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e Introduction EA
« Whatis robot? What is robotics?

* Properties of Mobile Robot
* Autonomous Navigation
» Tsukuba Challenge
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Autonomous Navigation in Real World
RHRANEBEMASES —ay
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Examples of the robot motion By Yamabico robot platforms:
utonomous Indoor Navigation
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An Example of Motion
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An Example of Motion

* JLauraent Pinchart && Michel Xha
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Gnuplot

f route.dat, L S = Lie) R,
PRSI R <3 000 2000 2000 1000 0 1000 2000 2000 4000
L0002 208.026 . 6OE1_84
map_data GL[B] = 288. 0[m] -270. 0[deg] -
00015 map_data GL[9] = 342 0[a] -360.0[deg]
L0001 map_data GL[10] = 344.0[m] -270. 0[deg]
map_data GL[11] = 423.0[m] -360. 0[deg]
Ge-05 map_data_GL[12] = 436.0[m] -315.0[deg]
o map_data_GL[13] = 442 0[m] -270. 0[deg]
map_data_GL[14] = 467, 0[m] -180. 0[dea]
-5e-05 map_data GL[15] — 471,0[m] —180, 0[deg]
L0001 map_data GL[16] = 474.0[m] -180. 0[deg]
Cosin '!h‘:r?:lirlg empty x range [-0:-0], adjusting to [
L0002 =5 " e Ay odometer= 0.1[m] average_th = D.00[deg]
-0, 0641681, -0.000217706 -




An Example of Motion

Topics of my talk S HDEEEE vec. 4, 2015

* Introduction

 What is robot? What is robotics?
Oy bEfa Ay, ARy kEfTEE 2

* Properties of Mobile Robot

* Autonomous Navigation

» Remote Control of Working Machine

What is robot? AARyk&EIEEAH
What is robotics / robot technology?
ORyRE-ORy & ?

* Machine with sophisticated mechanism and control
SN = AN =X L EHIEE

* Machine system which performs useful task in the
real world

KRR TERDHHLEFET WM

» Referenced with human and animals

AEREMESEIC
* Machine which can be felt friendly

BLAZFRFTOHHEM

N ||
What kind of Machines are called Robot?
ED XS LML ORYNEFERSH

* Automatic cloth. /4
@C
&

washer Q

* Power shovel / a

e TV game o BlpEd Walklng
machine

* Flying machine
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=
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« Automatic driving Car

* Automatic vacuum
Cleaner
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Industrial Robots EZERAOARYE

[TOSHIBA MACHINE
mEmAoR s -

MRP-2100PF

History of Tools and Machine

CE Yt 1540

* Tools (passive)

EE B R

48 @
*Machine (powered) sexi

44t . by 3z =
%jﬁif*nﬂ"&%i R T

» Automatic Machine Compater R -
S By e ERAT
a

- | ] " _a
ORZHM O=EEIEEHBHKARH
* Robot ?

Use Machines HiZz{FEo>_&

» Do things which usual people can do
ADHEDIEEZT D
(as an alternative of people)
» Do things which people cannot do
ANITHEGWZEET S
(as the machine, as an alternative of witch)
= Move with high speed SiEENE
= Move the heavy material EW\EDZEFFD
= Execute precision task F5& 7 ENE
= Work without tiredness JENZEISAELN
= Repeat same things £AZF IZ#EYIRT

Robot as Useful Machine

FEFGHEmELToaRYL

« Relief for Human AZ#[ZF 5
Execute Tasks Human Does ANIZHFEAZ L

 Act as machine #E4H &L TEIC

o Execute Tasks Human Cannot Do

ANITHEG N E




I —

Expectation for the Robots HAARYr~DEATF

« Substitute What Human Can Do A M {tE
B As Replacement of Human

- Act What Human Can Not Do ## LT E=
B As a Machine

« Expected Role for Robots: 7Ry R ZHEiFEN 515 Z
@ Reduce the Load of Human and Reduce Personnel
Costs ANDERTDEER
@ Make the Work Precise and Accurate, or Large-Scale
and Heavy Weight A &Y B V4ERE
¥ Expand The Working Environment to Dangerous Site
ADBWNFEWNECATOEE

