A STUDY ON THE ENHANCEMENT OF MANIPULATION
PERFORMANCE OF WHEELCHAIR-MOUNTED
REHABILITATION SERVICE ROBOT

Jin-Woo Jung’, Won-Kyung Song’, Heyoung Lee’, Jong-Sung Kim ",
Zeungnam Bien’
"Dept. of Electrical Engineering, KAIST, "MIT Team/Multimedia Dept., ETRI

Abstract —A wheelchair-mounted reha- . INTRODUCTION
bilitation service robot called KARES In the coming era, the activity of de-
(KAist  Rehabilitation  Engineering signing automation systems should not
Service system) has been realized to adse confined to manufacturing area but be
sist the disabled / the elderly. One of thedirected toward “service sector” as well.
most important factors to be consideredA service robot is re-programmable,
in the design of this system is to enhanceensor-based mechatronic system that
reliability so that the disabled / the eld-can perform useful works to human ac-
erly can use with feelings of safety andtivities [1]. Functions of service robots
confidence. For enhancing the reliabil-are generally related to the ordinary hu-
ity, it is suggested that autonomous maman life like repair, transfer, cleaning,
nipulation and manual manipulation beand health care, etc. Service robots may
integrated in a proper manner. The basienclude rehabilitation robots, surgery ro-
autonomous tasks for KARES arebots, housekeeping robots, repair robots,
grasping an object on the table, graspin@nd cleaning robots, etc. In this paper,
an object on the floor, and manipulatingrehabilitation service robots are mainly
a switch on the wall. For manual ma-considered.
nipulation of the disabled / the elderly, a
3D input device called SPACEBALL The objective of rehabilitation service
2003 is used and an auxiliary device isobots is to assist physically handi-
designed for the disabled to facilitatecapped or weak persons such as the dis-
rotational input function. Using this abled / the elderly to lead independent
auxiliary device and SPACEBALL livelihood. In the case of Korea, the
2003, the disabled / the elderly are ablenumber of people who are 65 years old
to make a manual adjustment during theor more is 5.7% of the total population
autonomous task. Integration of at present but it is reported to be steadily
autonomous and manual operationgrowing. Also posteriori physically dis-
proves to be robust and reliable. Theabled people tend to increase due to Iin-
performance of the system is verified bydustrial or traffic accidents, etc. In a
experiment. sense, everyone has a possibility to be
handicapped because of unfortunate ac-
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cidents or inevitable outcomes of the
nature. Thus, development of a system
that can assist humans for their incom-
plete activities and lost sensesis strongly
desirable.

The history of the rehabilitation service
robots is relatively short [2]. Rehabilita-
tion service robots can be divided into
three classes with respect to mobility;
workstation-based systems, mobile sys-
tems, and wheelchair-based systems [3].
KARES (KAist Rehabilitation Engi-
neering Service system) has been real-
ized in KAIST to assist the disabled / the
elderly for the independent livelihood
without any assistance as shown in

Fig.1. KARES

Specifically, KARES is a wheelchair-
mounted rehabilitation service robot and
consists of powered wheelchair, 6 DOF
robotic arm, a gripper, the controller of
the robotic arm, color vision system,
force / torque sensor, driver, and user
interface, etc (Fig. 2). VORTEX (Ever-
est & Jennings, USA) is used as the
powered wheelchair of KARES. Mu
gripper RH707 with on/off control and

0.5 07 kgef gripping force is used as the
gripper. To control 6 joints and a gripper
on the robotic arm, a multi-motion con-
troller is used.

To recognize the environment, two sen-
sors, i. e., vision and force / torque sen-
sors are equipped. JAI-1050 color CCD
camerais used as the vision sensor. This
camera can be easily mounted on the ro-
bot end-effector for small size (12mm in
diameter) with a remote head type. To
process vision information, Genesis
board (MATROX) is used. JR3 (50M 31,
140g, 50mm in diameter, and 31mm in
thickness) is used as the 6 DOF force /
torque sensor. For the manual control of
the robotic aalm, 6 DOF input device
with 10 keys (SPACEBALL 2003) is
mounted upon the side of a wheelchair.
In addition, simple voice commands can
be used to operate the robotic arm.
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Fig. 2. Overal block diagram of
KARES.
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The target users of KARES are those
who have limited manipulability and
limited mobility, including the physi-
cally disabled and the elderly that have
difficulties in using arms and legs. Also
some potential users are persons with
spina cord injuries (C5, C6 and C7)
who have difficulties living independ-
ently [4] and need engineering solutions.

