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Towards Autonomous Robots
Working in Daily Life
‘Environment

Shin’ichi Yuta

Intel | igent Robot Laboratory
University of Tsukuba, JAPAN

An Example of
Autonomous Mobile Robot

— Navigation in Real World-




Autonomous navigation in the laboratory

Working Field for Autonomous
Robot

Bin building

—office, shop, home
®in town

—street, station
R in natural environment

—field, forest




Robotics Research

m Virtual Service ( in laboratory )

! 3

m Real Service (in real world )
— real mission
— real environment
— real operating condition
— reasonable cost

Real World

~ Environment Under Physical
and

Social Constraints
m Dynamic

— Changing Environment
« Unexpected / Unscheduled

m Unstructured

m Uncertain
— Difficulty on Modeling




Real World Task

- Mission/Task Under Physical
and
Social Constraints

m Limited Sensor and Perception
m Dynamical Characteristics
m Social Acceptance

Expected Works
for Autonomous Robots

m at place where human can not be
m replace of current human work
m new service for comfortable life

Autonomous robot needs mobility




Size of Working Space

m Manipulator:
almost same size with robot

m Mobile Robot;
much wider than robot size

Huge Size of Working Space

8

Difficulty on Realizing
Real Useful Robots

W various and complex environment
Mdifficult to keep tidy and clean
Mdifficult to have accurate model
W dynamical ly changing

W shortage of sensing power

difficult to know
environment




Key Issues
for Real World Robotics

m Understanding Environment
m Understand Mission/Task

m System Integration
— of Many Capabilities

— Architecture for

Possible Research

Procedure
for Real World Problem

m Step-by-step Understanding of
—Task
— Environment

m Step-by-step Integration




Proposal of Research

Procedure
for Real World Problem

gl Define a Concrete Task /
mmp  Mission

mDesign and Implement an

Experimental system

m Experiments in Realistic

Y Environment

m Theoretical Consideration of

Designing Methodology

Basic Approaching Method:

mTask / Mission Oriented
Approach
—vs. General Methodology

mExper iment—-based Approach

—to Understand Real World
Problem




Task-Oriented / Experimental
Approach

mAs a Scientific Research
—Vs. application oriented

mNeeds Robot Platforms as
Experimental Tools

“YAMABICO”

Autonomous Mobile Robot Platforms
for Experimental Research

Yamabico
Family

at Univ. of
Tsukuba




Architecture of Controller on YAMABICO Robot (std.
set)

Developing Environment

Master Module

(User Programs
uﬁuman Interface F__

Communication

|
1 1 | I
Vehicle Position Ultra Sonic Vision
Control Estimation Sensor Processing
Module Module Module Module
I

Motor Driver l Tr?nsducer
I Encoder Interfac;Aj] Driver
N

)\\Oﬂ (lf

Transducer CCD Camera

Motor and Encoder

Example of Yamabico Robot:
-- Mobile Manipulator Yamabico Dyna




Navigation in Real Environment

m Move to Given Destination

m Basic Function for Autonomous
Robot

Strategy for
Robust Autonomous Navigation

m Position Based Planning / Control
m Collaborative Use of Sensor and
Pre-given (Map) Information
— environment understanding
- Position estimation
m |[ntegration of:
— Sensor Based Control

— Map (Knowledge) Based Planning /
Control

_12_



Strategy for Navigation
(cont.)

m Divide into:
— Off-line Planning Stage
— On-line & Real Time Control Stage
m For Nonlinear Problem:
— Off-line Treatment at Planning Stage
— Locally Linear Control at Real Time

Strategy for Navigation
(cont. )

(off—llne) ~ -Global / Static
Path Planmng “+Geometrical Constramt

commands

+Local / Dynamic
+Kinematic and PhysncaI
- Constraint

(off hne)
Trajectory Plannlng

commands

__13_.




Strategy for Navigation
(cont.)

Commands

m|nterface between Different
Layers in Control

mDesign of
Command System

Strategy for Navigation
(cont.)

m Not Consider Much on
— Learning
— Behavior Based Approach
— Emergent Methodology
- Non-linear Control




Position Estimation

m Estimate Robot Position and its
Covariance (Uncertainty) in Real Time

m Continuous Use Internal Sensor (Dead
Reckoning)

m Discrete and Asynchronous External
Sensor Information

m Fuse Both Sensor Data by MLE
(Extended Kalman Filtering)

Architecture for Navigation

Sensor . Control
\ Signal
_Input, | }

Signal \\l T
r“:

Sensor |
Input

Environmen <::::::::EE}
Signal < ent

Recognition

_‘]5..




Examples of Recent
Yamabico Robot
Experiments

Mobile Manipulator

m Navigation with Opening Door and
Passing Through

m System Integration

— 16-




Navigation Including Door Opening and
Pass Through

Outdoor Long Distance Navigation
by Teaching / Playback Scheme

m Teaching -- Joystick Control by
Operator

m Make a Map of the Land Marks by
Robot

j m Use Street Trees and Hedges as Land
Marks

~ m Play-back Autonomous Navigation

_17_



Outdoor Navigation by Teaching/Playback Scheme

Position Based Navigation of Four Legged
Robot

Posifion Based Navigaticon
of Quadruped Mcbile

Robot

_.18_.




Inverse-Pendulum Control of
- Mono-Wheel Vehicle

m Novel Mechanism of Wheeled Vehicle
m Navigation While Keeping Balance
m Body Softness by Control

Inverse-Pendulum Control of Mono-Wheel Vehicle

_19._




Museum Robot
Controlled via Internet

Museum Robot Controlled via Internet




Mobile Robot Base which can Climb

Current Research Subject (1)
at Intelligent Robot Lab. , Univ. of Tsukuba

m Task / Mission Oriented Integrated
Autonomous Robot System
— Autonomy for Daily Life World

— Long-Distance Autonomous Navigation in
Indoor and Outdoor Environment

— Long-Term Living in Various Situation

_21_



g Current Research Subject (2)

m Development of Autonomous Robot
System as a Platform for Experimental
Research

— Wheeled mobile robot with Standard
Function

— Mobile manipulator

Current Research Subject (3)

m Element Technology for Autonomous
and Mobile Robots

— Controller Architecture for Autonomous
Robot

~ Mechanism of Wheeled Mobile Robot
~ Vehicle Control

— Sensor and Environment Recognition
— Position Estimation

— Cooperation and Coordination of Multiple
Mobile robot

~ Mobile Manipulator
~ Human Interface for Mobile Robot

_22_



Important Research Subjects
for Autonomous Robots

m Realize a Task which Decrease the
Entropy in the Environment
m Long Distance Navigation

— Which copes with Various Environmental
Situation

m Alive Long Term
— Survive in Unstructured Environment
— Continuous Learning

summary

m Difficulty of Realizing Autonomous
Mobile Robot

m Methodology for Research on Intelligent
Machine which Works in Real World

m [Introduction of Yamabico Robot
m Strategy for Robust Navigation
m Research Examples — Demonstrations
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Development OF THE PUBLIC SERVICE ROBOT PSR-1

Woojin Chung, Donghee Lee, Changjoo Lee, Gunhee Kim, Hyungjin Lee,

Kihwan Kim, Munsang Kim, Chongwon Lee

Advanced Robotics Research Center
Korea Institute of Science and Technology
Hawolgok-dong 39-1, Sungbuk-gu, Seoul 136-701, Korea
wjchung@kistmail kist.re.kr

Abstract

: It is shown how a holonomic and omni-directional
mobile robot is developed towards indoor public services.
Double offset orientable wheels with orthogonal velocity
components are proposed. The proposed wheel provides
precise positioning and reliable navigation performance
as well as durability. Software structure is introduced.
Finally, control experiment of the robot hand is
presented.

]. INTRODUCTION

KiST s o

Fig. 1. KIST Indoor Public Service Robot

In recent years, there have been various trials to extend
robotics technology to non-industrial applications, for

examples, surgery, rehabilitation, floor cleaning, building
patrol and so forth. A variety of technological
achievements have been accumulated owing to the fast
development of personal computers, sensors, and
information technologies. At the KIST (Korea Institute of
Science and Technology), a new mobile robotic system is
under development towards indoor public services, as
shown in Fig. 1. Major components are a mobile robot, a
manipulator, a hand and trailers. A key concept of the
mechanism is a reconfigurability based on the modularity.

This paper mainly focuses on the development of the
practical holonomic omnidirectional mobile robot.
Among the many possible alternatives of the wheel
mechanisms, the simplest one would be a differential
steering nonholonomic mobile robot. In spite of the
mechanical simplicity, control is difficult due to the
nonholonomic mechanical constraint. A holonomic
omnidirectional mobile platform provides control
simplicity in various applications, such as autonomous
navigation, mobile manipulation and trailer control. Easy
development of control algorithm and the rich behaviour
are major reasons why the holonomic omnidirectional
mobile platform is desirable. Our target is limited to the
indoor applications. The mobile robot will experience
various kinds of floor dinditions such as concrete, carpet,
tile and so forth. Therefore, reliability and durability is
significant.

So far, various kinds of omnidirectional wheel
mechanism have been proposed. A typical approach is to
use a universal wheel which is composed of a series of
rollers along the rolling direction, for example, see (Muir
and Neuman, 1987). Since using a universal wheel
causes many problems such as vertical vibrations and
inaccurate positioning due to the discontinuity of contact,
there have been many challenges to solve the problems,
for example, see (Pin and Killough, 1994). On the other
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hand, omnidirectional movement also can be achieved by
using a conventional wheel. Many of the AGV’s wheel
module possesses centered orientable wheels which
provides nonholonomic and omnidirectional movement.
On the contrary, off-centered orientable wheels (offset
caster type) provide holonomic features, i.e, arbitrary
translational and rotational motions are available without
changing wheel configurations. Examples of such
mechanism can be seen in (Hanebeck, ef al., 1999) and
(Wada and Mori, 1996). Design issues of omnidirectional
wheel mechanisms are well addressed in (Ferriere ef al.,
1996) The rest part of this paper is organized as follows.
Detailed illustration of the developed mobile robot will
be given in section 2. A fabricated prototype and system
configurations for the preliminary experiment will be
introduced in section 3. Section 4 shows a result of the
preliminary experiment. Finally, some concluding
remarks and future works will be presented in section 5.

2. DESIGN OF THE KIST MOBILE ROBOT

Passive holonomic omni-directional mechanism, which
was our motivation and the starting point, can be seen
everywhere in real life. Fig.2 shows offset caster wheel

that provides holonomic and omni-directional movement.

The aim is to build an active wheel mechanism that is
similar to the reliable and simple passive caster wheels.

The easiest way to build an active caster wheel would be
to employ two motors, one for steering and the other for
driving as shown in Fig. 3. A driving motor is attached to
the steerable wheel module, and the input is transmitted
through a set of spur gears. In order to achieve
holonomic driving capability, a longitudinal offset is
nonzero.

Steering

Motion @’/

Mobile base

Steering
Motor

Driving

Motor

Driving

Motion

33

Steering

Motion (|

Mobile base

Steering

Motor

<4— Wheel

t

| {

| !Longitudinal
Offset

Fig 3. An active caster design (example A).
(top : front view, bottom : side view)

E‘ Cenler E
- -
3 2

V_Drlving

V_Driv ing

g

LS
v

steering Steering

Input

Instantenous
Center

Fig. 4. Kinematic relations of an example A. Wheel
offsets are seen from above.

Kinematic relationships between the inputs and the
resultant velocities applied to the mobile base at the
pivot point (i.e. steering center of the wheel module) can
be easily understood by Fig. 4. In Fig. 4, resultant
velocity at the steering center can be represented by the
vector summation. It is clear that the two velocity
components are orthogonal.

Although the mechanism is quite simple, there are
several problems. Major drawbacks are as follows:

1. The joint range of steering is limited by the length of
the cable that is connected to the motor.

2. A wheel becomes bulky due to the driving motor and
large inertial torque is applied to the steering motor.

In this case, the robot motion should be carefully
controlled because of the limited joint range of steering.
In order to solve these problems, it is desirable to move
the driving motor to the mobile base.



Steering |
t

Driving Motor
Steering

Moror

Mobile hase

Driving

Motion

Wheet = |

<«
Luteral Offset

Driving Steering

Steering
Motor Motion
Motor

Mobile base

44— Wheel

1 I Longitudinal
Offset

Fig. 5. An active caster design to move the driving motor
to the robot base. (Zero lateral offset: example B.
Nonzero lateral offset: example C)

An example of such design is presented in Fig.s.
Angular velocity of driving is transmitted using the shaft
which goes through the center of steering axis.
Accordingly, the resultant angular velocity of the wheel

w, 1is obtained as a following equation.
w(/ = kg (wd_molor - ws ) (] )

, where kg implies gear reduction of driving, J_motor 18

a driving motor input and (o, is a steering angular
velocity. An equation (1) implies that the driving input
W, ... 18 coupled with the steering angular velocity
w, . Suppose that the lateral offset is equal to zero. Then,

the kinematic relations can be represented as shown in
Fig. 6.

V__Drivmg

Steering
Input

+
QO
3 B
Driving {nstantenous
Input Center

Fig. 6. Kinematic relations of the example B.

From Fig. 6, it can be seen that the two velocity
components are not orthogonal any more. This fact
implies kinematic ill-condition between the input space
and the output velocity space. As the instantenous center
moves far away from the wheel position, both motors
should make high speed rotation in order to achieve unit
output velocity. Since it is not easy to increase maximum
angular velocity of the motor, maximum speed of the
mobile robot is decreased due to the velocity coupling
between steering and driving inputs. The design issue is
to decouple two velocity components, i.e. to make
orthogonal resultant linear velocity of steering and
driving by the appropriate design.

E V_Dliving
a8

V__stee ring

Driving instantenous
input Center

Fig. 7. Kinematic relations of the example C (Proposed
design).

We propose a double offset orientable wheel mechanism
as shown in Fig. 7. Mechanical structure is similar to the
case of Fig. 5. Fig. 7 illustrates the kinematics of the
steerable wheel with both longitudinal and lateral offsets.
Suppose that the longitudinal offset and the lateral offset
is represented by @ and b, respectively.

Our purpose is to decouple two velocity components and
the instantenous center of rotation should be located at the
point which can be seen in righthand of Fig. 7. In such a
case, the angular velocity of the wheel is determined as
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W, =— kga)'\,, from the equation (1). As a result, following

equation can be obtained.

rw, =rk,0, =bw,
k,=blr

.= )
, where b is a lateral offset and r is a radius of wheel.
Notice that the two velocity components are orthogonal
for the double offset wheel if the kinematic parameters
satisfy the equation (2). This orthogonality implies
well-conditioned kinematic model. With the limited
maximum velocity of the motor, the double offset wheel
mechanism can be driven faster than the other
mechanisms. Kinematic model of the example A and C
are exactly same. Using the double offset wheel
mechanism, a mobile robot with two active orientable
wheel is developed as shown in Fig. 8.

-~
Passive caster wheel

Uy ¥ :

zlxm azg \E%\

Double.offsel onentable wheol

2
Fig. 8. A mobile robot with two double offset wheels.

There are two active wheels and two passive casters.

Under the given translational and rotational velocities of
the mobile robet, linear velocities at the pivot point
which connects wheel and the mobile robot can be
computed. Since we already have the single wheel
kinematics, the kinematic model of the holonomic
omni-directional robot in Fig. 8 can be derived easily.
The minimun number of the wheel module is two.
Additional active wheels can be added without any
additional constaint.

3. PROTOTYPE

A prototype is fabricated as shown in Fig. 9. There are
two active double offset wheels driven by blushless DC
motors and two passive casters. Passive casters contain
suspensions in order to assure stable contact with the
ground. The maximum translational velocity is 1.5 m/sec.
Control hardware includes onboard Pentium PC,
customized signal interface boards and servo amplifiers.
18 ultrasonic sensors are equipped for detecting
obstacles. Two ultrasonic sensor interface board are

employed and the required sampling time for scanning is
less than 110msec.

Fig 9. A prototype of the PSR-1

4. Software Structure of PSR-1

GUI
TCP/P Task Planner Moble
, Server Das
‘ w Monitoring
. - Motion
t

Sensor

l Actuator I

....... O

Motion B/D

i
H/W (Sensor, Motor, etc.)

The S/W structure of the PSR-1 is designed based on
the Behaviour based Robot Research
Architecture.[Lindstrom et. Al] The control software for
the service robot consists of “GUI”, “Task Planner”,
“Sensor”, “Environment”, “Motion Control”, and
“Actuator”. This software is closely interfaced with H/W
such as various sensors, a DSP motion board, and
actuators. We constructed the control architecture using
Object-oriented approach to provide support for a simple
integration of new components, a flexible modification
and effective development of the system. The code is
implemented by Visual C++ and running in
MS-Windows 98, which is intalled in the half-sized
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Pentium3 CPU card with a PMAC DSP motion board
embedding as a control hardware in the service robot.
The user commands received from the GUI or the
remote controller are converted to a list of consecutive
motion data by “Task Planner”, and that list is transferred
“Motion The which
“Enviroment” integrates from the multiple “Sensor”

to Control”. information
components is used for localization, map-building, and
obstacle detection. “Motion Control” act as a tight
coupling between “Sensor” and “Actuator”. As soon as
receiving the translational and rotaional velocities frome
“Motion Control”, “Actuator” transfer the direct actuator
commands to the DSP Motion board by means of
DPRAM handshaking. Because the system clock of
MS-Windows has a great deal of variance, the clock of
the DSP motion board is used instead to keep the control
time interval of the S/W constant. The interval is set
tol4ms.

The S/W architecture of our service robot consists of
interface layer and reactive layer. The main objectives of
the interface layer is to interpret and fulfill the
commands from a operator through graphical user
interface or network. “Mobile Control” component
converts the commands to a list of consecutive motion
data and transfers them to the reactive layer. In the
reactive Jayer, “Motion control” component controls the
robot behavior, which is closely related with “Sensor”
components and “behavior” components. To develop the
system effectively, the base framework of “Sensor”
components is designed to be applicable to diverse types
of the sensor. We use the PMAC DSP motion board to
control the servo motors. “Actuator” component includes
the API functions for the communication of the motion
board. The system clock of the motion board is used for
real-time performance and the data between the
“Actuator” and the motion board is exchanged by
DPRAM.

This S/W architecture is constructed using an object
oriented approach and implemented by C-++ language.

5. Experiment of the robot hand

Stable grasping of an object is a major target application of the
KIST service robot system. Target objects include door knob,
handle, blocks and sometimes garbage. The robot hand should

be able to maintain stable grasp under the disturbances.

36

In order to investigate grasping performances of the fabricated
prototype, a preliminary experiment was carried out. The aim
of the experiment is to maintain grasp under disturbances. In
the experiment, disturbances correspond to arbitrary external
forces applied by human to an object. The scope is limited to
grasping an object using the fingertip.

In order to maintain contact between fingers and an object, a
simple force controller was applied. Force controller implies
the feedback controller to maintain constant contact forces.

Figure 10 illustrates contact configuration of one
finger. It is assumed that there is only one contact point
at the fingertip. A direction of the contact force is
assumed to be orthogonal

\o)

Figure 10 Fingertip grasping configuration.

with respect to the fingertip surface. Constraint equation of the

joint angles can be approximated as a following equation:

6,=26,-1.22
Then, the force controller can be simply written as a following
equation:
ax
_i:: k F exired _}Ter imate )
ar (Fltsirea stimated

Above equation implies that the force controller is designed
with respect to the second link frame. Therefore, controller
output should be converted to the first joint angle and
transformation equation can be written as a following equation:
d,
a

? =—c08(26, —1.22)(/, cos 8, +2/, cos(26, -1.22))
t
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Forca2{N)
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Figure 11 Estimated contact force.

The target object is a steel can which is cylindrical . Sampling
time for the experiment is 19.9msec

Figure 11 shows resultant experimental contact forces. For the
finger 1 (thumb), desired contact force was set to be 10N. For
the finger 2 and finger 3, desired force was 5N. Fingers start to
make contact from t = 2 seconds. It is clear that the contact
forces are precisely controlled to the desired forces. Figure 9
shows experimental joint angles of the finger joints. If the
applied external forces are changed, the finger configuration
move to new stable finger positions in order to maintain desired
contact forces. In figure 143 finger motion is plotted with
respect to time. ( z axis corresponds to time. ) It can be seen
that the finger moves to the new stable grasping configuration
according to the applied external forces.

