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=PFL  Motivation ’

Natural human motions (like running) can be diverse
under different situations
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=PFL  Motivation

EPFL smart kitchen

a A= EJO 2

Natural Human |
Motion Analysis | ‘

Kitchen environment:
» Diverse actions + Many movements especially for hands



=PFL  Motivation

EPFL SmartKitchen forunconstrained human motion analysis

Skillleaming Tailored therapeutics Novel control algorithms



=PFL  Motivation

EPFL SmartKitchen forunconstrained human motion analysis

Q: Howdo we studyhumanmotionin
an unconstrained setting?



=PFL Strategy foranalyzing unconstrained motion

Constrained human motion analysis

Explicit contexts

Start and end time, duration \
r_ Motion ]

> Motion analysis

v

Unconstrained human motion analysis

Implicit contexts | Behavior
Environment, attention analysis

v

r_ Motion ] Motion analysis
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=PFL Datarelated to unconstrained humanmotions

Movement information

Body movement Hand movement Eye gaze Interacted objects Actions

Q.1:Howcanwe collect all of thesein one dataset?



=PFL The SmartKitchenplatform

9 Kinect Azure
Cameras

Ego HoloLens Cameras

All Synchronized and Calibrated

Arduino

IMU sensors
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=PFL Example of device Integration

HoloLens view One Kinect view

IMU data from the knife

Hands+
Gaze+
Body

T T T T T
0 20 40 60 80 100
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=PFL Datarecap

From Kinect, From Kinect,
but jittery but jittery

Body movement Hand movement

From HoloLens

Eye gaze

From IMU
Sensors

Interacted objects

Not available

O

Actions
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=PFL 3D pose iImprovementsin the SmartKitchen

HoloLens
camera
\_

-

Kinect
cameras

g

Hololens 3D poses

i

Kinect
3D poses

Depth images

2D poses

\

hands

SMPL
body

13

Methods inspired by our
paper newly accepted by
CVPR2024!

QiH, Zhao C, Salzmann M, etal. HOISDF:
Constraining 3D Hand-Object Pose
Estimation with Global Signed Distance
Fields. CVPR (in press), 2024.



=PFL 3D pose iImprovementsin the SmartKitchen

output0

Body Mesh fitting

1200

output0

Hand Mesh fitting

Rendered 3D meshes Projected 3D poses

3D poses
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=PFL Actionannotationinthe SmartKitchen )

Fine-grained Actions
Manually defined and annotated

33 Verbs

Open Put Ca
Read Tap Slide
Clean Peel
Close Taste
Add Grate Hold
Wash Move Cut
Switch
Split Touch Pou
Press Sauté Wait
Throw Squat Dry
Puton=iiz
Other action

78 Nouns

Eood!

Mushrooms Noodles
Radish
Peanuts
Frying Oil
Sauce Pasta
Broth Tomatoes
Lemon

Processed ingredient
Tamarind paste
Zucchini Eggs
Onions Water
Cheese Salt
Seasoning Cucumber
Shallots
Eggplant Other food

Surimi

Objects
Pan Knife Grater Sponge
Salt Box Recipe Pot Soap
Bottle Tissue Towel Whip
Fork Bowl Trash Button
Doser Glass Brush Glove
Cutting board Colander
Spatula Package Drawer
Salad bowl Spoon Trivet

Pot lid Hand Plate Peeler
Other object

Appliances -

Stoves T Rempe d

Fridge Sink Lomato sala
Green salad

Cupboard  patatouille
Ventilation Pad Thai
Trash bin Omelet Risotto

Ethogram example

Grab Pot

Put Spatula
Grab Spatula
Peel Avocado
Carry Package
Read Recipe
Open Fridge
Put Knife
Carry Spatula
Move Carrots

Put Avocado
Carry Avocado
Carry Pot
Close Fridge
Grab Package
Clean Knife
Stir Risotto
Put Pot

Action indices

Carry Knife |

Pour Broth
Grab Avocado
Put Package
Grab Knife

Hold Avocado [l NN

0

Cut Avocado 1l

o

1000 2000 3000
Time (Frame)

We will release the whole dataset including action annotations to the CV community!
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=P Data collectionprotocol

) Ratatoutlic recipe Recete dé risoito et salade verts Ratatourlle recipe
Omelette and tomato salad recipe

It pepper and balsamic vinegar

+ Sauce poisson fmune mam)

« huile de séxame

e rampae s i 0 8 F ks et O 165 Famolie.

Iéguemes, rersez. Diés 'ébullition, buissez sur feu dow e lassez mijoter o bowilkon afin de le
conserver chaud

Faes discoucr une boul de p3ia o Gawarn dans 100 ! o eau chaude, mdlanges vt ke
miange pour obtenir un jus g tamarkn

Couper b 1o en cubes pus réserves, iem avec Fécralose et Fognan

Fates caufr P

i the pasta for 7.1 Omin depessbing o the fype. Then desin them.
izt them with clive ol snd keep them susde e them with slive oi) el bscp thim ik

- 1us.rjoutes un peu
[repm——

1. Omelette 2. Ratatouille 3. Risotto 4. Ratatouille 5. Pad Thai

4 recipes 5 sessions of ~1h



=PFL Data collection summary "

. . . Age Range
Each participant cooks 5 times under 4 recipes 12
Number of participants: 43 0 10
9
Number of sessions: 190 sessions for now
Total data memory usage: Around 200 TB 8
€ 6
-]
S
Dominant Hand Gender 4
= Female
= Male >
0
= Left 15 25 35 45 55 65 75 85
= Right

Age

Ambidextrous
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=P*LRatatouille cookingactions

\J

4. Cooking 5. Make pasta 6. Clean the pot



=PFL |n summary, we have ...

