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The beginning of AI 

ÅThe Dartmouth conference in 1956                   

ÅRoboticsand Computer vision were synonyms with AI around 
that time

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

McCarty        Minsky             Rochester         Shannon      

Χ



Copy Demo @The AI Lab, MIT
15 years after the Dartmouth  

ÅSensing to watch the block world

ÅCognition to understand the structure

ÅAction to create the same structure

Binford (S) Horn (A,S)Winston (C) Minsky

Image 
dissector for 
sensing

Manipulator 
for action

Target scene



Horn & Ikeuchi Scientific American 84

Bin-picking Demo @The AI Lab, MIT
25 years after the Dartmouth 

ÅSensing to watch a bin 

through photometric stereo

ÅCognition to understand the 

configurations through 

Extended Gaussian Image 

(orientation histogram)

ÅAction to grasp the top-most 

object based on the obtained 

configuration



cognition

action

sensing

artificial lifeform

The goal of AI (Robotics and CV) at that time

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

ÅCognition

ÅAction

ÅThe demos
ÅAutomaticandautonomoussystems 

ÅStatic environment without human intervention 
and human interaction 



30 years after 
the Dartmouth ÅSensing -> computer vision

ÅCognition -> core artificial intelligence

ÅAction -> robotics

Reductionism!
ÅSystem -> component
ÅDivide-and-conquer 

Still, the three components contain challenges

IJCAI

1969

1984

ICRA

1987

ICCV

IJCAI

Dartmouth
1956

1956

Copy 
1970

Bin-picking 
1982



My personal history along the reductionism

Robotics

Bin-picking

Robot motion from 
observation

Vision algorithm 
compiler

e-Intangible-
heritage

Reductionism!
Å System -> component
Å Divide-and-conquer 

Computer Vision

Photometric   
stereo

Modeling-from-
reality

Reflectance 
analysis

e-tangible-
heritage



The main issue in the bin-picking demo

ÅThe system looks intelligent!!                              

ÅBut, Ikeuchi (a programmer) considers all the 

conditions and programs the robot before hand

ÅTELE-OPERATION through the program by Ikeuchi 

(a programmer)!

ÅCan a robot automatically generate such programs 

to control the robot?



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

Observation Performance



[ŜǘΩǎ ǎǳǇǇƻǎŜ ǿŜ ƘŀǾŜ ǇŜǊŦŜŎǘ ŘŀǘŜ ŦǊƻƳ ƻōǎŜǊǾŀǘƛƻƴ

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



Without understanding (direct mimicking)

AIST dynamic simulator



Need to know the key essences

Observation Performance

Relation-1 Relation-2

Action

Understanding 
the key essences

Direct mimicking



Learning-from-observation Demo@RI, CMU
30 years after the Dartmouth 

Ikeuchi and Reddy, Robotics review, 1988

State transition and 
motion assignment



ÅOperation (contact 
transition) is the main goal
ÅPolyhedral objects

ÅMachine parts

ÅFlexible objects

ÅGesture (pose transition) is 
the main goal
ÅFolk dance

1988 1990 2000

Two blocks

Polyhedral

Machine parts

Flexible objects

Dancing

2010

Divide and Conquer



Polyhedral objects @RI, CMU & UTokyo

Takamatsu et. al. IJRR 2002

Kuhn Tucker Theory 
face contact among 
polyhedral objects

40  years after the Dartmouth 

Human 
demonstration

Robot 
performance

Suehiro&IkeuchiIEEE-TRAS 1994



Daily-life objects (no-contact) @UTokyo

Trajectory 
integration

Human 
demonstration

Robot 
performance

50  years after the Dartmouth 

Ogawara et. al. T-IE 2003



Body motion @ UTokyo

50  years later after the Dartmouth Lower body rep
Foot contact relation

Nakaokaet al. IJRR 2007

Human 
demonstration Robot 

performance
Upper body rep

Joint angle



Body motion @U Tokyo

Upper body rep

Labanotation 
representing human 

gestures

50  years later after the Dartmouth 

Okamoto et al IROS 2010

Human 
demonstration

Robot 
performance



Further detour from robotics
Labanotation and dance analysis



Same dance?



Same dance?



How to define the same dance set

Same dance set
Those dances are same in terms 
of human perception

Different dance



Labanotation

Labanotation Score

R. V. Laban 1927



same in Labanotation

same in human perception

Labanotation Labanotation

Necessary condition
Sufficient condition



Recording Taiwanese indigenous dance 
based on Labanotation



Why Taiwanese Indigenous dance ?

ÅConsidered as the 
origin of Austronesian

ÅFirst to settle on the 
Taiwanese island

Å14 tribes identified

ÅLost culture along 
modernization due to 
no-written symbols



Paiwandance and Labanotation

4-Step Dance 2-Step Dance

Labanotation of
Paiwan4 step dance

Labanotation of
Paiwan2 step dance



Tsou

4-Step Dance
Rukai

Kavalan

Sakizaya

Puyma



Tsou

2-Step Dance
Rukai

Kavalan

Sakizaya

Puyma



Summary of festival dances
No. Group 4-Step Direction 2-Step Direction

1 Amis Y Both Y Both

2 Kavalan Y CCW Y CCW 

3 Sakizaya Y CCW Y CCW 

4 Puyuma Y CCW Y CCW 

5 Paiwan Y CW Y CW 

6 Rukai Y CW 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 (Yami) N NA N NA



Labanotation of Kavalandance and reconstruction

© Prof. Takahashi (a Robot Creator)



Analyzing Taiwanese indigenous dance 
based on Labanotation



Classification of dances

4-step 2-step

BOTHThao

CCW (Right foot in front)

