
click
C: metal / glass
C: paper-only
pour
C: glass-only
C: wood-only
C: plastic / paper
C: metal / paper
human
C: metal / cloth
sizzling / boiling
C: plastic / ceramic
C: plastic / wood
C: metal / marble
C: ceramic / glass
C: plastic / marble

lastic / glass
kettle / appliance
C: ceramic / wood
kneading
C: cloth-only
C: ceramic / marble
C: glass / marble
C: wood / glass
hoover / fan
spray
zip
drink

B Test: #10276 (13.1%)

|56

140

12031
11843

1181
6332
6056
5121 /
ELEL] \ 4
3559 o Y
231 crub / scrap

: glass-only

e
¢ plastic-marble

131 ‘x

: plastl -wood
Sizzling

A

Appliance C: plastic-glass

10!

10

10° 10°

Number of annotations (Log Scale)

July 26, 2024




. 3 1 with: Jaesung Huh* &.Jacob Chalk*
An n Otatl O n S PI pel I n e Vangelis Kazakos Andrew Zisserman

e \We annotate all the distinctive sound events which consist of temporal
intervals using free-form sound descriptions.
e Using VGG Image annotator tool

VIA Demo Video Annotation  [1] PO1_11/001.mp4 viseach | ¢ > @ @ (i Bt (] m O O ON O v. ° a Q
<600 =0

v 00:00:00.000

T
T T

Annotation v |

Event

Bl Universiy of J Huh*, J Chalk* E Kazakos, D D AZi (2023). EPIC-Sounds: A L le Dataset of Actions That Sound. ICAssp ima Damen
§ . - . - .
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with: Jaesung Huh* &.Jacob Chalk*

POSt P rO CeSSI n g Vangelis Kazakos Andrew Zisserman

* From free-form descriptions to categories

beep

buzzer beep

alarm

scrub/scrape

scrub scour

scrape wipe

University of Dima Damen
BRISTOL July 26, 2024




11 with: Jaesung Huh* & Jacob Chalk*
COI I IS I O n SO U n d S Vangelis Kazakos Andrew Zisserman

e For collision sounds, we annotate the materials of the objects that colliding.
e Materials example

| g i |
/ ! = 7/
Ceramic Cloth Metal Plastic Glass
% [ University of Dima Damen

BRISTOL J Huh*, J Chalk* E Kazakos, D Damen, A Zisserman (2023). EPIC-Sounds: A Large-scale Dataset of Actions That Sound. ICASSP July 26, 2024




with: Jaesung Huh* &.Jacob Chalk*

POSt P ro CeSSi n g Vangelis Kazakos Andrew Zisserman

» Manual check on validation / test set » We use the overlaps between audio and
visual segments for reviewing train set.

» 0:01/0:01

Close bin Cut tomato

The sound is annotated The sound is annotated as: rustle
as: metal-only collision | [—Is this sound label correct? | Vv

_Is this sound label Ovyes
correct? ®
no

Oyes
®no

—If not, is there a right label in here? — | A:

@ scrub / scrape

P
® Swt;rte, Open/ close Cut food

® wood-only ® can't tell
collision . |
® glass / marble
collision
® plastic / wood
collision
® can't tell

If you selected 'can't tell', co

\] a (0] e A e O . . . l l
BRIS O u 5 a Za S, a 5 ISS a u S a SCa atas Cll S a u |y 26 202

_Ifnot, istherea
right label in here?
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What type of labels can we provide?

B
oy,

o« Temporal labels — Strong vs. Weak labels

e Semantic labels — Open-vocab. vs Closed-vocabulary
e Ranking labels — video-to-video comparisons

o Pixel-level labels — segmentation labels

(@
z
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Verb?

Noun?

Bl University of Dima Damen 114
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sli.do

Joining as a participant? #3639 120 Q
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Verbs:
add
pour
sprinkle
salt
season

Dima Damen 116
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Nouns:

salt

sea salt
seasoning
salt granules
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sprinkle salt

season meat

Bl University of Dima Damen 118
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Think of an example of an

opening action
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with: Michael Wray
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with: Michael Wray
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with: Michael Wray
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with: Michael Wray
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with: Michael Wray
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with: Michael Wray
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with: Michael Wray

Towards an unequivocal rep. of actions

e Action representations using a single verb is highly-ambiguous
o Solution1: pre-selected non-overlapping verbs (SL)
= run, walk, open, close
o Solution2: Using nouns to disambiguate actions (V-N)
= open-drawer, open-bottle, open-fridge
s actions constrained to known nouns
o Solution3: Multi-verb labels (ML, SAML)
= open, hold, pull

Bl University of Dima Damen 126
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with: Michael Wray

Towards an unequivocal rep. of actions

e Collected from AMT ! ! ! W E
3T 3083223
o g a k= 8’ O
SL ML SAML
e Majority Vote. e Threshold of 0.5. e Full Annotation.
e One-hot vector. e Binary Vector e Continuous Vector.

/ IIII flnns.._
T — T 0O [ o — - = T 2O C
Jh_.g—mmgmg 5'—‘”29'53:3 DEg—mmgmm
e 2xlErR&S p " brsgFm8e @& 2xfaeEg8
- o O O o = o T 00 = G O O
Bl University of Dima Damen 127
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with: Michael Wray

Towards an unequivocal rep. of actions

Top 3 retrieved classes across all datasets.

Turn On/Off
Press

Turn On/Off
Press

Labelling Method can differentiate turn On/Off tap by
pressing and by rotating.

&Vé University of Dima Damen 128
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What type of labels can we provide?