Thelat
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Figure 12 Experimental joint angles.
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mm

Figure 14 Experimental finger motions in R*X ¢

6. CONCLUSION

Design issues of holonomic and omnidirectional mobile
robot were presented. The double offset orientable wheel
was proposed and it was shown that the proposed wheel
mechanism has well conditioned kinematics. Prototype of
the holonomic omnidirectional mobile robot was
fabricated and introduced. A software structure of the
PSR-1 is presented and implemented on the platform.
Some experimental results of the previously developed
robot hand is presented, and the result clearly shows the
desired performance of the robot hand.
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Development of a Shape Adjustable Flexible Gripper

Seung-Jong Kim, Yoha Hwang, and Mun-Sang Kim

Key Words :  Flexible Gripper(-+$3

Adjustment(3 4 2 &

)

1 H ), Press-line Automation(= 2| 2

-
3

2} 3}), Shape

ABSTRACT

This paper introduces development of a shape adjustable flexible gripper for the press line at the Hyundai
Motor Co. The proposed system which consists of small high-speed DC motors, screws, and pipe guides, can
set the suction cups to the pre-determined positions by itself within 3 minutes according to pre-taught
information. So, it can be substituted for all attachments for various press panels that occupy wide area for
their conservation and need some workers for their change. And it can also greatly contribute to increasing the
productivity of the press line. Currently, performance of the prototype gripper and its control system are being

reviewed at the simulator.
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Humanoid robot for research of Computational Neuroscience

Shin’ya Kotosaka
Design Engineering Lab., Saitama University, Japan

kotosaka@mech.saitama-u.ac.jp

Brain science has made remarkable advances in the twentieth century and has
discovered numerous new insights into the functional and structural organization of nervous
systems. It is important that not only neuro-biological research is needed for brain science,
but also theoretical research, and, moreover, research that systematically combines both
approaches in order to gain a system’s level understanding of complex processes such as
language, perceptuo-motor control, and learning. Based on these premises, The Kawato
Dynamic Brain Project (was expired at Sept., 2001), JST, investigates higher-level brain
function using theoretical approaches with neural models, psychophysical experiments with
human subjects, and a humanoid robot. This research with the robot has two aspects. One is
to provide a test bed for the validation of hypotheses of computational theories derived
from computational neuroscience. The other aspect is to develop new algorithms for motor
learning, trajectory generation, and perceptuo-motor control with the goal to explore
physical, mathematical, and statistical limitations that are also relevant for brain science.

The project has developed a hydraulic anthropomorphic robot based on the
research concept as above. In this talk, I will introduce this humanoid robot, called "DB"
(2), and peripheral equipment and demonstrate some research topics with the humanoid

robot.

Figure 2 Binocular camera system on DB’s

Figure 1 Humanoid Robot DB head
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I/0 Relation of Wheelchair-based Robotic Arm System
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Control of Rehabilitation Robot KARES II using
Intelligent Visual Servoing and EMG signal recognition

W 5-'F(Zeungnam Bien)',

©] 8 £-(Hyong-Euk Lee)’,

1973} )7) &

7t 2 (Dae-Jin Kim)',
7% A (Jong-Sung Kim)

S —r(Jeong -Su Han)',
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a0

This paper provides an introduction to the overall
structure of a new wheelchair-based robotic arm system,
KARES 1II, and its human-robot interaction
technologies which assist independent life of the elderly
and the disabled that have disadvantages to sensory
and motor functions of their limbs. First of all, the tasks
of a robotic arm are specified. Next, the input/output
relation of several interaction technologies, such as an
eye-mouse, a haptic suit, bio-signal recognition, and
visual servoing, is described under two essential
factors: one is intention reading of the user, and the
other is autonomous capability of the robot. Among
those technologies, we concentrate on visual servoing
and bio-signal recognition. Visual servoing is a good
solution for reducing the burden of a user in a
wheelchair with a robotic arm. It is found that visual
servoing using space variant vision has several merits in
an eye-in-hand configuration. Object recognition for
human faces and some objects is mentioned in space
variant vision. For intelligent visual servoing, a
capability to extract user’s intention from facial
expression is also included. A new small sized visual
head with two miniaturized cameras for stereovision is
designed and implemented to get depth information for
visual servoing. In bio-signal recognition part, we
propose new force extraction algorithm based on ICA
(independent component algorithm) algorithm. We
described the development of the powered wheelchair
controller for the highly disabled person.
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Alzh 1%k Alolo] 2 AtdlE Zol B 5 gl
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I/0 Relation of Wheelchair-based Robotic Arm System
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Visual Servoing

= To control the pose of the
robot’s end-effector relative to a
target using visual information.

» Difficulties of Visual Servoing in
a Wheelchair-based Robotic
Arm.

+ Processing visual information in
real-time.

+ Coping with varying illumination.
- Vibration of a robotic arm on a
wheelchair or a mobile platform.
= Mimicking biological vision
system.
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Abstract

This paper describes the outline of a hand-held
portable master device that can be human-friendly used
in tele-operation and virtual reality. The review on a
variety of current input devices in tele-operation and
virtual reality is presented. We propose a novel hand-
held master input device which has some merit over
traditional input devices. A prototype is designed to
verify the sensing capability. We also propose a shared
control method, called Force Accommodation Based
Adaptive Reference (FABAR) Controller, to be em-
ployed in the tele-operation system with the proposed
master. The control method combines force accom-
modation with reference adaptation for suitable mode
switching and contact transition.

1 Introduction

To perform a task in hazardous environment such as
nuclear power plant, space, and marine, tele-operation
is needed. Tele-operation is also employed in robotic
surgery, micro assembly, etc., where totally automatic
operation without human control is impossible. Tele-
operation is implemented by an input device for a hu-
man operator to command and by a slave robot to
achieve an end as shown in Fig. 1. In the tele-operation
and virtual reality (VR) application performance of an
input device as well as of a slave robot is a key point.

Input device is defined as a means which converts
the human intention into a command so that the com-
mand is used for the controller of the slave robot or
VR object. There have been a variety of input de-
vices to be used in tele-robotic applications and VR
environment[1]{2][3]. The most widely used input de-
vices in industrial areas are teach pendants, and in VR
environments are joysticks. A master arm manipulator
whose joints are geared or tendon-driven, can give an
intuitive input command, and can reflect force and/or
tactile feedback. Many master arms are put in the
market, particularly in surgical robot and VR. Glove
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Input Device

Fig. 1 Tele-opeation System

type input devices are also widely used in VR, since
commands are made very conveniently and there is lit-
tle limit to the workspace. Pen type input devices are
also developed to increase intuitiveness and to easily
make input commands. Input devices equipped with
inertial sensors have also been proposed recently.

The key factors of the input devices are the intu-
itiveness, cost, and the applicability to various fields.
The portability of an input device is also very impor-
tant in that the mobile internet technology is very
rapidly spreading into wider areas. Considering the
key factors, we propose a hand-held portable master
which can be grasped like a pen by an operator’s hand
in such a way as to increase the intuitiveness. The
proposed master has a very simple structure and can
be produced at very low cost. The proposed master
can be applied in various fields such as VR, hazardous
environment, micro surgery, wearable computing, 3D
calibration, and so on.

We also propose a shared control method, called
Force Accommodation Based Adaptive Reference
(FABAR) Controller, to control the tele-operation sys-
tem with the hand-held master. We employ the force
accommodation and combine it with the adaptive ref-
erence control. The force accommodation deals with
the general problem of changing from free motion to
constrained motion in tele-operation. The adaptive
reference control in tele-operation was originally pro-
posed for extending the scope of compliance and re-



solving the unexpected time delay. With the FABAR
control implemented in the tele-operation controller,
the tele-operation system can be operated by the
shared control by allowing the operator to naturally
switch mode based on the adaptive reference control,
while the required contact transition and impedance
control is implemented by force accommodation based
control.

This paper is organized as follows. In Section 2 the
review on current input devices are presented, and in
Section 3 the design of the hand-held master is pro-
posed with comparative study. Section 4 describes
the shared control method and finally conclusions are
given in Section 3.

2 Review on Input Devices

There have been various input devices for use in in-
dustrial robotic applications including tele-operation,
and in VR applications. Commercialized input devices
for such applications are teach pendants, joysticks,
master arms, glove masters, etc. The most widely used
input devices in industrial areas are teach pendants
which have a keypad for the operator to command
the robot, an LCD panel for display, and a deadman
switch. But, teach pendants have a potential safety
problem in that, since an operator cannot intuitively
control an object, they may lead to an unexpected col-
lision and wrong trajectory of the object. In this paper
the term intuitiveness implies that a human operator
can make input commands as if he directly controls the
real object, which can also be termed tele-presence.
Although joystick is also widely used in VR environ-
ments such as graphical computer game, it also has a
limit on intuitive control since three or more than di-
mensional command cannot be made. Moreover such
input devices cannot produce force and/or tactile feed-
back from the slave robot or virtual objects, while they
can utilize only indirect feedback information such as
vision or audio.

On the other hand, a master arm, which is a multi
axes manipulator whose joints are geared or tendon-
driven, can exert generally three or more than dimen-
sional, intuitive input command, and can reflect force
and/or tactile feedback information. Therefore, mas-
ter arms are widely used in remote controlled robot,
tele-operation, and VR. Many master arms are put in
the market, such as Phantom robot of Sensable Inc.[4],
da Vinci surgical robot system of Intuitive Surgical
Inc.[5], and ZEUS system of Computermotion Inc[6].
Master arms, however, have limited workspace hecause
they must be fixed on the operation table, have very
complicated mechanisms, are generally expensive, and
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have some safety problems since huinan directly move
the motorized joints.

Glove type input devices are widely used in VR,
since commands are made very conveniently and there
is little limit to the workspace. Commercial products
of Virtual Technology Inc.[7] are Cyber Glove which
has no feedback, Cyber Touch[8] and Cyber Grasp[9]
which have force and/or tactile feedback using vibra-
tion and exoskeleton mechanism respectively. Rutgers
Univ. also developed force feedback glove using pneu-
matic cylinder{10]. Glove input devices are very ex-
pensive and need complex mechanism for force and/or
tactile feedback. Also, it is very difficult to make trans-
lational motion input command with glove input de-
vice.

Besides the commercialized input devices men-
tioned above, many input devices have been proposed
to improve the performance. Pen type input devices
are also developed to increase intuitiveness and eas-
ily make input command([11]{12]{13]. Toyoda Inc.[14]
proposed the pen type robot teaching machine to com-
mand robot using measured position and angle of the
input device. But it is difficult for these pen type in-
put devices to be practically used since they should
be fixed on the table, require complicated mechanical
structure to support the input device, and have limited
workspace.

In recent years, novel conceptual input devices
equipped with inertial sensors such as accelerometers
and gyros have been proposed. LaBiche et al.[15]
proposed an input device with multiple accelerome-
ters to obtain its translational and angular accelera-
tion. It solves its position and orientation to be used
as a motion input. Dynetics Inc.[16] also proposed a
gyro-based three-dimensional wand where three gyros
are installed perpendicularly with each other to make
translational and angular command input. The direc-
tions of the input device and the robot coincide with
each other as closely as possible to maximize the intu-
itiveness, and the motion of the input device is filtered
and constrained to guarantee safety of the robot. But
the fact that this input device cannot provide force
feedback information leads to limit on the use in tele-
operation. Additionally, the inherent drift error of gy-
ros may induce fault of the input command.

In this section we surveyed a variety of input de-
vices, whether commercialized or not, in robotic ap-
plication and VR in terms of technological viewpoint
and human factor. In the following section we propose
a novel input device which is superior to current input
devices in many aspects.
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3 A Novel Hand-Held Portable Master

We propose a hand-held portable master which can
be grasped like a pen by an operator’s hand as shown
in Fig. 2. Such grasp can increase the intuitiveness and
thus finally can achieve tele-presence which means that
the operator can manipulate the master as if he/she
directly manipulates the slave robot, the surgical in-
struments, etc. The hand-held master can also be ap-
plied to the gesture command interpretation system,
although it is originally intended for use in replicative
or scaled motion application,

3.1 Design of the Hand-Held Master

Since the master is only constrained by the opera-
tor’s hand and fingers, the operation must be switched
between the intended motion for input command and
the other unintended motion owing to the tremor of
the hand, change of the operator’s posture, idle state
of the task, etc. The mode switching can be imple-
mented by the auxiliary button and/or the operator’s
voice command. Since the mode switching should be
naturally done so that the slave robot is not affected,
voice command may be preferable to auxiliary button
as the switching command.

Fig. 2 illustrates the relation among the hand-held
master, the tele-operation controller, and the slave
robot. The master sends the motion data to the tcle-
operation controller where motion filtering and sensor
fusion algorithm work for the exact recognition of the
position/orientation - hereafter we call it pose - of the
master. The controller commands the slave rohot and
receives the feedback information from the robot such
as achieved pose and reaction force/moment - here-
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after we call it force for convenience. Then, the feed-
back is sent the master via vibratory and/or auditory
signal.

The concept diagram of the master, the controller,
and the slave is depicted in Fig. 3. The master is
composed of a 3 axes gyro, a 3 axes accelerometer,
a ultrasonic or magnetic sensor and a piezo vibrator.
Since these inertial sensors and magnetic sensor are
fabricated by MEMS technique, the integration of all
the components into a small pen type device is possi-
ble. The acceleration and angular velocity of the mas-
ter obtained from the inertial sensors are filtered in
the tele-operation controller to exclude high frequency
noise and vibration feedback component. The drift
compensation estimator solves the optimal estimate
of the pose of the master using Kalman Filter[17] or
Perception Net[18] with the aid of the ultrasonic or
magnetic sensor data. The estimated pose of the mas-
ter are used as the command in the shared controller,
as will be explained in Section 4. The velocity out-
put of inertial sensors can also be directly used in the
controller.

Force/torque sensor and position sensor of the slave
robot send the data to the controller for feedback. Vi-
bratory feedback in a glove type input device was pro-
posed by Virtual Technology Inc.’s Cyber Touch[8].
We employed a fuzzy logic rules for human friendly vi-
bratory feedback. The fuzzy input variables are norm
of reaction force and tilt angle and the fuzzy output
variables are the frequency and time interval of vibra-
tion. Detailed description will be given in our future
publication. The auditory feedback can be produced
by the master or an external device though it is not
shown in Fig. 3.
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The prototype was made to test the sensing capabil-
ity, as shown in Fig. 4. The hardware descriptions of
the prototype are as follows: the microprocessor is PIC
microcontroller, the accelerometers are two ADXL205,
the gyros are two Murata Enc03J, the ultrasonic sen-
sors are six Polaroid Sigma 6500 series, and the mag-
netic sensors are Honeywell Hmc1001 and 1002. The
resolution of the prototype is linm in translational
component and 0.5 deg in angular component. The
size of the prototype is currently 2cm x 2cm x 20cm
which are yet large for portable manipulation. We
omit the experimental results on pose estimation ca-
pability considering the limited space of this paper. In
our future publication we will disclose the next proto-
type which incorporates vibratory feedback and shared
controller.

3.2 Comparative Study

The proposed hand-held master has many advan-
tages over traditional input devices as follows. It
can replicate complete six dimensional - three trans-
lational and three rotational - motion, thus enabling
an operator to make intuitive command for the slave
robot, which results in tele-presence. This can not be
achieved with a joystick or a master arm which has a
fixed support base. The proposed master has a very
simple structure consisting of only sensors and a vi-
brating actuator, while a master arm, glove input de-
vice and fixed support based pen input device should
have complicated mechanisms. Considering the price
of the accelerometer and gyro in the market, the pro-
posed master can be produced at very low cost, when
compared with the glove input device and the master
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Fig. 4 The Prototype of The Hand Held Master

arm which cost at least hundreds of thousands of US
dollars.

Moreover, there is no limit on the workspace of the
proposed master, which is impossible for fixed support
based input devices. The singular point problem does
not exist in the hand held master, while it is critical in
the master arm. It is evident that the proposed master
has infinite manipulability mcasure value. The force
and tactile feedback information is obtained via indi-
rect method such as vibration and sound effect, which
can also lead to simple and inexpensive product. And,
other than current input devices, the proposed master
can be applied in various fields such as VR, hazardous
environment, micro surgery, wearable computing, 3D
calibration, and so on.

4 Shared Control

To effectively control the slave robot in the tele-
operation, a shared control technique is needed to com-



bine a user’s motion command with an automatic posi-
tioning algorithm. In this section we propose a shared
control, called Force Accommodation Based Adaptive
Reference (FABAR) Control in oder to use the hand
held master in a tele-operation. The force accommoda-
tion proposed by Willams et al.[19][20] deals with the
general problem of changing from free motion to con-
strained motion in tele-operation, termed the “phase
transition problem” by Tarn et al[21]. The force ac-
commodation was used in the Naturally-Transitioning
Rate-to-Force Controller (NTRFC)[20] where the slave
robot moves with rate control in free motion, while in
contact with the environment the force exerted on the
environment is controlled. We employ the force ac-
commodation in our tele-operation system with the
hand-held master, and combine it with the adaptive
reference control. The adaptive reference control in
tele-operation was proposed by Lee et al.[22] for ex-
tending the scope of compliance and resolving the un-
expected time delay.

In a tele-operation environment the slave robot
would be in either free motion or constrained motion
states as illustrated in Fig. 5. In the free motion the
slave robot freely moves after the master’s command,
like the trajectory towards C; in Fig. 5, but in the
constrained motion the slave robot contacts the en-
vironment or the object and the proposed hand-held
master vibrates according to the rule base, like the
trajectory from Ci to C: in the figure.

The control diagram of FABAR controller is shown
in Fig. 6. The filtered Cartesian velocity command @,
from the hand-held master is adaptively adjusted to 2,
based on the output z of the slave robot, as is termed
the reference adaptation. Then the adaptive reference
command Z, is compensated into &, with &y which
denotes the force accommodation rate. It is assumed
that the scale factor is 1 between the motion of mas-
ter and slave without loss of generality. The detailed
descriptions of the control method are as follows.

At first, suppose that reference adaptation algo-

Ci
,
"
Vioriod \‘\“.
W
G
Trajectory of Trajectory of
Fland-Fleld Master Slave Robot

Fig. 5 Motion of the Master and the Slave
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rithm is not incorporated in the loop. Then the Carte-
sian rate command of the human operator £, is di-
rectly used as the input of the controller, that is,
%, = Zm. In free motion, the pose of the master is
mapped to the pose of the slave and there is no reac-
tion force: fg = 0 and thus &; = 0. The control input
Zc(= Z,) is used to solve the resolved rate equation
6§, = J~'i., where J means the Jacobian, at each con-
trol step. The computed joint rate 8, is integrated to
joint angle 6,. The servo controller of the slave robot
continuously track the commanded 6, resulting in ac-
tual Cartesian pose output . Many controller can also
be used instead of the resolved rate controller, such as
independent joint controller.

Mus@r Rel'eren;e
Motion Adaptation

m

; 6.6
" |Resolved Rate | J- ¥ 1 Slave
Controlier Robot| ;

Object
Dynamics

r—IK Jx Force ‘__J

£ A Sensor
Reaction

Force

Fig. 6 FABAR(Force Accommodation Based
Adaptive Reference Controller)

If the slave robot is in contact with the object or the
environment such as peg-in-hole in assembly or dissec-
tion in surgery, there are constraints on the motion of
the slave, denoted by z, in the figure, and the reac-
tion force fr exists. The pose of the master is mapped
to the force of the slave and the dynamics of the ob-
ject and the reaction force should be considered. The
force accommodation algorithm is introduced to auto-
matically achieve zero force in order to minimize blind
force of contact 50 as to prevent damage of the robot
and the object during tele-operation[19]. The reaction
force fr is converted to a Cartesian space velocity so
that the force accommodation rate in this controller is

iy =IKsfr (1)

where Ky is a diagonal gain matrix ensuring stability.
Then the compensated input to the resolved rate con-
troller is the difference of the master motion command
and the force accommodation rate such that

o = G — 2)

As the master continues to move towards the object
experiencing vibratory feedback, the slave robot at-
tempts to exert increasing force on the object, but the
force accommodation controller commands a reverse



motion to zero exerting force. In the equilibrium state,
the displacement of the master pose is proportional to
the exerted contact force. This controller in contact
is analogous to an impedance controller with only a
damping term. In free motion, the controller behaves
like a rate controller.

On the other hand, due to the inherent characteris-
tics of the hand-held master, real time mode switching
between active mode and inactive mode is needed as
discussed in Section 3. In the active mode the motion
of the hand-held master is used as the motion com-
mand of the slave robot, while in the inactive mode the
motion of the master does not affect the slave robot.
Using this mode switching, a variety of posture of the
slave can be implemented while some of them may
not be commanded by traditional input devices. But,
there is a unavoidable problem in mode switching of
the hand-held master: discontinuity of the trajectory
of the master may bring out unattainable motion of
the slave with very large acceleration or force. In or-
der to resolve this problem we employ the reference
adaptation in the controller.

The reference adaptive controller was devised to
deal with a large delay or time slack in trajec-
tory tracking which may lead to undesirable robot
behaviors{22]. The fundamental principle of the con-
trol is that the desired next state is determined based
on the current state, not on the pre-planned trajec-
tory. We inserted the reference adaptation algorithm
between master command input and force accommo-
dation in such a way as to give an adaptive reference
input to the rate controller. The control law is de-
pendent on the mode switching: if the master is in an
active mode the control law is

To(i+1) =2(0) + [En(i + 1) —2m()]  (3)

where ¢ means the current sampling time. The next
command ,(i + 1) is the sum of the rate of current
output and the relative pose difference between the
current master pose and the next master pose. In this
equation (3) scale factor of the motion between the
master and slave does not appear according to the as-
sumption. If the master is in an inactive mode the
motion command from the master should be regarded
as constant like £, (1 +1) = #,,(¢) and the desired next
command is

ot + 1) = z(3). 4)

By equation (3) and equation (4), the continuity of the
command trajectory is guaranteed whenever a mode
switching occurs. Since the velocity input is constant
in the inactive mode, the force tends to increase when
in contact with the environment or object, but crash
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or damage will not arise because force accommoda-
tion and saturation controller, if needed, will be is-
sued as the force increases. With the FABAR con-
trol implemented in the tele-operation controller, the
tele-operation systemn can be operated by shared con-
trol by allowing the operator to naturally switch mode
based on the adaptive reference control, while the re-
quired contact transition and impedance control is im-
plemented by force accommodation hased control. We
will demonstrate the experimental result of this con-
trol method in our future publication.

