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This paper presents a robot system developed for medical purpose. A 6-degree-of-freedom

robot was introduced for physical exercise and rehabilitation. This system was proposed for

stroke patients or patients who cannot use one of their arms or legs. The robot system exercises

the hemiplegic part based on the motion of normal part of a patient. Kinematic studies on the

human body and robot were applied to develop the robotic rehabilitation exercise system. A

clamp which acts as an end effector of the robot to hold a patient was designed and applied to

the robot to guarantee the safety of patients. The proposed robotic rehabilitation system was

verified by simulations and experiments on arm (elbow and shoulder) motion. Patients are

expected to be able to exercise various motions by themselves with the proposed robotic

rehabilitation system.
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Nomenclature
HRyp» 3X3 rotation matrix of the normal part
frame with respect to the human frame
HPy » 3 X 1 position vector of the origin of normal
part frame in the human frame

"X .p 4 X4 matrix containing orientation and po-
sition of abnormal part in human body

#Xy.p 4X 4 matrix containing orientation and po-
sition of normal part in human body

¢Ty 4 X4 transform matrix from the human frame
into the chair frame

®Rc 4X4 transform matrix from the chair frame
into the robot frame
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1. Introduction

Recently, robot technology has rapidly changed
the ways of medical care. There have been many
kinds of medical robots and related technique
such as endoscope robots (Lin Liangming et al.,
1997 ; Vara-Thorbeck et al., 2001); operation
and operation assistant robots (Lavallee et al.,
1991 ; Casals et al., 1996); physical exercise ro-
bots (CPMs) and assistant robots for the physi-
cally handicapped (Colle et al., 2002); and mea-
suring (Sehyun Shin et al., 2002) and operation
(Duk Sun Yun et al., 2002) technique. The
applications of robots in medical and service
fields are increasing rapidly.

This paper introduces a kind of medical robot
system providing physical exercise for rehabili-
tation. In the case of stroke, efficient and system-
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atic rehabilitation therapy is important after the
treatments for acute symptoms {Sivenius et al.,
1985). The damages in bones, joints, and muscles
are treated by surgery and medicine up to a cer-
tain extent, physical therapy nevertheless is need-
ed to recover their normal condition (McCann et
al.,, 1993). The physical therapy helps the reha-
bilitation : increasing the range of motion (ROM)
and strengthening the muscles by exercise and
training. Passive motion in the ROM and str-
etching are prescribed to increase the ROM
(Esselman et al., 1994). To improve the muscular
strength, isometric, isotonic, and isokinetic ex-
ercises are recommended. Patients can do isome-
tric and isotonic exercise by themselves relatively
easily with simple equipment and various loads.
Passive motion needs some kinds of CPM mac-
hines or physical therapists. The isokinetic ex-
ercise is a special type and needs a special ma-
chine that can control the velocity and force of
motion simultaneously. As well as exercise, mea-
suring the velocity and force is an important
function of isokinetic exercise machines (Kellis et
al., 1995 ; Bentley et al., 2000).

The exercise for rehabilitation is applied to
one joint at one time in a conventional way. Most
equipment and exercise machine are developed
for one joint motion. Most CPMs are dedicated
to a specific joint. Therefore, as many kinds of
CPMs as the number of joints are needed to
satisfy various kinds of human motions. The iso-
kinetic machines (KIN-COM, Cybex, etc.) can
be applied to various joints, but the configuration
of the machine should be reconfigured depending
on the corresponding joint.

In this paper, a robot system for physical ex-
ercise is introduced. This robot system was stu-
died to generate passive and isometric motions
and to apply these motions to 2 joints simulta-
neously (e.g. shoulder and elbow). The proposed
robot system can be applied to various joints
and replace various kinds of physical exercise
devices. The kinematics of human extremities and
the robot are studied to setup the robotic exercise
system. The motions for rehabilitation are ca-
ptured from the normal part of a patient and
replayed by the robot to exercise the abnormal
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part. The reaction forces during exetcise are mea-
sured to control the robot system and to guarantee
safe exercise.