B
oy,

o« Temporal labels — Strong vs. Weak labels

e Semantic labels — Open-vocab. vs Closed-vocabulary
o Ranking labels — video-to-video comparisons

o Pixel-level labels — segmentation labels

(@
z
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Quality of Actions:..

Balance Beam (B) Floor Exercise (FX)

"Lower Feet"

"Stretch Hands"

Quality of Action: 86.5 / 100

Pirsiavash et al, ECCV 2014 Shao et al, CVPR 2020

University of Dima Damen 131
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with: Hazel Doughty

QU al |ty of Actions:.. Walterio Mayol-Cuevas

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

Dima Damen 132
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with: Hazel Doughty

Skill determination invideo WiRp Mayor el

Pairwise annotations of videos, indicating higher skill or no
skill preference

Vé University of H Doughty, W Mayol-Cuevas, D Damen (2019). The Pros and Cons: Rank-aware Temporal Attention for Skill Dima Damen 133
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What type of labels can we provide?

B
oy,

o« Temporal labels — Strong vs. Weak labels

e Semantic labels — Open-vocab. vs Closed-vocabulary
e Ranking labels — video-to-video comparisons

o Pixel-level labels — segmentation labels

(@
z
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EPIC-KITCHENS VISOR ¢ ™" lumion ar. Rishare Higgins, Dovid Founey. Sanja Fder
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with: Ahmad Darkhalil, Dandan Shan, Bin Zhu, Jian Ma,

Amlan Kar, Richard Higgins, David Fouhey, Sanja Fidler
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Depth O : peeler
Depth -1 : drawer




EPIC-KITCHENS VISOR v ™" i kar. Richara Higgins, David Founey. Saria Ficer
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EPIC-KITCHENS VISOR ¢ ™" /i ir Richard iggins, Devid Founey, Sania Fider
| ¥
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EPIC-KITCHENS VISOR ¢ ™" /i ir Richard iggins, Devid Founey, Sania Fider
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EPIC-KITCHENS VISOR v ™" i kar. Richara Higgins, David Founey. Saria Ficer
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o -

EPIC-KITCHENS VISOR " ™" A kor. Rchard Higgins, David Foune, Sanja Fder
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EPIC- KITCHENS VIS OR e ar Riohard Higgin, David Founey. Sanja Fider

N -

;
¥

A

v v
4 .
A, ) e A
” ‘ ,
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VISOR is with: Ahmad Darkhalil, Dandan Shan, Bin Zhu, Jian Ma, Amlan Kar,

Richard Higgins, David Fouhey, Sanja Fidler, Dima Damen

pour spice

[left hand HHright hand
= Elhob Elsaucepan
| [Ispice [Mspice container
Elspoon Elsoup
Elpepper container lid
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VISOR is with: Ahmad Darkhalil, Dandan Shan, Bin Zhu, Jian Ma, Amlan Kar,

Richard Higgins, David Fouhey, Sanja Fidler, Dima Damen

pour spice

left hand

: hob
: ’
;-[.*', -

> )
JOU

right hand
saucepan
spice container
soup
pepper container lid

% [ University of Dima Damen 148
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VISOR is with: Ahmad Darkhalil, Dandan Shan, Bin Zhu, Jian Ma, Amlan Kar,

Richard Higgins, David Fouhey, Sanja Fidler, Dima Damen

pour spice

[left hand HHright hand
= Elhob Elsaucepan
| [Ispice [Mspice container
Elspoon Elsoup
Elpepper container lid

saucepan == pan - =—)
Vé University of Spoon # Spoon # Dima Damen 149
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VI SO R C with: Ahmad Darkhalil, Dandan Shan, Bin Zhu, Jian Ma, Amlan Kar,
|S . Richard Higgins, David Fouhey, Sanja Fidler, Dima Damen

action
pour splce/

[left hand HHright hand
~ Elhob Elsaucepan
| [Ispice [Mspice container
Elspoon Elsoup
Elpepper container lid

in-contact (spGR-esAtastgBontainer lid)

.Vé University of Dima Damen 150
&I BRISTOL July 26, 2024




VISOR is with: Ahmad Darkhalil, Dandan Shan, Bin Zhu, Jian Ma, Amlan Kar,

Richard Higgins, David Fouhey, Sanja Fidler, Dima Damen

pour spice

[left hand HHright hand
= Elhob Elsaucepan
| [Ispice [Mspice container
Elspoon Elsoup
Elpepper container lid

spoon (non-exhaustive)
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EPIC-KITCHENS VISOR " ™" anits kot Richard Higgins, bavid Foune, Sania Fcer

b LU

"‘VISOR annlotates videos from
EPIC- KITCHENSJ*' ‘

BA Universityof A Darkhalil et al (2022). EPIC-KITCHENS VISOR Benchmark: Video Segmentations and Object Dima Damen
BRISTOL Relations. NeurlPS July 26, 2024




5 with: Ahmad Darkhalil, Dandan Shan, Bin Zhu, Jian Ma, Amlan Kar,
VI SO R RelathnS Richard Higgins, David Fouhey, Sanja F|dIer Dima Damen
R
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with: Ahmad Darkhalil, Dandan Shan, Bin Zhu, Jian Ma, Amlan Kar,

ObjeCt relation stats Richard Higgins, David Fouhey, Sanja Fidler, Dima Damen

ntact 1 Hand, In Contact

A 4 \

27.2% 8.5%

Al
7 : :’//'/l(//////

2 Hands, 1 In Contact

Vé Universityof A Darkhalil et al (2022). EPIC-KITCHENS VISOR Benchmark: Video Segmentations and Object Dima Damen
BRISTOL Relations. NeurlPS July 26, 2024




EPIC-KITCHENS VISOR = A e ienars Hggin, Davi Founcy Sanie Fidr

VQ Universityof A Darkhalil et al (2022). EPIC-KITCHENS VISOR Benchmark: Video Segmentations and Object Dima Damen
BRISTOL Relations. NeurlPS July 26, 2024
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Tasks
and
Methods

Part |ll: Tasks and Methods
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Sampling frames.-.
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Sampling frames.-.
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Sampling frames.".