5 Conclusions

This paper proposed a hand-held portable mas-
ter device that can be human-friendly used in tele-
operation. The existing input devices were discussed
in terms of market trend and human factor. The pro-
posed hand-held master integrates only MEMS iner-
tial sensors and vibrating actuators. The master has
many advantages over current input devices, mainly in
the intuitiveness, the cost effectiveness and the porta-
bility. To control the tele-operation system with the
hand-held master, a shared control technique - Force
Accommodation Based Adaptive Reference (FABAR)
Control - was also proposed. In this control, the force
accommodation was used for natural free-constrained
motion transition and the reference adaptation was
used for active-inactive mode switching. The first pro-
totype of the proposed hand-held master was exper-
imentally tested and the improved version would be
disclosed in our future publication.
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Implementatlon of Predefined Tasks
for the Disabled’ by Using the Target-
Orient- Desugned -Soft Robotic Arm

KAIST 2001 Service Robot Workshop, November 30, 2001

al
a Sl X 5H
- DOjOlol YHMBES S 2RO N
- OIS0l 4HZ Hot= 20l X207

: Target Oriented Design
(ICORR 2001 =2 2 X : Development Of A Robotic Arm For
Handicapped People: A Target-Oriented Design Approach)

« OI2IXISIE 22 A Soft Robotic Arm
« MOHOIO IR M A M2 MES2 AXots A0 s8R

: Sensorless Torque Sensing

- Backdrivable Robotic Arm Using Cable-Driven
Mechanism

(SBUSHEA: HAHE SXotI 248t %"—‘.Jl MAEHERE)
- OIZIXISHE I8 ZOHO S B = Al Active Compliance Contro!

KAIST 2001 Service Robot Workshop, November 30, 2001 2
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s Bl B2
» ATE S REE 0|8 Target Tasks] + &
ESZ 'l

s It ¥ 48 e
< 1stVersion2 8 st
- 1stVersion2 JIHE A= Jid, Z&€0| S0I5t2 LHR2H0! M
& & Mechanism
* Predefined Target Tasks2| /1 &
- EOoHel0f °Jo+‘— Ole] & Hge 23

- FIX/BEU0IHA HMOHIIY
_X_‘F oA Al g
- KARES Il AIAEIO| S8 S8t &gy 7
KAIST 2001 Service Robot Workshop, November 30, 2001 3

Robotic Arm 9| A=set/IM

Max. Joint Torques

Axis # #2 #3 #4 #5 #6

1stVersion | 1.6Nm | 35Nm 18Nm | 2.0Nm | 0.9Nm | 0.9Nm

2n Version | 9.8Nm | 36Nm | 18Nm | 3.4Nm | 1.6Nm | 1.6Nm

2229 |®d4: Minimum Backdrivable Torque

Axis #1 #2 #3
15t Version 0.4Nm | 1.5Nm | 0.4Nm
2 Version 0.3Nm | 0.4Nm | 0.4Nm

Max. Speed: 0.5m/sec
Position Resolution: 0.2mm
Max. Payload: 2kg

KAIST 2001 Service Robot Workshop, November 30, 2001
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2nd Version: Improving

Mechanical Performance

» Backlash in Wrist Axis - Inherent Properties
of Bevel Gears

» Designing Cable-Driven Bevel Gears > Zero
Backlash Achieved!!

e , 2
1st version 2n version
KAIST 2001 Service Robot Workshop, November 30, 2601 ]

2nd Version: Cable-driven
Wrist

KAIST 2001 Service Robot Workshop, November 30, 2001 6
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2nd Version: Improving
Mechanical Performance

= Pre-tensioning Mechanism
« 1stVersion: Hard To Give Pre-tensions

« 2" Version: Implementation Of Pre-tensioning
Mechanism

- Low Cost by Using Commercialized Worm Gears For
Guitars

1st version 2" version
KA]ST 2001 Service Robot Workshop, November 30, 2001

Efficient Pre-tensioning

Mechanism

v g — T
|
N
N————
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= S AR
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KAIST 2001 Service Robot Workshop, November 30, 2001 13
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Intelligent Human-Robot Interaction Technologies for Rehabilitation Robots:
Haptic Masters with Various Body Motion

54 (Dong-Soo Kwon)',

2 7l % (Jaewoong Min)', % <=2 (Soocheol Lim)'

'3t 78 7] & Y (KAIST),

Email: kwonds@mail kaist.ac.kr

LE

This paper describes three types of the master device
that can be selected according to degrees of disability of
spinal injured persons. The head metion interface is a
two-degrees-of-freedom angle sensor that has two FSRs
(Force Sensitive Resisters). An experimental result with
a prototype shows the feasibility as an angle sensor that
can measure the head-tilting angle. The shoulder
motion interface is a wearable haptic master device that
has two string sensors composed of strain gages and
two vibrotactile actuators. Wheelchairs can be
controlled with the wearable haptic master device. The
hand motion interface is a joystick that has two
magnetic brakes as actuators. Simple test objects are
modeled as a benchmark test of the system’s
performance. The force-reflecting joystick is capable of
simulating forces in a variety of virtual environments.
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1.Head movement input interface

Analysis of Head movement

= Range of movement at the Neck joint

_KAIGT 2001 Service Robot Warkshop, November 30, 2001 5

1.Head movement input interface
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KAIST 2001 Service Robot Workshop, November 30, 2001 6
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1.Head movement input interface

FSR (Force Sensing Register)

= FSR is a polymer film device, which exhibits
a decrease in resistance in the force applied
to the active surface.

Lavers

1. Floxbie substrate with
printed sami-conducar Spacer opaning

2 Spacer agheziva

Actve wea

3. Flaxble substrate with printed
imardigtating slectrodes

KAIST 2001 Service Robot Workshop, November 30, 2001

1.Head movement input interface

Development of FSR Proto Type

_Rm Ve
T Rm+R
6309573447
R
F=Wcos(Th)+F0
Rei = 10000
W=1
FO=2
Vee =5
50000

10000 + ‘
{cos{(Th)+2)
sin( Th)
i ’ 6309.573447 2 12
o0 10000+-———8-J (cos Th)+2) o
(sensitivity)

10 00 100)
Force (g) {cos(Th)+2)

KAIST 2001 Service Robot Workshop, November 30, 2001

- 195 -




Development

Angle-Voltage curve

1.Head movement input interface

of FSR Proto Type
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Experiment

1.Head movement input interface
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1.Head movement input interface

Demonstration of FSR Sensor

Brotofype

_KAIST 2001 Service Robot Workshop, November 30, 2001 11

Contents
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—» C6: Hand
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2.Shoulder movement input interface
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2.Shoulder movement input interface

New String Sensor
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2.Shoulder movement input interface

New String Sensor Module

2001 Service Robot Workshop, November 30, 2001 15

2.Shoulder movement input interface
New Approach of Calibration and
Mapping Function
e AR HE Ot 5= U
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2.Shoulder movement input interface

Representation of the Boundary

Circles with Polar Coordinates
s 25 T2 LI D™ 3L

KAIST 2001 Service Robot Workshop, November 30, 2001 17

2.Shoulder movement input interface

Mapping Procedure
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2.Shoulder movement input interface

[~ | A
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2.Shoulder movement input interface

Haptic Suit S & HI01J] HI&

m 9V SE MR AIS

= 10bit Analogue-Digital Converter

» Microcontroller LA S E =& A Jis
» RS2322 = PC2 Sl
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2.Shoulder movement input interface

Demonstration of Haptic suit

KAIST 2001 Service Robot Workshop, November 30, 2001 21

2.Shoulder movement input interface
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Usege e

KAIST 2001 Service Robot Workshop, November 30, 2001 22
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— C5: Shoulder
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3. Manual interface
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3. Manual interface

meT 2001 Service Robot Workshop, Novemnber 30, 2001
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3. Manual interface
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Manual interface

AEIZS k0

_KAIST 2001 Service Robot Workshop, November 30, 2001
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3. Manual interface
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Development of Robot System for Vertical Steel Column Welding

H.G. Lee, S.H. Hwang, W.H. Shon, J.Y. Kim (Korea Institute of Industrial Technology)
J.H. Kim, S.J. Hong (Samsung Electronics), S.B Moon (Sejong University)

ABSTRACT

Recently, steel welding in construction site is reaching a critical stage due to the increasing thickness of steel members
in megastructures and the increasing size of steel structures. In this environment, to achieve high quality of welding and
resolve the shortage of skilled welders, steel welding robot is highly required to be developed. In this paper, various types
of steel welding robots are examined and a practical steel welding robot system is proposed, especially designed for
working on H-shaped column structures which are known to be the most difficult for automatization. Practical aspects of
building process and conditions of construction sites are studied and applied to this system design. The prototype of
welding robot system is constructed which has a capability of arc-welding as moving around a column and it can perform
the multi-pass welding.

Key Words : Construction robot (214 2 4), Welding robot (£ Z %), Steel column (A ZF), Rail moving carrier
(AY F8 F}e]ol), Arc welding (2 -£7), Multi-pass welding (Th3 £-73)
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Development of Tracking Algorithms for Robotic H-Beam Welding System
At Construction Site

Jooho Shin', Seungbin B. Moon', Sung-Ho Hwangz, Ho-Gil Lee?, Sungjin Hong®, Yeon Taek Oh’
'Dept. of Computer Engineering, Sejong University, Korea
? Korea Institute of Industrial Technology, Korea
3 Samsung Electronics Co., Ltd, Korea

Abstract

Most of H-beam welding at construction sites is
currently performed by manual welding by expert workers.
H-beam welding is a very difficult work in a sense that
workers are required to be in hazardous environment for
more than hours continuously. Typically the thickness of
welding joint is from a few millimeters to hundreds
millimeters. We have developed automatic welding
system that uses multi-axis robot and a traversal unit to
carry out autonomous welding.  Multi-axis robot is used

to position the robot torch, and a traversal unit is to move’

the robot along the H-beam welding joint.

In order to compensate any teaching point errors due to
inaccurate information, we have developed both arc sensor
tracking and laser sensor tracking algorithms. Arc sensor
tracking algorithm is most effectively used in root pass
finding, since the weaving operation gives us accurate
current changes. Laser sensor tracking algorithm can be
applied to the case where precise tracking is required.
Both algorithms have been successfully implemented in a
test bed.

1. Introduction

Application of robots in building construction has been
attempted in many areas. They typically include welding,
coating, transporting, painting, finishing, inspection and
dismantling of construction materials{1].  Steel beam
welding at construction sites is known to be very difficult
since it requires hours of continuous welding by skilled
welders in addition to harsh environment. Typically the
thickness of welding joint is from a few millimeters to
hundreds millimeters. Currently almost all steel beam
welding at building construction site is done manually in
Korea. Previous researches on automation of steel beam
welding at construction site studied on box type steel beam
welding.[2,3]

In this study, we designed an automatic welding system
for joining H-beam at construction site. Generally, H-beam
welding is more complicated than box type beam welding

because the side column of H-beam itself acts as an obstacle
to welding path. In order to cope with this difficulty we
had to employ articulated manipulator rather than simple
style Cartesian robot as in previous research on box type
beam welding.[2,3] We have designed an automatic
welding system which have an articulated robot supported
by a traversal unit. The system is also equipped with both
laser sensor{4] and arc sensor[5,6,7] tracking algorithm.

This paper is organized as follows. In section 2, the
design of automatic steel beam welding system is presented.
The arc sensing and laser sensing tracking algorithm used in
the system is introduced in section 3. The conclusion and
future work are discussed in the last section.

2. Automatic Steel Beam Welding System

The typical joint of H-beam for building construction is
shown in Fig. 1. The joint type is Half-V groove, where
only one side has a bevel angle of 45 degrees. The
thickness of H-beam is usually from a few millimeters to
hundreds millimeters. In order to reach the inside of H-
beam for welding while avoiding any collision with side of
H-beam, the robot must have 5 degrees of freedom or more
to achieve high flexibility.

- 247 -



We have employed 5 degrees of freedom articulated
robot mounted upon the traversal unit. Since the welding
paths are around the H-beam, we must traverse the
perimeter of steel beam. We have designed a traversal unit

around the beam, using the dual steel pipe rail, as shown in
Fig. 2. The set of traversal unit and robot is anchored by
steel rope from the top of H-beam, where an eye bolt is
installed.

Figure 2. Schematic Diagram of Traversal Unit

Although we first designed a dual robot system where
two tobots are installed at opposing directions, sharing
welding work about half, we installed only one robot for
demonstration purpose. The completed overall system is
shown in Fig. 3. The controller, along with welding power
source, shield gas, and laser box, is shown in one place.

Figure 3.

Overall Welding System

3. Application of Tracking Algorithms

We have employed a laser sensor in order to track the
root pass of the given joint. The type of joint was Half-V
groove, where the bevel angle is 45 degrees. We have
employed laser sensor, MSPOT-280 model of ServoRobot,
to track the welding center line. Since the use of laser
sensor is rather restricted because of its size and existence of
side wall in H-beam, we will only use this laser sensor in the
side panel welding only.

The configuration of welding torch attached by laser
sensor is depicted in Fig. 4, where LAD(Look Ahead
Distance) is the distance between laser sensor and torch.

Laser sensor

Figure 4.

Laser sensor tracking
LAD = Look Ahead Distance

Since the measurement of welding joint is made LAD
distance before the torch location, we have to adjust the
offset value, denoted d in Fig. 5, which is obtained
measuring welding center line difference after LAD distance
advancement. The adjusting of this offset is important in
robotic application of laser sensor for precise tracking.

Moved L B
oved Laser Beam

Initial Laser Beani™a

LAD Moved Torch Position

A Initial Torch Position

Figure 5. Offset of a Laser sensor
d = offset, LAD = Look Ahead Distance,
AB = Laser center ine, AC = Robot Path
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Fig. 6 shows overall system with laser sensor attached
ahead of welding torch. As one can easily see, the side
wall of the H-beam can collide with laser sensor. Thus the
use of laser sensor is restricted to the side panel only.

When there are erection pieces to fasten the H-beam initially,

it should be removed after welding at opposite or side panel
first. Otherwise, the erection piece will also interfere with
welding line of robot torch.

Figure 6. Welding system with laser sensor attached

Also, we tested the arc sensor tracking for finding the
root pass of given joint. We have concluded that the arc
sensor can be successfully applied for root pass finding in
our application. In order to apply the arc sensing, we have
to apply the weaving action as in Fig. 7.

ln

H

! w

Figure 7. Weaving Pattern of Welding Torch

w = Weaving Direction, n = Normal Direction
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Welding torch is supposed to move along weaving
direction at given frequency, and then welding current is
resulted according to torch location, as in Fig. 8. By
comparing the welding current curve, we may decide the
torch location. In Fig. 8, if the torch is on the center of
welding joint, that is, there is no shift, then welding current
is shown as solid line. If torch is shifted to left, then the
resulting current is shown as dotted line. When torch is
shifted to right, which is the case not shown in the figure,
the opposite pattern of current is expected.

Left
A

Torch t
Location

Right

, Shift t¢ / No Shift

Arc
Current t

Figure 8. Current Pattern according to Torch Location

4. Conclusion and Future Work

Automatic robotic welding system for joining H-beam at
the building construction site is proposed. The difficulties
of beam welding may be reduced by introduction of this
automatic welding system, resulting that a worker can
manage several beam welding by himself. Both laser
sensor tracking and arc sensor tracking algorithm are
successfully applied to find welding center line at the root
pass.

Currently, the multi-pass welding is yet to be performed
to finish the welding of H-beam. Since the thickness of H-
beam usually requires tens of pass, it is very important to
obtain optimal welding condition.

Since the developed system will be used at the
construction site, the easiness to install this system is very
important. The effort is under way to move and install all
system by human workers in a relatively short period of
time.
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SW Architecture of PSR-1

June. 24, 2002

Kim, Gunhee
Advanced Robotics Research Center
Korea Institute of Science and Technology
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Korea Institute of Science and Technology Advanced Robotics Research Center
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Contents
 Historical Background
e Survey
 Control Architecture of PSR-1
e Example
 Conclusion
Korea Institute of Science and Technology Advanced Robotics Research Center
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Historical Background

“On Three Layer Architecture”
Erann Gat

Korea institute of Science and Technology Advanced Robotics Research Center

© O 0OO0

SPA approach

¢ The Sense-Plan-Act (SPA) approach [Nilsson 80]
» Sensing system + Planning system + Execution system
« Flow control btw. components is unidirectional and linear
¢ Planning & World modeling through about 1985

¢ Shortcomings of SPA
* Planning & World modeling — Very Hard Problems
+ Open-loop plan execution was inadequate
— Environmental uncertainty & unpredictability

Korea Institute of Science and Technology Advanced Robotics Research Center
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Subsumption architecture (1/2)

e Subsumption architecture [Brooks 96]

» Complex behavior — NOT complex control, rather reflection of a complex
environments

« Traditional decomposition : A series of functional units
» Brooks’ decomposition : Level of competence

Korea Institute of Science and Technology Advanced Robotics Research Center

0 000
AR IR
3 = ] ; g
-——’ o b+ = ;
Sensors ] ’§ 51 = ; ——  Actuators
g_ g B e g
i) e
reason about behavior of objects
plan changes to the world
identify objects
monitor changes
Sensors ———P ——§  Actuators

build mapa

explore

wander

3 avoid chjects
=

Korea Institute of Science and Technology Advanced Robotics Research Center
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Subsumption architecture (2/2)

¢ Subsumption Architecture
» Higher level competence — specific desired class of behaviors
» Control mechanism — Suppression of inputs or inhibition of outputs
» layering complex task-specific control programs ( = behavior)

» Shortcomings of Subsumption architecture
» Lacks mechanism for managing complexity
« Not sufficiently modular
(small changes to low-level behavior — redesigning the whole controller)
« Very similar states of world mean different thing depending on the context.
« Subsumption of low-level Bh by high-level Bh is not always appropriate.

Korea Institute of Science and Technology Advanced Robotics Research Center
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Three-layer (Hybrid) Architecture

¢ Three-layer (Hybrid) architecture
e [Connell91] : SSS, [Gat 91] : ATLANTIS, [Bonasso 91] : 3T
¢ Reactive control mechanism + Deliberative planner + Sequencer

*  Why independently designed architecture turn out a similar structure ?

* Problems of two approaches.

1) Classic SPA : Planning(or world modeling) is time-consuming,
Unexpected outcome from execution of a plan step
2) Subsumption : Error handling
=> Manage stored internal state information
« Reactive part : minimize the use of internal state as much as possible
« Planning part : extracting reliable information using internal state

Korea Institute of Science and Technology Advanced Robotics Research Center
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Three Layer Architecture (1/4)

* Three components
< A reactive feedback control mechanism
* A reactive plan execution mechanism
« A mechanism for performing time-consuming deliberative computations

* Terminology
« In 3T, skill layer + sequencing layer + planning layer
¢ In ATLANTIS, controller + sequencer + deliberator

Korea Institute of Science and Technology Advanced Robotics Research Center
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Three Layer Architecture (2/4)

e Controller
¢ One or more threads of computation (feedback control loops)
« Tightly coupling sensors to actuators
« Primitive behaviors ex. wall-following, moving to a destination

e Important Architectural Constraints of Controlier
+ Computing one iteration should be constant-bounded time (small enough)

» Never fail to detect a failure, but always fail recovery. (sequencer,
deliberator)

» Use of internal state should be avoided whenever possible.