The physical exercises are studied in sec. 2.
These results are applied to the design of the
control scheme for the robotic rehabilitation ex-
ercise system. The modeling of the robot and
human extremities are analyzed to derive a meth-
od to generate exercise motion in sec. 3. In sec.
4, the system components are presented. This
section presents configuration of the system with
major system components and their functions.
The experiments and the results are shown and
discussed in sec. 5 to verity the proposed system.
Section 6 concludes.

2. Rehabilitation Exercises
and Control Scheme

In this section, the physical exercises for reha-
bilitation are studied. The physical exercises are
explained briefly and with the result the control
schemes for the robotic rehabilitation system are
derived.

The physical exercises for rehabilitation the-
rapy can be classified into active and passive
motions. Patients should move their extremities
by themselves in active motion. The active ex-
ercise system provides patients with loads or re-
sistance for exercise and measures the results.
The active exercises are divided again into iso-
metric, isotonic, and isokinetic motions. In pas-
sive motion, patients are exercised passively by
the exercise system. Among these four types of
exercises, the isometric and passive motions are
targeted to be realized into the robotic rehabili-
tation exercise system.

2.1 Isometric exercise

Literally, isometric means equal length. When a
muscle contracts without any appreciable change
in length this is referred to as isometric contrac-
tion. A muscle contracts but cannot be said to be
acting either concentrically or eccentrically.

Hislop and Perrine (1967) described isometric
exercise as muscular contractions against a load
which is fixed or immovable or is simply too



A Feasibility Study on a Robotic Exercise System for MDOF Physical Rehabilitation Therapy

much to overcome. One six second isometric con-
traction at two-thirds maximum performed once
each day for five days was sufficient for 5%
strength gain per week (Muller et al., 1954). This
received a disproportionate amount of publicity
from which it would appear that the medical
community has never recovered.

Although it has been shown that strength gain
is possible from isometric contraction this str-
ength gain is very minimal and almost all studies
since have shown that the gain in pure muscular
strength is only at the specific angle at which the
exercise is performed. Hence, to make isometric
exercise effective at increasing functional strength
it must be repeated at many different joint angles.
Tsometric improvements have also been shown to
be rate specific (Morrissey et al., 1995) this means
that isometric strength gain can be best utilized
only at particular speeds.

For those who have suffered muscular or ten-
dons injuries the consequences can be dire. Iso-
metric exercises are, however, extremely good for
strengthening muscle groups around an injured
joint as the joint surfaces actually distract from
one another during isometric contraction. How-
ever, following isometric exercise there is a de-
crease of muscle power by up to 60-70% (Tidas
et al., 1995) this can last for up to 96hrs (4 days).
During this time the associated joints are exposed
to much higher than normal impact and sheer
forces as they have lost one of their most vital
protective mechanisms. This could lead to dis-
comfort as demonstrated by Melchionda et al.
(1984) which is not experienced with isokinetic
concentric contractions {(Dvir, 1995).

2.2 Continuous passive motion (CPM)

Continuous Passive Motion is a postoperative
treatment method that is designed to aid recovery
after joint surgery. In most patients after extensive
joint surgery, attempts at joint motion cause pain
and as a result, the patient fails to move the joint.
This allows the tissue around the joint to become
stiff and for scar tissue to form resulting in a joint
which has limited range of motion and often may
take months of physical therapy to recovery that
motion.
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By using a motorized device to move the joint
very gradually, it is possible to significantly ac-
celerate recovery time by decreasing soft tissue
stiffness ; increasing range of motion ; promoting
healing of joint surfaces and soft tissue; and
preventing the development of motion-limiting
adhesions (scar tissue) (Johnson and Eastwood,
1992) . Interestingly, this is accomplished without
patient effort (passively) as the machine moves a
joint through a prescribed range of motion for an
extended period of time. Studies have shown that
patients using CPM devices require less pain
medication then patients who have had the same
type of surgery and are not using this device
(Chen et al., 2000).

