International Conference on Virtual Rehabilitation 2011

Rehab Week Zurich, ETH Zurich Science City, Switzerland, June 27 - 29, 2011

Rehabilitation Robot for Unimanual and Bimanual
Training of Hemiparetic Subjects

Matic Trlep, Matjaz Mihelj, Marko Munih
Faculty of Electrical Engineering,
University of Ljubljana, Slovenia

Email: matic.trlep@robo.fe.uni-lj.si

Abstract—The goal of the study is the development and testing
of a bimanual training system that stimulates the use of both
arms of hemiparetic subjects using both bimanual and unimanual
training exercises. The adaptive assistance controller adjusts
the help of the unaffected arm, thus reducing the load on
the paretic arm. Hemiparetic subjects performed three different
tracking exercises in both bimanual mode and in two unimanual
modes. In bimanual mode the patient uses the unaffected limb
to initiate and guide the movement. By comparing the results of
bimanual training with the unimanual performance (with paretic
or unaffected limb) we can assess the affects of the bimanual
training. High and significant correlation between bimanual
training and unimanual performance was observed. The training
resulted in improvements of motor performance.

Keywords: bimanual rehabilitation, hemiparesis, rehabilita-
tion robotics, upper limb rehabilitation, stroke

I. INTRODUCTION

The leading cause of disabilities among adults in devel-
oped countries is stroke and the most common motor deficit
following it is hemiparesis that affects about 75 % of stroke
survivors [1]. A wide range of everyday activities is bimanual
and require a coordinated use of both upper extremities.
Consequently, one of the suggested therapeutic techniques is
bimanual training that engages both limbs simultaneously in
order to encourage the interlimb coordination. It has been
found to improve dexterity, grip strength and functional abil-
ity of the paretic limb [2]. It has been suggested that the
contralesional (undamaged) brain hemisphere might provide a
template of appropriate neural responses for a restored neural
network [3].

Robotic systems as guidance and evaluation devices are
being introduced in post-stroke rehabilitation. Several studies
have examined the effects of robotic assistene on paretic arm
function recovery in post-stroke rehabilitation [4]. Various
robotic devices have been developed to promote bimanual
training of upper extremities. A driving simulation called
Driver’s SEAT showed that bimanual steering using force
cues increased the use of the affected arm throughout the
bimanual steering task [5]. Another attempt is the bimanual
lifting rehabilitator [6]. If the affected limb is unable to
contribute to the bimanual task of lifting a cafeteria tray, the
device substitutes for it. If the affected arm can accomplish
the task, the rehabilitator does not intervene. On the down
side, this system does not stimulate hemiplegic subjects to
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use their affected arm as the lifting task is always completed
independently of the paretic arm effort. Some other systems
use two robots for bimanual training [7], [8]. It has been shown
that combined unimanual and bimanual robotic training has
advantages compared to conventional therapy only [7].

Newer robotic rehabilitation systems use patient-cooperative
control or “assist as needed” techniques to adapt the training to
individual patients [9]. By recognizing the patient’s intention
and motor abilities the system adapts its robotic assistance
to the activity of the patient. Online evaluation of human-
robot interaction forces (torques) or positional measurements
of the robot are needed to determine the patient’s intentions
and abilities. Bimanual training can use the limb coordination
and forces of both limbs to do so. The system also informs
the patient of his/her performance by displaying relevant
information on a screen via virtual reality environment to in-
crease motivation and training effectiveness. Highly motivating
environments that increase task engagement are important for
motor relearning and recovery after stroke [10].

Bimanual training that stimulates coordinated use of both
arms can be extended with an intuitive patient-cooperative
control that adapts the training to the needs and abilities of
every individual patient. The paper presents the development
and validation of a robot system designed in this way that
combines the positive effects of both bimanual training and
patient cooperative adaptive robot assistance. If a patient
cannot perform the task with both arms in a coordinated way,
the adaptive nature of the system increases contribution of the
unaffected arm, thus reducing the effort of the paretic arm. To
guide the training and increase motivation, a tracking game
was developed.

II. MATERIALS AND METHODS
A. Experiment setup

The bimanual training system presented in this paper is
based on the haptic robot HapticMaster (FCS Control System)
[11]. The HapticMaster robot system has been proven to be
appropriate for research of upper limb motor rehabilitation
[12]. The existing three active degrees of freedom of the
robot were expanded with an extra active joint with bimanual
handlebars (see Fig. 1) mounted on it. Two 6-degree-of-
freedom force and torque sensors mounted on the handelbars
independently measure forces generated by each arm.
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Fig. 1.