———————————————————
Things people cando AIZHFESHZ &

»Use Hands F%#{#5
= Make something, assemble

«Use Legs E&{E
> Go to somewhere & IZMAITL
= Bring something HNDZEEN
- Use Brain EEZ{E5
= Watch, Listen, Think, Remember
R5. BEK.BZADH.BZAD
s Use Tools EEZEFES

e —
Things that (old) witch did

BIEEWNICHELSIE

* Talk to distant people

« Light dark street
BELNECAZRDLTY

ECDANERET « Build big house in short
* See from far away time

=ERS ERRTREETS
» Bring Heavy Materials

BEWWEDEED - Enter into micro world

« Run thousand miles a RA7ODHFRAITL
day * Go to space
1H121000Kkm7E% = 15<

* Fly in the sky

Functions Robot Technology Pursue

ORy MEfTAVIE R T B HERE

Functions of Witch = Results of 20 century technology
BiEFEVLDREAD = 20t MESRORE

* Flyinthe sky ZEZA

- Light dark place <HWL\ECAZFBIAHEELT

- Bring heavy materials ZEL\EDZIE S

- See distant place / Talk with distant people Z{ DK R E R 5. &=L
DANEEET

o Functions of People
ADEEAN = ARYEHIERT SHHEEE
* Walk to somewhere #5V T E M ATTE
+ Make something by hand 2 FHIZFZEHN L TRIMNEED
- Recognize and Judge by seeing £ D% R THIET 5
- Understand other people AD S EHLHHHND




Domain of Robot Technologies as working machines
O7Ry b iT AMEN BB (pl e gL D epT)

Efficiency of Working Machine 1EZ# 0 3h 3%

Flexibility

+ Human Work AIZ&E51EZE
« Use Tools and Machines Domain
[ EE-HWICRDIEE for Fliobot
» L Works
IF .
é:) * Work Form Suitable for Machi I'?Tﬂ_?;‘é;]\gfﬁ
- CTNCIRVE ST v
j o “
iﬂﬁiﬁfgy « Complete Mechanization by Eenvironment
Set-up IRIEEEICKDTEEHMIL

AN AT

Risk of things
losing

I |

Tasks robot is requested to perform

ORYMNIE T SN H1ESE
» Meaningful task ELkdHHTE

» Task which people usually does
» Task expected to be done by people

ADO-TLNSESE

» Task people does not like to do

ADOYTLTGEMESE

Tasks people can do but not easy by the robots

ANZHETARYMMIELLNE

«Complicated task #3771 E
«Sensible work, to meet the situation

W iE s, KRICHo=EF

« Correspond to people  AANDXFis
«Service to human ANDH—E X

e
Robot Technology B7Rw kM fif

1: Object Handling, Manipulation

LD (R DEAE
‘ < Manipulator, Arm >
Object Recognition, Skillful Motion il 3

2: Mobility, Move itself
BRBED%H
‘ < Mobile Robot>

Environment Recognition, Path
Planning




Robot Technology for Work Task
ARy CEEE S LHHi

1: Tele-operation

3=
1= PRk
Human-machine
Interface

2: Autonomous Behavior

BEE
Autonomy, Self-contained,
Adaptive Action

et ||
How Robots Work?