CCW (Right foot in front)

CCW (Right foot in front)

CCW (Right foot in front)

Saisiyat

Atayal

Seediq

Taroko

BOTH BOTH

CCW CCW (Left foot in front)

CCW CCW (Left foot in front)

CCW CCW (Right foot in front)

CCW NO (Left foot in front)

Amis

Kavalan

Sakizaya

Puyuma

Tsou

CW CW (Left foot in front)

CW CW (Parallel foot)Paiwan

Ruka i

4-step dance 
2-step dance

2-step dance
only

None
Bunun

Tao

Hu et.al. CC 2014



Comparison with DNA-based dendrogram         
(¢ŀƧƛƳŀΩǎ ŀƴŀƭȅǎƛǎύ

Paiwan

Rukai

Thao

Saisiyat

Atayal

Seediq

Taroko

Bunun

Tao

Amis

Kavalan

Sakizaya

Puyuma

Tsou

4-step dance &
2-step dance

2-step dance
only

None

Amis

Puyuma

Tsou

Tao

Saisiyat

Atayal

Bunun

30

28

69

55

92

Paiwan

Rukai

54

Tajima et al.
2003



Comparison with Dialects

Amis

Kavalan

Sakizaya

Puyuma

Paiwan

Rukai

Tsou

Thao

Saisiyat

Atayal

Seediq

Truko

Bunun

Tao

4-step dance &
2-step dance

2-step dance
only

None

Amis

Kavalan

Puyuma

Paiwan

Rukai

Tsou

Thao

Saisiyat

Atayal

Seediq

Bunun

Northern

Central

Eastern

Southern

Hu et.al. 2014



Social Institutions

ÅInheritance in Social Position
ÅAristocratic: leader, nobility, warrior, civilian

ÅNon-Aristocratic

ÅNon-Aristocratic: Inheritance of assets
ÅMatrilineality: mother side/the eldest daughter

ÅPatrilineality: Father side/the eldest son

aŜƴΩǎ Ǉƻǎƛǘƛƻƴ ŀǊŜ ǳǎǳŀƭƭȅ ƘƛƎƘŜǊ ǘƘŀƴ ŦŜƳŀƭŜǎ



Social Institutions

Social
Institutions

Amis

Kavalan

Sakizaya

Puyuma

Paiwan

Rukai

Patrilineality

Matrilineality

Aristocracy

Non -Aristocracy

Community

Family

Tsou

Thao

Saisiyat

Atayal

Seediq

Truku

Bunun

Tao



Comparison with Social Institutions

Social
Institutions

Matrilineality

Amis

Kavalan

Sakizaya

Puyuma

Paiwan

Rukai
Aristocracy

Tsou

Thao

Saisiyat

Atayal

Seediq

Truko

Bunun

Tao

Patrilineality

Amis

Kavalan

Sakizaya

Puyuma

Paiwan

Rukai

Tsou

Thao

Saisiyat

Atayal

Seediq

Truko

Bunun

Tao

4-step dance &
2-step dance

2-step dance
only

None



Short message

ÅFolk dance and society structure are closely related

ÅCS technology can help preserve cultural heritage

ÅCS technology can help some other scientific discipline Ą cyber 
humanities



Back to Business



The Cambrian explosion in Robotics
60  years after the Dartmouth 



The Cambrian explosion in Computer Vision

1985 20162001

Submitted papers for CVPR Deep learning
Deep learning
Deep learning

Connectionism



Need paradigm shift 

Reductionism!

Computer Vision

Artificial Intelligence

Robotics

HHolism!
System as a whole

Why do we need 
the system?

ÅToo much reductionism -> disciplines are too fragmented

ÅTo introduce Holism approach to foresee as a system with a clear goal



Holism and System architecture

ÅCognition loop Human robot interaction

ÅRecognition loop: manipulation, navigation

ÅReflex loop: obstacle avoidance, balance 
maintenance

Å.ǊƻƻƪǎΩ subsumptionarchitecture

a
ctio

n

se
n

sin
g

Reflex loop

Recognition loop

Cognition loop

Brooks IEEE JRA 1986



Closed loop systems in my system

Åreflex
ÅBalance maintenancedancing robots
ÅProximity sensingbin-picking

Årecognition
ÅRecognizing Human gesturesdancing robot
ÅConfiguration of objects to be graspedbin-picking

Åcognition
ÅMissing loop in my endeavor



Cognition loop with machine independent software

Human as 
environment

Microphone

Speaker

Camera

Motor

Robot hardware

Shape

Face recog

Speech recog

Speech 
synth

Gesture 
synth

Robot software

Chatting 
engine

Microsoft 
Cognitive 
service



Gesture synthesis

ÅTranslation of spoken language into 
body language

ÅOff-line
ÅGesture library: Reservoir of concept-gesture pairs

ÅGestures represented as Labanotation

ÅOn-line
ÅChatting engine generates an expression

ÅAnalysis of expression

ÅSearch appropriate gesture

ÅConvert Labanotation into motor control signals

Chatting 
engine
on cloud

Expression

Analysis

Search

Speaker

Labanotation

Motor

F

Disagree
No
Well?

Gesture library

Agree
Yes
OK



Chatting robot with behavior learning

ÅReflex loop: 
Åmotion control

ÅRecognition loop: 
ÅRecognize human face
ÅRecognize human gesture
ÅRecognize objects
ÅRecognize human speech 

ÅCognition loop: 
ÅQuestion and answer 
ÅSearch in the web
ÅAccumulate gestures
ÅGenerate behavior library