Subject during training on the bimanual system.

The HapticMaster robot is used to constrain movement tra-
jectories and to measure the pose of the bimanual handlebars.
The robot does not actively assist the subject during training,
but it provides programmable resistance to the movements
(inertia, viscose friction) and can ensure the desired force ratio
of both arms.

B. Training exercises

Training exercises were designed to be performed in the
sagittal plane in front of the subject, predominantly in vertical
or horizontal direction. A reference object (virtual airplane)
displayed on the screen moves along a predefined trajectory.
In order to simplify the task, the reference object orientation
is kept constant. The subject is required to track the reference
object pose by moving the robot end-effector indicated with
a tracker object also displayed on the screen. The situation is
shown in Fig. 2. The user must coordinate both arms to keep
the tracker object orientation constant.

If the paretic arm is not able to perform as required (the
forces applied by the paretic arm are smaller than the forces
applied by the unaffected arm), the forces applied by the
unaffected limb are scaled down using an adaptive gain to
stimulate the use of the paretic limb. The scale factor depends
on the average orientation error e, between the reference and
the tracker object. Once the force of the unaffected arm is
scaled down a higher combined effort of both arms is needed
to complete the task. If the effort increases too much and the
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Fig. 2. Movement trajectory, reference pose, measured pose of the robot
end-effector (handlebars) and tracking errors e;, and e,.
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Exercise types — active movement is indicated by the arrow.

Fig. 3.

subject cannot track the reference object position, the overall
combined force required to complete the task is decreased,
depending on the positional tracking error e, between the
reference and the tracker object. Nonetheless, this does not
change the force ratio between arms.

Three different tasks (see Fig. 3) were designed to stimulate
training of different muscle groups. The robot is programmed
to constrain the motion of the handlebars to the trajectory of
the selected exercises (tasks):

1 Vertical movement — flexion of the shoulder joint with
extended elbow joint,

2 Horizontal movement — extension of the elbow joint and
protraction of the shoulder joint,

3 Elbow extension — isolated extension of the elbow joint,
upper arms kept tight at the upper body.

Each exercise can be divided into two parts: Stimulated
movement indicated by arrow direction in Fig. 3 and return
movement in the opposite direction. The stimulated movements
are described above and stimulate the patient to use the less
active (weak) muscle groups against some resistance produced
by the robot. In the opposite direction (return movement)
resistance is not applied as stroke patients usually over-activate
these muscle groups.

Two unimanual exercise modes were implemented as a vali-
dation method. The task requires the use of only the unaffected
arm or only the paretic arm. In the unimanual mode, the
rotation of the handlebars was locked to its initial horizontal
orientation. A comparison of the unimanual perfomance with
the unaffected and paretic arm was performed to assess effects



of the bimanual training. Differently from the bimanual, the
unimanual mode focuses on the positional tracking and not on
the tracker object orientation. The unimanual modes enable
objective measure of motor performance improvement while
on the other hand, the bimanual mode was primarily intended
as a training exercise.

C. Control strategies

The controller for the system was designed as a Matlab
Simulink model and implemented on an xPC Target PC.

1) Adaptive assistance control: The assitance controller is
designed in a way that the contribution of the unaffected
arm forces on the handlebar can change, depending on the
subject’s performance. If the paretic (weaker) limb cannot
perform as well as the unaffected (stronger) limb as is usual
with hemiparetic subjects, the unaffected arm can assist with
a larger contribution to the combined movement. The main
control goal is that the paretic arm contributes as much as
possible to tracking the reference object. If needed the forces
applied by the unaffected arm are scaled down with the
adaptive gain K. The virtual adaptive forces used for robot
control are defined as

Fi =K,F,; F=F, )

where F,, and F), are measured forces of the unaffected and
paretic arm, respectively, F; and F}; are the corresponding
virtual adaptive forces of the unaffected and paretic limb,
respectively, and K, is the adaptive gain that scales the
original forces to represent the subject’s performance via
virtual forces.

The adaptive assistance controller was implemented using
a general learning law [9]. For maximum stimulation of the
paretic arm the, controller gain is not only dependent on the
performance of the paretic limb, but it also decreases over time
towards equal contribution of both arms.