. SYSTEM PROBLEM
DESCRIPTION

For intelligent service robots, friendly
human-machine interface, reliable hu-
man-machine interaction, and compati-
ble human-machine integration are three
major functions to be captured during
the design [5]. Specialy, the human-
machine interaction is an important issue
in the rehabilitation robotics. The opera-
tion of a robotic arm for grasping, mov-
ing, and contacting with the target is es-
sential. In some sense, manual or direct
control of the robotic arm is similar to
the operation of a tele-manipulator.
However, compared with tele-
manipulator, the manual control of the
robotic arm by physically disabled per-
sons would take a high cognitive load on
the user part since they may have diffi-
culties in operating joysticks or pushing
buttons for delicate movements. The
limited movement of manua operation
can be enhanced by incorporating auton-
omy for the robotic arm [6][7].

Specifically, KARES is designed to be
capable of conducting 4 basic autono-
mous tasks. The first task isto pick up a
cup on the table for drinking. The sec-

ond task is to pick up a pen that is laid
on the floor. It is noted that the users that
sit in the wheelchair have difficulty in
picking up objects on the table or on the
floor. The third task isto move an object
to the user’s face for drinking, eating, or
for touching. Finally, the fourth task is
to operate a switch on the wall.

For these tasks, it is found that a key is-
sue is recognition of a target in the envi-
ronment. With information of the envi-
ronment, motions of the robotic arm can
be divided into free-space motions and
constrained-space motions [5]. In the
free-space motions, vision-based control
Is useful for the accurate motions. In the
constrained-space motions, it is possible
for the moving robotic arm to come in
contact with external objects, and thus
force-based control is useful for appro-
priate motions. These are complemen-
tary with each other. Therefore, various
information of the environment needs to
be obtained from vision and force sen-
sors, etc. and they are used to carry out
autonomous tasks (Fig. 3).

Vision Sensor

Force Sensor

Fig. 3. Vision and force sensors on the
end-effector.
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It is remarked that, in general, autono-

mous manipulation of a wheelchair- 1. MANUAL MANIPULATION
mounted rehabilitation service robot is FOR THE DISABLED /THE ELD-
vulnerable to some basic technical ERLY

problems. First, vibration of the robotic  The robot arm of KARES has 6 DOF.
arm exists due to the user’'s motions and To manipulate such a robot, 3D input
due to the action of contact with objectsdevice is needed but, the disabled / the
in the environment. Also, the rubberelderly, in general, cannot operate such a
wheels of the wheelchair can be a sourc8D input device very well because of
of vibration. The vibration of the robotic their limited manipulability and mobiity.
arm can be a serious problem for the

autonomous tasks. Second, the visionFor the disabled / the elderly to manu-
sensor is not robust to the change of ilally manipulate the robot easily, it is
lumination in the complex environment. proposed that a 3D input device called
Finally, an autonomous task is executedSPACEBALL 2003 is adopted with an
based on a finite number of pre-auxiliary device which is designed for
programmed manipulations. For a realthe disabled to facilitate the rotational
world problem, such a sequence of disinput functions (Fig. 4).

crete manipulations may render an un-

satisfactory form that is quite different

from human’s way of executing a task.

If someone controls the service robot by
manual manipulations, he (or she) may
perform various tasks or continually to
attain robustness to the complex envi-
ronment and to reduce vibration of the
robotic arm. Note that the disabled or the
elderly has difficulties in manual ma-
nipulation. Hence a specified device is
designed for the disabled / the elderly to
easily manipulate the robot and it is pro- Fig. 4. SPACEBALL 2003 and
posed that autonomous manipulation and auxiliary device
manual one be integrated to enhance the

manipulation performance.
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Fig. 5. Hand shapes for
trandational inputs

Fig. 6. Hand shapes for rotational inputs
The auxiliary part is designed because
those with C6 and C7 (C:. Cervica
nerves) quadriplegia can use the thumb
but cannot use other fingers and so, in
generd, they cannot generate rotational
Inputs.

Using this auxiliary device and
SPACEBALL 2003, the disabled / the
elderly can now make a maud
adjustment (Fig. 5,6).

IV.INTEGRATION OF MANUAL
AND AUTONOMOUS
MANIPULATION
There are two types of manipulation in
integrating manual and autonomous ma-
nipulations. One is manipulation for
known objects and the other is manipu-

lation for unknown objects.

For known objects, autonomous ma-
nipulation can be possible, but to be ro-
bust against vibration of the robotic arm
and for complex environment, we inte-
grate manual and autonomous manipu-
lation. For unknown objects, autono-
mous manipulation is impossible so
manual manipulation is carried out.

