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Robot history

1947 : The first servoed electric powered teleoperator.

1948 : Teleoperation with force feedback.

1949 : CNCOi| Chet & Al F.

1961 : The first Unimate robotO| X && — GMAHYI & X|
1980 : AtHE EX MAHANO CHEECZ B 5

1990: NIs& 2X2 &H

1999 : X[=2| Oi2t=X AIBO E Al

2004 : st E A 22X SPRIT - NASA

2006 : =2 Z R BiGDog — Dinamix

2010 : HI& E& Fraime Air - Amazon
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Robot2

ROBOT (manipulator)

10
>
[z

Qﬂ

Ct.

00 opp IM
Jn 1o |
R ]

J T = @ Hu
m O 0@ g H
no Hu JA
o MIre
o

o O

[y 0In

o

JEE

ol

MOBILE ROBOT
2ol DS 810l & Al
 EX0 Os O

JsE FHel==x

Ol
—

N

Legged Mobile Robot : (42 JH2| 2& 2 0
I E

=
= O
o —

Wheeled Mobile Robot :Z2 2 0] & =&
NEHS =02 0lsIts (

=2 —_ /M —

\_

N 22 )88 s82= Me,
2 J|(multifunctional manipulator)

KA el E 0lsIl+=

KNEHN S0t AsAIZ2EMN
2 AGV: Automatic guided vehicleJt & S 3})

\J

q

o

QL 0

KEAH = A SH
TH=2 T o

SENIPN

StCt.

_/

School of Electronic & Information Eng. Kunsan National University

Robotics & Intelligent Control LAB



ROBOT
® Robot Manipulator ® Mobile Robot
-. 1-Axis Manipu|at0r Legged Mobile Robot
-. Hopping type
-. 2-Axis Manipulator -. Human type
-. Horse type
-. 3-Axis Manipulator - Insect type

Wheeled Mobhile Robot

. Steering & Driving type
. Driving & Driving type

. Hybrid type

. Stanford Wheel type

. Mechanam Wheel type
. Ball Wheel type

. 4-Axis Manipulator

. 5-Axis Manipulator

. 6-Axis Manipulator

. Redundant Manipulator

In recent years, the area of robotics application
k has been expanded due to the addition of mobility
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e Robot Manipulator

2-AXIS 4-AXis

5-AXis
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/ ¢ L_egged Mobile Robot

Hopping Type(1-Legged) Human Type(2-Legged)

Insect Type(6-Legged)
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* Wheeled Mobile Robot

& Driving Type
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e Application Example of Mobile Robot

MT System At SHE
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e Application Example of Mobile Robot

MHlA 28 Dream2020

#220036073
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e Application Example of Mobile Robot

ZAEZX ASTRO 2ot 2X ROBART3
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e Application Example of Mobile Robot — Entertainment Robot

Domestic : CHRNAIAE 2 E 2, ete...

Abroad : SONY (Japan), Bandai(Japan), Lego(Denmark), etc

\ _/

School of Electronic & Information Eng. Kunsan National University RObOtiCS & Intelligent Control LAB



4 N

e Application Example of Mobile Robot — Soccor Robot

Domestic : FAZRE XA FSEZRHEX ZF] ulo]g Rl 5
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e Application Example of Mobile Robot — Thema-Park Robot

Domestic : &H
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e Application Example of Mobile Robot — Personal Robot

Domestic : 44 A=A} $-8l7]|€ &
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e Market of Personal Robot
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e Autonomous Family Machine
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e Concepts for Autonomous Family Machine
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RESEARCH CHALLENGES OF MOBILE ROBOT

® Hardware Aspect [~ Vehicle body
— Controller
— Actuator
— Sensors
® Software Aspect — Operating System

— Map & Path-Planning

— Autonomous Navigation

— Position Estimation
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® Block Diagram of Mobile Robot System

‘ MOBILE ROBOT SYSTEMI

Mechanical Control Sensing Manipulation Application
Part Part Part Part Part

® Application Area of Mobile Robot System

. Automated Guided Vehicle(AGV)
. Document Delivery Robot in Office Building

. Nursing Robot in Hospital

. Guide Robot for Handicapped people

. Serving Robot

. Wafer Handling Robot in Semiconductor Factory

\

School of Electronic & Information Eng. Kunsan National University

_/

Robotics & Intelligent Control LAB




4 N

® Hardware Block Diagram

MIAN CONTROLLER
(IBM PC)