2.3 Control schemes

The control schemes for the robotic exercise
system are summarized in Fig. 1. The control
schemes were designed to realize the charac-
teristics of the exercises explained previously. The
flowchart (a) in Fig. 1 describes CPM exescise.
The control flows from the marker ® to ® for
CPM exercise. As shown in the flowchart (a) the
exercise motion is given to the robot as a series
of positions. The reaction force and torque are
measured to check the safety of patient. If mea-
sured force (F) is greater than the preset level
(Fsate) , the robot moves backward to its previous
position to relieve the reaction force in human
arm. In safe condition (F< Feae), the robot is
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Fig. 1 Control scheme of the robotic exercise system
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controlled to proceed next position.

As explained above, isometric exercise must
be repeated at many different joint angles. The
flowchart (b) in Fig. 1 shows the control for
isometric exercise at one joint angle. The control
flows from the marker @ to © to repeat isometric
exercise at different joint angles along the CPM
motion. For isometric exercise, three parameters :
interval in position, force level (Fse), and dura-
tion {tser) are given. When the robot reaches at
the isometric exercise position, the robot is con-
trolled to stop and wait the patient to apply pres-
cribed force (Fset) for prescribed duration {tse).
These parameters (Fsate, Fset, and tse) are inputs
to the control program of the system.

Therefore, the robotic exercise system basic-
ally realizes CPM exercise. During both mode
(isometric and CPM), the robot replays the exer-
cise motion generated from normal motion of a
patient.

3. Exercise Motion Generation

The basic idea of generating exercise motion is
that the robot exercises the abnormal part of a
patient following the motion obtained from the
normal part of the same patient. With this idea
the exercise motion can be generated easily with-
out specifying the details of the motion. Figure 2
illustrates relations between the robot and a pa-
tient. The kinematics of the robot and human
extremities are analyzed to find the transforma-
tions in Fig. 2.

Fig. 2 Relations between the robot and patient
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3.1 Kinematics of the robot and human
extremities

A robot, “FARA AS2” from Samsung Elec-
tronics was introduced as the exercise robot. The
robot is an industrial vertical multi-joint type
with 6 DOF. Figure 3 shows FARA AS2 and
coordinate frames. The mechanism of the robot is
defined with Denavit-Hartenberg (DH) notation
as shown in Table 1.

The human extremities are modeled as 4 DOF :
1 DOF at elbow joint and 3 DOF at shoulder
joint for an arm, and 1 DOF at knee joint and 3
DOF at hip joint for a leg. The shoulder and hip
joints are modeled as a combination of 3 revolute
joints and the centers of revolutions are assumed
to be coincident (Kumar et al.,, 1995), (Norton
and Kohles, 2001). Figures 4, a and b show the

Table 1 DH parameters for the FARA AS2

; Qi1 @i-1 d; Qi-1
(degrees) | (mm) (mm) | (degrees)
1 0 0 0 o
2 —90 150 0 &
3 0 350 0 &
4 —90 100 350 &4
5 90 0 0 G5
6 —90 0 95 Os

Fig. 3 FARA AS2 - a 6 DOF industrial robot
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Table 2 DH parameters for human extremities

i @iy @i-1 d; di1
(degrees) (mm) (mm) (degrees)

1 0 0 0 &

2 —90 0 0 &

3 90 0 0 Gs

4 0 a 0 64

P A Shoulder

zfrewm]
L )
s

a, X

XS
(b) Leg

Fig. 4 Modeling of a human extremities

oordinate frame of an arm (Fig. 4(a)) and of a
leg (Fig. 4(b)). The DH table is shown in Table

2. The DH parameters of arms and legs are the

same because the human extremities are modeled
in the same way. The variable as, in the Table 2,
is the length of the upper part of human extremity.

The coupled motion of human and robot was
studied based on the result of each study. When
the robot exercises human extremities, the end
effector of the robot holds the lower part of arm
or leg so rigidly that the relative position and
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Fig. 5 Simulation of human — robot coupled

motion

orientation between human extremities and robot
are unchanged. Though this assumed rigidity is
impaired by the soft tissue of human body and the
cushions surrounding robot end effector, many
physical exercise machines use practical fixation
rigid enough to realize exercise motion.

