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A preliminary study on the use of haptic
feedback to assist users with impaired arm
coordination during mouse interactions

N.G. Tsagarakis∗ and D.G. Caldwell
Italian Institute of Technology (IIT), Genova, Italy

Abstract. Physical movement impairments caused by central nervous system dysfunction or by muscle spasms generated from
other neurological damage or dysfunction can often make it difficult or impossible for affected individuals to interact with
computer generated environments using the conventional mouse interfaces. This work investigates the use of a 2 dimensional
haptic device as an assistive robotic aid to minimize the effects of the pathological absence of motor control on the upper limb
in impaired users while using a mouse interface. The haptic system used in this research is a two degree of freedom (DOF)
Pantograph planar device. To detect the intended user motion, the device is equipped with force sensing allowing the monitoring
of the user applied loads. Impedance based techniques are used to develop a “clumsy” motion suppression control system. The
erratic motion suppression techniques and the experimental system setup are evaluated in two dimensional tracking tasks using
a human subject with failure of the gross coordination of the upper limb muscle movements resulting from a disorder called
‘Muscle Ataxia’. The results presented demonstrate the ability of the system to improve the tracking performance of the impaired
user while interacting with a simple computer generated 2D space.
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1. Introduction

In recent years, there has been a considerable body of
work directed towards the development of rehabilita-
tion or power and motion coordination assisted robotic
devices, and as a result, a wide and diverse range of
systems has been produced. These systems range from
simple passive link orthoses to fully powered exoskele-
tons. They use a variety of actuation methods and
control strategies and they are targeted at assisting with
the recovery from different injuries or to help compen-
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sate for various disabilities or pathological conditions
such as; Parkinson’s disease, muscular dystrophy, mus-
cle ataxia, spinal cord injuries, stroke and cerebral
palsy. Each of these disabilities are typically associated
with symptoms such as reduced strength, restricted or
irregular jerky movements, poor motion coordination
and a continuum of impairments involving spasms and
tremors. In many situations these physical impairments
can make it difficult or impossible for the individu-
als to interact with computer generated environments
using the conventional mouse interfaces [1, 2] thus
restricting the capacity of suffers take advantage of
developments in technology or work. There is a strong
belief that assistive robotic devices with the capability
to suppress unsteady motions, while at the same time
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providing assistance for weak movements, may help
this population to complete motions/tasks that cannot
be executed due to the impaired coordinated or through
insufficient muscle strength. Based on this hypothesis
extensive research efforts, in the last 10–15 years, have
focused on the evaluation of robotic systems as aid sys-
tems for improving the independence or for individual
rehabilitation.

In particular, the efficacy of human machine inter-
faces such as force feedback mice [3, 4] has been
evaluated in GUI interaction tasks. Velocity depen-
dent force feedback has been evaluated in a number
of other projects to damp erratic motions [5–7]. It has
been shown that increasing the viscous damping helps
to reduce the level of sudden motions (spasms) but at
the same time increased resistance to voluntary move-
ment may occur. More recently, other mechatronic aids
[8–13] have been used in all areas of physical ther-
apy, rehabilitation, motion coordination assistance and
performance evaluation.

This work introduces a system that aims to improve
the capability and efficiency of people with motion
impairments and particularly those with the patholog-
ical disorder called muscle ‘Ataxia’ (a relatively rare
disorder with about 20,000 cases in Europe and North
America and 3000–5000 in US, 1/50,000) while inter-
acting with GUIs. Ataxia (from Greek ataxia, meaning
failure to put in order) is a neurological symptom asso-
ciated with unsteady and awkward motion of the limbs
or trunk due to a failure of the gross coordination of
muscle movements. Ataxia often occurs when parts
of the nervous system that control movement are dam-
aged. People with ataxia experience a failure of muscle
control in their arms and legs, resulting in a lack of bal-
ance and coordination or a disturbance of gait. While
the term ataxia is primarily used to describe this set
of symptoms, it is sometimes also used to refer to
a family of disorders. It is not, however, a specific
diagnosis [14]. The above symptoms arising from mus-
cle ataxia can make simple keyboard and mouse use
for computer interaction difficult or even impossible
(Table 1).

