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RESUMEN.  
 
El siguiente artículo presenta el diseño mecánico 
de un dispositivo háptico de dos grados de 
libertad que reproduce los movimientos de 
pronación-supinación de muñeca y flexión-
extensión del codo y hombro  combinado. El 
objetivo del dispositivo es lograr el mapeo 
directo visual con el plano horizontal de un 
monitor de computadora. El dispositivo será de 
ayuda en el estudio del sistema neuromotor y 
para la rehabilitación a pacientes que sufren de 
este tipo de problemas debido a accidentes 
cerebro-vasculares o similares. Este dispositivo, 
que asemeja una palanca de mando, fue 
diseñado siguiendo una metodología sintetizada 
y teniendo en cuenta medidas antropométricas 
de la población mexicana.  
Palabras Clave – háptica, rehabilitación, 
diseño mecánico.  
 
ABSTRACT.  
 
 The following paper presents the details of the 
mechanical design of a two degree of freedom 
haptic device that successfully reproduces the 
wrist pronation-supination and the combined 
elbow/shoulder flexion-extension movements of 
the human arm for the direct visual mapping with 
the horizontal plane of a computer monitor. The 
device will be useful in the study of the 
neuromuscular system and the rehabilitation of 
persons suffering from neuromuscular skill 
malfunctions due to stroke or similar injuries. 
This joystick-like device is designed following a 
synthesized methodology and takes into 
consideration Mexican anthropometric measure-
ments.  
Keywords - haptic, rehabilitation, mechanical 
design 
 
INTRODUCTION 
 
The malfunction of the motor skills, caused by a 
cerebrovascular malfunction, affect the Activities 

of Daily Living (ADL) like object handling, 
writing, eating, driving, among others. In order 
to exemplify the problem, there are 
approximately 16 million first event stroke 
incidents per year for countries with high to 
middle income [1][2]. 
 
Patients recovering from neurologic disorders 
such as a stroke, traumatic brain and/or spinal 
cord injury or sclerosis are required to attend to 
rehabilitation sessions in order to regain some or 
all of their motor skills. Specific tasks are 
performed with the upper limbs repeatedly in 
order to achieve neuroplastic changes in the 
brain and neuromuscular system [3]. These 
sessions are usually led by a specialized therapist 
who subjectively tests and compares the 
improvements and progress of the individual on 
a periodic basis [4].  
 
As shown by Cameirão et al. [5], a 
complimentary part of the therapy that enhances 
the performance of the individuals is the 
mapping of the movements and the display on a 
graphic virtual reality environment. With the aid 
of the graphic interface, a patient can intuitively 
interact with the device to follow the exercises. 
The subjectivity of the tests and evaluations, in 
addition to the tedious nature of the 
rehabilitation, process opens a window for the 
field of haptics, a branch of robotics that studies 
force and tactile feedback, and allows for an 
improvement opportunity. It is because of this 
opportunity that carefully devised performance 
metrics in conjunction with accurate and precise 
actuators and sensors have been studied to 
produce devices that decrease the therapist 
dependence [4]. 
 
The MIT-Manus from the Massachusetts 
Institute of Technology is the first commercial 
rehabilitation robot with force feedback designed 
for forearm and elbow rehabilitation providing 
two translational degrees of freedom [6]. 
Although it was designed for 28N (the arm 
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strength of a weak woman in seated position), 
the brushless motors used deliver forces up to 
45N. These motors can render both active-
assistive and active-resistive therapy, by either 
guiding the patient in the exercise or counter-
acting the applied force. The MIT-Manus 
SCARA configuration allows for a workspace of 
15in by 18in on the horizontal plane and is 
designed as a fixed apparatus to be in front of a 
computer to display the mapped movements on 
screen [7]. The device costs about $70,000 USD 
[8].  
 
Sakaguchi and Furusho from the Osaka 
University had an approach for the same upper 
limb rehabilitation exercises of the two degrees 
of freedom rehabilitation device known as 
NIHO-1 [9]. It uses electro-rheological (ER) 
actuators highlighting their improved qualities 
over servomotors; qualities such as safety, 
maneuverability, and zero backlash due to the 
absence of friction on reduction gears. These 
fluids also display low inertia, large output 
torque, quick response and good controllability; 
all of them excellent traits for a haptic device. 
The ER actuators guarantee a maximum force of 
65N and a force of 30N while in operation 
covering a semitoroidal workspace of 12in width 
in front of the operator. Also, Sakaguchi 
emphasizes the importance of screen mapping by 
presenting a discussion for representing virtual 
walls on computer screen [10]. Despite the 
advantages of the NIHO-1, there are high costs 
and maintenance difficulties associated with the 
ER actuators. 
 