The coupled motion is simulated with the as-
sumption that the robot holds human extremities
rigidly. Figure 5 shows simulations for shoulder
flexion (Fig. 5(a)) and elbow flexion (Fig. 5
(b)). These simulations show the validity of the
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kinematics studies for human arm and robot.
The dynamic properties of robot and human

extremities are of little concern because the phys-

ical exercise motion is not considerably fast.

3.2 Generation of the exercise motion

The path for exercise motion is generated on
the assumption that human body is symmetric
with respect to the plane containing spine. This
plane is shown as Y~Z plane in Fig. 2.

With a motion capture device, the motion of
normal part of a patient, *Xyp is obtained as
Eq. (1). For simplicity, it is assumed that the
motion is captured at the corresponding parts
of both arms or legs (e.g. mid point of the lower
arm, where the exercise robot holds on).

"Ru.r "Py.
NP NP} (1)

fXN.PZli 0 1

HxXyvp is transformed into “X4p, the motion of
abnormal part of the same patient, utilizing the
symmetry of human body.

IXAstymm (HXN.P) (2)

symm( ) is an operation for the symmetry with
respect to the Y-Z plain in Fig. 2. In case of
position, the symmetry transformation with re-
spect to Y-Z plain is given

—100

Tomn=| 0 10 (3)
0 01

However, if a rotation matrix is transformed with
Eq. (3), the consistency of coordinate system is

lost. Therefore, a symmetry operation symme{ )
is defined as follows.

Xzeft=symm(Xn;ght) (4>

Where, Xei=[Cn Ce Ci Cul and Xrgn=
[Cﬂ Cﬂ C73 CM]

—1000
0 100 .
i= 5 (fi =1 5,
C: OOlOCr (for i=1, 3, and 4)
0 001
and

Cir=CisXCn

Using the defined symmetry operation, the con-
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sistency of coordinates system is mzintained.

"X .p represents the exercise mozion with re-
spect to the patient. To generate the exercise
motion with respect to the robot, “X,» should
be transformed again with Eq. (5) into the robot
frame.

RXA.pZRTCCTHH‘ AP (5)

The transformation from human frame to robot
frame is separated into 2 transformations, human-
to-chair and chair-to-robot, because after the
relative position between robot and chair is fixed,
the posture of patients can be changed by adjus-
ting head rest or back of the chair.

To generate Ty and *7¢, relative position
and rotation between the frames of patient and
chair ; and chair and robot are required.

The dimensions of patients, relative positions
between major components must be measured.
The dimensions and the ROM of patient are
grouped into the patient parameter. With these
parameters, “Ty is found, and the range of ex-
ercise motion is limited. The position parameters
are the relative positions and rotation between
patient and chair ; and chair and robot. The trans-
formations 7Ty and *T¢ are comprised of these
parameters. Lastly, the robot parameters are the
dimensions robot and are contained in * T%.

4, System Components

The robotic exercise system was designed to
realize the exercise motion as stated previous
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Fig. 6 Components and organization of the robotic

exercise system
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section. Followings are studies and considera-
tions on designing of the robotic exercise system.
The components and their connections of the
system are shown in Fig. 6. The details of com-
ponents and control program are stated in this
section.

4.1 Robot and clamp

The work space and payload are important
specifications for the robot system in this study.
The specifications on precision, velocity, and ac-
celeration of most industrial robot systems sur-
pass the required level for a rehabilitation exer-
cise robot. However, the payload becomes very
important specification for a rehabilitation exer-
cise robot. During the passive motion, the force
and/or torque capacity of the robot must be
limited, but during the active motion, the robot
should provide enough load or resistance to
patients.