« Behavior should be continuous function w.r.t internal state.

b (Sequencer manages transitions between regimes of continuous operation)
L]
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Three Layer Architecture (3/4)

+ Sequencer
» Select which behavior(s) the controller should use at a given time
« Supply parameters for the behavior
e Include constructs for responding to contingencies
« Manage multiple parallel interacting tasks

« Important Architectural Constraints of Sequencer
» Should not perform computations that take a long time for behavior

Korea institute of Science and Technology Advanced Robotics Research Center
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Three Layer Architecture (4/4)

» Deliberator
¢ Planning & other time-consuming computations

» Interface to the rest of the system : 1) produce plans for the sequencer 2)
response to specific queries from the sequencer

e Result

» Not derived from theoretical considerations, Instead, derived from
empirical observations

=
=
51
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» Hybridization

Lzomdna

Usst yjant

12 0 000
AURA (Autonomous Robot Architecture) [Arkin 90]
» Deliberative hierarchical planner + Reactive controller

» Configuration that integrate behavioral, perceptual, and a priori environment
« Deliberation and Reactive execution dont operate simultaneously
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ATLANTIS [Gat 91] & 3T [Bonasso 91]

e 3T Architecture
e Topmost layer of transitional Al planning
e Lowest layer of reactivity
» Middle layer which transformed
the state space representation to
continuous actions of the robot

e ATLANTIS
e The deliberator ~ Sequencer — Controller
¢ Asynchronous and heterogeneous
¢ The results of deliberation are
viewed as advice, not decree

Korea Institute of Science and Technology Advanced Robotics Research Center
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e Three layer Architecture
+ Navigation task
¢ Quantizing space & time

© O OO0

SSS (Symbolic, Subsumption, Servo) [Connell 91]

Symbolic
svent s, At process
datectors paramelrization
Subsumption
4s, dt .
stiuation setpoint
recognizers selaction
Servo

, ds, dt l
Sensors Actuators

Ea Korea Institute of Science and Technology
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TCA (Task Contro! Architecture) [Simmon 93]

» Facilities
« Distributed inter-process communication
+ Task trees and temporal constraints
» Resources allocation and management
+ Monitors - detect environment changes
¢ Exception handling

» Mechanism for deliberation
» Hierarchical representation of tasks

e Mechanism for reactivity

+ Monitoring & Exception handling

-—

m Korea Institute of Science and Technology Advanced Robotics Research Center
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MINERVA [cMu,rI 96)

« Four layer architecture
¢ 20 distributed modules
¢ Hybrid approach
» Breakdown according to functionality
* Concentrate on Navigation & HRI
« Communication across multiple layer boundaries

high-level coutrol and learming
{mission planning, scheguling)
human Interaction modules
(“emotional” FSA, Web interface}
navigation modnles
{localization, map leaming, path planning)

{motors, seasors, Intarnet)

g hardware interface modules
= -

Korea Institute of Science and Technology Advanced Robotics Research Center
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BERRA (BEhavior based Robot Research Architecture)

4 Piaaner  poo-c- 1Rl .
i ' . | ¢ Three layer architecture
o g « For mobile service robot
3 « Similar with existing architecture
L ocaizer Task Exscutinn Supervisor bt .
: : » Except localizer & PM

—renflghoa

- { b k] Contatie « For simple tasks — maii delivery
shavior m i L UROLET .
' : « Global localization —
B go point 8 obstacle avoidance

. { Hardwure
=1
-
m Korea Institute of Science and Technology Advanced Robotics Research Center
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Control Architecture
of PSR-1

Korea Institute of Science and Technology Advanced Robotics Research Center
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Design Goals

o Hybrid Deliberate/Reactive Approach
» Practical approach, NOT philosophical
« Converge to similar structure
» Autonomy
» Execute a given task without human intervention
« Planning as configuration strategy
» Fault recovery
» Reliable Navigation & Manipulation
= Various types of maps, localizers, and path planners
¢ Mobile base + manipulator

Korea Institute of Science and Technology Advanced Robotics Research Center
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Control Architecture of PSR-1

¢ Layered Functionality Diagram
¢ Conceptual diagram
» Classify key components into three layers
¢ Connectivity & Information flow

o Class Diagram
* Implementation considering scalability & reusability
« Instantiation & hierarchy

e Configuration Diagram
* Planning
« Relation between processes or behaviors
* Error recovery

Korea Institute of Science and Technology Advanced Robotics Research Center
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Layered Functionality Diagram

i i o S S —1
g n?odglfs 1 Mani. modules | PES |- Configuration |
Localizer |- Maps J- Path Planner '
I p l . I --="{Behaviors} Sequencing Layer
Resource I ~ Behaviors l ------ » Bh Coord] ----- - Controllerl

H/W [
m Korea Institute of Science and Technotogy Advanced Robotics Research Center
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Class Diagram
| I
A CMonitoringData '

T T
| Ccuiplg | /' A CMobileData

1

|

r Vi |
}CConfigurationHL{ — CPlanner LJ CMobile \/J CParameter |
|

e T
' CServerSocket |

| CNavModules | | CManiModules |

//I,\ ‘ CPES — CConfiguration |

| CMap | ECLocalizer ]1 CPathPlanner } :

...... /. wureenes
. | CResource ———{ CBehavior 7~ CBehaviorCoordinator — " CMainboard ;
| | CRSCData |
[
[~
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Class Hierarchy

Base class Derived class
CProcess { CPrAutoMove, CPrCalibration, CPrDocking, CPrRemoteControl,
CPrFilePlay }
CBehavior { CBhAutoMove, CBhCalibration, CBhFilePlay, CBhObAvoidance,
CBhRemoteControl, CBhTrExactPosition, CBhTrLookAround }
CResource { CRscEncoder, CRscGyro, CRscIR, CRscJoyStick, CRscLaserScanner,
CRscTrailerVision, CRscUltraSonic }
Clocalizer { CMonteCarlo, CMatchingtM }
CMap { CGlobalMap, ClLocalMap }
CMotionBoard | { CPMACBoard }
CPathPlanner | { CPPLocal }
CMonitor { CMonitorMain, CMonitorRemote }
-_
m Korea Institute of Science and Technology Advanced Robotics Research Center
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Design and Modeling of Configuration

e The activities on the configuration level
« Discrete possible state

* event-driven

* Flow chart, Automata, AND/OR-Nets and Petri-Nets

* Petri-Nets

» Modeling and design of control logic

» Graphical tool — 1) Visualization of control logic 2) Checking the states
of robot 3) Error Recovery

» Mathematical tool — 1) Set up mathematical models 2) analyze the
designed logics

)
51
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Example — Process AutoMove (1/2)

PL/ TR

Description

PL_AUTO_INIT (Po)

Standby

PL_AUTO_BH_AUTO (P1)

Execute behavior BhAutomove

PL_AUTO_NOGOALCHANGED (P2)

State : Goal has NOT been changed.

PL_AUTO_GOALCHANGED (P3)

State : Goal has been changed.

PL_AUTO_FLT_NOPATH (P4)

Fault : No path to goal exists

PL_AUTO_EMERSTOP (Ps)

Stop behavior BhAutomove in emergency

PL_AUTO_FLT_GOALOCC (Ps})

Fault : Fail to reach Original goal

PL_AUTO_END (P7)

Completion of given Process without Failure

TR_AUTO_START (0}

Start

TR_AUTO_RETRAYOCCU (t1)

Change original goal, then Re-try path planning.

TR_AUTO_OBSTREMOVED (t2)

The obstacie in original goal removed , and the goal is restored.

TR_AUTO_FLT_NOPATH (t3)

Conclude No path to goal exists.

TR_AUTO_EMER_STOP (t4)

Robot stopped moving because of fault.

TR_AUTO_FLT_GOALOCC (t5)

Conclude Reaching original goal is failed.

TR_AUTO_BH_AUTO_TRUE (t6)

Behavior BhAutomove completed successfully.

(t0: tH=, t1,t2, 3 : PP, t4, , 15, 6 : Bh)

Em Korea Institute of Science and Technology

Advanced Robotics Research Center

MO={10100000)
0
M1={01100000)

t3 *H t6

t4 t2 "™

"dead end”
14

MB={00010100)

© O 0O

Example — Process AutoMove (2/2)

M3={D0101000) M2=(01G10000)M4={00000001)
15 “dead end”

ME=(00100100) M1={01100000) M5=(00011000)M7=(00000010)
“old” “d 2

ead e

‘dead end
Symbol Name Symbol
MO MK_AUTO_INIT MS MK_AUTO_OCC_EMER_STOP
M1 MK_AUTO_BH_AUTO M6 MK_AUTO_FLT_NOPATH
M2 MK_AUTO_OCC_BH_AUTO M7 MK_AUTO_FLT_GOALOCC
M3 MK_AUTO_EMER_STOP M8 MK_AUTO_OCC_FLT_NOPATH
: M4 MK_AUTO_END

]
-
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Deliberate Layer (1/2)

HRI ——  Planner | >
- Task Interpreter |

|Conﬁguration Constructorl

HL-Configuration I

| ; , ,‘/)1 CMonitoringData \
| CPlanner ————— CUIDIg — CMobile (| : {
) l \ CMobileData

. 1 CTaskInterpreter :l CConfigurationHL ’: CMonitor : \ CManipulatorData j

L

\

[ e t :

| CMonitor | . CMonitorRemote | | CParameter |

| \ ;

o | CMonitorMain | | CServerSocket |
Korea Institute of Science and Technology Advanced Robotics Research Center
et st b © O OO

Deliberate Layer (2/2)

» Task interpreter
¢ Interpret a given task to internal process
» Automatic construction of configuration
¢ Set process data from task data

= Configuration
o =0 taskOll CHSHO! H & E processE 2l 2 & JIEl database
* ProcessE 2 &= Al 2 A, Exception handling0il CH &t logic
¢ Peti-nets mode!

E ¢ Monitor
0O « Display internal states of a robot and process of a task to Remote Center
m Korea Institute of Science and Technology Advanced Robotics Research Center
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Process Execution Layer

e Process Execution Layer
o Planer2 26 A& E processE +8aot)| 28 Low - level control
+ Reactive layer 22|
e Behaviors & resource 84, #el, 2 &,

» Configuration
o 2} statusOll CH & Behavior, ResourceE 0fl 2t8F E 2.
o =A 23|, Exception handling & Z &.

l Process

_ State Behavior Resources

PES ]’i Configuration

| AutoMove Automove, greeting | LaserScanner, IR,
Gyro, Sonar, etc.

Docking Docking, undocking,
Behaviors Looking around

Korea Institute of Science and Technology Advanced Robotics Research Center

O

20 O 00

Navigation module

+ Navigation module2| &,
« long-term information 2 2! — Information, Topological, Grid map
« Localization Algorithm 2t2| — MatchingLM, MonteCarlo
o [Ct2F8H level® Path planner 22! ~ Local, Topological Path planning

» TES Layer0ll I XISt= Ol
+ Long-term information, not reactive
« Contains different level of map information

m Korea Institute of Science and Technology Advanced Robotics Research Center
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Maps

s Types
e Information map - AL XDt AN & 2 U= HEHS ma
« Topological map - Node4} 2| connectivity ex. XIdt&E <
+ Grid map - Global & Local grid map

ex. 22 R4,

p
HE

¢ Local grid map
e« HIMM & 0|8. 10X 10 (m) 27|
» (Input) Laser scan data, Current position from Localizer
» 0.2 sec OtCt update

L]
m Korea Institute of Science and Technology Advanced Robotics Research Center
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Localizer & Path planner

* lLocalizer - Where am I ?
* Map& levelOi [}t 434,
+ Odometry + Monte Carlo Localization
* (Input) Global & local grid map, Laser & Gyro data, current position
s (Output) Current Position

e Path Planner
+ MapQ levellll (}E path planning
Wavefront algorithm.
Path planning + Trajectory generation
(Input) Goal position from behavior, Grid map from Local grid map
(Output) path Set to behavior

m Korea Institute of Science and Technology Advanced Robotics Research Center
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Reactive layer (1/2)

» Behaviors
« One or more threads of computation (feedback control loops)
« Tightly coupling sensors to actuators
e Accept behavior data from TES, inform TES of success or failure

« Behavior Coordinator

e Behavior Fusion — ££2| behaviorE 6 2| &
ot controllerOff &2 8HCF.
» Reactive layer 4 9] Event detector — flowE €32 UALE=E

H

odieq
F==

win
o
n(I
°
om
o

m Korea Institute of Science and Technology Advanced Robotics Research Center
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Reactive layer (2/2)

* Resources
« Framework for facilitation the sharing of different kinds of sensor data
» Fusing mechanism
 Laser scanner, Vision modules, infra-red, Ultrasonic, Joystick, Encoder, Gyro

+ Controller
» Direct sending commands from Bh. Coord. To Robot’s actuator
+ Mobile base, Manipulator, Hand.

Korea Institute of Science and Technology Advanced Robotics Research Center
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Examples

m Korea Institute of Science and Technology Advanced Robotics Research Center
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Carrying a Document Box (1/2)

{Task}

_*if.l_l__' Planner |_HL-Configuration ; /]Lw 1
A g it
{Task} - /T”T

{Suc./ Fail} {Process} Task Interpreter _{;_—,

PES 1. Interpret task
__I 2. Construct configuration
Deliberate Layer

§
e
2 A erg g C
Korea Institute of Science and Technology Advanced Robotics Research Center
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Carrying a Document Box (2/2)

l{Process}
{Events} R
R {Bh. data} PES |- Configuration |
Navi. modules ) e
= | {Behaviors)| | (Events} :

Localizer |- Maps |~ LocalPP |

{Rsc. data}
........................... {PathSet}

Resource }---+ Behaviors |-----~ Bh Coord.}----
{Commands}

Korea Institute of Science and Technology Advanced Robotics Research Center
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Conclusion

e Conclusion
+ Three-layer hybrid architecture paradigm
» Development from Practical view
* Reusability & Flexibility
« Efficient run-time performance

» Future Works

» Construct manipulation modules, high level mapping & path planning
+ Integration with manipulation

B
0

« Improve Planner and HRI
m Korea Institute of Science and Technology Advanced Robotics Research Center
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Service Robot SIG Workshop 2002

A Control Architecture
in Service Robotic System
- Rehabllltatlon Robot KARES 11
Sy I
2oozm 62 242
CT21 Team, KAIST

KAIST CT21 - Development of intelligent Human-Robot Interaction Technology

Service Robot SIG Workshop 2002

Contents

= [Introduction

= Previous Works on Rehabilitation Robots
= Control Architecture of KARES Ii

= Future Prospects of KARES i

= Concluding Remarks

KAIST  CT21- Development of Intelligent Human-Robot Interaction Technology 2
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Service Robot SIG Workshop 2002

 Introduction

KAIST CT21 - Development of Intelligent Human-Robot Interaction Technology

Service Robot SiG Workshop 2002

Motivation

= Grand Challenges for the IEEE Robotics and
Automation Society
- Human-Robot Interfaces
» Modularity
» System Issues

= System Issues

« What is needed is an architecture for coherently
combining all resources into an integrated system!

3.0. Crisman and G. Bekey, "Grand challenges for robotics and automantion: The 1996 ICRA panel discussion,”
IEEE Robotics and Automation Magazine, 3(4): 10-16, Dec. 1996.
R.T. Pack et al., "A Software Architecture for Integrated Service Robot Development,” IEEE Int1 Conf. on SMC, pp. 3774-3779, 1997.

KAIST  CT21- Development of Intelligent Human-Robot interaction Technology 4
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Service Robot SIG Workshop 2002

Motivation

= Difficulties in developing of KARES Il

+ There are various components for KARES Il
+ Soft robotic arm
+ Eye-mouse
+ Haptic suit
- EMG signal-based control system
- Visual servoing system
« How to integrate them into an integrated H/W
platform?
- After integration of H/W, how to extend its ability
for twelve predefined tasks in efficient way?

KAIST  CT21- Development of Intelligent Human-Robot Interaction Technology - 5

Service Robot S1G Workshop 2002

Objective

= |n view of control architecture...

- Previous works on rehabilitation robots are
exampled,

- Currently implemented KARES Il is
mentioned,

- Future prospects of KARES Il is discussed.

KAIST  C©T21- Development of Intelligent Human-Robot Interaction Technology 6
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Service Robot SIG Workshop 2002

Previé,u?s Works
on Rehabilitation Robots

KAIST CT21 - Development of Inteligent Human-Robot Interaction Technology

Service Robot SIG Workshop 2002

Rehabilitation Robots

= Workstation fixed system
» DeVAR
« RAID*
+ ISAC*
+ AFMASTER

= Mobile platform system
+ Walky
- MoVAR
+ Helpmate*

= Wheelchair-based system
+ Wessex & Weston Robot
+ KARES I*
+ FRIEND*
+ RAPTOR

KAIST €721 pevelopment of Intelligent Human-Robot Interaction Technology 8
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rvice Robot SIG Workshop 2002

RAID: Robot for assisting the
integration of disabled people

* Provide manipulative assistance to severely physically disabled
individuals within office environments

= Upgraded RTX robot arm mounted on a linear track
= An additional page-turning gripper

= 2TX
L
] o R oo
.
Q

Document
:HI racks

Printe .
L nnter [

S

- =

L

Dallaway JL, Jackson RD, Timmers PHA (1995} Rehabilitation Robotics in Europe.
IEEE Transactions on Rehabilitation Engineering. 3. 35-45.

KA]STv CT21 - Development of Intelligent Human-Robot Interaction Technology 9

ﬁrveice Robot SIG Workshop 2002

RAID: Robot for assisting t
integration of disabled people

= The control architecture
- Transputer-based motor control board to improve the resolution and repeatability
of arm motion.
- Enhanced manipulator-level control
- Supervisory contro!
+ The MASTER language allows direct and pre-programmed control of the arm.
+ Communication between the operator and the PC

- infra Red (IR) link between a wheelchair-mounted joystick and workstation-mounted
mouse emulation hardware.

supervisory manipulstor motor |1 motors
joystick controlier controlter contraller
and - =
switch | Rink RS422
(1486} (T800) (T800)  +—{ «ncoders
Wheelchair Computer Robot

Dallaway JL, Jackson RD (1993) The RAID workstation for office environments.
Proceedings of the RESNA 93 Annual Conference. 504-506
KAIST  cT21- Development of inteliigent Human-Robot Interaction Technology 10
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Service Robot SIG Workshop 2002

ISAC: Intelligent Soft Arm Control

= To insure ease of use, safety and fiexibility of the system, integrated
several sensors such as vision, voice, touch and ultrasonic ranging.

= The user interacts with the ISAC in natural language commands
such as feed me soup.

= The Soft Arm (a prototype manipulator using actuators called

Rubbertuators)

http://eecs.vanderbilt.edu/CIS/IRL/htmi/intelligent_soft_arm_control__isac_.html

KAIST

CT21 - Development of intelligent Human-Robot Interaction Technalogy 11

Service Robot SIG Workshop 2002

ISAC: Intelligent Soft Arm Control

» Distributed object-oriented architecture

.

Blackboard scheme to communicate among system modules
Task planner
Parallel control
Reflex control
Voice system
- Phonetic Engine 500 from Speech Systems, Inc.
Real-time face tracking
Object recognition

http://eecs.vanderbilt.edu/CIS/IRL/htmi/intelligent_soft_arm_control__isac_.htmi

KAIST

CT21 - Development of Intelligent Human-Robot Interaction Technology 12
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Service Robot SIG Workshop 2002
HelpMate

* Anactive LCD monitor with a 2-port switch kit «  Intelligent Machine Architecture, IMA

= AlLidar sensor for navigation + Combination of local autonomy and
= A vision system, stereo cameras and two PCI user direction, enabling Helpmate to
color-frame grabbers navigate hallways and rooms to
» New control software, based on IMA2 accomplish tasks.
»  Connection to the Internet via wireless + Based on behavior-based,
Ethernet Subsumption architecture

Transportstion Canl
Trilubug

http://eecs.vanderbilt.edu/CIS/IRL/ htmi/helpmate_mobile_robot.html
,KA‘ST, CT21 - Development of intelligent Human-Robot Interaction Technology 13

Service Robot SIG Workshop 2002
HelpMate

=  Brook’s Subsumption architecture

= Under the IMA architecture, HelpMate is designed to make use of user-
centered interface as a means of designing Graphical User Interface (GUI)
for display and control of mobile robots including their sensors.

MPTANINE -

http://eecs.vanderbilt.edu/CIS/IRL/htmi/heipmate_mobile_robot.html
KAIST  cT21 - Development of Intetligent Human-Robot Interaction Technology 14
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Service Robot SIG Workshop 2002

The Wessex Trolley Mounted Robot

= Mobility
-+ Our solution to this has been to mount a manipulator on
a wheeled trolley, which may be moved by a helper
from room to room.

= |ow cost/Low volume manufacture.

- Bearing in mind the financial limitations of both state
and individual in the UK, we are aiming at a target price
of £6000.

Aesthetics

- The system is designed to provide an attractive and
‘professional’ appearance.

Safety

+ Use of low powered motors as part of an inherently
safe mechanical and electrical design.

http://www .bath.ac.uk/bime/projects/robot/index.htm
KA!ST CT21 - Development of Intelligent Human-Robot Interaction Technology 15

Service Robot SIG Workshop 2002
The Wessex Trolley Mounted Robot

s User Control Strategies

-+ The system will operate both under the direct control of the user and the
automatic replay of a previously programmed sequence of movements.
These operations may be set up by the user to perform regularly needed
tasks. Control may be by a simple switch input (e.g. hand switch,
suck/puff switch or joystick) to a scanning menu system.

http://www.bath.ac.uk/bime/projects/robot/index.htm
KAIST  CT21 - Development of Intelligent Human-Robot Interaction Technology 16
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Service Robot SiG Workshop 2002

The Weston Wheelchair Mounted Robot

= Potential users
+ Powered wheelchair users, with very little, or no use,
of upper limbs, and weakness in trunk muscles.
= Benefits
» The robotic manipulator replaces lost ability to interact with
environment, giving increased independence and reduced
reliance upon carer. Because it is mounted on the user's
wheelchair freedom of mobility is maintained, thereby
enhancing the usefulness of the robot.
= Specification
» Be able to safely perform precise manipulation tasks
close to face.
~ Be able to pick objects off the fioor.

= Not interfere with the daily use of the wheelchair
(e.g. access, transfers, stability).

« Have an appearance that is acceptable to the user.
+ Be priced under £15 000.
- Based on the Wessex Robot

http://www.bath.ac.uk/bime/projects/robot/index.htm
KA]ST CT21 - Development of Intelligent Human-Robot Interaction Technology 17

Service Robot SIG Workshop 2002

The Weston Wheelchair Mounted Robot

= Mounting the arm on a wheelchair requires some different components, particularly a
new vertical actuator to allow a much greater vertical range, and a suitable mounting
point to the wheelchair. The control interface is being re-written for a joystick type
input device.

= Developments on the Weston robot will be incorporated into the Wessex robot,
particularly the design of a new gripper and improvements to the software and
processor specification.

= Evaluation

« Initial user evaluations were completed, with the manipulator mounted onto a trolley. This
enabled users to gain experience of using the manipulator without it being actually mounted
to their wheelchairs.

http://www bath.ac.uk/bime/projects/robot/index.htm
KAIST  ©T21- Development of Intelligent Human-Robot Interaction Technology 18
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KARES* I

= May, 1996 ~ April, 1998.

= A wheelchair-mounted robotic arm.

= Assist the disabled and the elderly for the independent
livelihood without any assistance.