ORYMIEDKIICHEFZT HH

- by Remote control =[@iE/E

« by Teaching — Playback #ix-FB4
by Program 049 5./
 Autonomously BfERJIZ

Intelligence of the Robot O7Rw kM £NHE

« Intelligence of Human/Animal / life
AR EYDENFE:
Objective (Intelligence can be a goal)

ENBENBNERYSD (ESEVD=H)

« Intelligence of Robot M7y M %0EE
Intelligence to perform the task or work :a means for
task

ERZERT D-HDFKR

N
Intelligent Robot XNEEAA YK

* Realize a complex task in the complicated
environment
BHLTIIRE TEMGLEFZITD
— Ability to deal real world
— Performance to complete given task
» Realize the task with simple instruction

HEEEICIETRTES

— Good human interface
— Versatility and multipurpose (from user’s view point)




Elemental Technology for Robots — for cognition and
control

ORyhDEREM — fletwro0d

o Actuator 7 F1IT—4

= High Precision, Small size, Low power

« Control |7

= Control of multi degree of freedom, Learning in motion

 Sensor 7
» Recognition of Environment and Situation
IRIBESRR DR
= Real time
« Embedded Controller #i#AAHIAE 1—4

e Modularization of Element Functions
BHEEDES 1 —)L1E

Elemental Technology for Robots — for Human
Interface
ORYrDEBER M Ea—<o 1087 —R
« Operation Interface #E{EA2T7x—2XR
= Understand of Operator’s Intention
= Present of Situation to Operator

« Compatibility with Operator / User A &M i7F
= Physically, Mentally
» Provide Amenity and Satisfaction to Human

ANDY—ER /R DR

Elemental Technology for Robots— for System Design
ORYFDBEZRRM: VAT LDTHAVES AT LEE

« Mechanism , Material AH=X L #%$}
 Power and Energy /\J—&IR)LF—EEE
o System Integration AT LFEZE
« System design for task and environment
EERLRBICECIZ VAT LTHAY
 Safety=Reliability, Robustness
T EEY

i
Social Problems for Use of Robots

ORYREEND, ENTEODHEMETER

* Social Acceptance T ED =T AN
= Expectation and Agreement by Society
= Usefulness, Safety, Dependability
= Regulation
« Economy #EiF 4%
= Market
s Infrastructure in Society &4 275&0L
ThHixlE
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Useful Tasks by Robots

ARyRISESIESE

» Work Task 1EZ
= Support / Help Human’s Work
Remote Task (Space, Deep Sea), Hazard Work,
Micro Operation, Enhancement Operator’s
Skill
= Autonomous Excecution of Tasks
« Service Task A~NDH—E X
= Support / Help Human's Life
o Provide an Amenity

of Robot Technology

Environment of Robots with Advancement

ARy N EIRE DR HAY

e Industrial Robot EZEFFAAOMR VL

in Factory — Support Production Line

eField Robot Z74—/LkOMR Yk

Construction, Agriculture

—Support Production Activity
*Service Robot H—E ZXOR vk

Home, Human’s Life Environment

— Support Daily Life
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* Introduction

* Whatis robot? What is robotics?

* Property of Mobile Robot &0
I NOLES S

¢ Autonomous Navigation

» Tsukuba Challenge

Expected Tasks for Mobile Robots

Expected Tasks:
—Playmate —Cleaning
—Living support
—Security Guard

—Route guide

—Luggage transportation
—Delivery

—Material handling
—Grass mowing -
Harvest

—Public works
—Maintenance —Mining
—Probing

Amenity Task:
for People in daily life

Service Tasks:

for Senior person, Handicapped or
Healthy person

Management Task:
for People, Animals, Materials

Field Tasks

Release from hazardous work,
Jobs without entrance at place
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Tasks and Environment for Mobile Robot

fERME: Environment Expected Tasks:

. Home -Playmate  -Cleanin
SEUHRFE R Indoor -Livi)r/1 support ’
oM E_Zﬁﬁ . g. PP

‘E'ﬁi% Sl City area -Security Guard

HEW - FrMDE MY Street -Route guide

Hi X - ik Farmland -Luggage transportation
oEL N - R FE Construction site -Delivery

e+ ARIE Mine -Material handling
TR Ocean Publewors
o} . 178 B

BRIBIER RE Space -Maintenance  -Mining

-Probing

" S e —

BEORYMIBARFSNDERLIRE

RIS

R
B
i
-
i
TS
o 4 - 1L
-
T

EXRAE:

HURE -
EERE -Ei

“BEXRNA - I YIE K
Bz - X
<EN|Y) -INFE

I ARITH
ATFUAR

HRiEExX BRE

Size of Working Space of the Robots
BEIORYFORE: TR - EXEEROKES

« Manipulator:¥v=E 1L —%
same size with the robot
FIFORVFBEDOKRES
» Mobile Robot: #FOHR vk
much wider than robot size

BOESORSSOHE~HTE
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Huge Size of Working Space

Difficulty on Realizing
Real Useful Mobile Robots

* various and complex environment
« difficult to keep tidy and clean

« difficult to have accurate model

» dynamically changing

« shortage of sensing and perception power

‘ difficult to know real environment

'.—
@B<REIDARYFOEHRDOHLS
EEZBDOKES

» RAOSHELIEHS
. BABHORLE —
= ERAET IR
" BRH A DKL

NFCEES N1 109 A S i

ABERBR L= YREIDTE =)

Robot’s work environment ORvkDiFEIRE
Real World EtHRE

» Physical conditions X254
o |nertia
= Friction
- Social condition fI&=RIEHE
= Human custom
= Social system

Key Issues for Real World Problem
EHABBOF—HRAk

Real World is not simple

« Understand Mission/Task
[ 28 (D IR %

» Understanding environment
IR DIRMZ




Examples of Mobile Robot Mechanisms and
their Motion
BEIORYEDAN=ZXLEZDHFIE — B

* Climbs up/down stairs

* Mono wheel robot — Balancing control

» Wall climbing by magnet wheels

» Mobile manipulator opens/closes doors and passes
though them

 Traverse rough terrain

« Climb up/down steep and rough slope at mountain

I ——l

Climb up/down Stairs
EHEEDSVEBERREREO-HDAN=X L

* Novel Mechanism with
Wheels and Rotating
Arms

» No-Slippage Control of
Wheels
= For Robust Motion and

Accurate Positioning

« Distributed Architecture

of the Controller

Autonomous Navigation to another Floor —
[EERAEBRZETCERSES—2a KR

—

Mono Wheel Robot
—ERE ORI

Ichiro demo




I —

Wall Climbing Robot with Magnet
Wheels for Bridge Inspection

AR ERIZ LA

|
Crawler and Sub—Crawlers for high
Mobility
SVWEREEF OV I I/O0—7D2F
D A—ZE ]

I —

Mobility Experiments at Mt.Asama
EZRILOESMEICHITAETEER

Track-walker
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* Introduction

 What is robot? What is robotics?

* Properties of Mobile Robot

* Autonomous Navigation
BEFES—ar-BHEL

» Tsukuba Challenge
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Navigation in Real Environment
ERENODFES —2 3>
» Move to given destination

By ETII<

o Basic function for autonomous robot

* Using the Map / No Map
MENHDIGEE ENGEE
sMap: Concrete environment Model
sFunction to make map

e —
Realization of Navigation Task
FTEST—a AR INDER
Pre-given ZEHIIEHR

environment map . logical information

IR Hh X IMEERIE R

+ :analogue signal
Sensor data YT —%4 FFraogES

*Real Time EFs[E (A 512) logical information
Path planning #ZE&5t1E - gea ] |
! p g IE imIRREER

Motion control  Efj4F il & :analogL{e_Signal
FTaJES

Strategy for Autonomous Navigation
BEFTES —2 3> DB
» Use of Global Coordinate Frame for Planning and Control

ENVERTIE SHI N (T R EEREREF A
« Collaborative Use of Sensor and Pre-given Map
Information for

= Environment understanding
= Position estimation

BERSLECNEHTECIIEIRE Y EEAED
B TES

« Divide the Problem to RIREZ2ZATY 7120 1T5
= Off-line Planning Stage
= On-line & Real Time Control Stage

Real Time Signal Flow Architecture for
Autonomous Navigation

Sensor C Actuator
Input urrent Outout
Internal Position Vehlcle Sutpu
MOtlon sensor stimation Contro Gontrol
Signal
& Environ Signal
-mental
Sensor Mode
anUt Environ
Environment -ment
Signal Recognition