Standard Bus Standard Bus

Voice
Synthesize
Module

Vehicle
Control
Module

Sensor
Acquisition
Module

Manipulator
Control
Module

Image
Processing
Module

Servo Servo CCD

Antenna Speaker
Controller Controller Camera

— Sonar Sensors

— Infrared Sensors

\ _/
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MAP & PATH-PLANNING

® Mapping Method ¢ Path-Planning Method

-. Graph method : delicate but long time

. Voronoi method : delicate but long time

-. Grid Method : not delicate but short time

. Potential method : delicate but vibrated moving

. 4 or 8 Connection method : correct but long time

. Movable Window Method

Using the sensor data fusion technique Having the generated grid map, plan the
of the data obtained by sonar sensors, q navigation path by the movable window
generate the grid map method

\ _/
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¢ Block Diagram for Navigation System of Mobile Robot
Graphic
Simulator
Sensor Inputs
(IBM PC/AT) P N 1
________________________ |
| NAVIGATOR | | OBSTACLE |
| | | AVOIDER |
|
T ———— 1 | Control Fuzzy L [ Learned |
| PATHPLANNER R Rttt [[T 7] Objective [—>| Inference || Neural !
| | | 99
| : | A/ il Rule || Network | !
: Programmed Environment | | | Environment | 1|1 (- :
Mapping Mapping — i —+ | | A
| | Identifier Lol | i
: (Manual) (Auto) : : : : Distance . ,L - / Posglon
: [
: | | y Difference | IANTE v Orientation
: } | ENVIRONMENT I l State X1 3| Inference MOBILE PY ) >
| | | DECETOR || | Evaluation —s——| Engine m ROBOT
| 2 .
| | b y | 4 4 Orientation Vélocity (Outpuy
| | | |
I v v | g |
I Path Planning | T 1
| (Navigation , | POSITION MONITOR |
| Data File) | | Position |
| : : Land Mark - Corrector :
S ] | (Vision) |
| |
- - ]
]) o
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Mapping Technique
e Modeling of the Sonar Snesor e Footprint of Beam and Rearranged Cells
P(
r)a
2 \ JTHK
Vo
R // hELL

R, R e

yA min 6’“ / \
/ i .
T ) 1/ / A1
w X 3/ T+
N\ 1«2/ Range data
2
p(r)=1—( r j Ry, Sr<R_,
Riex . Nonoccupied region occupied region ~
0\ . - _ .

p(@):l—(—a)lzj —wl2<0<wl?2 112 -0 [ )| ]itk J+m

I:)Det = p(r) : p(@)

I:)Fal =C- I:>Det =C- p(r) : p(@)
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Path-Planning Technique

e Environmental Coordinate e The Movable Window by Grid
A X
Ye OBSTACLE Tﬁ%\

/ k
VL
i~ Y ]
/ \\\ \/ o — \
S s e e o T
YW aiLingril B R
Ow R
> ROBOT

Oe Xe
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e Block Diagram for Map & Path-Planning

Position & Orientation

of Mobile Robot

Thresholding

Mapper , Al \‘
P oy
vy
1 Grid Map
Modeling for

Ultrasonic Sensor

\_

| AN

Path Planner

AR

Modified Path
Grid Map Following
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® Experimental Results in Mapping Method

-. Simulation Example -. Experiment Example

File Mapping Path Planning Miscellanea CESC> = Exit : File HMapping Path Planning Miscellanea <ESC> = Exit
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Experimental Results in Map & Path-Planning Method

-. Simulation Example -. Experiment Example

File Mapping Path Planning Miscellanea <ESC> = Exit File

Mapping Path Plawning Miscellansa <ESC> = Exit

\
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AUTONOMOUS NAVIGATION

® Guided Method

. Dead-Reckoning Navigation Method : Blind Running

. Sonar Guided Method

. Wire Guided Method : AGV(Automated Guided Vehicle)
. Landmark Guided Method

. Laser Guided Method

. Vision Guided Method

e Feature of Mobile Robot

It is difficult to model the navigation of a mobile robot mathematically
since we have to consider various environmental conditions such as
slippage, tear of wheel and oscillation by irregular floor.

=== Al technique to model the control action of an expert

\ | Fuzzy Control I + | Neural Network' J
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® The Geometry for Navigation

Distance
Difference
X1

Heading
Angle
N Xoi

®

Reference Line

-. Controller Inputs : Distance Difference X1 and Heading Angle X2

\—

Fn

—® \

v (Xk1 M(!ek)

-. Controller output : Steering Angle y
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® Control Strategy for Autonomous Navigation

SENSOR INPUTS

Difference

Wall X Fuzzy Reasoning
Information
X2

Orientation

for Navigation

Obstacle
Information

Sensor Data

\

Neural Network
for Obstacle
Avoidance

OUTPUTS

Steering Angle
y [deg/sec]

N

Difference Control Objective

Turning Angle
0 [deg]
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® Control Block Diagram for Autonomous Navigation

Control Fuzzy Control | Neural
Objective Rules Network

Difference Steering Angle TeurnlngAngIe
X1 - ,
State Inference y Mobile . ,
—— X2 Crgine Robot Position
Orientation _ & _
Orientation

* Key Point :
Using the input-output data obtained by the control action of an expert
-. Identify the fuzzy control rules using FCM, GA and nonlinear programming techniques.
-. Train the neural network for obstacle avoidance.