Researchers at the Slovenian Institute for 
Rehabilitation have developed the Universal 
Haptic Device (UHD) capable of reproducing the 
recovery procedure for the both wrist 
pronation/supination and shoulder /elbow 
flexion/extension movements [11]. The UHD 
relies on a smart mechanical design and the 
versatility of the universal joint for the 
reconfiguration that allows independent targeting 
of either the arm or the wrist of the patient. 
Brushless DC motors with planetary gear heads 
allow linear forces of up to 75N and a torque of 
20 Nm for the wrist. The range of motion is ±20 
cm in all directions for arm mode and ±45° with 
the proposed rotations. 
 
The RiceWrist, developed at  Rice University, is 
an exoskeleton-like rehabilitation robot for the 
distal upper extremity [12]. Actuated by 
brushless DC motors, the device supplies enough 

torque for both wrist and forearm movements. 
Although the device excels with respect to safety 
and control modes, it suffers from a difficulty to 
map the 4 DOF movements onto the virtual 
environment 2D visual screen. 
 
The 2 DOF device proposed in this paper, called 
Tee-R Haptic Joystick, emphasizes a one-to-one 
mapping between the involved joints and the 
interface’s end effector position (every shoulder-
elbow and forearm combination maps one, and 
only one, configuration of the device), a broad 
range of motion and reduced backlash for an 
improved haptic experience. The mapping 
simplicity, involving only one translation and 
one rotation, should allow for a better 
environment for neuroplastic changes and 
synaptic responses, thus potentially contributing 
to a faster learning curve of neuro-motor tasks. 
Moreover, the broad range of motion will reach 
natural positions of the articulations in question. 
For these reasons the biomechanical movements 
chosen were the pronation/supination of the 
forearm as well as the flexion/extension of the 
forearm/shoulder making it easier to translate the 
first one into horizontal and the later into vertical 
motion to be mapped to the visual feedback 
screen. 
 
METHODOLOGY 
 
For the physical design, the synthesized machine 
design methodology proposed by Aguilar and 
Huegel [13] was followed due to its focus in 
research and academic design environments. The 
first phase of the methodology is the preliminary 
design.  The successful preliminary design of any 
mechatronics system, including haptic 
rehabilitation devices, must include six key 
stages.  These stages include: 1. machine 
definition, 2. conceptual design, 3. load 
calculations, 4. free body diagrams, and 5. 
machine element selection to arrive at 6. 
preliminary CAD model.  Each of these will be 
detailed in the following subsections. 
 
A. Machine Definition 
This rehabilitation device must properly 
reproduce the wrist pronation-supination and 
elbow/shoulder flexion-extension movements of 
the human. These two movements account for 
the device's 2 DOF and they are mainly chosen 
because of their crucial usefulness on daily 
activities such as rotating an object and changing 
its relative distance from the body (eating with 
cutlery, writing, grabbing objects, etc.). The 
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degrees of freedom selected, offer special utility 
and provide a great advantage for the neuromotor 
rehabilitation process through a direct mapping 
to a two dimensional space where the flexion-
extension and the pronation-supination 
movements can be intuitively related to vertical 
and horizontal displacements on a computer 
screen, thereby permitting for a visual interface 
can be used as well. 
 
The capacity, precision, power and speed of the 
device had to be sufficient enough to accurately 
replicate the rehabilitation exercises recom-
mended by a specialized therapist for the muscle 
groups that are in charge of each individual task. 
They also had to be fully controllable having in 
mind that a patient might begin the process with 
relatively low, or null motor skills progressing to 
a moderate to high level of control and force that 
could resemble those of an average human being. 
Forces of 100N for the flexion-extension 
movement as well as a torque of 5Nm for the 
pronation-supination were considered sufficient 
according [14], [15]. 
 