Table 1
Specifications of the Planar Haptic device

Property Value

Actuator 40W DC motors
Position resolution <0.05 mm
Peak force 26N
Continues stall force 3.9N
Workspace 340 × 250 mm

A haptic assistive device and its control are proposed
for improving gross and fine cursor based motions
of impaired individuals when interacting with a com-
puter generated environment. This is achieved by a
combined assistive/suppressive motion control scheme
based on impedance techniques. The robotic device
used is a two degrees of freedom (2-DOF) pantograph
planar mechanism. The end-tip of the robotic system
has been attached to a traditional mouse device to
form the complete “Mouse Motion Assistive” inter-
face. The device is instrumented with a force sensor
which is used to provide information about the sub-
ject’s intended motion by monitoring the interaction
forces between the device and the user’s hand. Evalua-
tion of the device was accomplished on a subject with
failure of the gross coordination of the upper limb. The
experiments demonstrated that the system can be used
efficiently to filter the erratic motions of the impaired
subject while interacting with a PC unit in 2D space in
a manner similar to mouse interactions.

The paper is organized as follows: Section II
presents the assistive haptic device. Section III intro-
duces the principle of the assistive device control
scheme, while the experimental system setup is
described in section IV. Finally, the results from the
trials with the impaired subject are depicted in Sec-
tion V while Section VI addresses the conclusions and
comments on further developments.

2. Description of the assistive haptic system

2.1. Mechanical configuration

To assist users suffering movement coordination
difficulties that limit their capacity to interact with
a computer, particularly using interfaces such as a
mouse, a customised force feedback device was used
[15, 16]. This is a device operating in a two dimensional
space which is sufficient as GUI based interaction using
a mouse only involves two dimensional movements.
A picture of the custom device formed as a five bar
pantograph system is shown in Fig. 1.

The dimensions of the system (links) were spec-
ified to permit the end-tip of the device to cover
the necessary range of motion usually seen in mouse
based interactions. The device is powered by two 40W
DC-motors from Portescap (Model 25GT2R82-222E)
through a capstan cable transmission which provides
a 26 : 1 gear ratio with minimum friction and excel-
lent back drivability. Incremental magnetic encoders
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Fig. 1. Picture of the planar pantograph haptic system and its inte-
gration with a mouse device.

placed on the motors side monitor the position changes
of the device tip while custom device semiconductor
strain gauge based torque sensors at the output shaft
of each actuator permit the measurement of the actu-
ator’s torque. The prototype device has the following
specifications:

The prototype haptic system is a relative inexpensive
haptic system with a cost of 1300D which includes the
fabrication of mechanical parts, actuators and power
drives. The haptic system end-tip has been interfaced
with a mouse device to form the assistive interface
for the GUI based interactions. To allow the monitor-
ing of the exchange of forces between the assistive
system and user’s hand a force sensor (ATI Mini40)
has been installed between the mouse and the haptic
device, Fig. 1. The additional cost of the force torque
sensor (about 5000D ) can be significantly reduced by
replacing it with a two axis load cell with a price of
about 400D (although a 2DOF load cell is sufficient,
the 6DOF sensor was utilized in this study as it was an
already available device).

2.2. Device kinematics and dynamics

The kinematic configuration of the assistive haptic
interface is presented in Fig. 2. The position vector
of the interface tip is denoted as 0x. This distal joint
position can be represented as a function of the active
joint angles qi, i = 1, . . . , 2 and the upper link angle
qu and is given by

0x =
[

a + L1c1 + L2cu

(L1s1 + L2Su)

]
(1)

Fig. 2. Device kinematic geometry.

where the upper link angle qu can be determined
using five bar mechanism geometry. From Fig. 2 qu =
� − qd − qa where qd is the angle between the outer
link and the line that joins the distal joints of the inner
links, and qa is the angle between the horizontal line
and the line joining the distal joints of the inner links
of the five bar mechanism. The angle qd is computed
from the triangle formed by the outer links and the
line joining the distal joints of the inner links there-
fore qd = a cos(d/2L2) while the angle qa is given by
qa = a tan(�y/�x) where L2 is the length of the dis-
tal link and �x and �y are the x, y distances between
the distal joints of the inner links. This finally gives
qu = π − a cos(d/2L2) − a tan(�y/�x).