= Sensors

+ Vision sensor(CCD camera)
+ Force/Torque sensor

« Voice command
+ 6D input device

*KARES: KAIST Rehabilitation Engineering Service System )

Service Robot SIG Workshop 2002

KAIST  cra1- Development of Intelligent Human-Robot Interaction Technology

19

KARES* I

Robot Arm
(Mounted on
the Wheelchair)

Service Robot SIG Workshop 2002

ey

Host PC
for Control

Force §

Step Motor #0~5 }(—- P

DSP Board

Muiti Motion

Controlier

L

Encoder #0~5 } >
Drivers
| V Communication
Gripper }(———
§ T : Host PC
"'"’I"""""""’"“ i for Vision
Objects «——| Camera 13( vision
( ‘1“’) the Robot Arm) I Board
|
! S
: A
User N Interface
on the 2] Voice recognition,
Wheelchair LCD panel, etc.
> Spacebali

KAIST  €T21- Development of intelligent Human-Robot interaction Technology
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Service Robot SIG Workshop 2002
FRIEND: A Functional Robotic Arm with
User-Friendly Interface for Disabled People

= Electric wheelchair
(Meyra germany)

= 6 DOF robot arm MANUS
(Exact Dynamics - Holland)

= Dual Pentium 500 MHz
with CAN-Interface

» Hand mounted miniature camera

= Pan-Tilt unit with mounted CCD-came
ra

= 12” flat LC-display mounted on a tray
» Speech Interface (IBM)
=  ATX power supply

KAIST  CT21- Development of Intelligent Human-Robot Interaction Technology 21

Service Robot SIG Workshop 2002
FRIEND: A Functional Robotic Arm with P
User-Friendly Interface for Disabled People

= User commands via voice , ,
Merr!vbdine-lmerfaoe”

= Commands transformed by o .
an Interpreter ‘ e

. CommendHnterpreter
» directed to the robot-controller e
(low-level) | -

- Activation of pre-programmed J | il !
actions (high-level) - T 1
= State of the system observa - qiicmic
ble on flatscreen S
TN
| MANUS Herdware Cortroller |
KA]ST CT21 - Development of Intelligent Human-Robot Interaction Technology 22
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COMMANUS Project

= Software & electronic design and
evaluation of the open-structured
rehabilitation robot MANUS

« an R&D project which is supported by
the Biomed 2 CRAFT research
program of the EU

» Nov. 1998~Nov. 2000

» New user interfaces are new
features in this project are.

KAIST  cT21- Development of Intelligent Human-Robot Interaction Technology 23
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Tidbniciz

= User interface level
= Command system level

= Remote-maintenance
and Tele-diagnostic

KAIST  cT21 - Development of Intelligent Human-Robot Interaction Technology 24
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Control Architectu re

ofi KARES II

R -
KAIST CT21 - Development of Intelligent Human-Robot Interaction Technology

QNX

Visual servding process

Visual Servoing l
Windows 2000

Mobile Robot
Server

.— Wired LAN
Wireless LAN (<¢— 1~

Windows 98 |

Mobile Platform

_ " Direct Control
[ Robotic Arm ] -+

|
| Wireless
| TCP/IP

Service Robot SIG Workshop 2002

-+

Eye-Mouse

Head Interface
Shoulder Interface
EMG Inteface

L Windows 98
Wheelchair Platform

KAIST  CcT21- Development of intelligent Human-Robot Interaction Technology
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Whireless

O

Robot Arm/Mobile Platform

Visual Servoing, Motion Control, Navigation

Ethernet TCP/TP
Central !
Controller #1
T CAN or USB 200 HafRealtime) &> )
. . ol
60 Hz, 1 4 Kitesls — Serial : Motion Controller a
: PC(OS) T (100 Hz, 2 4Kbytesks) : Pertium(0S) ; E
Image Processor Color Eye-in-Hand —ﬁ i @
: gDs,p # Camera #0 | Configuration o i #/D Converter Ha N kS
: e Encoder Counter —{ ] % : %
Image Processor Color 2 [o
: DSP #1 Camnera #1 - i D4 Converter %
: H o =
Vergence | o20Hz, | Camera 2 Parallel VO é
Controller | 32 Ktesis}  Dlatforrn &
S —— : g Robot Arm Mbotion Q
Additional : ' . . Control Module
Proce{sci ' Motor/Sensor Joint. #0 ;
i U Visual Servoing ! ; . ! | Motion Controller [l]
DU Modwe i | Motor/Sensor Joint #n | i | Mobile Platform
Target Pose & Velocity | H . .
Information Extracti q Mobile Platform Motion
n Fmeton | _Foree/Torque Semsar [+ : Control Module
0S: QNX ! Robot Arm Module TrrTTormomoemenmemrariooees
April. 30, 1999.2200. Won-Kymg Song. KAIST
KAISVTV CT21 - Development of Intelligent Human-Robot Interaction Technology 27
""""""""""""""" Wheelchair Wireless

Pan Tilt Unit |

Bio-Signal, Eys Mouse, Haptic Suit, Voice, User Command

: £ : Ethernet TCP/TP
r}“* 4 Central
Controller #0
PC(OS) T4 0.2 Hz, 03 Khytests ’_L . CAN or USB .
: " e -
; [Video Ou(ADF) T;& 200 Hz, 17.2 Kbtesls 1130 Hz, 3 Koytests
[ S b bbb NP T P L R, LFAPNENFEERPYNE RLE] i N
Basic Interface - . ;
; Serial Module :
: = ; Visual Display Haptic Suit Module ! ' :
: g g : Device e H
. £ . L < '
: - ! Sensor o : ;
e K2 ! Position Position Senser | i | | Bio-signal Amp. :
Prgcf:si:nr Microphone: Manual e Senser Box (Mag or US) | i :
‘B - Ui Adjustment i _ _ b EMG signal | |
' T evice b Opticat | _| Optizal Sensor | 3 ; '
_ HeadBpTrckig o Sensor Box (Deflection) | @ EEG signal | |
Image Processor #1 H Camera #1 5 o E
£ : J : Acluator o Ete. Bio-signal|
Image Processor QH Camera #2 I : Pneurnatic Valve Pneumatic | | E
Dapth Estraction : Controf Circuit Valve . Bio-signal Module :
‘ { . [ .
iy } : il | Vitrator Controt LoTTTTTroTI e
: Image Frocessor &, Camera # L— S - :
: ! ad i ; l > | : Cirouit I 5
N o] T
i ;e
Eye-Mouse Module OS: NT

KAIST

CT21 - Development of Intelligent Human-Robot Interaction Technology
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N
e e o e e
- .., Relative position of |
: * end-effector (2DOF) |
Head movéments | Head { The name of a task |
: Interface | : :
gRelative position of {
Should : ts send-effector (2DOF) {
e morements|  Shoulder I The name of a task ]
€= ------ -
U Haptic : Interface J i —_————— /
Feedback ~ Relative position of |
ebd-effector (4DOF) !
S Bio-signal Emergency stop signal (7 ;
- > Thenameofatask y' { “Roboti+
€ >|  EMG Interface ota ¥
| {= Controller
r : Emergency stop signal |
Movements Absolute position of] |
of eyes and 3 end-effector (3DOF) |
head ‘| | The name of a task| |
*| Eye-mouse | |
Target name I
Target position (30) i Position of end-effeqtor
Expression Task name i The name of a tag
Recognition . . HE————— I L SR,
————— | Visual Servoing |€----------- -7
3 Position/Velocity/Acceleration of
- - End-effector/Joint
Force/ Torque
KAIST  cT21- Development of Intelligent Human-Robot Interaction Technology 29
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INPUT INTERFACE | INTERFACE SELECT |
1

¥ v
| EYE-MOUSE || HAPTIC SUIT || EMG INTERFACE |
I ] |

[EYE:STSI IHAS:STSI : IEMGI.STSH

A /

\ 4
| INFORMATION BUFFER &= COMMAND BUFFER |
A

Y Robot Arm

[ VISUAL SERVOING PART | {[Whee! Chair]
| Pan-tilt Stereo Vision | Mobile Robot

OT8 : Overall Task Sequencer
8TS ! Sub~module Task Sequencer

KAIST  ©T21 - Development of intelligent Human-Robot Interaction Technology 30

- 294 -




Service Robot SIG Workshop 2002

Server/Client Programming

= Objective
- Refinement of conventional S/W structure
+  Efficient command combination and execution is not easy due to complicated structure.

Expansion and modification of tasks is hard job because of sequential structure of each
task.

+ Necessary functions
+ Tolerant for communication problems itself (e.g. server/client disconnection)
Self diagnosis for fault
« Modification (or refinement) of communication protocol is necessary.

»  On-going status
+ Redefinition of communication protocol
- Command sequence for twelve scenarios are proposed.

- First version of communication protocol is constructed based on inter-module
communication for predefined twelve tasks.

» Pre-program test will be done according to each task.

defined sequence, i
OZOZOZO 1 AN
<% information O O O O

KAIST  CT21- Development of Inteltigent Human-Robot Interaction Technology 31
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Server/Client Programming

= Command Set & Data Structure

ﬁrimitivel Command #1| Command #2 I Command #43]

Primitive | Command #1 | Command#2 | Command#3 Kar otocol
seT | TASK_NAME Struct_: es2Pr {
char StartParity,
| PROCESS_START b ’
| PROCESS_STOP | CONT_REQUEST > char Priority;
| PROCESS unsigned int SendID;
I MOvE | POSITION unsigned int ReceivedlD;
I gg’é;ggéﬂ 1 unsigned int command;
| AM P int tag[3);
>
REQUEST | INFO | POSITION | ONCE »  float Param[6]);
| VELOCITY | CONTINUOUS - char StopParity;
| PROCESS_RESULT >
| STATUS
" Error detection parity check
RETURN | INFO | POSITION “Command priority check
I VELOCITY Command - main
| PROCESS_RESULT ¢ d - detail
| STATUS | WORK_END | given set command omman etai
| EMERGENCY -——— Command - parameter
NOTIFY | INFO | POSITION
I VELOCITY Tag[3)=[target/abs(res)/coordinates]
{ PROCESS_RESULT or [task no./work no.]
| STATUS | WORK_END | given set command or detail tag corfesponding command set
| EMERGENCY
KAIST €721 - Development of Intelligent Human-Robot Interaction Technolagy 32
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Futu,re;,AProspects
of;KABES II

i@

KAIST CT21 - Development of Intelligent Human-Robot Interaction Technology
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Current Architecture KARES 11
**Logical View**

Activation +
Status / Closed Loop Control

Eye Haptic
o ﬁ\ Mouse MD EMG Speech
o

-

-3

o Task No. + Shared Mode
:-';3 . Device Selection Control

[0

Q.

¥

»

~

7

IméQé i -/ N Rob&ﬁf@ . Mobile -
~ Proc. ~Arm- ?Faff°F'j‘

VA

_KAIST  cT21 - Development of Intelligent Human-Robot Interaction Technology 34
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Things to be done!

= Interruptible and Flexible Execution

- Make low-level services interruptible
(already possible in principle)

. Make list of operators in preprogrammed task procedu
re interruptible =» create “Sequencer”

= Modular HMI approach
. Encapsulate HMI components

. Introduce layer for HMI command interpretation and ¢
ontext switches

. Define uniform protocol to activate tasks, to control lo
w-level services, ...

KAIST CT21 - Development of inteligent Human-Robot Interaction Technology 35
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“Evolutionary Transformation”
into Multi-Layer Architecture

Control architecture is necessary but only as
“tool”and not as “subject for investigation”

= Transformation into Multi-Layer Architecture
« Well known principles
» High leve! abstraction system description
- “Natural” way of encapsulation
» Evolutionary approach
« Re-use of software components
+ Acceptance
+ Experience

- “Never touch a running system” ©
KAIST  cT21- Development of Intelfligent Human-Robot Interaction Technology 36
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The Multi-Layer Architecture

Deliberative Layer

Sequencer :

Sensors

%\

Environment

KAIST  cT21- Development of inteiligent Human-Robot Interaction Technology 37
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“HMI Layer”

. GUI | Command Speech
Context EMG
Y
Command Fusion / Haptic MD
Device Selection
\]/ Eye Mouse
Virtual Device J
Task Selection | Event Read User Intention Direct Control
+ Deactivatiol

uencer

Start Service Event

C. Martens et al., "Concept for a Modified Hybrid Multi-Layer Control-Architecture for Rehabilitation Robots,”
Int'l Workshop on HWRS2002, Jan. 2002.
KAIST  ¢T21 - Development of Intelligent Human-Robot Interaction Technology 38
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“Reactive Layer”

Module - , :

S “ | Service X (e.g.

“|i Message-Router i} R l! Detect Mo(utl'?)
_—* (Thread) ‘ “” sieer i DTN S A,

G | Service ..

e
H i
i (e.q. Detect Object) '
¥

@ | service1 (e.g.vS) i
S ) (Thread) | :

eleq
UONEesUNWIWOY |eqols

~ KARES II >

TCPIP-Protocol
“Task Channel . || - Event Channel -~ Other | | . Hardware -
“=-Sequencer - |l -Sequencer - Modules ... (Sensors/Actuators)

WKAIST CT21 - Development of Intelligent Human-Robot Interaction Technology 39
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“Sequencer”

@MSequenggr i

Task Selection +
g | Task Deactivation
(Thread)

el 1 Task X (e.g. Turn |
; on Switch

ﬁ"m? Task .. e

— (e.g. Open Drawer) |i
Event Manager 3 i

| (Thread) Task 1 (e.g. | —
Offering Drink) | :

(hread) | |peeeees

HMI Events from Events from Services of
(Device + GUI) HMI Reactive Layer Reactive Layer

A 4

eleqg
uonfblunwiwo? [eqon

KAIST  cT21 - Devetopment of intelligent Human-Robot Interaction Technology 40
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Example Task: Serve a drink
What has changed??

Eye-mouse: Deciding Task No., Extract the
| rough information of the object(position)

Robot Arm: Approach to the cup : Task
| (just nearby the cup) . Sequence

I Image Processing Module: Centering the
object (velocity move command to the arm)

[ Robot Arm: Grasping a cup and approach
to the mouth

or stop intention)

Eye-mouse: Stop Command

Haptic suit: Arm control (positive, negative ]

Robot Arm: Move to the initial Pos.

—
VKAIST CT21 - Development of Intelligent Human-Robot Interaction Technology 41
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Example Task: Serve a drink
What has changed??

Eye Mouse: [vD | Task "Robot Arm: e
Selects task l “Serve a drink” Coarse approach cup.

Eye Mouse: L VD | Read cup pfs. e
Read cup pos. - - + wait forfevent Incr g per changes

| Coarse xpproach +
wait for event

A
| Fine approach +

Robo e
ch to the cup I
Haptic MD: vD wait for event
Arm cntri.
Direct afm cntrl,
+ wait for event

Eye Mouse: 1VD \ “Robot Arm:

Stop command ‘
Move to fixed pos. _| Velocity cntrl.
+ wait for event

- Robot Arm:.
L PTPentrl.”

KAIST  cT21- Development of intelligent Human-Robot Interacti 42
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Concl_udlng Remarks

KAIST CT21 - Development of Intelligent Human-Robot Interaction Technology

Service Robot SIG Workshop 2002

Summary

= |n this talk, we mention about the control
architecture problem in view of rehabilitation
robot, KARES II.

# Current architecture of KARES Il should be
modified to enable flexible expansion of
possible tasks.

+ Interruptable
» Modular HMI
« Distributed architecture

KAIST €721 - Development of intelligent Human-Robot interaction Technology a4
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Further Works

» Redefinition of appropriate communication
protocol (or data structure)

= Separation of complex structure for each
subsystems

= Implementation for predefined twelve tasks
of KARES I

KA]ST CT21 - Development of Intelligent Human-Robot Interaction Technology a5
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~___Appendix
T & w

KAIST CT21 - Development of Intelligent Human-Robot Interaction Technology
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DeVAR: Desktop Vocational Assistant Robot
(1989-1994)

= Desktop vocational environment

= Use the robotics technology in a vocational training context

= PUMA-260 manipulator

= The track allowed the small manipulator to have a large working volume, inctuding
side shelving, the work surface, and an approach to the user.

= The Ofto-Bock prosthetic Greifer(TM), modified for servo-control, provided the proper
mix of esthetics and function at a reasonable weight.

H.F.M. Van der Loos, VA/Stanford Rehabiitation Robotics Research and Development Program: Lessons Learned
in the Application of Robotics Technology to the Field of Rehabilitation.
1EEE Trans. Rehabilitation Engineering, Vol. 3, No. 1, March, 1995, pp. 46-55.
KAIST  cT21- Development of intelligent Human-Robot Interaction Technology a7
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DeVAR: Desktop Vocational Assistant Robot
(1989-1994)

» Lessons Learned
- Tasks became "operational environments" for interdependent actions
« The workstation robot was viewed by users as an appliance
- Do not turn robot users into robot programmers
+  Work with the robot's capabilities, not against them
- Technical documentation is a key to productization
« The developer needs to stay in the loop during and after the technology transfer

H.F.M. Van der Loos, VA/Stanford Rehabilitation Robotics Research and Development Program: Lessons Learned
in the Application of Robotics Technology to the Field of Rehabilitation.
1EEE Trans. Rehabilitation Engineering, Vol. 3, No. 1, March, 1995, pp. 46-55.
KAIST  cT21- Development of Intelligent Human-Robot Interaction Technology 48
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AFMASTER

Those who will benefit from this equipment

.

The commands are given by :

http://www.afma-robots.com/pages/welcome.htm
. KNST CT21 - Development of Intelligent Human-Robot Interaction Technology 49
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Those concerned by a lack of autonomy who have
a pronounced or chronic physical disability
(tetraplegic, paraplegic, stroke, loss of use limbs)
Adolescents and adults

Absence of the need for prior training

Absence of psychological problems and
neuropsychology

mouse (or other control device- joystick,
infrared head-movement detecter)

or by voice recognition

The selection of the command is helped by
an icon menu showing the programs and
actions available.

Service Robot SiG Workshop 2002

AFMASTER

= The computer supervision* allows :

» The control of the users environment (domestic),
the office and tele-working

« recreation and other domestic tasks.

*can be sold separately, independent of the robot.

This system integrates the software AFMASTER, allowing

the control of the environment, and permits in the future

the addition of complimentary elements to the AFMASTER cell.

http://www.afma-robots.com/pages/welcome .htm

KAIST  CcT21- Development of intelligent Human-Robot Interaction Technology 50
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WALKY

= Mobile robot system designed to assist physically disabled people to work in
a chemical laboratory

= THE DESIGN OF THE MOBILE ROBOT SYSTEM

- The outside dimensions of WALKY's base are 700 x 750 mm and the maximum
height is 1350 mm (when the elbow is in the upper position) and WALKY consists
of the following main components:

+ Mobile base, Labmate, with a sensor system and local network.

» 5-axis robot, Scorbot ER VII.

+  Wireless radio modem.

+ Communication computer

Dallaway JL, Jackson RD, Timmers PHA (1995) Rehabilitation Robotics in Europe.
IEEE Transactions on Rehabilitation Engineering. 3. 35-45.
http://www.certec.lth.se/doc/walkyan/

KAIST CT21 - Development of Intelligent Human-Robot Interaction Technology 51

Mobile Vocational Assistartoo:sie Workshop 2002
Robot (MoVAR): 1983-1988

= 3-wheeled omni-directional base with a
PUMA-250

= Atelemetry link to a console received
commands and sent position and
status information.

s The mobile base
* bumper-mounted touch sensor system
1o provide autonomy in the face of
obstructions
« wrist-mounted force sensor and
gripper-mounted proximity sensors to
assist in manipulation
+ camera system to display the robot's
activities and surroundings to the user
at the console
= keyboard, voice, and head-motion
inputs for command and cursor control,
and voice output.

H.F.M. Van der Loos, VA/Stanford Rehabilitation Robotics Research and bevélobrﬁént F;rogram: Lessons Learne:
in the Application of Robotics Technology to the Field of Rehabilitation.

IEEE Trans. Rehabilitation Engineering, Vol. 3, No. 1, March, 1995, pp. 46-55.
KAIST  cT21- Development of Intelligent Human-Robot Interaction Technology 52
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Robot (MoVAR): 1983-1988

= |essons Learned

+ A mobile robot needs to have subsystem-level redundancy to be safe

+ The 9-DoF system required more computer power than could be placed

on-board

- Without Al capability, interface complexity increases with robot capability

+ Task and motion preview capability avoids unneeded robot motion

+ A mobile robot needs to be able to pick things off the floor

H.F.M. Van der Loos, VA/Stanford Rehabilitation Robotics Research and Development Program: Lessons Learned
in the Application of Robotics Technology to the Field of Rehabilitation.
IEEE Trans. Rehabilitation Engineering, Vol. 3, No. 1, March, 1995, pp. 46-55.