B. Conceptual Design 
The three main design considerations were zero 
backlash, high back drivability and low inertia, 
all of which are achievable when implementing a 
wire capstan drive in the transmission system.   
The proposed design is then a rotational grip 
mounted on a shaft held by bearings on top of a 
sliding car. Furthermore, the link lengths for the 
arm must be adaptable to the variations in the 
population. A conceptual sketch and approach 
can be seen in Figure 1. 

 
C. Load Calculations 
Having obtained a conceptual design, load 
calculations were properly computed in order to 
assure that the expectations were met. For 
simplicity, the calculations were performed using 
mathematical models of each of the two main 
subassemblies (grip and slider). All of these had 
to be computed accounting for the worst case 
scenario and the range of motion (both in 
position and force) obtainable by a typical user. 
 
D. Free Body Diagrams 
The Free Body Diagrams for both the grip and 
the slider are shown in Fig. 3 and Fig. 4 
respectively. 
 

 
Fig 1.  Sketch of an early developed done during the 
preliminary design phase. A grip rotates freely atop of a 
slider which moves linearly on top of a box. The location of 
the motors is roughly indicated. 
 

 
Fig. 3.  Free Body Diagram of the grip showing how the 
applied forces are distributed through the shaft and bearings 
onto the slider and the force applied on the pulley by the 
motor. 

   
The equation for the force applied by the hand in 
the grip subassembly can be defined this way: 
 

����� � ���	 
 ����                    (1) 
 
Where �����  stands for the 100N of maximum 
applied force that the device will withstand 
properly and ���� and ���	for those horizontal 
forces applied by the bearings on the grip. The 
horizontal forces applied on the bearings 
(��	 , ���� as well as the distributed weight of a 
hand and those of the handle, shaft and pulley 
were taken into account: 
 

��	 
 ���  � ����� � ����� 
 ����� 

������ 
 ������ 
 ������ (2) 

 
Also the tension while the shaft rotates has been 
introduced into the calculations in the following 
equation: 
 

��� � ��� 
 ��	 � ��� � ����� � ����� �
����� 
 ����� � ����� 
 ������ � ������ (3) 

. 
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Fig. 4.  Free Body Diagram of the slide showing how the 
forces coming from the grip and forearm interact with the 
applied capstan torque. 
 
In the case of the slider, the analyzed forces on 
the horizontal plane are those produced by the 
bearings and coming from the user’s applied 
force as well as the elbow’s contact force (if 
any). This gives the maximum acceleration that 
could be achieved for a given mass of the whole 
system and reported in the following two 
equations: 

 
�������� 
 ���� ! 
 ���	 
 ���� � " � #� (4) 

 
 

����	 
 ����� �  ������ 
 ��	 
 ��� 

�$ � � 
 ��	 
 ��� 
 ���� ! 
 �� ����$ �

�� ����$ (5) 
 
The weight of the plate, the bearings and the 
motors as well as the forearm’s distributed 
weight and the load produced by the elbow on 
the contact point had to be studied together with 
the vertical loads on the bearings (��	 , ���� 
and those on the cars (caged rollers) as follows: 
 

����	 � ����	 
 ����� � ����� 
 ���� ! �
%��� ! 
 �������� � �������� 
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 ���' �
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0��"/*/0
(�-2
�%-2���-2 (6) 
 
E. Machine element selection 
A brushless DC motor was chosen for its high 
torque and control precision. The same motor 
was chosen for the two degrees of freedom in 
order to simplify the design. The actuator chosen 
is a MAXON MOTOR 167180 rated for 120W 
and a 1.27Nm of stall torque [16]. In haptics the 
motor stall torque is a more important 
specification than the nominal torque since the 
device is typically operating at very low speeds 
or even stopped when in contact with a virtual 
wall. 

  
With the known input/output power and the 
reactions shown on the Free Body Diagrams we 
were able to carefully select the machine 
elements for the application. In order to 
accomplish zero backlash, low drive friction, and 
back drivability, capstan drives over and above 
geared transmissions. Figure 5 and Figure 6 
respectively show how this transmission system 
works using pulleys and cables to convey and 
scale forces and torques for the forearm 
pronation and shoulder/elbow flexion motions. 
The pulley ratios, as well as the transmission 
wire for the capstans, were determined with a 
series of three equations: 
 

2���� � 34567
389:97

   (7) 

 
Where 2���� is the transmission ratio obtained by 
dividing the expected torque given by the user 
(;����� by the motor’s stall torque (;$ � ��. 
 