Smash garlic
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Sampling frames.-.

Smash garlic
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Sampling frames.-.
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Sampling frames.-.
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Sampling frames.-.

Frames to select Action to recognise
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Twa sampling approaches

short action long action

Dense

Sparse

| | ]
1/N 1/N

(&

Bl University of Dima Damen 167
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Sparse sampling

Temporal Segment Networks (TSN) — Wang et al, ECCV 2016

Video Snippets Temporal Segment Networks

. — — e

Segmental
Consensus

—
—_——
[
-

High Jump

|

,(
E ]
Fusion
5( \dLLAL_

Segmental

= e Spatial ConvNet P P Consenas
/
2y Temporal ConvNet
| ———l

—_—— e —— — e ease s e S

{

q___
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Two sampling approaches

Dense

Better motion features
Short motion signature
Easier to implement

Better for cross-dataset generalisation

% [ University of
BRISTOL

Sparse

More complex features
Complete action representation
More augmentations

Better for temporal datasets

Dima Damen 169
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Models
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Trans-

@
formers

[
e
@
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o

Yo 2o
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Spatial

-

Temporal Stream

Temporal
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convi conv2 conv3 convd convs fc6 fe7 softmax
7x 7 x96 5 x 5 x 256 3 x 3 x 512 3 x 3 x 512 3 x 3 x 512 4096 2048
stride: 2 stride: 2 stride: 1 stride: 1 stride: 1 dropout dropout
norm norm pool 2 x 2
pool 2 x 2 pool 2 x 2
Temporal Stream e
score
Fusion
conv1 conv2 conv3 conv4 convs fcé fc7 softmax
7Tx 7 x96 5 X 5 x 256 3 x 3 x 512 3 x 3 x 512 3 x 3 x 512 4096 2048
stride: 2 stride: 2 stride: 1 stride: 1 stride: 1 dropout dropout
noerm peol2 x 2 pool 2 x 2
pool 2 x 2
Spatial Stream
BAKE University of Figure by: Will Price, BSc Project, University of Bristol Dima Damen 174
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S?nentatior?N
l y 8 —
= — .
Object of
interest region

G

I ]
I//l ’
Localization CNN

Hand
segmentation

ject
— Ohlec

.\ (milk container)

(Appearance-based)

I-'\\Activity

(take milk container)

ActionNet
-y . Action
-f—i I (take)

\

Input video clip

(Motion-based)
Optical flow

University of - . : S . » Dima Damen 175
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3D Convolutional

¢ > Qvé:
X
spatial

University of Dima Damen 177
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3D Convolutional

e |nitial attempts required initialisation from 2D Networks (i.e. ImageNet)
o No presence of large scale video dataset

o Inflated networks (I3D) Carriera et al

e The objective was to remove the need for optical flow...

BAKC University of Dima Damen 178
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d) 3D-Fused

c) Two-Stream
Two-Stream

b) 3D-ConvNet

{SD ConvNet }

e) Two-Stream
3D-ConvNet

I

3D Convolutional

3D ConvNetJ

ConvNet LConvNet

\\ | 3D ConvNetJ

3D ConvNet

~

ConvNetJ [ ConvNet

Flow 1to N |||

Images
1to K

Flow 1 to K

Flow 1 to N||

.% University of
i BRISTOL

Figure from: Carriera et al. Quo Vadis, Action Recognition? A New Model and the
Kinetics Dataset. CVPR 2017
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Via knowledge distillation

= r e e —— -
.

MZ2layer1

| 1 J |
‘ ,

2 2 2
M l?yerz M*layer3 M? layer4 regression loss

N
7. .ol

'convl! Iconv2 ~ conv3 * ~ convd + extra layers

i I confidence loss
. | t
RGB image _--"| i I

A R X T e s 55
MC layer: T T

- : s
- I I

MC layer

.

optical flow motion condition

Motion Condition (MC) Layer 1/) Motion Modulation (Mz) Layer

University of Figure from: Zhao and Snoek. Dance with Flow: Two-in-One Stream Action Detection. Dima Damen 180
B BRISTOL CVPR 2019 July 26, 2024




A Trans- O

formers

&
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Vision Transformer (ViT)

MLP
Head

Transformer Encoder

|
e~ o) o) abol o ) @é

* Extra learnable
[class] embedding Llnear PI’O_]eCthl’l of Flattened Patches

... 1oy
3 b 4
; Ay
s
i i

i)
L
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How to Patch-ify a Video?

‘.

HxWxC

O > >
\ \

=
X

[TH] x

Bl University of
BRISTOL

Hx W x [CT]
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How to Patch-ify a Video?

H
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How to Patch-ify a Video?

DoOnoononoonononnn

[TH] x

=

xC
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How to Patch-ify a Video?

fully-connected layer

DoOnoononoonononnn

[TH] x

=

xC
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Figure from: Bertasius et al. Is Space-Time Attention All You Need for Video
Understanding? ArXiv 2021
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MotionFormer

time

Spatial
Attention

A:TSxTxS

Temporal
Attention

Y:TSxTxD
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Bl University of Figure from: Patrick et al. Keeping Your Eye on the Ball: Trajectory Attention in Video Dima Damen 188
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VideoMAE

Time Time Time N Time
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Downsampled video clip Tube masking with an extremely high ratio Tokens w/o [M] Targetvideo clip
keeping masking
B University of Figure from: Tong et al (2022). VideoMAE: Masked Autoencoders are Data-Efficient Dima Damen 189
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Input Patches Omnivore Model
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Smgle-vxew 3D Embeddings

Figure 2. Multiple visual modalities in the OMNIVORE model.