—- . Analogue signal
— . Analogue value
— . LOgical data




%! !%‘ ﬁsﬁggft T—aA Vv AT LDES

Coordinate frames for navigation FE4—>3> D=HDEEZESR

*ﬁiﬁ = [nformation processing
Pre-givan knowledge Path and mation
of environment (map) planning
== \ / -Iﬂ-
B{E1S R " HEES ) F
_SITFIRFX | REEY BoNEHTE — Traatment on the Understard:ng environment EE
world{environment)
/ coordinate Position estimation *%E%
i% f;% l Environment 7 w \
e
iﬁ oordinate transformati
T m Treatment on the local servo control " E_.E a
= — robot coordinate / sensaor reflect motion =
HEH SHE a4 G it
® R
FEZ—2av i AT L
- Robot System

Positioning B I EH#E

*Global Positioning
JA—nNI)LiRoaz=ry
= Without initial position
information

*Position tracking
H 2 A& BB

= Based on motion measurement

Position Tracking in World Frame L
HAERRICEITHE A E B

*Accumulation of robot motion signal
ARYEDEZDIEHRD RE
= Continuous use of internal sensor and/or scan matching
= Estimate robot position and error covariance

?’EE CHUEDHTHKEDREVHTE (ERHB2HE
E)
Discrete and asynchronous use of external sensor

B4 (MBI AR Y EMRDOBEE1TS

= Fuse with dead-reckoning by MLE (extended Kalman
Filtering)
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Navigation to another Room:

Mobile manipulator opens/closes doors
and passes though them
BEBHE—/N\MILI=_E21L—FIZLD
7 DiEY RIS

KEI-Door Opening

Autonomous Navigation with Door
Opening/Closing (Yamabico—ten, 1998)

Example of Position Based Robot Navigation: B T i & HETE 12
HEOKEEFEST—a> 0l

An Automatic Returning Push Cart - Using the Teaching-Playback
Navigation EEIREHEEZHOEHE
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e Introduction
« Whatis robot? What is robotics?

* Properties of Mobile Robot
* Autonomous Navigation
o Tsukuba Challenge KIXFr¥L

Tsukuba Challenge 2<IEFvL P

-- Open Experiments on Autonomous
Navigation of Mobile Robots in Tsukuba City
mEICHE FEBEBORV LD BEESE
=32 HREER

*Purpose H H4:
= Realize Reliable Autonomous Navigation
Functions EEMHNDS\BEREHEDEIR
= Stimulation in the Real World Robot Technology
EiFORy MEiTDHEE
= Getting a Proper Understanding by Usual People
on the “State of the Arts” in Robot Technology

M ROARY MR OIRA~DERE




Mission for Robots
ORYEDNERTRETEH

% Autonomous run of 1km+ on the usual pedestrian street
and city park 1km+®D B#EFELT

Find people with defined clothes 4FEDARZED ANZFIET
% Environment should be as they are (no artificial change)

= Real World ®HAMNFEFNDIRIEE
= No special treatment for the surface of the street
= No postpone at any weather (even at rain)
= There may be pedestrians or bicycles

e ——
Tsukuba Challenge KIEFrvL o

http://www.ntf.or.jp/challenge/

Real World Robot Challenge EHFEDFwL P
> Not a “Competition” %t £ TIdZ7:0Y = No Order
- Define a Common Mission t£iEEREZERTE
and Share the Place of Real World Experiment
HREIEER
= Disclose Technical Information and Share
Experiences #ZERDEHFAHY

*No Prize! E&XE L7%L

I —
Tsukuba Challenge - purpose:
KIEFYLUPDEB

Compatibility with Society ft&&DH7F

For the Robots Work with the People Living in the
Same Environment, Robot Should

= Never Harm People

= Never Give a Feeling of Frightened or
Discomfort

= Never Give a Damage on Any Object in
Environment

= Not Disturb People nor be Obstructive for the
Working Object in Environment

Tsukuba Challenge - Purpose
KIEFYLOODEW
Technology for Autonomous Robot

BEORy MR

For Autonomy, Robot Should

= Have all Functions as Energy Source or
Information Processing in the Body,
ie. Self-Contained BEMEBLH