0����� � 2.24 > ?94:
@A7BC

D
	 EF

  (8) 

Where rcable is the ratio between the capstan’s 
ouput tension (G ��� and the transmission ratio 
gives the capstan cable’s gauge in millimeters 
(0������ for a lifetime of several million cycles 
[17]. 
 

0�� � 34567
389:97

0�	   (9) 

Finally, a radius was suggested in order to give a 
set of pulleys with a plausible size being aware 
that none of the pulleys’ radii (0�	 and 0��� 
should be smaller than 25 times that of the cable 
to avoid kinking. Figure 5 shows the con-
figuration of the pulleys for the grip, the capstan 
drive will multiply the motor’s torque in order to 
equal those intended for rehabilitation purposes. 

 
 

Fig. 5. A close up drawing showing the grip’s machine 
elements. The shaft is driven by a pair of pulleys and a motor 
that multiply the torque. 
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The slider required a torque conversion to force 
utilizing the following equation
 

  

 
 

Fig. 6. A close up drawing showing the transmission system 
located below the slider where a motor is directly connected 
to the slider’s anchors permitting linear motion
 
Figure 6 shows the actuated part of the slider 
located below the plate; this configuration allows 
pulling or pushing the upper part of the system 
with a force of 10N. 
 
It was crucial to identify the 
would be under more stress due to their functions 
and calculate the stresses with the shear stress 
and moment analysis. Analysis for the grip’s 
shaft and the slider plate were done with the 
forces from the previous Free Body Diagrams to 
choose the material and geometrical 
characteristic that would avoid deflec
major concern in this kind of devices.
 
Equations for the maximum normal stress are 
given as functions of the object’s geometry and 
the maximum moment applied on it as follows:
 

    

  

  

At last, the linear guides and the bearings were 
chosen with the forces that resulted from the Free 
Body Diagrams calculation from the data given 
by the manufacturers’ guides. 
 
F. Preliminary 3D CAD model 
As the methodology says, “the main goal of the 
preliminary design phase is to obtain the 
machine CAD drawings” with this being said a 
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a torque conversion to force 
utilizing the following equation.  

 (10) 

 
A close up drawing showing the transmission system 

d below the slider where a motor is directly connected 
to the slider’s anchors permitting linear motion. 

the actuated part of the slider 
located below the plate; this configuration allows 
pulling or pushing the upper part of the system 

It was crucial to identify the components that 
would be under more stress due to their functions 

alculate the stresses with the shear stress 
and moment analysis. Analysis for the grip’s 
shaft and the slider plate were done with the 
forces from the previous Free Body Diagrams to 
choose the material and geometrical 
characteristic that would avoid deflection, a 
major concern in this kind of devices. 

Equations for the maximum normal stress are 
given as functions of the object’s geometry and 
the maximum moment applied on it as follows: 

 (11) 

 (12) 
 

the bearings were 
chosen with the forces that resulted from the Free 
Body Diagrams calculation from the data given 

 
As the methodology says, “the main goal of the 
preliminary design phase is to obtain the 
machine CAD drawings” with this being said a 

CAD model was developed 
that the whole assembly could be feasibly 
machined and assembled with the d
the machine elements chosen
accuracy would also permit 
analysis. 
 
RESULTS 
 
As results of the design of the 2 DOF haptic 
device for direct visual mapping, we present a 
stress analysis of the components undergoing
greatest stresses, the final CAD design both in 
model and drawing, the resulting prototype and 
an experimental setup to demonstrate the torque 
calculations for both axes. 
 
A. Stress Analysis 
As said before, it is of paramount importance to 
analyze those parts in the assembly under more 
stress to avoid fractures or 
A Finite Element Analysis software
provides the graphics displayed as results for a 
vital piece of the gripper
shown in Fig. 7 and Fig. 8.
 

Fig. 7. Equivalent Stress of one of the system’s critical parts 
set under a typical load. 

 

Fig. 8. Maximum deflection of the same part shown in Fig. 