Visual information

Kinematic information

Category information

-

/‘ —‘“"\““1".”v"— ‘ —qr\,-‘.'nw_\ Identity level Frame level
3 werbffi— | el - . Fine-grained
sy V[ oy T 8 action XClip
. s 1 — annotations
Multi-modal IMU on Tools Head pose P ‘ -
. s ooking Dominant Coarse actions o
data typ es . ' skills hands R Y
Teet . f:' Session level Fetch ingredients summary
‘s . . Process inredients
Body pose Recipes Time Cooking on t-he stoves
\ Hand pose and eye gaze/ \ Cleaning j
Multiple
CO h orts Michelin Chef data
following the same recipe
Omlete, ratatouille <
/ KData of stroke patients Data of amputee patieny
|

Professional chef data

Patients data



=PrL

Q.2:Howdo we quantify
natural behavior?

Unconstrained human motion analysis

Implicit contexts __, || Behavior
Environment, attention analysis

v

[ voton |

L 4

Motion analysis



=PFL Quantify behavior at differentlevels

Activity Action Motion
Level Level Level

21



Y Coordinates

=PFL Activitylevel analysis: Strategydifferences "

Different strategies can be observed for cooking.

Activity segmentation

1500
1000/

5001

I
—5001
—10001

—1500

—20001

2000

1000 1500

Fridge area
@ Stove area
@ Trash area

2500 3000 3500 4000

X Coordinates

Counter area
@ sinkarea

Unregistered area

Subject 1 Step-by-Ste

o & \ J p-oby P
80 'g

§ . 0.0 125 25.0 37’I.5 50.0 62.5 75.0 87.5 100.0
60 % — Session time (%)

£ Subject 2 Cleaningintermittently
40 g /_ \
20 g

0 0.0 12.5 25.0 375 50.0 62.5 75.0 87.5 100.0
Session time (%)
Subject 3 Slow cutting
0.0 12.5 25.0 375 50.0 62.5

Session time (%)



=PFL - Activitylevel analysis : Within-subject consistency

Despite different strategies across subjects, indivuals are consistent

25.0 375 50.0 62.5 75.0 87.5 100.0
Session time (%)

25.0 37.5 50.0 62.5 75.0 87.5 100.0
Session time (%)

25.0 375 50.0 62.5 75.0 87.5 100.0
Session time (%)

Subject A
1st Session
0.0 12.5
2nd Session
0.0 12.5
Subject B
1st Session
0.0 125
2nd Sessior Illlﬂ
0.0 12.5

250 375 50.0 62.5 75.0 87.5 100.0
Session time (%)
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Fridge area
@ Stove area
@ Trash area

Counter area
@ sSinkarea

Unregistered area



=PFL Actionlevel analysis

Cookingrecipe dictates action repertoire.

Verbs Nouns
Food) [Objects)
Open Put Mushrooms Moodls Pan Knife Grater Sponge :1, S\l_l
Reéad Tap Slide Radish Salt Box Recipe vt Soap O ©
X ea'n Peel peanuts Surimi ’ii ﬂnu'oro:e.ovmu [ )
Close aste Frying Ot o' v utton a o
A grate Mola ook - Sauce Pasta QN e Colner 5 S
as ove Cut ing board Colandse
Switch Broth Tomatoes * -~ 5 atuls Package Draw, a N
1 Salad bowl Spoen ve
Press Sauté Walt Jrocesied NEredient  orianiang S pecier
Throw Squat Dry P Bhec
Put on 2 ‘Z)uc'chin‘lN . Eggs Q
Other action i lngt e mu Temato salad 5
i Green salad
Seasoning Cucumb Cupboard g, raiouilie [e]
Shallots  Ventilation pad Thai T
Eggplant Other food  Trashbia  Omelet Risotto +—
]
o

Frequency of
actions Graph definition

G = {(WU € ]RviNn}

Pad Thai

Spearman correlation between graphs

S = p(Gy,Gp)
cov(R(X),R(Y))

OR(X) IR(Y)

Verbs
Nouns

PR(X)R(Y) =

Risotto Omelet

Ratatouille Pad Thai Omelet Risotto

o

™ Spearman Correlation ~

o



=PFL Nextsteps: Motionanalysis

Characterize the distribution of motions for specific actions

P( kinematics |action,)




=PFL Conclusion & Futurework

EPFL SmartKitchen forunconstrained human motion analysis

= Conclusion:
« Collected multi-modal dataset related to natural human motions.
« Estimated accurate 3D poses and fine-grained actions. (Novel
action segmentation benchmark!)
« Analyzed cooking behavior at differenttemporal levels.

= Ongoing:
« Scaling to all participants & analysis of motions across actions
and their transitions

=  [Future:

« Contrast with stroke patients (for functional assessment) and
arm prosthetics users (for better motion control)
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