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Semantic Analysis?Meaning of Actions

Objects + Actions —, —> Making a Sandwich!

Semantic Event Chain

No assumtion or priori knowledge

Trajectories! Predefined Symbols!
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1. Introduction
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Action => Learning => Execution

Image Segmentation Scene Semantic Similarity Classification
Sequence > anq > Graphs > Evgnt —> Measure Segment
Tracking Chains

Categorization

Eren Erdal Aksoy @I June 11, 2013



Action => Learning => Execution

Image Segmentation Scene Semantic Similarity Classification
Sequence E Traa(?kding E Graphs E CEr\\/;rr]lts —> Measure Segment
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Action —> Learning => Execution

Image Segmentation Scene Semantic Similarity Classification
-_> and —_> —_ Event -
Sequence . Graphs . Measure Segment
Tracking Chains o
Categorization
o0
22
Fz).i 22
' 9.1 22
9.1 a 2
p elz 22
21 Fs),z
Q,i ps,s
2
R
0.
R
Pl22111 1
2 2 6,1
01122.
1 31
g 121200
[ " 1200 -1
1002 11

62

11222
1002220 -1
I-1-100220-1
11222011

antic Relation Analysis

w

Sem

June 11, 2013

Eren Erdal Aksoy @



Image -
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2. Algorithm: SECs
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Algorithm — Artificial Scenario

Original
Images ‘

Segmentation

A

Tracking

2D Continuous Hr“'l\\.? Aksoy et al. ICRA 2010
Graphs Abramov et al. 3DPVT 2010

Dellen et al. Sensors 2009
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Algorithm — Artificial Scenario

&

> 1: Background

SHCETS B dutdetRwtydpellowic¥essalndesin tioe like@ grpphp
""" > 33 EMRYIUFMIARELNESSE a “Change”®  *

> 4 : Content Object Relations
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Algorithm — 2D Object Relations

° }

}/3\3 = Absence

= No Connection

Touching

2/‘4“\1
&/1\3 = Overlapping

Object No 2 : Full-to-Empty (yellow) Vessel
Object No 4 : Content

0 (no edges)

1 (one edge)

2 (two edges)
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Algorithm — Semantic Event Chain (SEC)
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Algorithm — Similarity Measure

“Moving Object” “Making Sandwich”

!
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Algorithm — Similarity Measure

“Moving Object” “Moving Object”

ng Object” “Moving Object”  “Making Sandwich” “Making S&
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Algorithm — Similarity Measure

“Moving Object” “Moving Object”
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Real Test Actions

“Moving Object” “Opening Book”  “Making Sandwich” “Filling Liquid”
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Aksoy et al. IJRR 2011
Aksoy et al. ICRA 2010
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Action Classification
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3. Learning & Execution
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Learning SEC Models - Training

MANIpuIation ACtion Dataset (MANIAC)

v
PUSH HIDE PUT ON TOP STIR

fe®lF o dr' .

WT = 15 15 15 15
[ ] ®

15 Different Objects!...

eevvn\-‘\
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Learning SEC Models - Training

MANIpulation ACtion Dataset (MANIAC)

PUT ON TOP
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Learning SEC Models - Training

HIDE PUT ON TOP STIR
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Learning SEC Models - Testing
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Executing SEC Models
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Executing SEC Models

PUSH hand, primary [ A N T

object

Initial App. Pushing wd.
Scene

Training
Sample 1

Training
Sample 6

Training
Sample 11

Training
Sample 14
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Executing SEC Models

PUSH hand, primary [ A N T

object

Initial App. Pushing wd.
Scene

Training
Sample 1
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B
El
5

Eren Erdal Aksoy @ June 11, 2013



Executing SEC Models
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PUT ON TOP 4
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object  object
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SECs : Piaget & Robots

SEC with syntactic elements
Action Schema for Action

In Memory: | - -E-E-E

Sequence of descriptors

“PUT ON TOP*
“PUSH*
IIHIDEII

“STIR*

SEC-LEVEL Syntactic Comparison
“inside" each Action

Semantic Comparison

at the level of the “whole” Action -

Action o

—3 | or or

Assimilation

I +il

Accommodation

Action 3
No - ’

“BUSH“

New Action Schema (Action )

Aksoy et al. ICDL 2013
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4. Enriched SECs & Linguistics
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Enriched SECs

SECs with:

* Multiple views

* Occlusion handling
* Object Information
» Pose Estimation

* Trajectory Information

Bottom-up Approach!...

IntellAct Papon et al. (Submitted) IROS 2013
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Enriched SECs & Linguistics

Grammar:
Subject + Verb + Direct Object +

SEC:

Subject, hamdOoyp A N T T N A
Dix., Qyp N N N T T T
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Enriched SECs & Linguistics

Grammar:
Subject + Verb + Direct Object +

Example:

The hand first pushes a box then a ball
The hand afterwards hides the ball
with and puts the box

on top of

SEC:
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5. Conclusion
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Conclusion
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6. Questions & Comments
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