YKAIST' CT21 - Development of Intelligent Human-Robot Interaction Technology
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Raptor

*  The Raptor provides unprecedented levels of independence and
access to the environment for individuals with severe disabilities.
» Joystick, keypad, or sip-and-puff interface
= Safe and easy to use.
» Standard Features
» Raptor Manipulator
+ RX200 Control Interface
+ Chair Mounting Bracket
+ Choice of joystick, keypad,
or sip-and-puff control device.
+ Fast and Slow Mode Selector
+ Protective Sleeve

http://www.wheelchairrobot.com/

KAIST  cT21 - Development of intelligent Human-Robot Interaction Technology
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SIG Workshop

Vision Applications

KIST, Advanced Robotics Research Center
2002. 6 .24~25

Korea Institute of Science Technology Advanced Robotics Rescarch Center

0 0 0 0

Contents

¢ Robot-Environment Interface
— Visual Navigation
— Visual Servoing (Door Open)
~ Object Recognition

¢ Robot-Human Interface
— Face Recognition
— Human Detection

Korea Institute of Science Technology Advanced Robotics Research Center
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* Robot-Environment Interface

— Visual Navigation
— Visual Servoing (Door Open)
— Object Recognition

© 00O

m Korea Institute of Science Technology

Advanced Robotics Research Center

- 0 000

Survey - Depth & Line

Feature .
Map-rep Depth Line
1) 1999, ICRA , U of British Columbia, Little
(Spinoza)
Grid-based 2) 1990, IEEE SMC, Asada (layered 2D)
Topology
1) 1989, IEEE R&A, Binford 1) 1995, IROS, Kriegman
: Vertical edge & stereo 2) 2000, ISER2000, SR, Konolige
3-D Model : 3D plane model

Korea Institute of Science Technology

Advanced Robotics Research Center
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Survey - Landmarks

Artificial Landmark Natural Landmark
Grid-based
1) 2000, IROS Devy 1) 1997, IROS , Hellas, Garavelos
: learning planar poster : automatic landmark selection
T 2) 1997, JRS, Tummala 2) 1998, [EEE R&A, Kriegman
opology - circutar 3D landmark 3) 1997, IEEE R&A, Hager
: image-based prediction
4) 2001, IROS, Yuta
: using appointed landmark
1) 1995, PR, Aggarawal
Etc : simple geometrical pattern

m Korea Institute of Science Technology Advanced Robotics Research Center

Survey — Image-based

Image-based

Grid-based -

1) 1996, ICRA , U of Tokyo, inoue
Topology :image sequence

1) 1896, AAAI, CMU, Thrun

: Mosaic of ceiling image
2) 1898, TR-CMU, Hebert

: edge-map based, outdoor
3) 2000, IROS, CMU, Kelly

: Mosaic of floor image

m Korea Institute of Science Technology Advanced Robotics Research Center
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Research Focus

* Natural
— Using Natural landmark
* Low computational cost
— Using 2D based visual information

m Korea Institute of Science Technology Advanced Robotics Research Center

ERnr s O O O 0
Map representation
* Feature

— Pixel depth
— Pixel color

Room-2 Room-1

m Korea Institute of Science Technology Advanced Robotics Research Center
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Map representation (contd)

* Multi-node : Graph theory

— d1~d14: distance between two nodes

— Adjacent matrix
node 1 2 3 4 5

1 0 d2 M M di

2 d2 0 d4 M d3

3 M d4 0 ds M

4

M : Maximum value

* Using multiple local coordinate system

* NOT using global coordinate system!

Korea Institute of Science Technology Advanced Robotics Research Center

SRR, IeEET 0 000

Map building process

» Step-1: Select Initial position.
» Step-2 : Making node-data during camera panning.
— Node name, Depth, Color, Descriptive information

» Step-3 : Moving robot and stop.
— Select nodes which need to connect present node
— Estimate translation and rotation w.r.t selected nodes

— Do Step 2
» Step-4 : Do step-2 and step-3 until the environment is
well defined.
Korea Institute of Science Technology Advanced Robotics Research Center
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Localization

* Condensation method

P——
LR

] e ] o i
G v Tt R peis e
ot BIME T vepeeg T weneii
Urive e 3 T

ey o |

Advanced Robotics Research Center

Korea [nstitute of Science Technology

o 00O

Path planning

» Path following : Curved-type local path
— Find intersection points between
adjacent nodes.
— Using 3 points Bezier curve
p=(-u)’py +2u(l-u)p +u’p,
~ Making tracking points w.r.t ———y
realtive coordinates | T

-
Target

Advanced Robotics Research Center

m Korea Institute of Science Technology
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* Robot-Environment Interface
— Visual Navigation

— Visual Servoing (Door Open)
— Object Recognition

Korea Institute of Science Technology Advanced Robotics Research Center

dEAESE. © 000
Visual servoing for door opening

* Previous door opening
* Previous examples
*  Our method

m Korea Institute of Science Technology Advanced Robotics Research Center
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Previous door opening

e Using mono vision
~ Known target is required
Eye-in-hand(EOL system) configuration
— Positioning errors cannot be observed by the system
* Image based control
- Hard to control visual feedback

m Korea Institute of Science Technology Advanced Robatics Research Center

Previous example

* University of Tsukuba

Maniputator’s initial position is in front of the knob
— Image cue : Knob as an ellipse.

* Depth information — from major axis length
Position of the hand — from the ellipse center 3

Knob image

Yamabico

Korea Institute of Science Technology

Advanced Robotics Research Center
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Previous example

* Royal Institute of Tech(Sweden)

— Manipulator's initial position is in front of the knob

— Using mono vision

Knob image

Korea Institute of Science Technology Advanced Robotics Research Center

Our Method

* system configuration
* Using stereo vision
= Eye-to-hand configuration
(ECL system)
= Position based contro!
= Using landmark

Korea Institute of Science Technology Advanced Rohotics Research Center
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Our Method - contd

+ Stereo system
— No prior knowledge!
* Modified landmark
— Useful for finding subpixel coner points

Korea Institute of Science Technology Advanced Robotics Research Center

=0 000

e Robot-Human Interface

— Face Recognition
¢ Survey of FD
¢ Survey of FR
¢ Qur Vision system
* QOur method — FD & FR
* Experimental results

- Human Detection

Korea Institute of Science Technology Advanced Robotics Research Center
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Previous Face Detection Method

Face Detection

~ o~
Feature-based Image-based
Approach Approach
* Priori information of face *Using image itself
* Low level features Training scheme needed

« Classical approach
(early as 1970s)

Ref.) A Face Detection Survey, 2001CVIU (Hjelmas et al.}

m Korea Institute of Science Technology Advanced Robotics Research Center

S 0 00 0

Feature-based Approach

* Low level analysis
— Edge, Gray-levels, Color, Motion
ex1) edge operators, corner detection
ex2) eye features, more dark than face area
ex3) color space segmentation
ex4) optical flow in video sequence
* Feature analysis
~ Feature searching, Constellation analysis
ex1) two eyes, possible location
ex2) statistical shape, directional image

¢ Active shape models

— Snake, Deformable template, PDM(Point distribution model)
ex1) active contour, energy minimization technique
ex2) PDM : compact parameterized description of shape based on statistics

Korea Institute of Science Technology Advanced Robotics Research Center
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Image-based Approach

* Linear subspace methods
— PCA(principal component analysis) , LDA(linear discriminant
analysis), ...
= Images of human faces lie in a subspace of overall image space
* ex1) measure of “faceness” by DFFS [Pentland, 1991}
* ex2)

¢ Neural network ex) [Rowley, Kanade, 1998, PAMI]

e Statistical approaches ex) SVM(support vector machine) [Osuna,1997 CVPR]
Bayes decision rule [Kanade, CVPR 2000]

m Korea iInstitute of Science Technology : Advanced Robotics Research Center

e 000

Previous Face Recognition Method

Face Recognition

N
FR with 1 or 2 FR with image
images sequences

~N 7

a) Frontal image

b) Profile image(+frontal)

c¢) View-tolerant image

ref.) Face Recognition: A Literature Survey , W.Zhao, et.al

Korea Institute of Science Technology Advanced Robotics Research Center
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FR with Single Image

» Statistical approach
— FR using Eigenpictures(eigenfaces)
« Also face detection and identification [Pentland, CVPR,1994]
— FR using Fisher discriminant analysis
» [Swets, PAMI, 1996], [Belhumeur, PAMI, 1997]
— Holistic FR based on subspace LDA
* [Zhao, CVPR, 1998]
* Neural network approach

— Two HyperBF network, Dynamic Link Architecture (DLA) ,
Elastic Bunch Graph Matching, [Wiskott, PAMI, 1997] ...

Korea Institute of Science Technology Advanced Robotics Research Center

LA O 0 O 0

FR with Sequence

* Video-based FR
— 2 layer RBF(radial basis function) : Neural Network
~ Monte Carlo, posterior probability [Isard, ECCV, 1996]
— Multimodal (audio+video+HMM)

Korea Institute of Science Technology Advanced Robotics Research Center
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© 000

Our Stereo System
* Stereo camera system for indoor navigation
. Qf = 6mm
* 2/3inch CMOS
* Quite smali face

(below 5% of
entire image)

m Korea Institute of Science Technology Advanced Robotics Research Center

40 000

Our method of FD & FR

e Face Detection

— Coarse to fine method
— Coarse : Wavelet and facial color
— Fine : Generic-shape model + modified PCA

* Face Recognition
~ Probabilistic density estimation algorithm
~ EM multimodal density

Korea Institute of Science Technology Advanced Robotics Research Center
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© 000

Experimental resulits

- FarzDB : —
'-% | s Stop
QU]  teione | it |

Goin @100 0 Red p1:40)
Contt 1-205; | 5 - Disparity|
_Effective Min Z: En

- Estimnation

Right image

h;u.;.a.l\é,

Len - Depth image Leti- Cotar mage

I

R

Korea institute of Science Technology Advanced Robotics Research Center

- 323 -




A Human-computer Interface
using Eye-gaze Tracking
System

’ L % “ -
Myung Jin Chung, Bang Rae Lee, Jae~-Hean Kim,
Dong Hyun Yoo, Do Hyoung Kim and Young Jin Lee

1

Department of Electrical Engineering and Computer Science
Korea Advanced Institute of Science and Technology

KAIST

KARES Il (Assistant Robot Developed in KAIST)

: Ser\;i)ing; M(;ﬁi;ori;lg, Display
Distributed Controller,

Bio-signal, Manual Operation,
irtual Reality *

Haptic Suit,
Manual Operation,
Mobile Robot

Eye Mouse, A . % < e
Voice Recognition & Composition, it “Robot Arm.Design & Manufacturing, Mo
Navigation, - Control(Soft Arm, Compfiance), S
Wireless Communication : Mobile Robot "% . =

KAIST 2

- 324 -




Contents

= Non-intrusive Eye-gaze Tracking System
= Intrusive Eye-gaze Tracking System

= 3D Depth Extraction System

KAIST

Non-intrusive
Eye-gaze Tracking System

KAIST
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MHl AlAY PN

s AAE DY
+ 58 H2AH LED

- DUE 2t S A0 SHLEM (249 BHAY)
- St BlE S0 otLH (B3 BHAY
« Jtoict
Monitor
Camera
KAIST

SHl AIA” AN

- DUIE $&E XM LED

KAIST
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Sl AIAH Y

= QM LEDS &
« QLIEHS ®old LEDS Jttlicte] H2lM LEDE £XAH2E I8
« PCS 82 XEE 0|00 IRLEDE 291 %
« oM LEDS S&t BHA SO

KAIST

Xl X
=

=
ool T=

i

= 2-0F Bt A (Corneal reflection)
- Mason(1969)
o O 2tat TOI0 A EMBHE BIA
o 200H0H 2t 2 H(glint)0l LIEHE.
A Thresholding
Labeling

Centroid

KAIST
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M

XA X
oda T

s 53 BtAH(Pupil reflection)
« Hutchinson(1989)

2
=

- QMO =2 S22 SO ZU0AM &

o HN 22T MY 20 AXIGHH

- Bright eye® 4!

- LIGNY
OURCE

KAIST

2
OF &

ot= et

st

3

At

X
[ =]

o
4%

Jin

x S HIA

OO

-+ Bright eye2 Dark eye2 X4 018

KAIST

T

10
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J0ZZAO LEDON  @LIES 4 LED ON 2h0F BEALE
Threshold

ol &

KAKST 11

- ST EAT 20} AL B B2 BE AOIS HXIB
7 018

- 210} BEALOI 9/t 912 B2 BLIES Ul 2HRI0 SHE
2

- Cross ratio : projective geometryOil Al 22

et

KAIST 12
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= Cross ratio

_(A-CXB-D)
(A-DYB-C)
KAIST 2
(=] *l A XX
o = TO
SANE =3
A5y Mxay)
B\ [ A,y
YOy i i
vanishing
point

\

vanishing
point

KAIST

- (%Y, =%y )6y, = X,Y3)
(Y5 = Xy )XYy = X, ¥2)

CR,
“CR;
1+CR;:

_ (% Y5 = XY )(Xe Y7 = %2 Ys)

(%,Y5 = X6 Y. )(Xs Y5 'X7Y5)
w: Ao otz 20l

CR, =

h: 2382 KAE 20

CR,.

h

14
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My oy

A& A -

= &Y 21 <QIt>
« =9 A A :640%x480 pp— o ZERT 0 TN
. 179X 2LIH - - ~
9x12 WAHNL Jis X 0.4 8.9 254 | -22.6
« PC:PentiumliV 1.4 GHz Y -2.5 6.3 11.6 -24.9

« S8 A2} 200msec

e SANgENSAE
. eTarget ¥% :Blue. '
S AdE SA S :Red

KAIST 15

=X A 4 T
» =8 A0 ; ‘ k ! :
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a1
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KAIST 16
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o Y
r

5002 X QIHLEDE 08
. 2A0BHAIGH B BAIS MR 9%

+ CrossratioE 0|28 S

x

ANE =3

« 2ESD =3 A0 BS

- QIHHOIAZ M Jts

alr xz
T

s =SOHM
- Has SHE 55
- U BAS ABHAY SH 24
- Helg SHSM OE Ha 1
- €2 FE ANL2HNY EE
KAIST 17
Intrusive
Eye-gaze Tracking System
KAIST
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Eye-gaze Tracking System

« Eye motion tracking system (CCD camera)
- Head pose tracking system (magnetic sensor)

Magnetic Sensor
Receiver

Camera

KAIST o 19

Problems

= Robustness

- Eye-gaze tracking system should be working well for
variable illumination condition

= Free head motion
» Free head motion should be allowed
= Processing time

- Calculation of eye-gaze direction within 200ms
- Head movement tracking
- Eye movement tracking

KAIBT 20
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Eye Motion Tracking System

Head mounted structure is adopted

- Eye image can be obtained independently to head
movements

- Images can be obtained continuously using a mirror
and a CCD camera

KAIST

21

Why IR LED ?

Blue iris
= Easy to detect pupil

Brown

or dark-brown iris
= Difficult to detect apupil

Dark eye image
with IR rays

KAIST

22
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Pupil Detection
— e
P tile oo ) Erosion
threshold e’ C
i Labeling
e

‘ ) Dilation
Input image . ! g Removal of
P . ' D Purkinje image

KAIST 23

1) P-tile Thresholding and Labeling

Count 1

P,%

»
>

T Ty Image

Pupil Iris Intensity

KAIST 24
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2) Morphological Operators

KAIST 25

3) Removal of Purkinje Image

\
= L R
*li{\\ i
/

s
N N TS T

LPuking 2 Puking 2 Puking 4 Pukinje
iuede image o \raage

In the pupil region
+ Distinguish glint
» Modified dilation (AC®B)
. L,R, U, D (OR operation)
. If more than three directions is true, the result is true

KAIST 26
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Rotational Angle of Eye
(Calibration)

Mapping pupil displacement in the image to yaw
and pitch of an eye

» _ @ </\°P\,

reference points  detected pupil center
on monitor plane  on camera image

P : pupil center

» Step 1 : Calculate the 4 unit vectors (Up, Down, Left, Right)
« Step 2 : Determine the quadrilaterals
+ Step 3 : Calculate yaw and pitch of an eye

KAIST

P3 P4 P3’ P4’

P1}

P2 P1’ P2’
one of quadrilaterals mapping to
yaw and pitch

upper side = uxP4 + (1-u)xP3

lower side = uxP2 + (1-u)xP1

vx upper side + (1-v)xlower side = P
where 1, v& [0,1]

u,v =0 : yaw and pitch = 0
u,v = 1 : yaw and pitch = predefined maximum degree

KAIST
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Eye-gaze Direction
Extraction of eye-gaze point on a monitor

0. Y head frame
Ve 0 (receiver)

e

monitor surface T ?7f;:1 -

) = } R S

e uo - 2
+ T Yaw ‘.‘A :
+ 9
pitch

+ reference frame
6 (transmitter)

intersection point

boa - 8 -aE

(i,v) : intersection point on monitor
KAIST [ : distance between eye and monitor

29

Experimental Results

Experimental environment
- Pentium IV 1.4 GHz processor
- Image grabber update rate
+ 30 frame/sec (33msec)
Image processing time
20~25msec
Eye-gaze extraction processing time
21-27msec

Maximal processing speed
30 frame/sec (33msec)

KAIST

30
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Pupil Tracking

= Pupil tracking

KAIST 3
Eye-gaze Extraction
- Distance between user and monitor : 50cm
i N
(mm) Max error [ Min error ':;i': Std
X 11.7 0.30 456 2.98
y 26.2 0.30 5.29 4.61
= Possible resolution for 15 inch monitor : 12X14
KAIST 32
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Conclusions

= Conclusions
+ Development of a real-time eye-gaze tracking system
(30 frames/sec)
+ Free head movement within 2 meters distance
» Robustness to illumination

Further work
» Improvement of calibration procedure

KAIST 33

3D Depth Extraction System

KAIST
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3D Depth Extraction System

= Task monitoring
« LCD + Vision sensor + PTU

= Depth extraction
- Triangulation with stereo camera system

KAIST

35

Depth Extraction

» Camera Calibration

- Finding out the relationship between 2D
image points and 3D points

- Estimating camera projection matrix
= Stereo Matching

- Finding out a corresponding point for a given
point using SSD

= Depth Calculation

KAIST

36
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Camera Calibration

* Calibration

= finding P matrix using known 2D points and 3D points

Camera model

u y: u= %

s .21” v= Y%

<
I
N

KAIST 37

Camera Calibration

3002.5mm

2101.5mm 'E

900.5mm

g i+ Use multiple images to get
I I robust estimation results

KAIST 38

- 342 -




Stereo Matching

» Search space reduction using epipolar line and
depth limits

Reduced
search area

epipolar linc
for x

KAIST 39

Experimental result for matching

corresponding
S(;Iz;::ted point

KAIST 40
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KAIST
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KAIST

Experimental result for matching (ll)
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Depth Calculation

X X,

U, . v,

|- R AR S

s o s o
i 1 2 1

Given p,pB,U,,V,,S, .,U,.V,,S,

estimate ~x,.y,.2,

KAIST 43

Depth Calculation

Selected
point in
image 1

Matching
point in

7. E—
gy, e
=P ==
—

KAIST 44
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KAIST

Depth Calculation

£ Depth
3 estimation
results

E COR S

45
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Session 3

Compliance Control
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Compliance for Service Robot Arm

- Introducing KIST’s Compliance Control Research -

Jun 24, 2002
%1
PAR RS
KIST FH 224 E
———
m Korea institute of Science and Technology Advanced Robotics Research Center

MRS O 0 00

Researches on Compliance Control

* Passive approaches

— Using mechanical devices (spring, damper,
etc.)

— RCC, Cobot (Northwestern univ.)
— Low flexibility and programability
— No electrical malfunction

* Active approaches

— Using force/torque sensor feedback at arm’s
joint or end-effector

— Flexible by programability
— Not so reliable

Korea Institute of Science and Technology Advanced Robotics Research Center
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0 000

' Damping / Accommo
S
N
/ N
N
N
LN N
i N
Impedance / Admittance
S
Korea Institute of Science and Technology Advanced Robotics Research Center

o ATt A O 00O
Past Researches at KIST : Complex
Assembly (1997-1999)

Cooperative Assembly 1 Cooperative Assembly 2

m Korea institute of Science and Technology Advanced Robotics Research Center
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Movie

Korea Institute of Science and Technology Advanced Robolics Research Center

SRR AR g t @ 000

Past Researches at KIST : Human-Robot
Interaction (1999)

Cooperative Suwing Hand shaking
—
Korea institute of Science and Technology Advanced Robotics Research Center
_—
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Movie

Korea Institute of Science and Technology Advanced Robotics Research Center

. © 000

Interaction with Mobile Manipulator (2000) :
Minimum Inertia Posture for Safety

Em Korea Institute of Sci and Ti Advanced Robotics Research Center
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Direct Teaching for Path Generation on
Free Surface : Die Induction Hardening
Application (2002)

Korea Institute of Science and Technology Advanced Robotics Resesrch Center

Movie

Korea Institute of Science and Technology Advanced Robotics Research Center
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Compliance for Service Robot Arm

nﬂ Korea Institute of Science and Technology Advanced Robotics Research Center
here—

6 000

Final Goal

Passive compliant joints

Dexterous hand

Soft skin

Min. inertia posture control

m Korea Institute of Science and Technology Advanced Robotics Research Center
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o AT g
- QIZIBEY Mu|A 2R 2 & DHET O ZYY
< S

— End-effectoro] force-torque sensor & £ 55}104
Al&38l= active compliance control approach = Ct
2ol & 2 2lollM compliance 852 Ze d ER

— MI|Hel LEFHAME 2L ER BFE RE5E
otxel M2(ME Fo|= WotHe

s HAP=EH
—~ Passive compliant joint(PCJ) 2l visco-elastic
covering 2 %< softarm 8 M7, A= Mo e 2M
compliance &4 2| A 2T & Fo|1n, 0| & Sl
MujA =2 oto| obXM M I} interaction 8 58 = ¢olct.