Kpiv1 = 1+ pp)Kepi — 9oy, 2)

where 0.2 < K, < 1. K ;41 is the adaptive gain at a discrete
time step 7+1, e, is the orientation error of the tracker object,
i, is defined as the forgetting factor and g, as the learning
gain. Variables ji, and g, are experimentally defined gains.

The HapticMaster robot is an admittance-controlled haptic
interface — the robot is controlled by applying force to its end-
effector. As the system is bimanual, the virtual forces of both
arms are summed to produce a control force

F.=F' + F = F, + K,F,. 3)

With the change of K, the effort required to move an
admittance-type robot is increased and if it increases too
much, the subject might not be able to track the position of
the reference object. Thus, a positional adaptive gain K, is
introduced to compensate for this

Kp,iJrl = (]- - Hp)Kp,i + gpep, 4

where K, > 1, u, and g, are experimentally defined gains,
and e, is the position error between the reference and the

tracker object position. The adaptive control force, used in the
robot controller, is then defined as

Fr = Kp(F} + F}) = K,(F, + K,F,). (5)

C

If e, increases, K, partially cancels the effect of K, but
it does not alter the force ratio defined by K. This ensures
that the combined effort of both arms does not increase if the
subject is not able to perform the tracking task.

In the unimanual mode the adaptive assistance control is
disabled. Both adaptive gains are constant and set to their
initial values, K, =1 and K, = 1.

2) Robot admittance control: The adaptive control force
F¥ defined in (5) is used in the HapticMaster admittance-
controller to compute the position p, and velocity p, of the
robot end-effector using a simple second-order dynamic model

Fc* = mﬁr + bpm (6)

where m is the robot end-effector virtual mass, b is the virtual
damping and p, is the robot end-effector reference position.
3) Model of the steering wheel: To guarantee an accurate
response of the bimanual handlebars a dynamic model of a
steering wheel was introduced. The model describes the wheel
response to forces (torques) applied by the subject as

Tpu:IQET"'BQbT'i'KSOTa @)
Tpu = 1(F} — F}). (8)

Variable ¢, defines the reference angle of the steering wheel
measured from the horizontal orientation. The second-order
model describes the wheel response via inertia (I), rotational
damping (B) and stiffness (K). Stiffness is introduced to force
the wheel towards the initial horizontal orientation. Variable
r defines the length of the handlebar (r = 15 cm). Adaptive
forces of the left and right arm are defined as F}" = [} and
F = F; for left hemiparesis, and F}* = Fj and F;" = F} for
right hemiparesis. From (7) ¢, and ¢, are computed and used
as reference orientations for the robot proportional-derivative
orientation controller.

D. Visualization

A virtual flight simulator environment (Fig. 4) was devel-
oped to enhance subject’s motivation [13]. Two jet planes are
displayed on the screen in front of the subject. The transparent
red jet represents the reference object with preprogrammed
motion according to the exercise type and independent of the
subject’s actions. The second, yellow plane represents the pose
of the tracker object corresponding to the pose of the bimanual
handlebars. Two bars on the wings of the tracker plane are
displayed, whose heights represent the forces of each arm
in the direction of the desired movement. The desired flight
direction is represented by targets — orange circles.

In bimanual training, subjects are instructed to follow the
movements of the red reference plane with the yellow plane.
The plane is required to remain horizontal — it should fly
straight. This can be done by applying equal forces with both
arms. In the unimanual mode the only instruction is to track



Fig. 4. Virtual flight simulator enviroment. A) Vertical movement and elbow
extention; B) Horizontal movement

the position of the reference plane since the tracker plane’s
orientation is kept constant.

E. Experimental protocol

The participants in a pilot study were four chronic hemi-
paretic subjects (S1-S4). Their basic characteristics are sum-
marized in Table L.

TABLE I
CHARACTERISTICS OF FOUR CHRONIC HEMIPARETIC SUBJECTS (S1-S4)

Patient data / Subject S1 S2 S3 S4
Gender female male female female
Age (years) 42 50 47 45
Time since stroke (years) 11.5 6 5 13
Affected body side right right left right

To specify the level of impairment, muscle tone and upper
extremity functions were assessed using Modified Modified
Ashworth Scale [14] seen in Table II and Motor assessment
scale for stroke [15] in Table III, respectively.