Figure from: Gridhar et al (2022). OMNIVORE: A Single Model for Many Visual
Modalities. CVPR
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ImageBind

B «) P2 Nl IMAGEBIND ﬁ
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Web Image-Text A Depth Sensor Data Web Videos r)) Thermal Data |&\
P
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Output: text

. Pretrained and frozen fa .
(> a very serious cat.

Trained from scratch *—

l . n-th GATED XATTN-DENSE

Perceiver Perceiver

Resampler Resampler _ -
o 1st GATED X

Processed text
| <image> This is a very cuf

Interleaved visual/text data

E This is a very ct

FFW

ﬁ

tanh gating
?

cross attention

Sl 3 (RS (R )
Vision Language
input input
University of Figure from: Alayrac et al (2022). Flamingo: a Visual Language Model for Few-Shot Dima Damen 192
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InternVideo

= = = dupervise - rorward ~ rFarametrize

|

| Audio Encoder| — ()0 Align . —ea—
Video MAE D/ = :
g ] i e

, Stage 1 | Stage 2 | Stage 3 |

Figure 2: Framework of InternVideo2. It consists of three consecutive training phases: unmasked video token
reconstruction, multimodal contrastive learning, and next token prediction. In stage 1, the video encoder is trained from
scratch, while in stages 2 and 3, it is initialized from the version used in the previous stage.
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From Clip to Video

Video

Wash carrot

% [ University of Dima Damen
BRISTOL July 26, 2024




From Clip to Video

Wash carrot
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From Clip to Video

Video

Close bin Close bag Wash carrot Wash tomato Take knife Cut tomato

Visual
labels
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Long-Term Feature Bank

Target frame
.‘ ~ ﬂ v

Input clip (4 seconds)

Figure 1. What are these people doing? Current 3D CNN video
models operate on short clips spanning only ~4 seconds. With-
out observing longer-term context, recognition is difficult. (Video
from the AVA dataset [14]; see next page for the answer.)

o
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Long-Term Feature Bank

1
Classifier k Feature bank operator:
FBO(S, L)
L
-
Short-term Long-term - =
features: S :“: feature bank: L ™ :"—
Rol Pool toature
backbone extractor
_ A
. " video

| " frames
(b) 3D CNN with a Long-Term Feature Bank (Ours)
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Memory Consolidation

— self-attention
- --. cross-attention
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Memory Consolidation
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TIM: A Time-Interval Audio-Visual Machine with: Jacob Chalk*" Jaesung Huh*

Vangelis Kazakos Andrew Zisserman

) ) Washplate ~ Water
41[CLS] token for video & audio
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time encoding
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Feature Intervals
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On Tasks...
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Two types of video understanding tasks

Analogous to Image-based Tasks

Temporal tasks (not relevant for images)

Tasks

Video Understanding

Dima Damen 207
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Analogous Tasks

Image Video

o ODbject Recognition » Action Recognition
SR

¢¢\\ I/ 34

¥ [

=

Open
Duck P
Book
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Analogous Tasks

Image Video
» Image Captioning » Video Captioning
:\‘\ i '¢¢

1

A green duck swimming A book picked from top of the pile
In clear water and opened to a page in the middle
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Analogous Tasks

Image Video

o Object Detection o Action Detection

e
% 0@\"”‘

Open Book
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Analogous Tasks
Image

« Image Retrieval

Duck
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What is a Cross-Modal Video Retrieval?

-

Video-to-Text Retrieval Task

Ranked Text — Gallery (or Retrieval Set)

put garlic down

AN

/ Text-to-Video Retrieval Task
Ranked Video — Gallery (or Retrieval Set)

Q put garlic down

_ J
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with: Michael Wray

Fine-Grained Action Retrieval

Diane Larlus

In this work we focus on
Fine-Grained Action Retrieval

I put meat on a
ball of dough -

University of Dima Damen 213
BRISTOL July 26, 2024




with: Michael Wray

Fine-Grained Action Retrieval

Diane Larlus

We embed the video
and representations

e
¥

x x

| e
ball dough

Noun Embedding

[meat, ball, dough]
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with: Michael Wray

Fine-Grained Action Retrieval

Vé University of
BRISTOL

e
ball dough

Noun Embedding

Diane Larlus

Finally, we combine the
outputs and embed
these into an action space

%

5 N
/ put ball dough
putmeat
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with: Michael Wray

Fine-Grained Action Retrieval Sabre

— 3 \
Video xi: Joint PoS Embedding (JPoSE)
Feature
Extraction fl z
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: 1 V = e A
Captionyi: o prepeNereeeeee e N Fm——) R 3 & H f
I put the cup down on the counter
g ol o Verb-MMEN ) Lo ” A
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>y % ¥ Zy 2 .4 ti
<Put> [<Cup>,<Counter>] L
: S ietbuskers Sessubibaevey Feature 2
.................................... Extraction B e~ (¢
Individual PoS-MMENSs
Individual Modality Feature Extraction . 24
M Wray, D Larlus, G Csurka, D Damen (2019). Fine-Grained Action Retrieval through Multiple Parts-of-Speech Embeddings. ICCV .
v (2019) ? . . ? Dima Damen 216
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with: Michael Wray

Fine-Grained Action Retrieval

Diane Larlus

Maximum activation examples for a
neuron in a noun PoS Embedding
(Cuttmg Board) - Flgure 4

> \.