 
B. Final CAD modeling and documenting
After the design has been 
prior analysis, the CAD doubles as a very 
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developed part by part to ensure 
ssembly could be feasibly 

with the dimensions of 
the machine elements chosen. The model 
accuracy would also permit later finite element 

As results of the design of the 2 DOF haptic 
device for direct visual mapping, we present a 

alysis of the components undergoing the 
es, the final CAD design both in 

model and drawing, the resulting prototype and 
an experimental setup to demonstrate the torque 

 

it is of paramount importance to 
se parts in the assembly under more 

stress to avoid fractures or excessive deflection. 
Finite Element Analysis software (ANSYSTM) 

he graphics displayed as results for a 
vital piece of the gripper. The graphics are 

. 

 
one of the system’s critical parts 

 
f the same part shown in Fig. 8. 

Final CAD modeling and documenting 
 validated via all of the 

the CAD doubles as a very 
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important tool for manufacturing reasons, to get 
the G-code for the lathe and mill, as well as to 
specify measurements of distances and know 
how much material has to be used; it also 
specifies holes, threads and tolerances, all of 
which are vital for the assembly. 
an assembly of the designed prototype indicating 
the two degrees of freedom of the 
 

Fig. 9. CAD for the design at the refinement phase
the linear and rotational possible movements. The fi
design accounts for 34 parts and weighs less than 16 K
 
C. Prototyping 
When all of the calculations and analysis have 
been computed, and a model has been 
documented via a complete drawing 
the assembly, the parts are individually 
manufactured and assembled. The fi
photographed in Fig. 10.   

Fig.10. The machined version of the Joystick fully assembled 
and properly working with the range of motion
 
For the Pronation/Supination rotational degree of 
freedom a movement of a 180° is reached. The 
Flexion/Extension translational degree of 
freedom allows 15cm of movement. F
shows an example of the Tee-R
a) and maximum final position 
 
 

180° 
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important tool for manufacturing reasons, to get 
code for the lathe and mill, as well as to 

specify measurements of distances and know 
how much material has to be used; it also 

fies holes, threads and tolerances, all of 
which are vital for the assembly. Figure 9 shows 
an assembly of the designed prototype indicating 
the two degrees of freedom of the Tee-R. 

 
CAD for the design at the refinement phase showing 

the linear and rotational possible movements. The final 
design accounts for 34 parts and weighs less than 16 Kgs. 

When all of the calculations and analysis have 
and a model has been 

documented via a complete drawing package of 
the parts are individually 

manufactured and assembled. The final result is 

 
The machined version of the Joystick fully assembled 

with the range of motion of each DOF. 

For the Pronation/Supination rotational degree of 
freedom a movement of a 180° is reached. The 
Flexion/Extension translational degree of 
freedom allows 15cm of movement. Figure 11 

R’s initial position 
final position b). 

a) 

b) 
Fig. 11 Shows the initial position of the Tee
shows how the device is held by the user.
position is shown, similarly b) demonstrate a 
position. 
 
D. Experimental Setup for Torque
An experiment was carried out to prove the 
torque calculations for the pronation/supination 
rotational movement. A step input was given to 
the motion controller and the output torque of the 
motor was measured. Sin
demanded by the brushless DC motor is 
proportional to the torque, this variable was 
monitored during the experiment. The current 
measured was then converted to torque units 
using the following motor constants provided by 
supplier: Torque constant = 44.1
Current monitor constant = 
seen in Fig. 12 the input control voltage goes up 
to 11V, which is 90% of the maximum input 
deliverable. Power stage for the m
the 30% of its maximum for safety reasons. 
Figure 13 shows that the measured torque 
reaches approximately 2Nm
capacity, thus achieving more than 5Nm when 
operating at full power supply.
 
DISCUSSION 
 
Although the haptic joystick proposed in this 
paper has fewer degrees of freedom than the 
RiceWrist -2 instead of 4 
translation device does provide a one to one 
correspondence between the manipulated 
articulations and the visual feedback screen. 

150 mm 
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nitial position of the Tee-R. This figure 
shows how the device is held by the user. In a) the initial 
position is shown, similarly b) demonstrate a maximum final 

Experimental Setup for Torque 
An experiment was carried out to prove the 
torque calculations for the pronation/supination 
rotational movement. A step input was given to 
the motion controller and the output torque of the 
motor was measured. Since the current 

rushless DC motor is 
proportional to the torque, this variable was 
monitored during the experiment. The current 

converted to torque units 
using the following motor constants provided by 
supplier: Torque constant = 44.1 mNm/A, and 
Current monitor constant = 2.8 A/V. As can be 

the input control voltage goes up 
90% of the maximum input 

liverable. Power stage for the motors was at 
um for safety reasons. 

that the measured torque 
reaches approximately 2Nm at 27% of its full 
capacity, thus achieving more than 5Nm when 
operating at full power supply.  

he haptic joystick proposed in this 
has fewer degrees of freedom than the 

2 instead of 4 – the rotation-
translation device does provide a one to one 
correspondence between the manipulated 
articulations and the visual feedback screen.  
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Fig.12 Input control signal to the pronation/supination 
motion controller. 
 

