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Abstract

Muscular Dystrophy is a strongly disabling disease that can leave its victims
crippled. The worst part of the disease is that it doesn’t affect your mind, so those who
suffer through feel that they are trapped in their own body. Our client still has enough
motor control to work a computer input device, but not efficiently or well. The group’s
goal is to build a device to improve the accessibility of the computer input device for the
client. Our system must also be setup quickly and without confusing components. We
decided that a small joystick would be best to control the on-screen cursor and an
adjustable platform would be used to support the client’s forearms while using the device.
Future work includes designing a left hand clicking device, finalizing the arm support,

and finally buying and customizing the device to optimally suit our client’s needs.

Background

Richard Kunz (our client) has advanced Muscular Dystrophy. His disease is so
advanced that he 1s unable to ever leave his bed under his own power. Even worse is that
he would be unable to breathe if not for a respirator in his home. Although there are
many things Richard will never be
able to do he is not completely
trapped in his body. He can still
speak (with the help of the
respirator) to communicate with
others, but his primary source of
communication with the outside
world is via his computer.

Unfortunately, his disease took a

turn for the worse last year and he is

Figure 1. Richard Kunz in his bed with current
computer input device setup. now unable to use a keyboard at all.

Towels prop up his forearms because he is unable to lift his wrist or elbow enough to
resist gravity. He has resorted to moving a trackball with a pencil eraser, but even this is

hard and slow.



What Richard can do is move three fingers on each hand. His thumb, pointer, and
middle fingers have adequate motor ability to control his computer. With his right hand
he grips the pencil and is able to make circles just greater than 1cm in diameter. Each
individual finger can not move this much or with as much control, but together they
function pretty well. The trackball is rotated about 150 degrees so that his left hand is
able to reach the buttons normally on the top of the trackball. However, these buttons are
too slanted and in a bad position for Richard’s hand to click them properly. Therefore,

pieces of plastic have taped onto the trackball buttons to help him reach and click them

properly.

Problems with Current Device
Our client is currently using a trackball as an input device for his computer
(Figure 2). He rolls the ball part with the
eraser part of a pencil, controlled by his
right hand, and clicks the buttons with his
left hand. However, he has some problems
with this current device. First, the setup
takes a long time. In order to use the input

device, he needs the trackball in a very

specific position.  Also, the setup

Figure 2. Current device used by
client. Right hand holds pencil and
uses the computer due to slight shifts in moves the trackball, left hand rests on
top of buttons.

position is slightly different each time he

arm and body positions. Thus, the nurse
keeps moving the device slightly until he
feels comfortable with the position. In this way, it takes about 10 to 15 minutes to get the
correct height of towels to support his forearms, get the correct height of books to raise
the trackball, and correctly position his hands on the trackball. The second problem is
that the trackball is slippery. As mentioned before, he needs an accurate setup, and if the
device slips he will not be able to use the device. When he slips off the trackball, the
trackball and his hands must be repositioned, which takes a while. Another problem is

that the buttons are inconvenient. On the current trackball, the location of the buttons is



lower than the desirable position. Previous problem solvers attached plastic pieces on the
button with the tape so that the buttons are elevated. However, because his room is
humid and warm, the tape slips easily. After a slip the plastic pieces need to be

repositioned and taped. Then the trackball and his hands need to be precisely setup again.

Problem Statement

In order to improve client’s input device, we need to minimize the setup time.
We also need to make the design easier to use, so that the nurse will not have hard time
setting up the device for the client. The input device should be more sensitive, so that the
device is easier to use with his limited motor control. Since our client can move his
finger only 1 cm in diameter, the device should be designed so that the cursor can travel
the entire screen with only 1cm of input. Also, the support system should be more
comfortable and durable, since our client’s arms will be on the support for several hours a

day.

Client requirements

Our client requires a more accessible mouse control device. The input device
should be sensitive so that he can use it easily with his limited motor control. Also, he
requires better wrist and forearm support. Currently, he is using stacks of folded and
rolled hand towels for the support. These towels get old and thinner and then no longer
support his forearms to the same degree. The new supports will be more comfortable,
easier to setup, and adjustable. The client requires that the support system be not only
comfortable, but safe. Safety is a concern because the client has very sensitive skin and
he will be resting his arms on the supports for several hours a day. Lastly, the setup time

shall be reduced, and the whole device shall be easy to adjust.

Design requirements

Our improved device will connect to the client’s computer via USB. Since there
are several empty USB ports, we will not encounter any problems even though we use
separate devices for moving the cursor and clicking buttons. This will not complicate

setup for the nurses, and it will reduce the setup time. The input device will also be



required to have great sensitivity so that his limited motor control can adequately move
the cursor. The buttons shall be easier to grip. We will adjust the clicking element to a
comfortable position, and we will prohibit the device from slipping. Also, the device

should not chafe his sensitive skin.

Forearm Support Alternative Designs

Blocks

The first design uses blocks of different thicknesses to adjust the height of the
arms. The blocks will be made out of some sort of light polymer with a thickness ranging
from 1 to 10cm. By using multiple blocks with different thicknesses it is possible to
create height changes of specific magnitudes. However, the precision of the height
changes will not be very good unless there are a large number of different blocks. Also
it will cost setup time to switch blocks and the client’s forearm will have to be removed
from the set up each time. Transportation of the forearm is not a good thing because
movement of his body often is accompanied with pain. Also, this design will require
larger storage because it needs many blocks to adjust the height precisely. The
advantages of this support system are cost effectiveness and also the simplicity of the
construction.

Adjustable Shelf

The second design contains a mechanism for both height adjustment and angle
adjustment of the forearm (Figure 3).
The part directly supporting the
forearm 1is shaped using a semi-
circular tube, which increases the

area supporting the weight and

therefore reduces the pressure on the

arm. This in turn will be lined with a | . g (

Figure 3. Adjustable shelf design. The leg

ial kin chafing. . .
soft material to prevent skin chafing height and angle of shelf can be adjusted.

This design can change the angle of
the support relative to the table. This design also has the ability to change the height

precisely and quickly by using the adjustable mechanism on the leg. However, this could