= Be Prepared all Necessary Hardware, Software
and Environment Information to Complete the

Mission WhELRZEITEFIZERT S




Tsukuba Challenge — Condition for robots’ Environment

HKEFYL D IRBICAYT &M

* Environment should be, as they are No special treatment for the
surface of the street

= No postponed even in case of rain
= There may be pedestrians and bicycles

ARYED=OICFEELGENHEINFTEZDBAEH

* Environment depends on the Weather
= Surface Condition of the Roads Depends on the Weather of the
Previous Days,
= Water pool or Fallen Leaves May Remain on the Road
* Environment may also Depend on Social Conditions

* Any Objects Originally Existing in the Environment May be Used as a Guide
for Navigation, But not Artificial Change can be Made or added on the
Environment.

Requirement for the Robot

For Safety and Compatibility with Society
RE2D=HDOARYADFFIFEH

* Robot size less than 75cm (W), 120cm (L),150cm(H)

* Robot weight less than 100kg

*  Maximum speed 4km/h

*  Emergency stop switch

*  Accompanying operator for emergency when the robot
moves by power

* Robot should be Designed in accordance with
environmental and ecological attention

Technologies for Completing the Task

BAERBD =8 D i

* Wide Range of Possibilities / Strategy

* Total Design / Element Selection
= |magination to the Possible Situation
= Interface with People

* Test and Design / Development Cycle

* All Participants tried Necessary Developments
Independently.

SMEFZZEBETIRKLTLS

|

Technologies (Hardware) /\—F ™7 $ffi

*Vehicle Mechanism #*Hh =X/

o Wheel / Track

= Suspension

o PWS / Steering
-Battery / Power Management E &
*Motors / Drivers E—%4 ., ER &jj[a] #%
*Sensors T

= Odometry

= IMS / Gyro / Accelometor

= GPS

o Vision Camera / Lidar (Sokuiki Sensor)

* Single / Multiple / Scanning
= Magnetic
o Ultrasound / Audio




T
Technologies (Control) il {E13 ffir

«Control Strategy fillf#l (D 75 &t

o Detail Position Estimation / Road Following

= Teaching Playback / Motion Design
-Map 1D 1ERE

o Measured / Self-made

= Google / Provided by Local Government
-Positioning B I EHEE

= GPS

= Land Marks

*+ Selection

+Rotot Motion Control Ef 4/ il i

= Collision Avoidance / Safety

Technologies (Developping Environment)

FRIRER

<Hardware / Software /\—F™H T 7&ERTEHTT
DEAFEARF EY—IL
= Monitoring / Record
* Online / Offline
* Wired / Wireless
= Simulation
+ Sensing / Decision / Motion
= Tools

Operator Interface E{EAZTT—RX

Robots Achieved the Assigned Mission in2011
HKEFrL 2011 REERDORYM=5

r
=

------

Course Assgined as the Mission in 2014 and Search Area
KEFYL U D2014DRBEI—REFERTIT

™ GelEs=yy

Length of course:1.43km Number of people to be found at each Area

&2 DRRTYT DRRFR DAL

*Areal:1 :
-Area2:2
*Area3:2




Robots Achieved the Assigned

Mission in2014
201458 EER AR YIN-B

ALY BEHRE
(Smart Dump 8)

I ——

Course Assgined as the Mission in 2015 and Search Area
KIEFYLD2015DFRBEI—REFERTIYT

A-THiER
LR Lz . e ‘ THe |-|
L

=
%
-
® e —

Course Length: 1. 54km
Target People to be fund: 4

Scenery of Tsukuba
Challenge 2015

I ———




Thank you for your attention
CEREHUNESITELVELS

Autonomous Navigation with Door
Opening/Closing (Yamabico—ten, 1998)

‘ Email:yuta@ieee.org ‘