The aim of the training protocol was to facilitate activity
of some commonly weak muscle groups after stroke (shoul-
der flexors, shoulder protractors, and elbow extensors) with
minimal or no increase of activation in the overactive muscle
groups including those with increased muscle tone.

Each subject performed two sessions a week for four weeks
— a total of eight sessions. Each training session consisted of
three exercises described earlier. The exercises were performed
in a specific order: Vertical movement — Horizontal move-
ment — Elbow extension. Each exercise was first performed

TABLE 11
MUSCLE TONE BY MODIFIED MODIFIED ASHWORTH SCALE: 0 = NO
INCREASE, 4 = RIGID PART; SUBJECTS S1-S4
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Muscle group / Subject
Shoulder abductors

Shoulder abductors

Shoulder internal rotators
Shoulder external rotators
Elbow flexors

Elbow extensors

Wrist and fingers IL.-V. flexors
Fingers IL.-V. flexors

Thumb flexor
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TABLE III
UPPER ARM FUNCTION BY MOTOR ASSESSMENT SCALE: 0 =
PERFORMANCE NOT POSSIBLE, 6 = NORMAL SUBJECT PERFORMANCE;
SUBJECTS S1-S4

Function / Subject SI S22 S3  S4
Upper arm function 3 1 4 6
Hand movements 0 0 3 6
Advanced hand activities 0 0 0 2

unimanually using the unaffected arm, then in the bimanual
mode and finally as a unimanual exercise of the paretic arm.
Ten stimulated movements were performed in each training
mode. Each session lasted approximately 30 minutes.

F. Electromyography

Electromyogram (EMG) was recorded in one session for
one subject (S1), to assess the muscle activation during bi-
manual training. EMG was recorded on four arm muscles
(trapezius, deltoideus, biceps branchii and triceps branchii) on
the paretic and also on the unaffected arm. EMG signals were
collected at a sampling rate of 4800 Hz [16]. The EMG was
filtered using a band-pass filter with cut-off frequencies of 20
Hz and 500 Hz and a 50 Hz notch filter. For representation the
moving average of the signal and the average of 10 movement
repetitions was computed. Signals of the same muscles on the
left and the right arm were normalized to the same range using
the known level of force applied by each arm.

III. RESULTS

Tracking performance was evaluated based on position
tracking errors assessed during unimanual and bimanual exer-
cises. The root-mean-square (RMS) values of positional track-
ing errors for different tasks in bimanual and both unimanual
modes are considered. The comparison of unimanual and
bimanual exercises is shown in Fig. 5. In both figures, the RMS
tracking errors for the two unimanual modes and the bimanual
mode by individual sessions are shown for all three exercise
types. An example of less affected subjects is subject S3,
whose tracking errors are shown in Fig. 5 left. Subjects S1 and
S4 have similar results to that of S3. The tracking errors for all
three modes follow a similar pattern. In the first session, the
tracking error was relatively large. In the following sessions,
the errors were smaller and constant. No major differences
were observed for three exercise modes indicating that subjects
were able to use also their paretic arm, which is in agreement
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with their motor scores. Fig. 5 right presents the results for
subject S2 that are distinguishably different from the other
three subjects. A greater difference between the paretic and
the unaffected arm in unimanual mode can be immediately
observed. The tracking errors for bimanual mode are similar
to those of unimanual mode performed with the paretic arm.

Filtered, scaled and averaged EMG signals of the deltoidus
muscle of paretic and unaffected arm of the subject S1 during
the unimanual and bimanual vertical movement are shown
in Fig. 6A. The activation of the paretic deltoidus muscle
during the unimanual and bimanual movement is very similar.
During bimanual movement the activation of the unaffected
deltoidus is greater than the paretic muscle. During the hor-
izontal movement, the activation of deltoidus and trapezius
muscles is stimulated. EMG signals of both deltoidus muscles
are presented in Fig. 6B. The activation of the paretic and
unaffected arm deltoidus muscle during the bimanual exercises
are similar, but both lower compared to the unimanual mode.
The EMG signals of the trapezius muscles (Fig. 6C) show
that the level of activation of the paretic arm is even higher
than that of the unaffected arm. No major differences can be
noticed for the paretic arm during unimanual and bimanual
exercises. In both figures it can be seen that the paretic arm
was more activated than the unaffected arm.