Substituting qu in (1) and directly differentiating the
final expression of the forward kinematics yields the
device Jacobian which relates the handle tip velocity
as a function of the two active joint velocities.

ov = Jq̇ (2)

The overall dynamic behaviour of the haptic device is
described by the following formula.

M(q)q̈ + V(q, q̇) + B(q̇) + JTFd = τ (3)

where the newly introduced notations describe; � the
joint torque vector, M(q) the inertia matrix, V(q, q̇) the
coriolis/centripetal vector, F(q̇) the friction vector, Fd
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Fig. 3. Schematic diagram of the subject and the planar haptic device.

is the force that the device generates at the end-tip and
JT is the transpose Jacobian of the haptic device.

3. The assistive controller for the haptic device

For this application the haptic device and particu-
larly its control scheme should assist a subject with
motion coordination difficulties to interact with GUIs.
More particularly, in the case of a person with weak-
ened muscles, the control scheme should be able to
assist the motion. In addition, for a person with tremor
or unsteady motion intervals the device should also
be capable of damping these clumsy motions. We
employed an impedance control scheme to achieve
these two functionalities. Equation (3) can be used to
describe the interaction between the subject and the
haptic device. Considering the scenario described in
Fig. 3, where the subject’s hand is attached to the device
tip via a force sensor, let Fs denotes the force that the
subject exerts on the device tip, while Fd is the force
that the device applies to the subject and ZE(s) is the
systems desired mechanical impedance. To make the
pair (Haptic Device + subject’s hand) motion follow
the desired assistive/suppression impedance dynamics
the expression (4) below must be applied.

ZE(s)(x − xE) = MEẍ + BEẋ
+KE(x − xE) = Fs (4)

where ME, BE, KE represent the inertia, damping and
stiffness matrix coefficients while xE is the impedance
equilibrium position. The above equation defines the
desired characteristics of the motion of the pair (Haptic
Device + subject’s hand).

Having specified the desired behaviour of the sys-
tem the control law now can be derived by eliminating

ẍ and q̈ from (3) and (4). To do this the following equa-
tions, which relate the velocities and accelerations of
the assistive haptic device end-point to the velocities
and accelerations in joint space are introduced.

ẋ = Jq̇ (5)

ẍ = Jq̈ + J̇q̇ (6)

Solving (4) and (6) for ẍ and q̈ respectively gives:

ẍ = M−1
E (FH − BEẋ − KE (x − xE)) (7)

q̈ = J−1 (
ẍ − J̇q̇

)
(8)

Combining (3), (7) and (8) q̈ can be eliminated to
give:

M(q)J−1 (M−1
E (FH − BEẋ − KE

(x − xE)) − J̇q̇) = τ − JTFd (9)

To keep the cartesian inertia of the haptic device
unchanged:

ME = J−1MJ−T (10)

Considering also slow movements typical in mouse
based interaction and that Fd = −Fs, (9) finally gives

τ = −JT (BEẋ + KE (x − xE)) (11)

The above equation describes the impedance control
law for the haptic device. The damping and the stiffness
matrixes BE and KE are 2 × 2 diagonal matrices and
depend on the desired suppression/assistive dynamics.

Under the assistive control mode the haptic sys-
tem applies assistive forces dependent on the subject’s
desired motion and therefore, under this mode of
operation the desired direction of motion is required.
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Fig. 4. System assistive mode setup.

To enable detection of the user’s desired motion a
Force/Torque (F/T) sensor has been mounted at the
device end-tip. This sensor monitors the forces applied
by the user FS, Fig. 4.

Based on these force signals the desired position of
the system xE is updated in (11). The following formula
was used to derive the new desired position using the
sensed force signal.

xi
f =

⎧⎪⎨
⎪⎩

ka
(
Fi

S−�
)

0

ka
(
Fi

S+�
)

Fi
S > �

−� < Fi
S < �

Fi
S < −�

⎫⎪⎬
⎪⎭ (12)

xi
E = xi

E−1+
∫

xi
fdt,i = 1 . . . 2 (13)

Where Fi
S is the ith component of the force measured

by the sensor, ka is the sensitivity constant, and � is
a noise dead band constant. By injecting the desired
position vector derived from (13), into (11) assistive
forces augmenting the user desired actions/motions
can be generated that are governed by the stiffness
matrix KE of the impedance network. At the same time
the damping matrix BE of the impedance filter serves
the purpose of damping erratic movements towards the
direction of motion. A block diagram of the control
scheme expressed by (11) and (13) is shown in Fig. 5.
Where FK denotes the forward kinematics, Ti refers
to the motor torque constant and “XE Update Module”
implements (12) and (13).