University of Dima Damen 217

.Vé
i BRISTOL July 26, 2024




Non-Analogous Tasks

Image Video
o Action Anticipation
6 What will happen after 1 second?
t
o 8 W

Open Book

||J}
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Non-Analogous Tasks

Image Video
o Skill Understanding
6 How did you open the book?
$ 0
o\ L7

L
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with: Hazel Doughty

Skill determination invideo WiRp Mayor el

Pairwise annotations of videos, indicating higher skill or no
skill preference

Vé University of H Doughty, W Mayol-Cuevas, D Damen (2019). The Pros and Cons: Rank-aware Temporal Attention for Skill Dima Damen 220
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with: Hazel Doughty

Skill determination invideo WiRp Mayor el
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with: Hazel Doughty

Skill determination invideo WiRp Mayor el

Low-skill Attention Module
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with: Hazel Doughty

Skill determination invideo WiRp Mayor el

High-skill Attention Module

Drawing
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Analogous Tasks

Image Video

. Object Counting « Action Counting
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Countix
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Countix
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Every Shot Counts
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Every Shot Counts

with: Saptarshi Sinha

Alexandros Stergiou
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Every Shot Counts

(a) RepCount (c) UCFRep
Method Encoder RMSE| MAE|] OBZt OBOt Method Encoder = RMSE| MAE| OBZt OBO?
RepNet [15]  R2D50 - 0995 -  0.013 Levy & Wolf [25] RX3D101 - 0286 - 0.680
. 3 . RepNet [15] R2D50 - 0998 - 0.009
TransRAC [18] VSwinT 9.130% 0.443 0.085" 0.291 Context (F) [62] RX3D101 5.761* 0.653" 0.143* 0.372"
MFL [27]F VSwinT - 0.384 - 0.386 TransRAC [18] VSwinT - 0640 - 0.324
ESCounts VSwinT 6.905 0.298 0.183 0.403 MFL [27]t RX3D101 - 038 - 0510
ESCounts RX3D101 2.004 0.247 0.343 0.731

(b) Countix

Method Encoder = RMSE| MAE| OBZ1 OBOt
RepNet [15] R2D50 - 0.364 - 0.697
Sight & Sound [64]1 R(2+1)D18 - 0.307 - 0.511
ESCounts R(2+1)D18 3.536 0.293 0.286 0.701
ESCounts VMAE 3.029 0.276 0.319 0.673
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Every Shot Counts

> == <. . < i w :
am i llll mm Illl llllll lllllll lll sENEEER DeER | GT

100 1 — - -
. TransRAC * ESCount T e e T T R T TR T R T~ T T T
e Sl GT: 58 TransRAC: 16 ESCounts: 58
80-
m .~
£ 60 lel-g o
E ol
3 3 :
@] § 40- Y NI IR RN AR LI NN iAW P
[~} b GT: 52 TransRAC: 14 ESCounts: 60
- g a
25 el 9
0 . ® O’A_‘
ey & &8 & 5 §F B 8 B ] | . |l...l.-..'Illll--.lllll---llllGT
P T N I . 1l 60 80 100 | | Bl r
GT: 8 TransRAC: 7 ESCounts: 12 E] 0 5 Al counts GT: 30 TransRAC: 4 ESCounts: 26
-% University of Dima Damen

31 BRISTOL July 26, 2024




Analogous Tasks

Image Video

o Text-to-image Generation o Text-to-Video Generation
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Stable Diffusion
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Text-to-Video Generation -

Bk
o

Lé Prompt Historical footage of California during the gold rush.



Text-to-Video Generation

s s <
i - ) -
Prompt: A grandmother with neatly combed grey hair stands behind a colorful birthday cake with numerous candles at a wood
Universit} dining room table, expression is one of pure joy and happiness, with a happy glow in her eye. She leans forward an&blows out... Dima Damen 233
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and State Transformations from Instructional Videos
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( ; n H OWTO with: Tomas Soucek: Michael Wray
= nn Ilvan Laptev Josef Sivic

e Hands transform objects....

+in a blender # smoothie in a blender

——

& = gvocado

- University of T Soucek et al (2023). GenHowTo: Learning to Generate Actions and State Transformations from Dima Damen
=i BRISTOL Instructional Videos. ArXiv July 26, 2024




GenHowTo... 7 Ao E e
‘Input  GenHowTo EF-DDPM  InstructPix2Pix

-% University o ; ‘ - " Dima Damen
4 BRISTOL Prompt a person cutting a fish on a cutting board July 26, 2024




( ; n H OWTO with: Tomas Soucek: Michael Wray
= nn Ilvan Laptev Josef Sivic

e Two contributions.... Dataset & Method

University of T Soucek et al (2023). GenHowTo: Learning to Generate Actions and State Transformations from Dima Damen
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with: Tomas Soucek = Michael Wray

G e n H OWTO = nn Ilvan Laptev Josef Sivic

e Two contributions.... Dataset & Method

Instructional (HowTo) T e
- | State

‘ Self-supervised action prompt Pac
| B temporal detection W “a person cutting
: model g Image captioning o amicad

model 8 “avocado halves
L on a chopping board”

state prompt P st

Tomas Soucek, Jean-Baptiste Alayrac, Antoine Miech, Ivan Laptev, and Josef Sivic (2022).
Multi-task learning of object state changes from uncurated videos.
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GenHowTo...