W Korea Institute of Science and Technology Advanced Robotics Research Center

* Mechanical Impedance Adjuster: MIA
{(Waseda Univ.)
— Variable stiftness spring
— Break %42 damper

* MIT COG Joint
- #&7(ckzt 3 Alolof spring &HE
- BHAN ZR YFOOIH ES remey T S T
— TEA| Spring HHofoll 2 3t position- s ¢ Songimrsron s pon o et

based force control
» COBOT (North Western Univ.)

— CVT(Continuously variable transmission)
22| 0] 8%} nonholonomic constraint
|

— Serial arm 2 Ch= Haptic &[0l & #

m Korea Institute of Science and Technology Advanced Robotics Research Center
bee————
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£ 0 000
Passive Mechanical Compliance

° II-EI :
— QI8 &=ZA| Joint & motor, &7 E5 Vs
— Contact transient control A[ 2]
instability(bouncing) 2 & A
— No delay in response
o CHE:
— Low programmability
— Complicated design

m Korea Institute of Science and Technology

Advanced Robotics Research Center

T 000

PCJ Design

REDUCER MRB MR Fluid
| i

SHAFT(MRB)

MOTbR

SENSOR 1

———

Korea inslitute of Science and Technology

Advanced Robotics Research Center
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PCJ ©f X

» Basically passive mechanism

* Programmable damping by MR fluid
— Rotational damper
— 3 modes : M-K, M-B-K, M
— Coulomb or viscous friction damping

* Joint torque sensing by spring
displacement

* Simple and modular design : M-B-K are
compactly integrated at joint

* Heavy due to MR weight

m Korea Institute of Science and Technology Advanced Robotics Research Center

HE O 000

Next...

Korea Institute of Science and Technology Advanced Robotics Research Center
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Passive Compliant Joint & 2= MUlA
EX L OXed

2002. 6. 24.
KIST goizg4HE

HEEY i nas

Service Robot Technology

= e O 00

o HE{Q HIt A MHY
Q PCJ Compliance Parameters
o 2ol ALY
o X9 B KIziHEe MY
o HZHE 3 F XI7| 7 (magneto-rheological) B I

Service Robot Technology
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2H e 000

oY U 2

LB EE Mu|A 2R oL ER0|E = aJ——'w, nHEES M E BECts,
ot& g9l olZinte] 2l &3t interaction 4 50| E235iC},
— End-effectoroil force-torque sensor & F 310§ Al&5}E active

compliance control approach £ C} compliance 42| A48 H=
0|z gietEe

o L2 X

— -1

— Passive compliant joint{PCJ)2} visco-elastic covering —% 2t= softarm £
A, HE, Mo &S 24 compliance WA 2| Al2|T & £0|1, 0| & S5

Mu|Az 2 eto] olXM M 3} interaction Al 58 =2lct.

oo =2 O

Service Robot Technology

Q ot X

== (Yamada et. al, 1997)
e & F<8ON (HT & SHAX)(O1H . TS H44mmO| &)

~ 500 .
E Al [ I ]
- -
400
oF 0 e
2 s00f}— =12
5 K «f
L 200>~ tak— 2
= 100 R LX N
E A Fe=50N————}
0 3
0 01 02 03 o

!mpact Time At s}

Service Robot Technology

- 359 -




o47IM H :Inertia
T :Effect due to a joint torque and a friction
M, :Effective mass

J :Jacobian matrix

Service Robot Technology

M v =10.7Kg *0.25m/ sec
=2 7N sec(TZ2HF L2234

Service Robot Technology
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48 F OFH o &Y of AF 23}
HUMAN 9_9_]
5mm viscoelastic 50%=F
covering
M Av T —
v a 50% =T
£
T PCJ HEE &

_
=
_—

CJAZRME o) EEUX| D) STOPE 22

q

Service Robot Technology

P10 O0O0

HHS & F

M e m-_— F human

047 A x: 72 A=

2
F, —=-B&Kx

human

Service Robot Technology
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A2 &F (H5)

Q A @ItE &N
o AlSBjo|M =A

(=]
v =53

10.7Kg 0.125m/sec 1.35Nsec

(SZAE 2

Urethan Foam(INOAC,Co.) | 2 &8 | ¥ &
EGR-2 49% 16N
HR-80 64% 21N
 SRsS-24 | 100% | 38N

Service Robot Technology

O 000

Service Robot Technology
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PCJ Compliance Param. (Al =)

Q Z 5ol B Kuate dF

K=15T,6/6

g max

[Nm/rad]
B,.=2¢, . .NJK[Nm*sec/rad)

of7|M T,: 5% £3
emax = 15[deg]
é/max = 042

Service Robot Technology

PCJ Compliance Param. (4l =)

O HzHE 3 F X7| 79 (magneto-rheological) B I
]

Service Robot Technology
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PCJ Compliance Param. (=)

02
i)
0x
or
>
ook
N
i)

Current = 7/27/ 9

Torque = 7/ £~/ xCurrent

-B&

Service Robot Technology

© 00O

PCJ2t HE{ Tt SAlof D2{E 65 2f S A Bello|d= St
SEH 2 sl 4
ohd ot dE
Hoi7| A AT
&D e

-

Yoshida et. al,"Experimental research on impact dynamics of spaceborne
manipulator systems,” Preprints of the Fourth Int. Symp. On Experimental
Robotics, ISER'95, Stanford, Californica, pp. 271-277, 1995.

Yamada, et. al, “Human-robot contact in the safeguarding space”, IEEE/ASME
Transactions on Mechatronics, vol. 2. no. 4, pp.230-236, 1997.

tkuta and Nokata, “General evaluation method of safety for human-care robots,”
Proc. IEEE Robotics & Automation, pp. 2065-2072, 1999.

lkuta, et. al, “Safety evaulation method of human-care robot control,” IEEE Int.
Symposium on Micromechatronics and Human Interface,” pp. 119-127, 2000

Service Robot Technology
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Field Evaluation of Compliant
Robotic Arm for the Disabled

MistsHolx): ZEE
SHUCITY: 01N S, ZAE, ZME, UEH

g 6 I

cF

e

KAIST 2002 Compliance Control SIG Workshop, June 24, 2002

%

Preview

—
KAIST 2002 Compliance Control SIG Workshop, June 24, 2002
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Preview

Target Oriented Design

= 7 Habits of Highly Efficient People
(Steven Covey)

= Climbing a Ladder to Wrong Roof
= 1st Order Issue:

Clarity of Goal and Objective
= 2"d Order Issue

Speed, Efficiency

KA'ST 2002 Compliance Contro! SIG Workshop, June 24, 2002 3

Preview

TOD for Robotic Arm

| Target Definition |

L = Predefined 12 Tasks
| Task Analysis: 1. ANB X 7.2 6]
Tasﬂace 2. 2 OHADDI 8. Making tea
. - 3.89% 9. AES gD 8228
[Knnemailc-s’tructurel 4, 2= F| 10. Games (chess)
S — 5. 828 11. Tape/CD/floppy 1 &l
Task Verification: 6. Switch On/Off 12. Printer/Fax Z0| 2¢gt
3D animation

"

» Softness

| Dynamic Analysis |

_-_ » For User-friendliness to the User
{ Detailed Design | - By Active Compliance Control
. N

[ Construct & Test |

KAIST 2002 Compliance Control SIG Workshop, June 24, 2002 4
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Preview

Why Active Compliance Control ?

e ,
H R 9 ) Passive Active
Mechanical device Feed-back Control
S8 gy
S>2 Jointlll 84X SL ER S>RobottX 0l i3S
Compliance 37| A & X8 s ML J6H= U2 XE Jis
X AR M Joint flexibility2 &1 & ¢ LB NEUASSHE AR s

Active Compliance Control O| 4 EtE &

a
KAIST

2002 Compliance Control SIG Workshop, June 24, 2002

Preview

Why Sensorless torque sensing?

Robot Cost &S — ALEXC ZOHASHAN 2
Design® H&E0| S — Q&S E DF2 20
Joint Flexibility = It &

—_—

Compliance Control without F/T Sensor

KAIST 2002 Compliance Control SIG Workshop, June 24, 2002
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Preview

Cable Transmission Mechanism

Mechanical Advantages

« High Backdrivability |
* Negligible Backlash
e Low Friction SRS et
Backdrivability = Detect Small Cotact Force

e 1 2 3
2A % IS E3 | 04Nm | 0.4Nm | 0.5Nm 200~250g 01 & 2
200m 013 201 HE 8 =X s
KAIST 2002 Compliance Controt $iG Workshop, June 24, 2002 7
Preview

Compliance Control Algorithm

= 3Q10] O12] HoH AleiE 28

CEauaIANMER AN |— 0120 Bo S0l US
1
CEnsmaazasane  |— G(O)
l R

=HO §3 Hol e T T T T G(09)

A

ol &3 Olgﬁ 2210|012 M0 |—» TDC based compliance Control

KAIST 2002 Compliance Control SIG Workshop, June 24, 2002 8
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Preview

Results of Proposed Algorithm

= Joint Level Sensor-less
Compliance Control is
realized.

Joint Compliance Experiment

= Usefulness of the
algorithm is verified.

Shaving Task

. KA'STV 2002 Compliance Control SIG Workshop, June 24, 2002 9

Field Evaluation
4 gk

KAIST 2002 Compliance Control SIG Workshop, June 24, 2002
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Field Evaluation

Necessity of Field Evaluation

= Final goal of KARES |l
+ To assist daily life of the disabled.

= User feedback
« Verify the usefulness of proposed algorithm in

real situation
» Survey the preference of the disabled about the

magnitude of compliance of each task

1

KA]ST 2002 Compliance Control SIG Workshop, June 24, 2002

Field Evaluation

Experiment Condition

= Tasks
- HE
- US 8501018 Contact between the
. 22 g i . bled & robot

c HOZ M AZI 0

= AE AKX
- H4 24 Z0HQ! (C4,C5)
- 20|32 HSO0l AREX 28

12

KAIST 2002 Compliance Control SIG Workshop, June 24, 2002
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Field Evaluation

Experiment Procedure

= Compliance Level

ZHlE Compliance 22 &

+ 37t Al Level compliance

¢ [Hiroaki Gomi et al. ,1997]

MEXDH G o YBHI| 28 |

Three Levels of Compliance [deg/Nm}

] Axis | Levell | Level 2 | Level 3
1 | 1232 | 2.053 | 4.017
Yes 2 | 0782 | 1.303 | 2.610
| 2 RSU O 22 N I 3 | 0131 | 0218 | 0.436

KAIST.

2002 Compliance Control SIG Workshop, June 24, 2002

13

Field Evaluation

ZAl LH%

(=}
Ir
oY
{0
N
N
0z

r
08
o
A
0

A 012

KAIST 2002 Compliance Control S$IG Workshop, June 24, 2002

V=

LIDE?

A28 01RO

14
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Field Evaluation

Experimental Result : Shaving

Safety _
0 - = 2nd | aye]l &S
' COLEA QU AR X E O A

Satisfaction Degree(%)
)

Level 1 Level 2 Level 3

Shaving Task

Hard Easy to use > SOft

100 ¢ )
g I
] b |
c 50
o
©
=
2 I
5 "
a L

0 ', June 24, 2002 15
Level 1 Level 2 Level 3

Field Evaluation

Experimental Result : Wiping Face

= HEZHOIHUAZE =X G2 R
(Position control only)0il = 20}
=8 ZAE
. 20l
e B2 AHOHEBAH2 HIH K= HE Wiping&Scratching Face Task
ax=]
= TOHQl oA
- 220 22 0SE S H0tU=HE
SMAY
KAIST 2002 Compliance Control SIG Workshop, June 24, 2002 16
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Field Evaluation

Conclusion

1. Proposed Algorithm Works!
+ Algorithm reliably works in real situation.

2. User’s preference of compliance is obtained.
- Based on degree of safety and ease of use
» Real user’s preference data is obtained.
« An index for rehabilitation engineering.

KAIST’ 2002 Compliance Control $IG Workshap, June 24, 2002 17

»—Thankyeu——J

for your attention

KAIST 2002 Comptiance Control SIG Workshop, June 24, 2002 18

- 373 -







Invi
vited Sessi
ion

Tol

“._Mo
..Ho

<J

- 375 -






Brain Neuroinformatics:
Artificial Auditory System

Soo-Young Lee

Brain Science Research Center
Department of BioSystems
Korea Advanced Institute of Science and Technology
http://bsrc.kaist.ac.kr

Contents

o Korean Brain Neuroinformatics
Research Program
e Artificial Auditory Systems
- Auditory Model
- Binaural Processing
- Selective Attention

Department of BioSystems and Brain Science Research Center, KAIST
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Brain: The Final Frontier!

Intelligence to Machine!
Freedom to Mankind!
From Biology to Hardware!

Department of BioSystems and Brain Science Research Center, KAIST 3

Brain Neuroinformatics

Brain-like Functional Systems I 1

.  ,:' Neuromorphic Chips

Mathematical Mo

del'

Analysis Softwarq n—

. |Neuroscience Data

' Functional Groups

Measurement Technology

Measurement Group
Department of BioSystems and Brain Science Research Center, KAIST
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Brain Functions

' Pattern Cognition &
] Recognition Inference

_________ Inferenceg YT

— V Brain-like
Learnin . - |
vemay | Behavior  System

Aftention
: Sen- Feature | | Recogn./ / L‘anguage /
1| sor Extraction Tracking y | . AN s
Y Perception/ Behavior
XL | Planning [Tns l I

[Senrffestue || Recos | LY Fusion . - ol
'] sor ["lExtraction|  lUnderstand]; R :
! AN Y A it H
RS b /
™ L- |

Speech
Recognition

N
N
\‘,

Individual/
Group

Department of BioSystems and Brain Science Research Center, KAIST

Artificial Auditory System

» Noise-Robust Speech Processing
e Cocktail party problem

-4 >

k4

Yy

—«,&wg =\~

Department of BioSystems and Brain Science Research Center, KAIST
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Artificial Auditory System

Based on Human Cognitive Mechanism
*Develop mathematical model and auditory chip
*Develop Continuous speech recognition system

eAuditory model
| *Binaural processing

*Selective attention
*Speech processing chip

95% recognition in 10dB SNR

Department of BioSystems and Brain Science Research Center, KAIST

Auditory Central Nerve System

Z i Middle Ear 0
LAy Out

Department of BioSystems and Brain Science Research Center, KAIST
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Research Scopes

Object Path Attention Spatial Path
Cochleda Nonlinear [__
Features
v v v
g Time Cross
a Adaptation Bottom-Up Correlation
= Attention
) Sound
< Localization
o ¥ < l_> v
o Time-Freq. | 4 _ TD/BU .| Speech
= Maskin D Attention Enhancement
s 4
Complex Speaker
o <“—— Top-Down | ;
Sound Separation
< Aud. oln Attention
Cortex
. 4
Higher- v |
Order Parser ——»} Speech Rec.
Functions System
Department of BioSystems and Brain Science Research Center, KAIST 9
[ ]
Human Auditory System
Adenoids
Inner Ear  (in back
of nose)
Ear Canal Eardrum Eystachian
Tube
Department of BioSystems and Brain Science Research Center, KAIST 10
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Auditory Model

- bandpass filtering (logarithmic scale in
frequency) at basilar membrane

o Jimm 28mm 24mim 20mm 17mm{3mm [rom

0 stapes

=

g

s 05

K

5 —

% L ‘l//| | L ) L
20 30 50 100 200 300 500 1000 2000 5000

Frequency (1[2)

- Nonlinear processing at inner hair cell
(short-term adaptation, synchronization, etc.)

Department of BioSystems and Brain Science Research Center, KAIST

Auditory Model

v

VA OHC
IHC

v
| Synapse/ Auditory Nerve |

]
A

BM —

BM gain {d8}

o38%¥5483388

Automatic Gain Control
of Outer Hair Cell

Fre quency (kHz)

Department of BioSystems and Brain Science Research Center, KAIST
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Auditory model

> Auditory Nerve Fibers
| e o TR \
: Gain & Q Control | « M T
5 Frequency '
i Cochlear Zero-Crossing Jinformation Time-Freq. § |
& ] 1 ¥
xt) > : Detector | Histogram r\
i = t,
! Amplitude ! yiuh
i Integrator Nonlinear Transform '
i P Interrsity ~="7"TTTTTT T T mTmon s s ’
' ; information .
1 H L]
; Cochlear §i : N
: F
—): Filter M .I.:—> Auditory Nerve Fibers
Basilar Membrane
Frequency Mechanical-to-neural
Selectivity Transduction

Department of BioSystems and Brain Science Research Center, KAIST

Recognition Results with Noise

CWhite Gaussian Noise) ( Car Noise )
“,- 1
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Recognition Rates

0 L .
Clean 25 20 15 10 5 10 5
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Department of BioSystems and Brain Science Research Center, KAIST
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Recognition Results with Noise

@Iitary Operations Room No@
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ICA-based Speech Features : Time
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ICA-based Speech Features : Freq.

NSSNdsdnil
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Department of BioSystems and Brain Science Research Center, KAIST 17

Time-Frequency Masking
- Lateral Inhibition
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Masking using Lateral Inhibition

+" Lateral Inhibitien by Convolutional Filtering
v Filtering Domain

v Filter Shape

{3 Mexican hat from difference of Gaussian

4 2 ’ o

; -1 —i1

@i} = exp ( ~ - exp ( -
T T3

where, iy <l ou, = <l 1 1
! I+ f
L R L+
Department of BioSystems and Brain Science Research Center, KAIST 19

Isolated Word Recognition
Rates

T

ation Rate s

s lagsific

Liis

Chan | s0de B SR, 1B

SR
Department of BioSystems and Brain Science Research Center, KAIST 20
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O

Binaural Hearing

(1) Summation for all BP filters
(2) Winner-Take-All on ITD

Left —» Z.l

Ear

7-1 - Right

Interaural Time Difference (t)

Department of BioSystems and Brain Science Research Center, KAIST

Ear

21
Simultaneous ANC and BSS
—(\I
Audio Noxse Mixed

Signal v Speech
Mic 1 o Signal
"’“‘ma“d ANC + BSS
B % 4 r'y \
Audio Noise X% Mlxed * Unknown
Signal Noise
LS Mic2
\ Noise
Car Reference
Audio Signal
Department of BioSystems and Brain Science Research Center, KAIST 22
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Auditory
Pathway

e Improvement of Cochlea model
* Binaural hearing model

* Top-Down attention

* Speech-recognition chip

Cochlear | 4 \- - - - = - = = = = = = = — »| Auditory
Nucleus Superior | - === ,:; Cortex ,\\‘ |
Olive |% Y| Higher-Order
\9 = Brain
e - Function
Superior f!~ R '/ (Recognition)
Olive s~ 0 - y’ 9
Cochlear "/ —  — ___.--- Z% Aéxggg)r(y '
Nucleus -

Department of BioSystems and Brain Science Research Center, KAIST 23
Blind Signal Separation
Mixed Signal Unmixed Signal
X,(1) u,(t)=s,(1)
Speech . > yi(t)
s,(=st) __,1® i mds
Noise s > t
S,(t)=n(t) O > ) v
Mixed Signal
X (t)g Unmixed
2 Signal
u,(t)=s,(t)
Department of BioSystems and Brain Science Research Center, KAIST 24
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Active Noise Canceling

Speech+ Enhanced Speech
Convolved Noise u(t
X(t)=s(t)+ny(1)
Speech
» P _ t
ot ;® > / _ ¥y
W] a
Noise .~ Noise
Ny(t) 49, > nyt)
L K
u j1=s[j]+ n,[j]- Wynlj-k
(/1= s0J] m;;m ]
Department of BioSystems and Brain Science Research Center, KAIST 25

Independent Component Analysis

e LMS: second-order statistics only
e ICA: statistical independence

45
40
35
30
25
20
15
10

7 LMS
algorithm

ICA-based
algorithm

(gp) UNS

Car Speech  Music

Department of BioSystems and Brain Science Research Center, KAIST 26
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NESS processor

e 4 input buffer, 6 weight vector
- 12 KHz, 12 bit sampling
- 512 time delays

- Memory Requirement

e Input buffer: 2x [ 2x512x12]:12 MHz

s Weight vector : 2 x [ 3 x512x301]: 36 MHz
- Function

e 4 ANC

e 2 BSS + 4 ANC

+ 3 BSS
- Gate count

* 20,000

Department of BioSystems and Brain Science Research Center, KAIST 27

Simulation (1)

¢ Artificial mixing using room response filter
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1
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0 200 400 0 200 400
Department of BioSystems and Brain Science Research Center, KAIST 28
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Simulation (2)

e Simulation Tasks

I 1 ch ANC [1 chip]
II 4 ch ANC [1 chip]
TASK III |2 ch BSS [1 chip]
IV 2 ch BSS + 2 ch ANC [1 chip]
\'4 2 ch BSS + 5 ch ANC [2 chips]
Department of BioSystems and Brain Science Research Center, KAIST 29

TASK II : 4 ch ANC

Department of BioSystems and Brain Science Research Center, Kal¥R 30
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Simulation Result

TASK Init SNR | Final SNR SNR
Enhancement
1-channel ANC -2.2 30.5 +32.7
4-channel ANC -7.0 21.4 +28.4
2-channel BSS | 3.8,0.4 | 15.8,16.1 | +12.0,+15.7
2BSS & 2ANC | -5.1,-4.3 | 15.5,15.3 | +20.6,+19.6
2BSS & 5ANC | -8.5,-7.5 | 12.9,14.0 | +21.4,4+21.5

