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Emerging Data Economy: 4IR and Big Data
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1. Robotics
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DARPA Robotics Challenge

DARPA Finals 6/6/2015

Fairplex in Pomona, CA
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Why is Google building a robot army? HSP
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Machine Learning vs. Deep Learning ¢
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Deep Learning Flow

® Big Data + Parallel Computing + Deep Learning
® From programming to learning

® Automated- or sclf-programming

® Paradigm shift in S/W
® Self-improving systems
® Intelligence explosion
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Object perception

+ Object recognition
Object class recognition

perception for
Information Communicatig

“\Emotion Perception

« Speech recognition « Emotion recognition
e Gesture recognition « Feeling, mood, haptics
+ Face detection/recognition
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Emotion perception

Pepper robot, Softbank [00:00:49]

Jibo, Cynthia Breazeal, MIT [00:03:11]

Object perception

» Object recognition
Object class recognition

perception for Emotion Perception
Information Communication . Emotion recoenition
« Feeling, mood, haptics
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Inference
Intelligence
+ Decision making
logical inference
Semantics

Planni Linguistic
an.nmg Intelligence
Intelligence
- Filling up missing information * Verbal interaction
» Adaptation to environmental change * Speech understanding

» Dialog management



Inference Intelligence (as of 2016)

.('_').O. Inference
S ‘ O Intelligence
QO.OQ » Decision making

AlphaGO - logical inference

+ Semantics

L

—\ Linguistic
Planning Intelligence
Intelligence
« Filling up missing information * Verbal interaction
. » Adaptation to environmental change * Speech understanding
Google DeepMind Challenge Match *  Dialog management

AlphaGo won all but the fourth game.

Balance end Combine
100,000s of scores
Multipie 100s of 1000s of pieces from m any deep
interpretations possible answers of evidence analysis algorithms

T Tq)icw et  Hypothesis Hypotitels Synthesis mulrgng .:’ee
& Dfmmpouhnn ) Generation Evidence Scoring Ranking

¥ ¥ and Response and
" Generation F“ Scaring Confidence

y

IBM Watson for Medical Applications

Watson [(])010013
6



Linguistic Intelligence (as of 2016)

IBM Watson & Softbank Pepper [00:03:29]

Robot View

enmap

“»‘4‘(,’

1

Hanyang university, INCoRL

Inference

L

-

Intelligence

« Decision making
logical inference
Semantics

Planniné
Intelligence

+ Filling up missing information
» Adaptation to environmental change

Siri

—N Linguistic

Intelligence

Verbal interaction
Speech understanding
Dialog management

[00:00:20]




Planning Intelligence (as of 2016)

Inference
Intelligence
+ Decision making
* logical inference
+ Semantics

Planni —\ Linguistic
an-nlng Intelligence
Intelligence
« Filling up missing information * Verbal interaction
- Adaptation to environmental change * Speech understanding
+ Dialog management

Tourist Trip-planning [00:01:15]
Hanyang university, InCoRL Robotic Roommates Shopping for and Preparing Bavarian Breakfast

7{2| 67.6km CILATE 1ARI7E 23 53008

PABE
e —

Preparing Bavarian breakfast, TUM [00:01:26]
ASXUHIHOIE: 2N BZ HE
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Mobility
Intelligence * Mobiligence
in daily environments

(Home, Stair, office..)

Manipulation Skill Navigation

Intelligence Intelligence
+ Imitation learning « Place recognition/categorization
+ Motion grammar » Navigation
+ Motion segmentation » Environment Mapping

+  Grasping
+ Using tools / haptics



Mobility Intelligence (as of 2016)

Boston Dynamics

ASIMO, Honda  [00:00:33] DRC-HUBO, KAIST

Mobility
Intelligence * Mobiligence
in daily environments
| (Home, Stair, office..)

Manipulation Skill Navigation

Intelligence Intelligence
« Imitation leaming ¢+ Place recognition/categorization
* Motion grammar » Navigation
* Motion segmentation » Environment Mapping
« Grasping

« Using tools / haptics

[00:00:27] Cheetah, MIT [00:00:48]



Manipulation SKill Intelligence (as of 2016)

Mobility
Intelligence * Mobiligence
in daily environments
(Home, Stair, office..)

Assistant Chef Robot using Basis skills

Hanyang University
Incard
Manipulation Skill Navigation
Intelligence Intelligence
Motion segmentation/grammar Motion learning/segmentation/grammar + Tmitation learning »  Place recognition/categorization
Hanyang university, INCoRL Hanyang university, INnCoRL * Motion grammar * Navigation _
« Motion segmentation « Environment Mapping
[00:01:27] [00:00:12] +  Grasping
+ Using tools / haptics

Continuous visual feedback ; = s
improves grasp success rate . £

e
»

Rollin‘ Justin

A platform for
mobile manipulation

Institute of Robotics and Mechatronics

German Aerospace Center (DLR)
23:22:54 06/06/2015 UTC Successful Grasps
¥

Failed Grasps

Using tools, DRC-HUBO, KAIST Grasping Google [00:01:41] Justin [00:00:39]
[00:00:09]




Mobility
Intelligence = Mobiligence
in daily environments
(Home, Stair, office..)

Navigation Intelligence(as of 2016)

4 by
Manipulation Skill Navigation
Intelligence Intelligence
- - H « Imitation learning + Place recognition/categorization
° NO GPS |nS|de IndOOI' « Motion grammar « Navigation
- - - - Motion segmentation + Environment Mapping
* Place recognition/categorization - Grasping

Using tools / haptics

Navigation
Environment Mapping Outdoor Navigation

Indoor Navigation

Place Recognition using Straight Lines
for Vision-based SLAM

Jin Han Lee, Guoxuan Zhang, Jongwoo Lim,
and Il Hong Suh

Hanyang University, Seoul, Korea

Place recognition
Hanyang university, InCoRL IOROIOREES Google Car [00:00:18]
(SToMN) Scene based Topological Map
and Navigation
No laser, No sonar, No artificial landmarks

Hanyang university, INCoRL
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Office &5 Nav. Graph Node  [——] meeting Room
IROS 2014 Kinect Navigation Royal Institute of Technology (KTH) : N = ¥ i i
Contest, Winner Quadcopter Navigation in the Forest [00:00:23]

using Deep Neural Networks
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2. Wearable Robot Data
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