IV. DISCUSSION

The paper presents the development and proof of concept
of a novel system for bimanual training in rehabilitation of
stroke patients. Four hemiparetic subjects participated in the

—_
£
L6 .
5 ==uni p
£ 4 = hi
m .
.2 uni u
=
é 0
E o 1 2 3 4 5 6 7 8 session
= 8
g
S
6 .
5 == UNi P
£ - bi
m 1
-— uni u
2z
Z 0
e
0 1 2 3 4 5 6 7 8 session
—
= 8
S
6 .
8 = UNE P
= .
QT W - bi
a2 uni u
%
Z o
F

o
=
N
w
IS
w
)

7 8 session

RMS tracking errors for subject S3 (left) and S2 (right) by sessions; unimanual paretic arm movements (#ni p), bimanual movements (bi) and
unimanual unaffected arm movements (uni u). The x axis shows the sessions.

pilot study. After eight training sessions and with the teaching
of correct movements by a physiotherapist the activation of
the paretic arm during bimanual exercises was found to be
similar to the activation during unimanual training.

The EMG data confirm the data given by the robot force
and position sensors, although they were recorded for only
one session. During the bimanual exercise the activation of
the muscles of the paretic limb is comparable to or higher
as the activation during the unimanual exercise of the paretic
limb.

Previous research of connections between unimanual and
bimanual training has shown that rehabilitation may be fa-
cilitated by bimanual motor practice, but is likely to require
further unimanual training to maximize motor recovery [17].
In our study, the Pearson correlation between tracking per-
formance (RMS tracking errors) for bimanual training and
tracking performance for unimanual assessment of the paretic
arm is statistically significant (r = 0.71, p < 0.001). This
correlation factor is much higher than the correlation fac-
tor between the bimanual and unimanual tracking with the
unaffected arm (r = 0.39, p < 0.001) and confirms that
bimanual training might have an affect on unimanual perfor-
mance. When bimanual performance improved, the unimanual
performance using the paretic limb also improved significantly.

The approach to bimanual rehabilitation used in the study
is different from the ones used in other robotic systems in
many aspects. In contrast to some other systems where the
impaired limb is passively moved by the unaffected limb, the
subjects in our system must actively use both arms to complete
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the exercises. This approach is very intuitive and does not
require long learning times. Furthermore, the use of only one
robotic device makes the training easier and makes the design
and development of the system more cost efficient and less
complex compared to a multi-robot system.

V. CONCLUSION

The paper presents a system for unimanual and bimanual
training. In bimanual mode the system encourages simulta-
neous and coordinated use of both arms. The training under
the supervision of a physiotherapist results in improvements
of motor performance. Subjects with greater impairment may
benefit most from the adaptive support provided by the system.

Training improved the tracking performance of subjects
participating in this study. The correlation between bimanual
training and unimanual paretic arm performance proved to be
high and significant.

Bimanual training has several advantages over unimanual
training; during bimanual training, the subjects themselves can
control the execution of the exercises and the realization of
“mirror therapy” is possible. Further, the bimanual training
addresses directly the problems related to patient-cooperative
control of robotic systems.

A general patient-cooperative robot controller requires the
robot to predict the patient’s intentions. The proposed biman-
ual training brings the patient-cooperative control to a different
level. The patient uses the unaffected limb to initiate and guide
(assist) the movement. The motor activity of the paretic arm
is stimulated with the applied principle to be performed in
coordination with the unaffected arm.

In addition to training, the system is used as an evaluation
device to monitor the patient’s progress and level of motor

functionality. The relative power of the paretic arm is a good
indicator of the patient’s abilities and can be used as an index
of symmetry for clinical environments.

ACKNOWLEDGMENT

This work was supported by the Slovenian Research
Agency. The authors would like to thank all the volunteers
for their participation in the study.

REFERENCES

[1] T. Quinn, S. Paolucci, K. Sunnerhagen, J. Sivenius, M. Walker, D. Toni,
and K. Lees, “Evidence-based stroke rehabilitation: an expanded guid-
ance document from the European Stroke Organisation (ESO) guidelines
for management of ischaemic stroke and transient ischaemic attack
2008,” Journal of Rehabilitation Medicine, vol. 41, pp. 99-111, 2009.