with: Tomas Soucek = Michael Wray

e Two contributions.... Dataset & Method

Input frame

\\

Contro]

lvan Laptev Josef Sivic

frozen
() fine-tuned

Net Ue
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Input Prompt P
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GenHowTo

L

University of T Soucek et al (2023). GenHowTo: Learning to Generate Actions and State Transformations from Dima Damen
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( ; n H OWTO with: Tomas Soucek: Michael Wray
= nn Ilvan Laptev Josef Sivic

ualitative Evaluation...
¢ Q Method Accae T Accy T

o Initial vs Final State test set categories unseen during training

(a) Stable Diffusion 0.51 0.50
(b) Edit Friendly DDPM 0.60 0.61
(¢) InstructPix2Pix 0.55 0.63
(d) CLIP (manual prompts) 0.52 0.62
(e) GenHowTo 0.66 0.74

o Binary Classifier

test set categories seen during training
Edit Friendly DDPM' 0.69 0.80
GenHowTo' 0.77 0.88

(h) Real images 0.96 0.97

Models trained also on the test set categories.
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( ; n H OWTO with: Tomas Soucek: Michael Wray
= nn Ilvan Laptev Josef Sivic

a person is wrapping a tortilla on a plate a man pouring beer into a glass

a man sitting at a table holding a glass of beer
a plate with two burritos on it

—

REAL IMAGE ——— GENERATED REAL IMAGE ———— GENERATED

REAL IMAGE ——— GENERATED
REAL IMAGE ———— GENERATED

University of T Soucek et al (2023). GenHowTo: Learning to Generate Actions and State Transformations from Dima Damen
BRISTOL Instructional Videos. ArXiv July 26, 2024
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Analogous Tasks

Image Video

e Image —to- 3D e Video—-to-3D

3
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- with: V. Tschernezki*, A Darkhalil*, Z Zhu*,
E P I C FIeIdS D Fouhey, | Laina, D Larlus, A Vedaldi
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Spatial Cognition from Egocentric Video:

Out of Sight, Not Out of Mind

Chiara Plizzari Shubham Goel Toby Perrett Jacob Chalk

Angjoo Kanazawa Dima Damen

http://dimadamen.github.io/OSNOM
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»

~ 4— Egocentric Image

3D Ego
view w/
in-view
objects

Ego
Camera
in 3D

All active/moved objects in this video are represented by neon balls.
Their initial positions are shown at the start of the video

Dlma Damen

%wé UniVeISIty Plizzari et al (2024). Spatial Cognition from Egocentric Video: Out of Sight, Not Out of Mind. ArXiv
July 26, 2024
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Non-Analogous Tasks

Image Video

o Understanding Goals in Long
° Videos
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with: Will Price
Carl Vondrick
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Umversny of W Price, C Vondrick, D Damen (2022). UnweaveNet: Unweaving Activity Stories. CVPR Dima Damen
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with: Will Price

U nweave N et Carl Vondrick

& iversi .
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with: Will Price
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& iversi .
Umversny of W Price, C Vondrick, D Damen (2022). UnweaveNet: Unweaving Activity Stories. CVPR Dima Damen
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UnweaveNet

UnweaveNet
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UnweaveNet

UnweaveNet

Thread Bank
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UnweaveNet
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U nweave N et with: Will Price

Carl Vondrick

UnweaveNet

Thread Bank

\ y
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with: Will Price

U nweave N et Carl Vondrick

Unweaving

Continue?

Resume?

New?

nnnnn

& iversi .
Umversny of W Price, C Vondrick, D Damen (2022). UnweaveNet: Unweaving Activity Stories. CVPR Dima Damen
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with: Will Price

U nweave N et Carl Vondrick

»

Zt+1

(a) UnweaveNet Overview
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with: Will Price

UnweaveNet

M

i Thread Bank ¢select
' 1
! 2 "pthread —_@
Controller | : B
: 2 ¢thread wl
’ 2 it H & M
v Ye : t thread 2 _J
2 3| Thread update '—>2t+1 [NT] —{
' u
i

(a) UnweaveNet Overview (b) Controller Architecture

Two learnt embeddings

. D E
¢throad : R — R
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with: Will Price

UnweaveNet

i Thread Bank ¢select
Controller | : Zé @_ —_:(8
! 2 { Ythread l_ 1
v 7 { ¢thread} § 1
z | Thread update '—'Zt+1 [NT] = 4
i I
(a) UnweaveNet Overview (b) Controller Architecture

Two learnt embeddings

¢throad . RD — RE
wCIip . RC — RE

Learnt Encoding [_NT] - RE
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with: Will Price

UnweaveNet

i Thread Bank ¢select
Controller | : zi :Izthread 14@

i 2 thread I 1
’ 2 it H & M
v Ye : t thread 2 _J

2 3| Thread update '—>2t+1 [NT] —{
' u

s

(a) UnweaveNet Overview (b) Controller Architecture
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UnweaveNet

with: Will Price

Carl Vondrick

Thread Bank

¢select

Controller |

¢thread

¢thread

z | Thread update '—V 211

(a) UnweaveNet Overview

% [ University of
BRISTOL

'(pthread

[NT] —

umqqi

LLLLQ

(b) Controller Architecture

(c) Thread bank update

Thread Thread
Bank v Bank
1 1

z Gupdat > 2

’; Thread e ’;fl

2 select > 2

3 al 3

2 ™ %
—_

Dima Damen
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with: Will Price

UnweaveNet

+  |Thread Bank Pselect =
: Ye vt
2 { Ythread l“ X Thread Thread
Controller | : Z? { Ythread l_ - L1 Bank v B’;\nk
v 2z [ Pthwead | g —~ 2 Thread ‘| Pupdate }_ g zg+1
! : 2 -
% -1 Thread update [ 211 ! Tl — ° j = select "1 Za
| i z > Z
|
(a) UnweaveNet Overview . (b) Controller Architecture . (c) Thread bank update

e Trained end-to-end including the backbone for clip features
e decisions made by ?slect are supervised using teacher forcing

o ateach time step, z, is populated according to the ground-truth assignments y, ,_,

o Aloss is then imposed on the output p, given the correct decision y, with focal
hyperparameter y due to the imbalance in decisions

University of Dima Damen
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with: Will Price

U nweave N et Carl Vondrick

e We propose self-supervised pretraining for UnweaveNet that samples
threads from different parts of a long video and synthetically forms
woven activity stories.

