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Robots working in various environments
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Household affairs

Picking and Packing

Problems

« Large cost for adapting new tasks

 Modeling and Programming

Ex.

« Various industrial products
« Various household affairs
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Deep learning for recognition

High-dimension data
.
Deep Learning

Classifier

High-dimension data

(Machine Learning)

Output Classes

Output Classes

Image recognition [A. Krizhevsky et al., 2012],
Speech recognition [G. E. Dahlet al., 2012]
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ATRC
Deep learning for behavior generation
(End to End Learning)

High dimension Sensory (+Motion) input High dimension sensory
~ (+Motion) Input

Low dimension data

Deep Learning

Motion patterns/primitives
Motion (+ Sensory) Output
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< Motion Generation Method for Robotics >

Complex = @ =—====- Robotics with Deep Learning = - - - - - - .
Task

o Wé" - Low caliculation
cost

Guided Policy
Learnmg

Design model

8 - Same architecture
" | - Industrial robot

= IB.C. Yang, 201 6] - Hight-DOF robot

[K. Yamazaki,2012]

- High caliculation
cost

bottle

[S. Levme 2016]
- Extensive
search time

Cognitive Robotics

. . . - Experimental

a) Balllift. (b) Ball roll. ) Bell ing L I’ObOt
“;,,. A - Low-DOF

(f) Ropeway.

[K.Noda, 2014]

- Redesign for

- Redesign for
each task

each task

(d)Bell ring R. (e)Ball ro\[vnap]a(c

Applicability c
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Predictive Learning by demonstration AiRc

Nextage Robot Controller

P. Yang, K. Sasaki, K. s
Suzuki, K. Kase, S.
Sugano, and T. Ogata,
IEEE Robotics and
Automation Letter, eitage
2016.
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System structure

Image feature
voctor

R

- 3D mouse and

learn sequences
HMD g

by hierarchizing

Joint angles,

I- Applicable to

[

|

I

X Gripper signal I I

I non-backdrivable Input Output |1
I robot < Oth ! |
e p er Input > I \l, 1\ :
- Motion Direction | Fast Context I

- Branch operation : ‘l’ '1‘ I

with less input I Slow Context |

[
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Cloth Folding Task

« Object:

- 4 Types of Cloth for Train
- Motion:

- Grab & Folding to random placed cloth

Train Data

- Returns to “home pose” when finished

(For repeat task performing
requirement)
« Training Data:

- Right camera image: 112x112x3
(37632 dims)

- 2 arms + 2 gripper (total 14 dims)

- Sampling rate 10FPS

(35 sequences, average 70 sec)
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Training result AIRC

— Untrained data -

MTRNN

DCAE Encoding DCAE Decoding

\ Input Output
[ o
é . Fast Context
I =

Slow Context
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Online motion generation
https://www.youtube.com/watch?v=YH1TrL1g6Po

-
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Online motion generation

@Cebit 2017 Orignal speed x1
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Embedding multiple motions i\iR’c
Into a RNN

K. Kase, K. Suzuki, P. Yang, H. Mori, and T. Ogata:
IEEE ICRA2018 (accepted)

Video: x2 PCA of Cf PCA of Cs

0.10 ‘ 2

0.05 : "

<1§) m—— Open
: Pick

| C|Ose

PC2
\ >> |
| : T
PC2

-0.20
0.080.060.04 0.02 -0.20 -0.15 -0,10 -005 0.00 0.05
PC1 PC1

Opening box, Picking, Neuron Activities in RNN
Closing box

EAFRFEFEEAN ERLSSTP ATHgEmRTE> 45—



AIST C’
® ()
P

AIRC

Intervention by human

Video: x1

:4 Video: x2

Moving the target object Change the motion order
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Handling unknown objects

Retraining only “picking motion” with new objects

-

TR o Oy
| MW e

Added
objects

Untrained
objects
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Ripple effect to industrial robots

2 NVIDIA

Robot Rodeo: Multitude of Mechanical
Marvels Carry the Day at GTC Japan

https://blogs.nvidia.com/blog/2017/12/1
8/robotics-gtc-japan/
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R HERROVAF R~ FANCHy b P-4 SARSERTANRE VY
ek, COREI LY sunuRncue,

https://robotstart.info/2017/11/29/denso-

mmaira.htmi
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https://news.mynavi.jp/article/
20171124-a154/
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http://monoist.atmarkit.co.jp/mn/articles/1711/30/news055.html
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Demonstrations of ATRC
Multimodal AI Robot

DENSO WAVE, BECKHOFF, EXAWIZARDS

Object handling Folding a towel Putting vegetables into a bowl

Enabling Multitasks by changing the training data using a
single machine and same learning program
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Architecture of Multimodal AI Robot

DENSO WAVE BECKHOFF

ORIN TwinCAT | Python [ Unity
Windows 10
CPU GPU
CPU GPU
SSD SSD
EtherCAT I l

Control Process
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Cognitive Process
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From cloud to real world

e Various applications of recognition of
image, speech and text using huge data
stored in cloud.

--- Valley--- ---

e Applications in the real world, Robotics

- How can we store training data for
generalization ability of NN.

e Prototype connected with cloud (IoT?)

===) Understanding embodied intelligence
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