Fig. 5. Schema of the assistive control scheme.

4. Experimental system setup and tuning

A number of experiments were conducted to
evaluate the performance of the impedance based assis-
tive/suppression control scheme. The execution of
these experiments was performed by a subject suffer-
ing from muscle ataxia. The subject, who was a daily
computer user, possessed the ability to manipulate the
mouse in a somewhat good manner but with difficulties
in the accurate target tracking, e.g. moving a vertical or
horizontal slider or selecting an item from a drop down
menu. During these experiments, the subject, sitting in
front of a computer display, manipulated the device tip
and performed a number of target tracking tasks with
and without activation of the assistive/suppression con-

Fig. 6. Subject interacting with the mouse attached to the assistive
haptic device.
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trol scheme, Fig. 6. A target tracking task required the
subject to follow an on-screen target pattern with a cur-
sor which was controlled by manipulating the tip of the
haptic device in a manner similar to computer mouse
input. In this experiment two tracking patterns were
used, a line and a 90◦ edge.

The execution of the tracking tasks under the assis-
tive mode of operation required the tuning of the
assistive control scheme. The inertial matrix ME of
the desired impedance was set according to (10) to
maintain the Cartesian inertia of the haptic system
as the original. In other words, we did not modify
the inertia property of the haptic system but only the
damping and the stiffness properties of the impedance
filter. To identify initial values for the KE, BE matri-
ces we performed simulation studies of the system.
Through the two assistive control parameters there
is independent authority over the natural frequency
and damping ratio of the assistive system response
(the position of the pair (Haptic device + user’s hand)
x as a function of the desired position of the sys-
tem xE in (11) and (13)). From these simulations the
initial guess parameters of the assistive control law
KE, BE were selected considering the desired band-
width and damping ratio of the assistive system. Since
the presented system and control are utilized as a
mouse based motion assistive device it was coherent
to select the KE, BE such that the closed loop band-
width is greater than the maximum motion frequency
during mouse based interaction movements (2–3 Hz
or 12–18 rad/sec). In these trials we consider a band-
width of 5 Hz, (� n∼30 rad/sec) and a damping ratio
of � = √

2/2 for the assistive response of the 2DOF
system presented in Fig. 4. The initial guess assistive

network matrices were computed as KE =
[

k 0

0 k

]
,

k = 3.7 N/m and BE =
[

b 0

0 b

]
, b = 0.3 Nsec/m.

Further tuning of the above stiffness and damping
matrixes was performed by a series of trials where the
impaired subject manipulating the device was asked
to move randomly in the XY plane while adjustments
of the KE, BE were applied. By using the force level
data applied to the load cell and the feedback from
the subject the scalar values of the diagonal stiff-
ness and damping matrixes KE and BE were finally
adjusted to k = 2.5 N/cm, b = 0.5 Nsec/cm respectively
compromising between user comfort, erratic motion
suppression and assistance. Finally a dead band force
threshold of 0.4 N was applied in (12) to prevent any
force sensor noise from affecting the update of the
desired position of the system xE in (11).

5. Results and discussion

The tracking difficulty of the muscle ataxia subject
is demonstrated in Fig. 7 which shows the rough tra-
jectories generated while performing two dimensional
target tracking tasks. During this experiment no haptic
assistance was provided.

The impaired subject was asked to track the line and
edge patterns several times as fast as they could. The
average execution time for one pass and the average
standard deviation of the trajectory from the reference
pattern were used to evaluate the tracking performance.
Observing the impaired subject trajectory in Fig. 7, it
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is evident the existence of erratic motions which result
to very different trajectories among the several trials.
For the corner profile these erratic motions occur at all
stages of the motion while for the diagonal line profile
the effect was particularly observed at the endpoints.
To demonstrate the erratic and random tracking perfor-
mance and the variation among the several trajectories
we compute the distance error between the points of
the reference pattern and the points of each trial tra-
jectory. We perform a one-way ANOVA to compare
them with the null hypothesis being that the error dis-
tances do not differ significantly on average among
the several trials. In the case of edge pattern the test
return (p < 0.05, F(4,169) = 31.9) showing a strong
evidence that the error distances and the trends of the
trajectories during the several trials differ significantly.
Similarly for the case of the line pattern the one-way
ANOVA test return (p < 0.05, F(4,104) = 155.5)
concluding in the same result. The high variation
among the several trials is a direct consequence of
the unsteady and randomly occuring clumsy motions
resulted from the muscle ataxia impairment.

