-

Welcome

Attendees

Faculty Summit 2017
microsoftfacultysummit.com

Microsoft Research ®
Microsoft.com/research -

Facebook
@microsoftresearch

Twitter

@MSFTResearch

#FacSumm -
#EdgeofAl

2017 Faculty Sumrmt

Microsoft Research

Faculty Summit 2017



Microsoft Research

Faculty

Summit
2017

Robotics and Al

From Artificial Intelligence
to Augmented Intelligence

Katsulkeuchi
MSRAOJ Redmond, Microsoft




The beginning oAl

ATheDartmouth conferencen 1956

McCarty Minsky Rochester Shannon

ARoboticsand Computer visiorwere synonyms witt\l around
that time

Aln fact, the artificial intelligence laboratory, MIT, one of a few Al
center at that time, completed the following demos:



Copy Demo @The Al Lab, MIT
15 years after the Dartmouth
ASensing to watch the block world

ACognition to understand the structure

AAction to create the same structure

Target scene

Image

dissectorfor oy action Binford (S) Winston (C) Horn (A,S) Minsky
sensing

Manipulator



Bin-picking Demo @The Al Lab, MIT

ASensing to watch a bin
through photometric stereo

ACognition to understand the
configurations through
Extended Gaussian Image
(orientation histogram)

AAction to grasp the topmost
object based on the obtained
configuration

25 years after the Dartmouth

Horn & lkeuchiScientific American 84
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The goal of Al (Robotics and CV) at that time

ATo create an artificial lifeform (robot)
with the three components:

A Sensing
ACognition sensing
AAction

AThe demos action

A Automaticand autonomoussystems

A Static environmentvithout human intervention
and human interaction

artificial lifeform



Still, the three components contain challenges

Reductionism!
A System> component
A Divideand-conquer

30 years after
the Dartmouth
IJCAI
19561969 1987
@ Q—
/ / [1984
Dartmouth Copy Binpicking
1956 1970 1982

ccv ASensing  -> computer vision

- 13cal ACognition -> core artificial intelligenc

ICRA A Action -> robotics



My personal history along the reductionism

Computer Vision

Reductionism!
A System> component
A Divideand-conquer

¥
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The main issue In the bpicking demo

AThe system looks intelligent!!

ABut, Ikeuchid programme) considers all the
conditions and programs the robot before hand

ATELEDPERATION througfte program by Ikeuchi
(a programmer)!

ACan a robot automatically generate such programs
to control the robot?



If a robot can learn how to do from observing human
performance, A then, the robot Is intelligent

Observation

Performance



Pal ’\ Vd N\

Human Performance Motion capture date
(noise free, no occlusion)

LJS



Without understanding (direct mimicking)

AIST dynamic simulator



Need to know the key essences

Relation-1 Relation-2

Actioin

Understanding
the key essences

DiE m‘nm?;' icking

Observation Performance




Learningfrom-observationDemo@RICMU
30 years after the Dartmouth

State transition and
motion assignment

O
O
O
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t’utAontopB . .

l’ut A side of B




AOperation (contact
transition) is the main goal
APolyhedral objects
AMachine parts
AFlexible objects

Two blocks Machine parts Dancing

AGesture (pose transition) is ———0

the main goal |
AFolk dance %

Polyhedral

2000 2010

Flexible objects



Polyhedral objectsoRI, CMU & Tokyo

40 years after the Dartmouth

Kuhn Tucker Theory
face contact among
polyhedral objects

\m O O

M-s | O
DO

e';’é‘l‘
Ad-a

= =Y

5! 9 t“’o
3d-h 13d-¢

52;;’ p—

Human Y K- &% Robot
: -l @Y DN I
demonstration M:;.i._..\g M_‘_f‘ ‘ - O Suehiro&lkeuchiEEETRAS 1994 performance

o
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Daily-life objects (necontact) @UTokyo

50 years after the Dartmouth

Trajectory
Integration

Human
demonstration

Ogawaraet. al. T-IE 2003 Robot
performance




Body motion @UTokyo

50 years later after the Dartmouth

Lower body rep
Foot contact relation

S (.-;-) A
f-[-8

Left foot Both feet Right foot
cqnuct state contact state contact state
(right step) (standing) (left step)

Human
demonstration Nakaokaet al IJRR 2007 Robot

Upper body rep
Joint angle

performance
-~
d;'a




Body motion @U Tokyo

50 years later after the Dartmouth
Upper body rep

Labanotation
representing human
gestures

Human
demonstration

Hit [

Okamoto et alROS 2010 Robot

performance




Further detour from robotics

Labanotation and dance analysis



Same dance?




Same dance?




How to define the same dance set

Different dance

Same dance set
Those dances are same In terms
of human perception
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Labanotation Score

Labanotation



Labanotation

same in human perception

S —

Necessary condition
Sufficient condition

S —

same In Labanotation

Labanotation




RecordinglTaiwanese indigenous dance
based on Labanotation



Why Taiwanese Indigenous dance ?