The connection between robot and human ex-
tremities is made by a clamp. It is an indispens-
able component for the robotic exercise system,
because it is used as an end effector for the ex-
ercise robot. The clamp holds human extremities
to prevent relative motion between robot and
human extremities. The clamp must be designed
to meet two conflicting goals : secure hold and
safety-guarantee. Precise exercise needs tight hold
however, the hold must be released over excessive
forces or torques for the safety of patients.

The safety is very important for the robot and
the clamp. Because the robot exercise patient in
direct contact, the robot system must be equipped
with safety devices such as emergency stop and
maximum speed / acceleration limit. The clamp
can be designed to include the emergency stop.

4.2 Force and torque sensor

An F/T sensor placed at the end effector mea-
sures reaction force and torque during exercise.
The force-torque information is utilized in two
ways. One is securing safe exercise and the other
is estimating the rehabilitation process. If forces
Qr torques in opposing direction of motion exceed
a prescribed level, the robot stops for safety.
Because these kinds of reactions happen when the

limits of the ROM of the paralyzed part are
reached, the robot must stop exercise and relax
the arm or leg. Besides the safety purpose, the
force-torque information can give the estimation
for the rehabilitation process. The force-torque
elements measured during the exercise show how
well the rehabilitation exercise progresses (Lum
et al., 1999).

Because the coordinate frame of F/T sensor is
changed depending on the orientation of the end
effector, the force-torque information should be
transformed into the reference frame of the robot,
however. For the transformation, the results of
studies on kinematics in sec. 3 are applied.

4.3 Motion capture device

There are many possible devices to capture the
motion of human extremities. As in the case of
exercise robot, explained before, the motion cap-
ture device also have as large work space as
human extremities. An exoskeleton type (Cha et
al., 1998) or a wire type (Sim et al., 1998) master
robots are preferred because of their large work
space. An exoskeleton type device can have al-
most the same work space as human extremities.
However, the complexity and the weight of the
device can be burden to patients. A wire type
device also has large work space and it is easy
to use for patients, but the volume of the device
must be large enocugh to contain the work space
of patients.

Once the exercise motion is captured, this
motion is recorded and processed to be applied to
the abnormal part. A master-slave scheme can
be applied to the robotic exercise system besides
the record-and-replay scheme. The motion from
normal part of a patient drives the exercise robot
directly without recording the motion. Patients
can control the robot with a master device to
exercise abnormal part themselves. They can con-
trol the exercise load or ROM feeling their own
abnormal part.

4.4 Control program

The main function of the control program is
generation of the exercise motion. The control
program has following functions: capture of
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Fig. 7 Screen shot of the control program

normal motion ; generation of exercise motion;
and contro] of the robot. For these functions,
the parameters introduce in sec. 3 are required.
Because the robot parameters can be embedded
in the control program, generally, it is unnecessa-
ry to measure the dimension of the robot repeti-
tively. However, the patient parameters and posi-
tion parameters must be measured case by case
and these parameters are used for the control pro-
gram as inputs. The studies on the body segment
(Pearsall and Reid, 1994) can simplify the pro-
cess of measuring human body. With this method,
the lengths of body segments are given as ratios of
height or obtained from video data instead of
direct measuring. However, these methods have
limits in accuracy. Figure 7 shows a user interface
window of the control program.

5. Experiments

For the experiments, a 6 DOF industrial robot
(FARA AS2) as the exercise robot and a PC
mouse as the motion capture device were intro-
duced and the clamp and control program was
designed. The experiment system was controlled
by a PC with a motion controller. Figure 8 shows
the experiment system.

A dummy arm, called ‘C&R Arm II' was
designed for experimental purpose. Experiments

Fig. 8 System setup for experiments

with human subjects are dangerous and quantita-
tive data cannot be acquired. The C&R Arm 1I
is a 2-link mechanism used as a substitute for
human arms. The robot exercises the C&R Arm II
instead of a real human arm in experiments. The
C&R Arm II has 4 DOF (1 DOF at elbow and
3 DOF at shoulder). All joints of the C&R Arm
11 are equipped with encoders measuring the
angular displacements. The lengths of each link
are variable in range of 250~ 350 mm. With the
C&R Arm II, the experiments can be performed
safely and the motion of the robot can be mea-
sured externally. The C&R Arm II are shown in
Fig. 8.