[2] A. Shumway-Cook and M. Woollacott, Motor control: translating re-
search into clinical practice. Lippincott Williams & Wilkins, 2006.

[3] J. Summers, F. Kagerer, M. Garry, C. Hiraga, A. Loftus, and J. Cauraugh,
“Bilateral and unilateral movement training on upper limb function in
chronic stroke patients: a TMS study,” Journal of the Neurological
Sciences, vol. 252, no. 1, pp. 76-82, 2007.

[4] G. Prange, M. Jannink, C. Groothuis-Oudshoorn, H. Hermens, and
M. lJzerman, “Systematic review of the effect of robot-aided therapy on
recovery of the hemiparetic arm after stroke,” Journal of Rehabilitation
Research and Development, vol. 43, no. 2, pp. 171-184, 2006.

[5] M. Johnson, H. Van der Loos, C. Burgar, P. Shor, and L. Leifer, “Ex-
perimental results using force-feedback cueing in robot-assisted stroke
therapy,” IEEE Transactions on Neural Systems and Rehabilitation
Engineering, vol. 13, no. 3, pp. 335-348, 2005.

[6] P. Lum, S. Lehman, and D. Reinkensmeyer, “The bimanual lifting
rehabilitator: an adaptive machine for therapyof stroke patients,” IEEE
Transactions on Rehabilitation Engineering, vol. 3, no. 2, pp. 166-174,
1995.

[7]1 P.Lum, C. Burgar, M. Van der Loos, P. Shor, M. Majmundar, and R. Yap,
“MIME robotic device for upper-limb neurorehabilitation in subacute
stroke subjects: A follow-up study,” Journal of Rehabilitation Research
and Development, vol. 43, no. 5, pp. 631-642, 2006.

[8] G. Lewis and E. Perreault, “An Assessment of Robot-Assisted Bimanual
Movements on Upper Limb Motor Coordination Following Stroke,”
IEEE Transactions on Neural Systems and Rehabilitation Engineering,
vol. 17, no. 6, pp. 595-604, 2009.

[91 M. Mihelj, T. Nef, and R. Riener, “A novel paradigm for patient-

cooperative control of upper-limb rehabilitation robots,” Advanced

Robotics, vol. 21, no. 8, pp. 843-867, 2007.

M. Johnson, “Recent trends in robot-assisted therapy environments

to improve real-life functional performance after stroke,” Journal of

Neuroengineering and Rehabilitation, vol. 3, no. 29, pp. 1-6, 2006.

R. Van Der Linde and P. Lammertse, “HapticMaster—a generic force con-

trolled robot for human interaction,” Industrial Robot: An International

Journal, vol. 30, no. 6, pp. 515-524, 2003.

D. Novak, J. Ziherl, A. Olensek, M. Milavec, J. Podobnik, M. Mihelj,

and M. Munih, “Psychophysiological Responses to Robotic Rehabil-

itation Tasks in Stroke,” IEEE Transactions on Neural Systems and

Rehabilitation Engineering, vol. 18, no. 4, pp. 351-361, 2010.

J. Deutsch, J. Latonio, G. Burdea, and R. Boian, “Post-stroke reha-

bilitation with the Rutgers Ankle System: a case study,” Presence:

Teleoperators & Virtual Environments, vol. 10, no. 4, pp. 416430, 2001.

N. Ansari, S. Naghdi, S. Hasson, A. Mousakhani, A. Nouriyan, and

Z. Omidvar, “Inter-rater reliability of the Modified Modified Ashworth

Scale as a clinical tool in measurements of post-stroke elbow flexor

spasticity,” NeuroRehabilitation, vol. 24, no. 3, pp. 225-229, 2009.

J. Carr, R. Shepherd, L. Nordholm, and D. Lynne, “Investigation of

a new motor assessment scale for stroke patients,” Physical Therapy,

vol. 65, no. 2, pp. 175-180, 1985.

B. Freriks, H. Hermens, C. Disselhorst-Klug, G. Rau, and H. Hermens,

European Recommendations for Surface ElectroMyoGraphy, results of

the SENIAM project. Roessingh Research and Development b.v., 1999.

D. Nozaki, I. Kurtzer, and S. Scott, “Limited transfer of learning

between unimanual and bimanual skills within the same limb,” Nature

Neuroscience, vol. 9, no. 11, pp. 1364-1366, 2006.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