 
Fig.13 Output torque in the shaft after a simple step function 
input. 
 
This is in keeping with the biofeedback 
recommended by Cameirão for rehabilitation 
protocols.  The device developed at Osaka and 
the MIT-Manus SCARA configurations both 
excel in mapping movements to an x-y plane. 
They fail, however, to have a one to one 
relationship of the joint configuration to end-
effector position. In contrast to Manus, and 
similarly to the RiceWrist, the device presented 
in this paper, restricts the motion of the patient’s 
two degrees of freedom, thereby permitting 
direct mapping of the patient movements to the 
device sensors. This correspondence permits a 
more accurate capture of patient kinematic data 
and could eventually lead to a more accurate 
rehabilitation processes.  
 
The base mechatronic requirements of haptic 
(force feedback) include low friction, high back 
drivability, low backlash, rapid response and 
high stall torque.  Utilizing electro-rheological 
actuators, the NIHO-1 achieves all of these 
requirements but with a high cost and safety 
concerns. The low speed of rehabilitation 
protocols, however, permits the use of DC 
motors without significant degradation of the 
haptic performance. Thus, our device compares 

with the RiceWrist, MIT Manus, and Slovenian 
UHD solutions.  The device uses brushless 
motors with sufficient stall torque for the 
application and capstan transmissions to ensure 
adequate back-drivability and low backlash. 
Figure 14 shows the experiment set up with the 
Tee-R, two motor drives, power supply and 
oscilloscope. 
 

 
Fig.14 Experimental set up for the torque measurements. 
 
None of the devices presented in this paper reach 
the entire range of motion of a healthy subject. 
They are designed to provide a significant range-
of-motion for rehabilitation. MIT-Manus design 
limits elbow/shoulder extension to 15 (380mm) 
inches. Elbow/shoulder travel is limited in the in 
the UHD design to 200 mm and in the NIHO-1 
design to 300mm).  The RiceWrist does not 
include elbow/shoulder motion, though a 
previous version did include full range elbow 
rotation.  Our device compares to the UHD at 
150mm elbow/shoulder motion but offers full 
range of motion of the forearm pronation. This is 
in contrast or the MIT-Manus but similar to the 
NIHO-1 and RiceWrist. Nevertheless, since the 
device is a desktop design, it can be repositioned 
on a rehabilitation table thus obtaining a 
complete range-of-motion if manually 
repositioned with respect to the patient.  
 
CONCLUSION 
 
In order to regain all or some of their original 
mobility, patients recovering from stroke and 
other neuro-muscular injuries must to go through 
a long, repetitive and tedious rehabilitation 
process. The process can be accelerated with 
automated devices capable of assisting, recording 
and evaluating the patient throughout the tasks. 
Research has also shown that biofeedback, 
including the reproduction of patient movements 
on a screen in real time, can play a significant 
role toward the success of the therapy. Drawing 
on the strengths and weaknesses of current 
rehabilitation device technology, we identified an 
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area of opportunity to develop a distal upper-
extremity mobility device. This 2 DOF device 
provides one-to-one mapping of forearm 
pronation/supination and elbow/shoulder 
flexion/extension movements, common to 
activities of daily living, to the computer screen.  
This mapping simplifies the patient movements 
to one translation and one rotation. The range of 
motion of the device completely covers the 
patient pronation range and an ample range of 
the extension only limited by the linear nature of 
the motion induced.  Furthermore, the device 
design permits the implementation of passive, 
active and resistive rehabilitation protocols. 
Finally, the device can capture rehabilitation data 
for the evaluation of patient progress over 
varying levels of rehabilitation. Future work will 
involve clinical trials to demonstrate satisfactory 
results of the utilization of the device in a 
rehabilitation protocol.  
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