A PC mouse was used as a motion capture
device and experiments are performed for planar
motions because a PC mouse can capture planar
motions and it was easy to adapt a PC mouse
to the experiment system. The motion of normal
part was recorded by drag a PC mouse on a board
or a table located on the motion plane.

The exercise motion of the robot system was
verified by comparing three trajectories : the ex-
ercise motion, the motion of the robot, and the
motion of the C&R Arm II .

The motions of the robot and the C&R Arm II
are obtained with the joint variables. Because the
robot holds the C&R Arm II, they have the same
trajectory at the holding point. However, the
motions of the robot and the C&R Arm 1I are not
coincident because the holding is not solid for the
compliance of soft tissue and the cushions sur-
rounding the clamp. Therefore, the motions of the
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robot and the C&R Arm II must be compared to
verify the robot system.

The patient parameters and position parameters
are measured with rules. The C&R Arm II must
be adjusted following the patient parameters.

For the experiment, simple motion of upper
extremity was introduced to verify the robotic
exercise system. Figures 9~ 13 show the results of
the experiments. Each plot contains trajectories of
the robot end effector and the C&R Arm IL

The Y-Z plane lays sides of a human body.
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The origin is located at the shoulder joint. The
solid line presents the trajectory measured from
the robot joint variables and the trajectory form
the C&R Arm II is presented by a perforated line.

The solid lines show smooth trajectories and
no abrupt change because the robot is a well-
built industrial one. The normal motion and the
exercise motion from the robot are identical and
these are expected results. The main attention
should be paid on the comparison of motions of
the robot and the C&R Arm II (solid line and
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perforated line).

The perforated lines (C&R Arm II) and the
solid lines (robot) are almost identical and there
are errors in every case. These errors can be ex-
plained with following causes. As explained, the
C&R Arm IT was adjusted with the patient para-
meters. In the course of the measurement and
the adjustment, errors can be accumulated. Ano-
ther major cause can be found in the connection
method. The Compliance and the sliding at the
clamp are unavoidable because the contacting
part is soft and tight holding is uncomfortable
for the patients. These problems are common for
every physical exercise machine like CPMs.

The errors are noticeable at both ends of tra-
jectories. These errors can be explained with the
slid and the deformation at the clamp. Especially,
in Fig. 10 (shoulder flexion), when the shoulder
is fully flexed over the head, a relatively large am-
ount of errors were observed because of the slid.

There are different types of errors in Fig. 12
and 13. For the experiment of shoulder internal/
external rotation, the elbow of the C&R Arm II
was flexed about 90 degrees. This posture of the
arm and the error factors mentioned above are
combined and the center of rotation is shifted
consequently.

Similar type errors of shoulder internal/extern-
al rotation are observed when the C&R Arm II

200 —r- T T T Y

e Rabot

z[mm]

-100+- - - - e e IO KRR SRR R

A e

-200 . ;
200 150 -100 -50 0 50 100 150 200
y{mm]

Fig. 13 Shoulder external rotation

and robot are misplaced, however, these errors
are larger and vanish when the relative position is
correct.

6. Conclusion

The robotic exercise system was studied and
designed, and the system was verified with CPM
motions. The CPM motion is basic exercise mo-
tion for active exercises. The main merit of the
robotic exercise system is that the system can
exercise 2 joints simultaneously by one system.

In this study, a method to generate the exercise
motion from the motion of normal parts of a
patient was introduced. With this method, the
exercise motion can be generated without com-
plicated programming for motion. The symmetry
operator was defined through the study of kine-
matics. The normal motion can be transformed to
the exercise motion with the symmetry operator.

The physical exercises are studied to derive
control schemes for the exercise robot. Two types
of physical exercises: isometric and CPM ex-
ercises are studied and the characteristics of ex-
ercise motions are realized by the robot. These
two types of exercises are the bases of other ex-
ercise motions. Therefore, other exercises: iso-
tonic and isokinetic exercises can be realized with
the results of this study.