@ Sample # threads and @ Position threads’ clips within video

clgs [r thread I:[I:“ II I ' -]

,s . . H
Umvermty of W Price, C Vondrick, D Damen (2022). UnweaveNet: Unweaving Activity Stories. CVPR Dima Damen
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with: Will Price

U nweave N et Carl Vondrick

e We propose self-supervised pretraining for UnweaveNet that samples
threads from different parts of a long video and synthetically forms
woven activity stories.

@ Sample # threads and @ Position threads’ clips within video

# clips per thread jll- ']' iﬂ T

’S . . H
Umvermty of W Price, C Vondrick, D Damen (2022). UnweaveNet: Unweaving Activity Stories. CVPR Dima Damen
=d BRISTOL July 26, 2024




with: Will Price

U nweave N et Carl Vondrick

e 1000s of synthetic stories from training set.

R R C C R R

T

.% University of Dima Damen
g W Price, C Vondrick, D Damen (2022). UnweaveNet: Unweaving Activity Stories. CVPR
BRISTOL July 26, 2024




with: Will Price

UnweaveNet

e Labelled Sequences

# Threads
Story Annotator
Story ID: c7¢c7f261-e5¢7-4641-b0cf-b2bdefcBef3d Split 1 2 3
Video |D: P06_103
Slart lime: 7567
e ———— Train 718 201 32
s”’ "”“"”’ ‘ _ : _ . Val 211 94 46

Test 50 50 50
Total 979 345 128

Table 1. EPIC-
KITCHENS activity-story
dataset by # of threads.

University of Dima Damen
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Carl Vondrick

with: Will Price

[
Z
O
>
©
O
=
-
>

Rand Index ( t )

80

sv+ss 1ousresmun|iij

SVY+SS lJausAeaMun)

SV 1ousneamun |

SY JausAeamun

SS JsusAeamun —_— (NagioUsABDMUN

p odo -GBS
A Buusisn|o oc__.

© wvw o un o S 1n o N N A
< o0 ~ — o

SV+SS Jauaneamu

Teacher Forcing ( 1 )

o
(e0]

14
o
=
SV Jouasneamun o
&
SS JousAeamun -
g
5
3
odo]-063 :
:
>
I £
a
-
S
©
n o n o LN (=) n o n o a
M~ M~ O O LN LN < < o o =
%
>0
5
1
oM
M
g

o

July 26, 2024

[S2TRY]




VU - An Egocentric Perspective
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Frame Attributions inVideo Models with Will Price

Putting ?, 7 and ?
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Frame Attributions inVideo Models with Will Price

/

Expected output
(Prior probability for
classification model)
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Frame Attributions inVideo Models with Will Price

(expected output)

Bl University of Dima Damen 285
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Frame Attributions inVideo Modgls with Will Price
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Frame Attributions inVideo Modgls with Will Price
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Frame Attributions inVideo Modgls with Will Price

A;({1,2,4,5}) = -2

University of Dima Damen 289
BRISTOL July 26, 2024




Frame Attributions inVideo Modgls with Will Price

Showing that something is empty
0.06

004

e
(o
-0.02
0 1o 20 0 40
Frame
University of Dima Damen 290

BRISTOL W Price, D Damen (2020). Play Fair: Frame Attribution in Video Models. Asian Conference on Computer Vision (ACCV) July 26, 2024




Frame Attributions inVideo Modgls T
ESVs Dashboard for Epic

Original Video:
Select a verb Select a noun Select a video
open X v drawer X w P01_103_84 X -
Select number of frames
2 a 4 5 8 7 8 Selected frame: 2

Model Predictions ESV Predictions

M Predicted verb ~—=— Predicted verb
B Predicted noun —e— Predicted noun

Score
o
&

Score

0.2 2
Predicted verb :
0.5 Frame: 2
verb: open
0.15 : Score: 0.03990439
: Predicted noun : Selected Verb: 3, Selected Noun: 8, Video PO1_103_84
Frame: 2
0.1 - noun: drawer
0.2 : Score: —0.03246411
LI I 005
0 5 G % B B % 4 +
D, % % % G % W, B B Y :
LT T T T T T ]
%, % °e,.o % % % ] 0 /

e, % . %Q} Q"’do "/,;, 9/% 9
(4000 9’0 $
7,
] 5 10 15 20 25 30
Verb, Noun labels Erame
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Frame Attributions inVideo Modgls

with: Will Price

Tom Stark

ESVs Dashboard for Epic

Select a verb Select a noun
cut X - tomato
Select number of frames
Model Predictions

B Predicted verb
B Predicted noun

0.5
0.4
u 0.3
g
o
)
0.2
] LI
0 ll...‘-.-.--_-
& % &
Q’C{ OGG» %{‘ % o"‘@, %“4 %»@ %”/o %
T T TR T T
b 9 & B R P R, %, % %
v, s Y
>

Verb, Noun labels

Select a video
X ~ PO1_17_126 X v
ESV Predictions

—e— Predicted verb
~—e— Predicted noun

0.15

0.1

Score

0.05

Original Video:

Selected frame: 529

Selected Verb: 7, Selected Noun: 43, Video P01_17_126

-0.05
200 400

Frame

~ E2¥& University of
BRISTOL

W Price, D Damen (2020). Play Fair: Frame Attribution in Video Models. Asian Conference on Computer Vision (ACCV)
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and many more..; . ¢
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Video Understanding

An Egocentric Perspective
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The future is here’..."