\ _/
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e Block Diagram for Fuzzy Modeling

Pattern Data I

___________________________________________________________________________________

(1) Decision of the number of fuzzy rules

Decision of
Optimal Number of
Inference Rules

Hard Clustering ;
FCM Clustering i

\ 4

(2) Identification of membership function

\ 4

Identification of Genetic Algorithm

» Parameters of Fuzzy [ +
Membership Functio Complex Method
Gradient Method

\ 4

Generation of
\ Fuzzy Inference Rules J
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e Identification Technique of Fuzzy Control Rules

Simplified Fuzzy Reasoning Method

Small(A,,) Big(A;,)
=w
Rule 1: N G
Wy
X
B T
L by,
Big(A,))  Medium(A,,)
N yn:Wn
Rule n: \ W,
X, X2 |
@ ] [ @nl ]
bn1 bnz

Pattern data

4

output y*

Input( x;, X7 ,...

Genetic Algorithm
+
Complex Method
Gradient Method

Optimized Result JI
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e |_earning Technique of Neural Network

Multi-Layered Neural Network

Input( X, X3 ,...

output yr

Back-Propagation
Algorithm

Learned Network I /
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® Experimental Result in Obstacle Avoidance

-. Autonomous Navigation Experiment 1

r ] Yonsei Mobile Robot | ]
} Total Path
; ¢ Current Path
Mobile Robot &

}
Goal Position

X=
Y=

Obstacle 1 —b Points detected from

sonar sensors

X= 1?7

x P T

Y = 1080S
HEADING =
26635

' Current Pos.

4 8(m|

—_—— immmmnmm@m@mmm' oI
s O

\

-. Autonomous Navigati

Yonse

on Experiment 2

e Rabot ;

.
N
t
]

-

Obstacle 2 ——3»=
S

{
—_—
!
i

Obstacle 1

i Mobil

TIDTeeT

Tl

1\

(0 Mobile Robot

BT S

®  Points detected from

sonar sensors

&
IS
o

— e —— Iy

4 8(m]

Total Path

Current Path
3

Goal Position
X =
Y=

Current Pas.
X = -S3
Y= 11220
HEADING =
385211
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POSITION ESTIMATION

e Sensors for Position Estimation

* Absolute Sensor(External Sensor) : Measuring the external position.

. Vision Sensor( CCD Camera)
. Laser Scanning Sensor

. Optical Sensor

. Sonar Sensor

* Relative Sensor(Internal Sensor) : Measuring the relative position

-. Encoder
-. Accelerometer
-. Gyroscope

—> Estimate the position using Sensor Data Fusion Technique between
\ absolute sensor and relative sensor by Kalman Filter /
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-. Position Estimation for Encoder

IS

R ® 7
Y, ‘#.g"!

Y

\_

® Position Estimation Techniques

-. Position Estimation for CCD camera

150
300

A

»
»

300

[Landmark]

Reference Point
( Xk Y » Ok)

+0
Reference Coordinate system

[Top View] /
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® The Coordinate of Camera-Landmark ® Absolute Coordinate in a Vision System

Center
of lens

WT, =WT_RT.CT, WT =WT CT -RT 1

\_ _/
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e Position Estimation Algorithm by Vision System

Obtain the Image | +——

l

Calculate the threshold values
for binarization

< Detect Landmark ? No

—
b ves

Calculate the vertices of the landmark
in the frame coordinate : ( FX; , FY;)

A 4

Calculate the vertices of the landmark
in the screen coordinate : ( SX;, SY;)

A 4

Calculate the vertices of the landmark
in the camera coordinate : ( ©X;, ©Y;, ¢Z)

A 4

Calculate the camera-landmark
transformation matrix, ¢T_

A 4

Calculate the robot-camera
transformation matrix, RT

l

Calculate the position of the robot, WTj

_/

School of Electronic & Information Eng. Kunsan National University

Robotics & Intelligent Control LAB



.

\

® Experimental Result in Position Estimation

-. Experimental 1

0 .
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FUTURE TREND OF MOBILE ROBOT

* Development and standardization of basic and fundamental technologies

* Integration of component technologies into a complete system

-. Sensor data fusion technique to recognize the environment
-. Autonomous navigation method using the Al techniques
-. Man-Machine interface techniques using internet

» Development of a real-time perception capabilities

-. Real-time position estimation using vision

* Development of key component hardware technologies
-. Sensors and actuators, controller H/W, etc

— ‘ The development of the Internet_based autonomous mobile robot system l
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