For manipulating a robot manually, sen-
sitivity setting of the robot movement is

an essential factor for efficient task. If
we don't use sensitivity setting, the ro-
bot runs with only one speed and thus
the time for completing a task can be
long. In this paper, the sensitivity is a
scalar number from zero to three repre-
senting the maximum limit velocity
level for a specific unit direction. If the
sensitivity is zero for some unit direc-
tion, then the robot cannot approach to-
ward the direction.

In order to release the load of the dis-
abled / the elderly, we propose an auto-
matic sensitivity setting. The automatic
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sensitivity setting is a method of setting
automatically the sensitivity of each unit
direction of the gripper in the Cartesian
coordinate. For automatic sensitivity
setting, we assume that the distance from
the gripper to the object plane (a plane
which the target object is placed) is
known. This assumption is valid for the
table and floor task in the home envi-
ronment. Then we proceed as follows:
First, we set the basic senditivity (the
sensitivity of the direction which is nor-
mal to the object plane) using the dis-
tance from gripper to the object plane.
Second, we set the sensitivity of the
other direction larger than the basic sen-
sitivity. If the distance from the gripper
to the object plane is less than 5cm, then
we set the basic sengitivity zero to pro-
tect the collison between robotic arm
and the object plane.

We decompose the table task and the
floor task in order to integrate manual
and autonomous manipulation (Table 1).

Subtask 1 and subtask 3 is pre
programmable but subtask 2 is changed
every time and isn't robust for the vibra-

Table 1. The decomposition of each task

Table | e.g. Catching the cup on the table and
task | moving the cup tothelip

Subtask 1 | Move the gripper near
the table

Catch the object using
the vision and force sen-
sor

Move the object near the

lip

Subtask 2

Subtask 3

Floor
task

e.g. Catching the pen on the floor and
moving the pen to the lip

Subtask 1 | Move the gripper near
the floor

Subtask 2 | Catch the object using
the vision and force sen-
sor

Subtask 3 | Move the object near the
lip

The task begins by the voice command
(e.g. “table”, “floor”, etc.) and subtaskl
is performed. If the object is not known,
the robot sends voice message to the
user for manual manipulation.

If the object is known, the subtask 2 is
performed automatically and the manual
adjustment based on the automatic sen-
sitivity setting is possible. And if no
contact force exists during the subtask 2

tion of the robotic arm and complex en-OF the user wants manual manipulation,
vironment. manual manipulation is started.

For unknown object, subtask 1 and sub-he subtask 3 is started from the user’s

task 3 is operated full-autonomously andv0iceé command or recognition of the
subtask 2 is operated full-manually. ButWelght of the object.

for pre-known object, subtask 1 and

subtask 3 are operated full- - V.RESULTS _ _
autonomously and subtask 2 is operatea__o confirm the robustness against vibra-

autonomous motion. scenario for known object that the posi-

tion of the handle of a cup is changed
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from‘a’ to ‘b’ in Fig. 7. Vibration of the very limited. Thus only one component
robotic arm can be interpreted as thebetween them is transferred to the con-
change of the position of the target ob-roller by using a button as an additional
ject from the viewpoint of the robot. In input.
this figure, the solid line represents the
trajectory of the robot end-effector. For the various kinds of the disabled /
When the robot arm closes in the handlghe elderly to use KARES, another input
of the cup, the user interrupts thedevice may be needed. For C6 and C7
autonomous manipulation by the fail quadriplegia, SPACEBALL 2003 and
detection of autonomous task. Then, theéhe auxiliary device are enough. But, for
change of the cup is overcome by theC5 quadriplegia, head movement, eye
human’s direct control. gaze, EMG (electromyography), or EEG
(electroencephalogram), etc. can help in
Moreover, subtask 2 can be performednputting the user's command.
for an unknown object. Also manual
manipulation during the subtask 2 can VII. CONCLUSIONS
manage the errors of the sensors by thi is reported that a service robot called
complex environment. KARES is designed as a rehabilitation
service robot with a wheelchair-mounted
robotic arm to assist the disabled / the
elderly for the independent livelihood.
KARES can do four basic autonomous
tasks using color vision and force /
torque sensors.

But vibration of the robotic arm and the
errors of the vision sensor in the com-
plex environment are found critical fac-
tors in conducting tasks. For enhancing
m the reliability, we have proposed a strat-
egy of the integration of manual and
Fig. 7. Experiment for the robustness of aytonomous manipulation. And for the
the integration of manual and disabled / the elderly to use 3D input de-
autonomous manipulation vice easily, it is reported that the auxil-

lary device is needed.

400 100 150 200 250

a0 X

VI. DISCUSSION
In manual manipulation, there usually
exist both translational components and
rotational components in a command by
user’'s operation because the operation
by hand of the disabled / the elderly are
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