Department of BioSystems and Brain Science Research Center, KAIST

31

Demo System

Department of BioSystems and Brain Science Research Center, KAIST
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2-BSS + 4-ANC Channels

e 4 gudio music
* 1 male voice
¢ 1 female voice

Department of BioSystems and Brain Science Research Center, KAIST KX

Recognition Test (1)

e Training
—-TI DIGIT training set : men only
e 794 utterance
- Clean DB only

~ESR700 Development Tool

» Network size : automatically
constructed by ESR700 tool
- Input : 256
- Hidden : 20
- Qutput : 10

Department of BioSystems and Brain Science Research Center, KAIST 34
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Recognition Test (2)

e Test

- TI DIGIT test set : men only
e 1267 utterance
- Artificial mixing by room response

e 2 BSS + 4 ANC
- BSS : Test DB + car noise [NOISEX CD]
- ANC : 4 MUSICs

Department of BioSystems and Brain Science Research Center, KAIST 35

Recognition Test (3)

e Case Example
-SNR :-10dB

OuUT,
OuT, g{

Department of BioSystems and Brain Science Research Center, KAIST 36
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Recognition Rates

0 without ANC/BSS
B with ANC/BSS

2 100}
0
a
S 80
=3
o 60
3
P a0
-
2 20
S
o
Clean 25 20 15 10 5 -5 -10
SNR(dB)
Department of BioSystems and Brain Science Research Center, KAIST 37
Cen With NESS
Without
SNR iti
NESS Recognition Final SNR
Rate
Clean 99.84 99.84 -
25 dB 99.84 99.68 19.37 dB
20 dB 99.84 99.76 19.33 dB
15 dB 98.26 99.84 19.23 dB
10 dB 85.08 99.84 18.96 dB
5 dB 64.40 99.84 18.20 dB
0 dB 35.28 99.84 16.32 dB
-5 dB 15.78 99.84 12.86 dB
-10 dB 10.73 99.84 7.99 dB
Department of BioSystems and Brain Science Research Center, KAIST 38
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ICA-based ANC with Filter Bank

Hyfz) ™ L
27 ol ICA network .
Misture 1 H,(2) W) ld F@ \ Result 1
xfn) . . Ny . . + win)
. . N . .
H, {1 Y ICA network |
k-1{3) ! W,iz)
~
H,(:) | .
. I *
Mixture 2 #G) N '
X 2( ") '3 .
. , ICA network
. » WK— f(z’ * 3
Hy_12) (M Ferf)

Department of BioSystems and Brain Science Research Center, KAIST 39

ANC Results with Filter Bank

¢ Filter bank design
— Eight-channel oversampled filter
bank M =6
— Prototype filter with 192 taps
-+ Learning curves
— Signal and noise: speech
— Mixing filter
* A measured filter in a normal
office room with 1000 taps

— Performance limitation of the »
freq. domain approach

amplitide rospanse (48]
T

s b

3 8§ o

% )
— The filter bank approach 5
» Much faster convergence speed o
than the time domain approach i

Department of BioSystems and Brain Science Research Center, KAIST
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Conclusion

* FPGA implementation of ICA-based

simultaneous ANC and BSS

- unified theory for ANC and BSS

- high memory bandwidth

- max 3 BSS channels and 32 ANC channels
- about 18 dB SNR improvement

e Speech recognition in real-world noisy

environment
- hands-free in running cars

Department of BioSystems and Brain Science Research Center, KAIST 41
Selective Attention
intemal Extemal
Classifier "S:.u.e"’ Attended 4.....9.ue
Output Ou_tgut
Bottom-Up Top-Down | | *Bottom-Up:
Recognition Attention | | - Change
- Maskin
Attended |/ *--oe as 9
Features |\ .. -ICA
Bottom-Up *Top-Down:
Attention
Input - MLP
Features Brain - HMM
| .
Input Environment
Stimulus
Department of BioSystems and Brain Science Research Center, KAIST 42
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Top-Down Selective Attention

e Confusing/Occluded patterns
e Overlapped patterns

Department of BioSystems and Brain Science Research Center, KAIST 43

Background

e 1958: Broadbent, “Early filter” theory
The brain temporarily retained information about all
stimuli but that the information faded, unless attention
had been turned quickly to a particular memory trace.

e 1960: Treisman
"the filter merely attenuates”

e 1971: Broadbent
“selection on the basis of semantic properties”

e 1988: Fukushima: “Neocognitron” model
selective attention and switching for the recognition of
superimposed binary patterns

Department of BioSystems and Brain Science Research Center, KAIST 44
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Feature Similarity Gain Model
e S. Treue & J.C.M. Trujilo, Nature 1999, pp. 575-579.

* The regulation of the gain 180
of a sensory neuron reflects o tentionon

the similarity of the features pattern 8 160
of the currently ‘sensory’
behaviourally relevant response 140
target and the sensory

selectivity of the neuron. ' 120
* The relevant target ag:?tz?: N gell maeb

features include the spatialg-120-90 60 -30 0 30 60 90 120 150 180
location, direction of motion
and presumably others.

Stimulus direction of pattern B

Department of BioSystems and Brain Science Research Center, KAIST

(s 1ad soyids) asuodsay

45

Proposed Neural Model

% Early filtering: “feature-based” attention

% Attention cue at test phase: external cue to a class

(focus at recognition only, not training)
& Top-Down expectation: Gradient-based EBP
algorithm using trained knowledge in an MLP

o} _ A Praa N P
' " TR S v
laut M- Ouipt . Ao‘t_'s@Ao’y”.k
Sensory Klectve Stont Term
Memery Biher Memery

Department of BioSystems and Brain Science Research Center, KAIST
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Noisy Patterns Recognition
Small Database

Handwritten,
16 x 16 pixels,
10 characters x
28 people,

4 experiments

1.57

Pl

False Recognition Rates

l Pixel inversion
0 ; probabilities is 0.05.
1 2 3 4 5
Number of Candidates
Department of BioSystems and Brain Science Research Center, KAIST 47

Attention Switching

e For sequential recognition of
superimposed patterns,
(1) Classify with the SA algorithm.
(2) Remove attention from the attended
pixels (Set a,=0), and go to (1).
* only for highly-confident pixels (a,=1).

Department of BioSystems and Brain Science Research Center, KAIST 48
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Superimposed Numerals

Small Database

Ceeed 0C00®D0 00000 OCeeel
L X X JoX IEN:Y X Yol:JNNeY ¥ JoJoRNN YolejoX
OCeee® OO0®82® 0O0OQ0C0O OQOCeee
Cee00 0&e00 COe00 08000
00000 33088 0O00O00 eeeee
Superimposed Attended  Attention 2nd Pattern
input 1st Pattern  Switching Input

n r r l‘._-? L] ""-!'| .r‘_q-
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Department of BioSystems and Brain Science Research Center, KAIST
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Superimposed Numerals

Small Database

Recognition Rates of the first and second patterns

First

Second

Pattern Pattern

* Top 2 Output Activation

» Selection Attention & switching
* -Top 1 candidate

* -Top 2 candidates

* -Top 3 candidates

91.3%

91.3%
95.4%
95.9%

Department of BioSystems and Brain Science Research Center, KAIST

62.7%
75.4%

76.9%
77.4%

50
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Conclusion

* Top-Down Selective Attention
- biological feature-similarity gain model
- EBP to calculate top-down expectation
- improves confidence of recognition
- attention switching for sequential
recognition of overlapped patterns.

I

Applicable to real-world applications!

Department of BioSystems and Brain Science Research Center, KAIST 51
Bottom-Up and Top-Down Processing
ln(t:emal Exéemal
Classifier |, Y€ [Attended | ... Y€
Qutput > Output <
Bottom-Up - Top-Down | | + Bottom-Up: ICA
Recognition * Expectation | & Top—Down : MLP
EXpected | Lo
Input e
Bottom-Upﬁ
lnr#n :
Bu+er Brain
Inl Environment
Stimuilus
Department of BioSystems and Brain Science Research Center, KAIST 52
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Signal Flow Chart

|

Input Speech

[ . Block inw Frarmes l

]

I Hamring Window l

]

| Fourier Transform |

I

] 1CA

[ Retraining 1CA J

I

Linear-to-Mel Freq.
Filier Bank Conversion

I Fratne Normalization |

]

lan

Mel 10-Linear Ereq.
Filer Bank Conversion

!

l Frarne Re-norrnalization J

1

I MLP Classification

MILP Backpropagation l

Department of BioSystems and Brain Science Research Center, KAIST 53
e, 0
Recognition Results
Table 1: The recognition rates of noky speech recarded with F-16 fighter nose (%)
Traiming data Tesi data
SNR { Clean | I5dB T TOAH [ 3dB | Ulean T I5dB | 10dB | 5dB
MLP 99.87 | 53.27 [ 7349 | 4230 | $6.10 | 84.79 [ 6299 | 36.74
ICA 99.73 ] 97.04 [ 5132 | 78.73 [ 93.94 | 50.58 | 8560 | €391
The proposed
algorithm 90.87 | 80.33 | 4.48 | 80.62 | 98.10 | 83.54 | 86.27 | 71.08
Table 2: The recognition rates of noisy speech recorded with speech babbling naise
{%)
Traiming data Test data
SNR, Clean | I5dB T IGIB | 3dB [ Clean [ ThdB T 1I0dB | 5dB
MLP §5.73 | S8.56 | 6151 | 3257 | 96.77 | 32.51 | 6447 [ 3849
WA 9852 1 95.15 [ 9192 | 7645 | 91.66 | 88.56 | 85.06 | 73.22
The proposed
algorithm 98.73 | 87.71 | 82.46 | 76.72 | 97.17 | 93.14 | 87.35 | 73.35
Department of BioSystems and Brain Science Research Center, KAIST 54
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False Recognition Rate vs. Learning Epoch

F—-16 Fighter Noise
Clean 15 dB SNR
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False Recognition Rate vs. Learning Epoch

F-16 Fighter Noise
10 dB SNR 5 dB SNR

-
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n
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-
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0
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False Recognition Rates(%)
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0 - . 15 - : -
0 5 10 15 0 5 10 15
lteration of total data set lteration of total data set
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Auditory Chip

Biological System

Inner Ear/

Basilar

il Membrane

| S

Inner Hair
Cell

Zero-Xing R4

{| Bandpass Classifier
: Filter Detector
Atrtificial System
Department of BioSystems and Brain Science Research Center, KAIST 57

Conclusion

e Learn from mother nature!

e Artificial auditory systems
- auditory model
- binaural processing (ICA)
- selective attention
- ASIC

Department of BioSystems and Brain Science Research Center, KAIST 58
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Flexible Inference and Learning
Based on Brain Information Processing

Myung Won Kim

Soongsil University

=1 Relations to Other Research Areas |

Cognition/
Inference E&#

Motion

Speech
Recognition

Other
Sensors
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Research Goals

O Understanding and modeling mechanisms of human cognitive functions
Memory, learning

O Developing efficient and flexible inference and learning technology
based on neural networks.

O Intelligent information search

Q Developing application systems.

--1. Motivations
B o

Q More intelligent information services are required in the future.
Q Personalization to reduce information overload.
0 Pervasive computing, semantic Web.

Q Conventional inference systems:
Brittleness: symbolic and logic based.

Lacking human informal reasoning

- 407 -




Technology Trends in Information Services |

Mobile

—

Platform

Ubiquitous
Computing

User X
Semantic Awareness
" N ! Web
Information L- Reasoning l \4
Retrieval
Informal
Rse;j::gi:‘: Personal / Intelligent
- Assistants Information
Neural Network Processing Advisers Services
Knowledge | [ Learning
Discovery I User Behavior Intelligent
Understanding Internet Context
Intelligence 2 Awareness
Technology Intelligent Internet
2000 i 005 2010
Neuro-Cognitive
Models
(Memory, Learning, Inference)
5
. L]
Research Organization
Human COgmtlon
Enh
System
‘Intelligent -
Informat:on
Intelligent ll ! Information
Information Search
System System
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I . Research Rgsults — 15t Stage (1)

1st Stage(1998-2000)

= Memory and knowledge representation

» Brain functions in memory representation and retrieval: fMRI
studies

« The interaction between perceptual and semantic representation
systems

» Types of conceptual knowledge and differences in representations
» Experimental analysis of hypermnesia
=« Mechanisms of encoding and retrieval in memory

« Human informal reasoning model
» Effects of relevance on conditional reasoning
» Perspectives on preference
» Informal ways of probability judgment
» Judgment of causality

. Research Results — 1% Stage (2)

= Neuro-symbolic inference architecture
» SymCSN: hybrid inference architecture

« Similarity and association analyzed as semantic building
components.

« Context processing

» Combining structure of multiple expert modules

» Effective generation of modular neural networks by speciation
methods

» Combining of structure adaptive self-organizing maps {SASOM)
» Dynamic action selection by behavior networks

- 409 -




Research Plan - 2nd Stage (1)

» 2nd Stage(2001-2003)

« Memory and learning
= Interactive mechanisms of encoding & retrieval, and basic factors
of memory decline
s Mechanisms of face—~to-face and computer-mediated
collaborative learning, and behavior analysis of Internet users

« Components of hypermnesia, and strategies of memory
elaboration, developmental pattern of hypermnesia, and working
memory mechanism

= Human informal reasoning model
« Basic models of informal reasoning mechanism:
object-dependent and property dependent inference mechanism
classifying types of spontaneous inference
» Parameters of inference making
« Development and application of user models of inference

9
nd
Research Plan — 2"¢ Stage (2)
= Personalization
= Neural network based collaborative recommendation
« Integration of NN and symbolic rules for personalization
» Integration of human behavior and multiple sources of information
= User modeling
« User modeling by neural networks
» Non-static inference: dynamic selection and ethology
» Practical application of user modeling
« Intelligent information search
« Text Mining based on Latent Variable Models
« Web Mining based on Neural Networks
« The Mechanism of Information Classification and Categorization
Inherent in Human
10
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. Research Plan -3 Stage
1 alonuelingl
= 3rd Stage(2004-2007)

= Integrated human-like flexible inference technology
= Adaptive learning technology

« Development of application systems: personal
assistants/advisers.

11
System of Memory/Learning Project |
“ I . Modatity | Implicit/Explicit
Word/Picture ;| -:.Memory -
S8 B Hypermnesia Diagnostic System
o Q I Mechanism =
g2 for
g5 i Memory Decline
- 3.9 Encoding/Retrieval |- Y
- M Interaction Mechanism | . - [y
Prefrontal
Cortex ... Memory Decline
; ) (Aging) Mechanism
Medial~ Multiol , i
Temporal ,V:J iple | : " Multiple Memory -
Lobe emory Systems System Base -’ Memory
: Episodic Memory . - Enhancement
Parietal - @ Model
Cortex .
- . X
Occipital :
Cortex ~ B Collaborative
- S Learning Mechanism
: K
User Behavior | fCollaborative Learning
e — Pattern & User Model
i ’~‘~":Computer78ase ;
l User - .
12
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Personalization

~ Inference |

e

Collaboration
Contents

User Dependency User behavior

Applications

Informal Reasoning

User Knowledge

User Goals
User Contexts ‘j>
User Context

Object and Prop.
Dependent
Inference

Recommen-
dation

Neural
Network

s Internet

Prop. of Objects : Shopping
Situational : i

uation: ! ’ Assistant

Inference Type Personal

Classification 4 User Modeling Assistant

User Inference &
Decision Making

Personal

Logical Paramete Advi
Reasoning Extractio:n User Profile
Situational E>
Reasoning R : Behavior
Defeasible Selection
Reasoning -

13
" : . g : *.§ Information extraction and
E | nte l I Ig e nt EEERN RN classification system based on

artificial neural networks

Information extraction I

Information Search

Information filtering l

Information classilicat ‘n

Web Mining

massive text data

Large-scale[ - § , Topic extraction
text D8 Cognitive mechanism
ol human text

| processing

Model learning

PLSA NMF ICA
ultiple-cause model

Text mining system based on’’
latent variable models

a

R =
Behavieral/mathematic
al modeling of human
information

classification

| LSA, PCA, MDS

Factor Analysi . Inlormation categorization

aclor Analysis B e

clo ¥ = system based on cognitive
U psychology
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Image Based Visual Servoing (IBVS)

< System Configuration

SN s . /\ ’\9
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‘:’ X Yt
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j |
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r' ' ]
! X a X,
- -+ Landmark

< Kinematics model > < Feature Vector of Landmark >
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Image Based Visual Servoing (IBVS)
< Trajectory Learning and Planning in Image Space

Problems in Image Plane Based Trajectory Planning

= Sub-optimal workspace trajectory
= Non-holonomic mobile robot can’t follow the planned trajectory

< Trajectory Learning using Neural Network

HeldEee Mg
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Image Based Visual Servoing (IBVS)

« Overall Schematic Diagram of Proposed IBVS Algorithm
(Neural Network + Fuzzy Logic + Evolutionary Programming)

%7y RuleLearnijng
- using EP |
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Image Based Visual Servoing (IBVS)

+ Experimental Results (1)
v Sampling rate = 33Hz
v Path @ : Landmark move until (& = a,)
v Path @ : Landmark move until {a b) = (g, b)

T}arget

x

é 130,

N

i »,(‘n 0] 3 100 150 200
x [pixel] X[ml
(a) Trajectory of Landmark (b) Trajectory of Robot
< Simulation Result when P,=[0 0 0], P,=[1 0.5 0]">
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Image Based Visual Servoing (IBVS)
<« Experimental Results (2)
{c)x vr.o § (d) a. a, .
o wiz s a-a, 2| Hat
o 1
o o samp/es m 150
14 ) T ‘ |
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< Simulation Result when P,=[0 0 0)7,P,=[1 0.5 0]7>
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rNeuraI Network Based AMR Navigator

Optimized NNs as
Navigation Environment

“ 7 Goal ' 
Information
EW)

/3

Steering
g

EA Based
Sensor
Connectivity
Selection

reprocessind) __...... '

<" ["Modulé Gating"

Sensor -
Information
SR

.Module Coordination :
Competitive or Cooperative

Network
- —" Weighted Cooperation
SRR N (EP-based weight learning)
Distance Clustering Network for
'I:l“' 95291‘!!,138 Environment Classification

< Overall Navigation System using Modular Neural Network >
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Neural Network Based AMR Navigator
[ Cooperative Module Coordination ]
<+ Neural Network Module Learning using Hierarchical Evolution

Initial Population
First Configuration Second Configuration
{ I

Evaluation

I Evaluation I l Evaluation |

Generate Offspring for 1 1

Configuration Generate Offspring for Generate Offspring for
GA: Crossover/Mulation Neural Network Weights Neural Netwerk Weights
EP: Mutation EP: Mutation

I 1
l Evaluation l ( Evaluation ]

Selection for H I

Configuration

atisfying Terminatings
Condition?,

Y

Selection for
Neural Network Weights

Selection for
Neural Network Weights

Satisfying Terminatin
Condition?

Evolving Termil
& Best Iucisidual for | Best Indiviclual for | ...
Store Best Individual Firsi Configuration Second Configuration
< Diagram of Hierarchical Evolution >
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Neural Network Based AMR Navigator
[ Cooperative Module Coordination ]

<+ The competitive module coordination may cause noise sensitivity
problem and module transition crosstalk. To solve these problem,

cooperative module coordination can be used.

<+ Two Key Issues
< how to select the relevant modules

> by threshold a neural network based environment classification

results
% how to combine the outputs of the selected moaules
> EP based weight learning
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Neural Network Based AMR Navigator
[ Cooperative Module Coordination ]

<+ Simulation Results

o

Navigation Results using Competitively Navigation Results using Cooperatively
Coordinated Modular Network Coordinated Modular Network
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Fuzzy Cooperative Decision Module 2| 2=

LTI T T T T ~ Three Steps for constructing FCDM
’\\ Environment I, 1 1. Modularization of fuzzy rules for basic
————————— - behaviors
f — 2. Coordination of each module
i T 3. Optimization of the parameters in fuzzy
ROBOT MEP i coordination rule bases
FISs are categorized by the standard of robot motion
FIS Group Robot Motion
FiS1 Move Forward
FIS2 Move Left
FIS3 Move Right
- t f f MEP & FGN (Fuzzy Gate Network)2|
Distance ParameterS 2 2 X 318
Inputs
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FCDM 2| FGN ==

The MEP(Multi-Thread Evolutionary Programming) method consists of global, local, and minimal search
routine, each of which is utilized depending on the particular situation as below and is used to update the

individuals,

Local Search

Minimal Séaréh

Random scarch based on
stochastic operation

Updated by using the Cauchy
mutation operator

Used in the initial stage of
search

2002. 4. 24.

Current directions of the
parameters lead them all the
way to the optimum solutions

Mutated by the direction of
descent with adapted probability
distribution

Near the minimum point, this is
applied Lo search for the minimal
individual

If this routine is used repeatedly,
the algorithm moves with a good
chance to the global minimum
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Fuzzy Logic System for Mobile Robot

Fuzzy IF-THEN Rule 2| 0i
IF d,,is FAR, d, isFAR, d, isNEAR, 4, is FAR, d,, is NEAR,

and 6is FT, THEN steering command is small

: the difference angle between the heading direction of the robot and direction of the target

7 208 M1 4i4
D Y RS Yo RS )
7 ST " 73 o 73

where Eﬂ_ p

dyr =

deg=

Fuzzy Set Values for input variables and Its Membership Functions

wd.,)
) i T _NEAR FAR
NEAR Near | LE Left
> < i,
FAR Far |FL Front Left 0.7 25 o
FT Front ;)
FR Front Right RL IR Lo LE
. .y
Rl Right e e
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