The control program of the robotic exercise
system was developed. Exercise motion genera-
tion, the characteristics of exercise motions, kine-
matics of the system, and robot control functions
are coded into the control program. The control
program was designed to have user interfaces for
the input of parameters.

On the base of the feasibility of the robotic
exercise system, following subjects need more
study. First, a comfort and precise clamping de-
vice should be developed. The majority of errors
in exercise trajectories are caused by the compli-
ance and sliding at clamp.

Second, a positioning sub-system is required.
The relative position between a patient and the
robot is important to realize the exercise motion.
During the experiments, the relative positions
between the robot and the C&R Arm II was set
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and measured manually. A sub-system which can
set the relative position in a systematic way and
report the dimension is needed to be studied.

In addition to the proposed system, realizing
the isokinetic and isotonic exercises remains for
future studies. To incorporate these exercises into
the current system, more in-depth studies on force
information is required.

The studies in this paper show the feasibility
of a multi-degree of freedom robotic exercise
system for rehabilitation. After guaranteeing safe-
ty for the subjects, clinical demonstration should
be performed.

Acknowledgment

This research was supported by Korea Science
and Engineering Foundation. (R01-2003-000-
11635-0)

References

Bentley, G. and Minas, T., 2000, “Science,
Medicine, and the Future: Treating Joint Dam-
age in Young People,” British Medical Journal,
Vol. 320, No. 7249, pp. 1585~ 1588.

Casals, A., Amat, J. and Laporte, E., 1996,
“Automatic Guidance of an Assistant Robot in
Laparoscopic Surgery,” Robotics and Autom-
ation, Proceedings IEEE International Confer-
ence on, Vol. 1, pp. 895~900.

Cha Inhyuk, Han Changsoo and Yi Byungju,
1998, “Development of a Human Interface Sys-
tem for the IMS — Application of the Teleopera-
tion System,” Journal of the Korean Society of
Precision Engineering, Vol. 15, No. 8, pp. 156~
164.

Chen, Boging MD., PhD. Zimmerman, Jerald
R. MD. Soulen, Leslie PT. DelLisa, Joel A. MD,
MS., 2000, “Continuous Passive Motion After
Total Knee Arthroplasty : A Prospective Study,”
American Journal of Physical Medicine and
Rehabilitation, Vol. 79, No. 5, pp. 421~426.

Colle, E., Rybawzyk, Y., Hoppenot, P., 2002,
“ARPH : an Assistant Robot for disabled peo-
ple,” Systems, Man and Cybernetics, IEEE In-
ternational Conference on, Vol. 1, pp. 176 ~181.

1959

Duk Sun Yun, Woon Sung Lee and Jung Ha
Kim, 2002, “The Control System Modeling and
Experiment for the Tele-operated Unmanned Ve-
hicle,” KSME International Journal, Vol. 16, No.
10, pp. 1253~1263.

Dvir, Z., 1995, Isokinetics : Muscle Testing,
Interpretation and Clinical Applications, Chur-
chill Livingstone.

Esselman, P. C. and Lacerte, M., 1994, “Prin-
ciples of Isokinetic Exercise,” Physical Medicine
and Rehabilitation Clinics of North America, Vol.
5, No. 2, pp. 255~261.

Hislop, H.J. and Perrine, J.J, 1967, “The
Isokinetic Concept of Exercise,” Journal of
American Physical Therapy Association, Vol. 47,
pp. 114~117.

Johnson D.P. and Eastwood D.M., 1992,
“Beneficial Effects of Continuous Passive Mo-
tion After Total Condylar Knee Arthroplasty,”
Annals of The Royal College of Surgeons of
England, Vol. 74, No. 6, pp. 412~416.

Kellis, E. and Baltzopoulos, V., 1995, “Iso-
kinetic Eccentric Exercise,” Sports Medicine, Vol.
19, No. 3, pp. 202~208.