A Considered as the

origin of Austronesian &’5” wnss 7 AUSTRONESIA

I Hawaiils,
A First to settle on the o A5
b sl B mse. \

Talwanese island
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Paiwandance and Labanotation

4-Step Dance 2-Step Dance

L abanotation of ﬁ Labanotation of
Paiwand step dance 1 E Paiwan?2 step dance




Rukai

! 4-Step Dance
.
{
Kavalan B. ;
+‘ :
Sakizaya ET




Rukai

t?

o '
Kavalan '

Sakizaya

2-Step Dance

Tsou




Summary of festival dances
o L oo L aser [ drecion L 2Sep L precion

1 Amis Both Both
2 Kavalan Y CCWwW Y CCW
3 Sakizaya Y CCWwW Y CCW
4 Puyuma Y CCW Y CCW
5 Paiwan Y CwW Y CwW
6 Rukai Y CWwW Y CW
7 Bunun N NA N NA
8 Atayal N NA Y CCW
9 Seediq N NA Y CCW
10 Teuko N NA Y CCW
11 Saisiyat N NA Y CCW
12 Tsou Y CCW Y No move
13 Thao N NA Y Both
14 Tao {famj N NA N NA



| abanotation ofKavalandance and reconstruction
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AnalyzingTalwanese indigenous dance
based on Labanotation



Classification of dances

__4-step dance
2-step dance

— 2-step dance
only

— Paiwan

—— Rukai

Amis

— Kavalan

—Sakizaya
Puyuma
Tsou

Thao
Saisiyat

— Atayal

Seediq

Taroko

Bunun

— None

Tao

4-step

CW
CW

BOTH

CCW
CCW

CCW
CCW

2-step
CW
CW

BOTH

CCW
CCW

CCW
NO

BOTH
CCW
CCW

CCW
CCW

(Parallel foot)
(Left foot in front)

(Left foot in front)
(Left foot in front)

(Right foot in front)
(Left foot in front)

(Right foot in front)
(Right foot in front)

(Right foot in front)

(Right foot in front)

Hu etal CCo2014
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Comparisornwith DNAbased dendrogram

4-step dance &
2-step dance

2-step dance
only

None

Amis
Puyuma

Kavalan
Sakizaya
Tsou
Paiwan
Rukai

Thao
Saisiyat
Atayal
Seediq
Taroko
Bunun

Tao

Puyuma

Amis
Bunun

Tsou
Tao

Paiwan
Rukai

Saisiyat
Atayal

CF2AYlF Q&

55

69

54

92

28

30

Tajima et al.
2003



Comparisorwith Dialects

4-step dance &
2-step dance

2-step dance
only

None

7

Amis
Kavalan

Tao

Rukai
Paiwan

) ,

N ig

Amis
Kavalan

Bunun

Rukai
Paiwan

\

Sakizaya
\Puyuma__J \ Puyuma J
Tsou <:> Tsou
( Thao " [ Thao
Saisiyat Saisiyat
Atayal <:> Atayal
L Seedig J S&dqu
Truko
Bunun

Hu etal.22014

Eastern

Southern

Central

Northern



Social Institutions

Alnheritance in Social Position
A Aristocratic:leader, nobility, warrior, civilian

A Non-Aristocratic

ANon-Aristocratic: Inheritance of assets
A Matrilineality : mother sidethe eldest daughter

A Patrilineality: Father sidefhe eldest son
aSyQa LIRaAaAGAZ2Y |NB dzadzZrtftée KAIKSN



Social Institutions

Amis
Kavalan
Sakizaya
Puyuma

Tsou

Thao

Saisiyat Community

Atayal

Seediq

Truku

Bunun Family

Tao

Paiwan
Rukai

Matrilineality

Patrilineality

Aristocracy

Non - Aristocracy

Social
Institutions



Comparison with Social Institutions

4-step dance &
2-step dance

2-step dance
only

None

Paiwan
Rukai
Amis
Kavalan
Sakizaya
Puyuma
Tsou
Thao
Saisiyat
Atayal
Seediq
Truko
Bunun

Tao

— Sakizaya
— Puyuma

— Thao
—— Saisiyat
— Atayal
—— Seediq
—— Truko
—— Bunun

— Tao

Aristocracy

Matrilineality

Patrilineality

Social
Institutions



Short message

AFolk dance and society structure are closely related
ACS technology can help preserve cultural heritage

ACS technology can help some other scientific disciglins/ber
humanities



Back toBusiness



The Cambrian explosion in Robotics

60 years after the Dartmouth




The Cambrian explosion in Computer Vision

2200
Y 4

.. Submitted papers for CVPR beep learning

Deep learning
Deep learning

1300
1000

200

0 1985 200 2016
Connectionism



Need paradigm shift

AToo much reductionisre disciplines are too fragmented

ATo introduce Holism approach to foresee as a system with a clear goal
Computer Vision\
- < Artificial lntelligey'
Robotics Holism!
O o

System as a whote

Why do we need
the system?
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Holism and System architecture

Cognition loop

ACognition loop Human robot interaction I

‘ Recognition loop

ARecognition loop: manipulation, navigation : I

I Reflex loop

AReflex loop: obstacle avoidance, balance
maintenance

BrookslEEE JRA 1986
A. N2 Zjbsu@ptiorarchitecture




Closed loop systems in my system

Areflex
ABalance maintenance&ancing robots
A Proximity sensingoin-picking

Arecognition
ARecognizing Human gesturesncing robot
A Configuration of objects to be graspdan-picking

Acognition
AMissing loop in my endeavor



Cognition loop with machine independent software

I
<«
F I
/ Camera :
!
~ 0 i
— | Speeclhrecog L 1
Chatting _ :
engine Microphone |
E
N\ Speech :
synth > :
\ { Speaker !
I
: I
Microsoft synth |
" Motor |
Cognitive ' Human as

service Robot software  Robot hardware environment



Chatting

Gesture synthesis

ATranslation of spoken language into
body language

engine
on cloud

A Off-line
A Gesture library: Reservoir of concegsture pairs

A Gestures represented as Labanotation

A Online
A Chatting engine generates an expression

A Analysis of expression

A Search appropriate gesture

A Convert Labanotation into motor control signals




Chatting robot with behavior learning

AReflex loop
A motion control

ARecognition loop:
A Recognize human face
A Recognize human gesture
A Recognize objects
A Recognize human speech

A Cognition loop:
A Question and answer
A Search in the web
A Accumulate gestures
A Generate behavior library