Following this the haptic display mode was set to
assistive mode using the control strategy presented in
section III and the same experiment was executed.
Fig. 8, show the tracking trajectory for the line and
the edge tracking tasks. It can be seen in Fig. 8 that
the amplitude of the sudden motions has been reduced
with the application of the assistive control. Compar-
ing the performance measures of these trajectories with
those obtained without the assistance it can be seen
that in the case of the edge pattern the relevant mea-
sures of the assisted trajectory (σ = 10.64, t = 14.72)
were superior to those of the unsupported trajectory

(σ = 18.91, t = 18.13 s). They are evident the improved
smoothness and the reduction of the amplitude of the
erratic motions which finally result in better tracking
performance.

In the case of the line target although the standard
deviation of the trajectory (σ = 17.9) is very similar to
the one achieved without the assistance in Fig. 7,
(σ = 18.25), the overall trajectory is also more smooth
and regular with fewer and smaller jerks or spasms.
In terms of execution time the subject was able to
complete the task in less time (t = 8.71 s) compared to
(t = 11.89 s).

In addition, we perform a t-test between the means
of the error distances of the tracking trajectories with-
out and with haptic assistance. Both for the case of the
edge and the line patterns the t-test indicated signifi-
cant differences on the mean distance errors (p = 0.026,
t(4) = 3.43 for the edge) and (p = 0.011, t(4) = 4.45)
for the line pattern. The mean error distance of the
trajectories with haptic assistance (w) for both the
edge and the line pattern were significant lower
compared to those without (wo) the haptic assis-
tance (w/wo = 11.64/16.31 for the edge) and (w/wo =
6.09/16.08 for the line pattern).

These preliminary results indicate that some per-
formance improvements in terms of time required to
perform a task and accuracy in performing the track-
ing task can be gained when the assistive/suppression
impedance control is active. However, more exten-
sive evaluation is necessary to state this categorically.
The qualitatively assessed overall impression for the
functionality of the system as reported by the sub-
ject was in general positive. Some comments related
to the different hand grasping posture when compared
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to traditional mouse grasping posture were mentioned.
This is considered as no significant issue considering
the early development stage of the system and will be
addressed in the future work.

6. Conclusions

In this work a system is proposed for assisting
impaired subjects having coordination difficulties in
performing two dimensional tracking tasks. The sys-
tem employs a 2DOF pantograph planar device that
allows the interaction of the user with a computer gen-
erated environment in a manner analogous to computer
mouse interactions. The control scheme of the device
was designed to help an impaired subject with motion
coordination difficulties to complete a tracking task
with higher accuracy and in less time. In particular
the control scheme serves two main purposes, assist-
ing the motion in the case of a person with weakened
muscles, and damping unsteady motion intervals in
the direction of the movement. To achieve the above
purposes an impedance assistive/suppression control
scheme was used. The overall system was evaluated
with experimental trials performed by an impaired sub-
ject suffering from muscle ataxia. In these experiments
the subject performed tracking tasks involving two
primitive tracking patterns, a line and a 90◦ corner.
Despite the fact that the presented system has been
evaluated with only a single the preliminary results
obtained from these experiments are still promising
and valuable as demonstrated clear improvement in the
subject performance. The tracking performance with
assistance improved in terms of both the execution
time and the standard deviation of the trajectory from
the reference tracking target. This significant improve-
ment observed with the single subject participated is
the motivation for further studies as required to state
the benefits of the system categorically. These studies
will include the following:

• Extensive assessment of the system with more
subjects.

• Further development of the control architecture
with the incorporation of an adaptation agent to
allow self tuning of the system according to the
user needs.

• Interfacing of the haptic device tip with a com-
puter mouse to allow natural interaction with GUI
controls.
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