Kumar, A., Jobe, C. and Saha, S., 1995, “Lo-
cation of the Instantaneous Center of Rotation for
Shoulder Motion,” Biomedical Engineering Con-
Jerence, pp. 245~247.

Lavallee, S. and Cinquin, P., 1991, “Igor:
Image Guided Operating Robot,” Advanced
Robotics, Fifth International Conference on,
pp- 876~881.

Liangming, L., Liming, G., Guozheng, Y. and
Rong, R., 1997, “A Study on the Endoscope
System Driven by Squirmy Robot,” Intelligent
Processing Systems, IEEE International Confer-
ence on, Vol. 1, pp. 75~81.

Lum, P.S., Burgar, C. G., Kenney, D. E., Van
der Loos, H.F.M., 1999, “Quantification of
Force Abnormalities during Passive and Ac-
tive- Assisted Upper-Limb Reaching Movements
in Post-Stroke Hemiparesis,” Biomedical Engi-
neering, IEEE Transactions on, Vol. 46, No. 6,
pp. 652~ 662.

McCann, P. D., Wootten, M. E., Kadaba, M. P.
and Bigliani, L. U, 1993, “A Kinematic and
Electromyographic Study of Shoulder rehabili-



1960

tation exercises,” Clinical Orthopaedics and relat-
ed research, No. 288, pp. 179~ 187.

Melchionda, A. M. et al., 1984, “The Effect of
Local Isometric Exercise in the Serum Levels
of Beta-Endorphin/Beta-Lipotropin,” Physician
and Sports Medicine, Vol. 12, No. 9, pp. 102~
109.

Morrissey, M. C., Harman, E. A. and Johnson,

M. 1., 1995, “Resistance Training Modes: Spec-
ificity and effectiveness,” Medicine and Science in
Sports and Exercise, Vol. 27, No. 5, pp. 648 ~660.

Muller, E. A. and Hettinger, T. W., 1954, “The
Effects of Isometric Exercise against Isotonic Ex-
ercise on Muscles,” Arbeitsphysiology, Vol. 15,
No. 452.

Norton, K. P. and Kohles, S. S., 2001, “Shoul-
der Joint Mechanics during Concentric and Ec-
centric Rehabilitative Exercise,” Bioengineering
Conference, Proceedings of the IEEE 27th Annu-
al Northeast, pp. 95~96.

Pearsall, D.J. and Reid, J. G., 1994, “The
Study of Human body segment Parameters in
Biomechanics : An Historical Review and Cur-
rent Status Report,” Sports Medicine, Vol. 18, No.
2, pp. 126~133.

Hyung Joon Sim, Joo Yeon Won and Chang Soo Han

Sehyun Shin, Do-Young Keurn and Yun-
Hee Ku, 2002, “Bilood Viscosity Measurements
Using a Pressure-Scanning Capillary Visco-
meter,” KSME International Journal, Vol. 16,
No. 12, pp. 1719~1724.

Sim Hyung-Joon, Cha In-Hyuk and Han
Chang-Soo, 1998, “The Development of String
type Tele-operation Controller for 3D Environ-
ment,” Journal of the Korean Society of Precision
Engineering, Vol. 15, No. 5, pp. 53~ 160.

Sivenius, J., Pyorala, K., Hcinone, O.P.,
Salonen, I.T. and Rcikkine, P., 1985, “The
Significance of Intensity of Rehabilitation of
Stroke — a Controlled Trial,” Stroke, Vol. 16,
pp. 928~931.

Tidas, P. M., Shoemaker, J. K. and Effleurage
Massage, 1995, “Muscle Blood Flow and Long
Term Post-Exercise Strength Recovery,” Interna-
tional Journal of Sports Medicine, Vol. 16, No. 7,
pp. 478 ~483.

Vara-Thorbeck, C., Munoz, V.F., Toscano,
R., Gomez, J., Fernandez, J., Felices, M. and
Garcia-Cerezo, A. 2001, “A New Robotic En-
doscope Manipulator,” Surgical Endoscopy, Vol.
15, No. 9, pp. 924~927.