HoloLens 2 Samsung patent application reveals

i i augmented reality headset design
It comes as the Gear VR slowly fades away

E’Né University o \ . ¢ : 296
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The future is here-..
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Let’s start with a show of hands...

Hands-Up if you are ready to wear a
head-mounted or glass-mounted camera...

W

w Hands-Up if this is NOT the future...
w A world of isolated individuals....

w Dangerous for crossing the road...

w Mind-altering...

RISTOL July 26, 2024
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45 years ago.
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45 years ago...
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How did we get here?
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How did we get here?
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How did we get here?
': s = Z
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How did we get here?.  »
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How did we get here?
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Future of Egocentric
Vision
Chiara Plizzari*, Gabriele Goletto*, Antonino

Furnari®, Siddhant Bansal*, Francesco Ragusa®,
Giovanni Maria Farinella®, Dima Damen’r Tatiana

%’ %
’.m Y .% 3\ UNIVERSITA
"M" 5?%?&":0 3 University of > {lim 2| degli STUDI
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with: Chiara Plizzari, Gabriele Goletto, Antonio Furnari, Siddha tB sal,

Francesco Ragusa, Giovanni Maria F rlnella, Tatlana T mmmmmm

Envisioning an Ambitious Future
and Analysing the Current Status
of Egocentric Vision

How did we do this?

Vé 1 Dima Damen
RISTOL July 26, 2024
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with: Chiara Plizzari, Gabriele Goletto, Antonio Furnari, Siddhant Bansal,

Francesco Ragusa, Giovanni Maria Farinella, Tatiana Tommasi

We imagined a device — EgoAl and envisioned its utility in
multiple scenarios

University of Dima Damen
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E G O_ H O m e with: Chiara Plizzari, Gabriele Goletto, Antonio Furnari, Siddhant Bansal,
Francesco Ragusa, Giovanni Maria Farinella, Tatiana Tommasi

Sam is finally home
after a long day.
EgoAl kept track of
Sam's food intake
and a tomato soup
sounds like the best
complementary
nutrition

University of Dima Damen
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E G O_ H O m e with: Chiara Plizzari, Gabriele Goletto, Antonio Furnari, Siddhant Bansal,
Francesco Ragusa, Giovanni Maria Farinella, Tatiana Tommasi

A 3D projection

Of. Remy }}elps Audible impressed by
wikh cosling 3D projection how fun it
is to cook
with his EgoAl
3D friend recommends
sSome more
spice
% [ University of Dima Damen
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E G O_ H O m e with: Chiara Plizzari, Gabriele Goletto, Antonio Furnari, Siddhant Bansal,
Francesco Ragusa, Giovanni Maria Farinella, Tatiana Tommasi

h»«
= M After dinner, Sam
enjoys a group card
game with his friends,
who are connected

through their own
EgoAl

Waves
hitting the shore
look and sound natural

Transferred to
a beach he
visited last
summer

% [ University of Dima Damen
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E G O_ H O m e with: Chiara Plizzari, Gabriele Goletto, Antonio Furnari, Siddhant Bansal,
Francesco Ragusa, Giovanni Maria Farinella, Tatiana Tommasi

While getting ready for
bed, Sam feels an itch on
the wrist that has
annoyed him the whole
day. EgoAl stores a
picture of the injury and
sends it to Sam's doctor
for advice

EgoAlI proposes a short
clip from his day, but
Sam decides not to
share it

% [ University of Dima Damen
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F rom Sto ries to TaS kS with: Chiara Plizzari, Gabriele Goletto, Antonio Furnari, Siddhant Bansal,
Francesco Ragusa, Giovanni Maria Farinella, Tatiana Tommasi
Localisation and Navigation oe
EgoAl helps Judy 9
Messaging oem
Action Recognition 9@
Person Re-ID 90

Object Detection and Retrieval O

Measuring System 00

navigate through
the shortest safe
path to target
places

Decision Making O
EgoAl detected EGO-Police 3D Scene Understanding @
and re-identi- Hand-Object Interaction @

fied the man

before he Summarisation ®

passed Judy Privacy

% University Of viniia valiicii
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Th e S u rve Pa rt with: Chiara Plizzari, Gabriele Goletto, Antonio Furnari, Siddhant Bansal,
y Francesco Ragusa, Giovanni Maria Farinella, Tatiana Tommasi

Seminal Works

State-of-the-art

Localisation and Navigation oe
) oem Datasets
Messaging

/" Action Recognition 9@ For the Future

BAKC University of Dima Damen
"H' BRISTOL C Plizzari et al (2024). An Outlook into the Future of Egocentric Vision. [JCV July 26, 2024




Th e S u rve Pa rt with: Chiara Plizzari, Gabriele Goletto, Antonio Furnari, Siddhant Bansal,
y Francesco Ragusa, Giovanni Maria Farinella, Tatiana Tommasi

e 12 tasks
e 46 pages (excluding references)

e 462 references
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In this talk...

~_
Labels

Methods
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Thank you

For further info, datasets, code, publications...

http://dimadamen.github.io

@dimadamen

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

Q&A
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