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 CRANIAL CONTROL (WHEEL) CHAIR 
 Student Designers: Andrew Catellier, Gavin Philips 

 Supervising Professor: Dr. Steven Barrett 
 Electrical and Computer Engineering Department 

 University of Wyoming 
 Laramie, WY 82071 

 

 INTRODUCTION 
The Cranial Control Chair was designed to meet the 
needs of users with limited use of their arms and 
legs. By monitoring ocular bio-electrical signals, this 
system allows the user to steer the chair using only 
eye movements.  A “Sip and Puff Unit” is used for 
overall control of the system, allowing the user to 
change modes of operating using only his or her 
breath.  Finally, an ultra-sonic rangefinder is added 
to provide an extra measure of safety, alerting the 
user to sudden changes in grade.  The rear view of 
the project is shown in Fig. 18.9 and in full view in 
18.10. 

 SUMMARY OF IMPACT 
This device allows completely hands-free control of 
the wheelchair, providing more freedom and 
independence to the user. A safety system protects 
users from injury by not allowing the chair to 
reverse over steep inclines. The self-contained 
design means that all systems are housed in a 
control box (17x13x4”) attached to the back of the 
chair, and the chair is powered by four 7.2 volt 
Radio Controlled (RC) car batteries (in a box).  The 
user can select different control systems. He or she 
may switch from using a joystick to EOG control 
and back by flipping a switch. 

 TECHNICAL DESCRIPTION 
within the design include: function control (using a 
“sip and puff” unit); steering (using EOG signals); 
safety measures (using ultrasonic sensors); an 
interface with the wheelchair itself; and a 
microcontroller.   

 The steering mechanism is based on EOG electrodes 
and measurements of eye movement.  When 
connected to an instrumentation amplifier and a 
filter, the electrodes provide a simple DC signal.  
The voltage increases when the user looks left, and 
decreases when the user looks right.  The system 
interprets this signal using the Motorola HC12‟s 

 

 Fig. 18.9.  Cranial Control Chair, Rear View. 

 

 

 Fig. 18.10.  Full view of Cranial Control Chair.  
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ATD system, and uses it to control the direction of 
the pivot or turn.   

The “sip and puff” unit is used for function control. 
It uses a simple pneumatic switch to close a contact 
on a separate line for each “sip” or “puff”.  A 
common circuit is used to “pull up” the switched 
lines.  A five-volt source is connected to the switch, a 
port on the microcontroller, and an AND gate.  
When the switch is open, both inputs to the AND 
gate are logic high, leaving the IRQ pin of the 
microcontroller high.  When one of the switches is 
closed, the IRQ drop low, triggering an interrupt.  
The interrupt service routine (ISR) for the IRQ polls 
the connected port to decipher which signal was 
asserted, and then changes the function of the 
systems accordingly.  Because the control system is 
designed for users whose heads have a limited 
range of movement, safety measures for hazards 
that lie behind the user must be included.  Potential 
dangers include collision with objects and steep 
drops that may be life threatening.  An ultrasonic 
sensor monitors the distance from the sensor to the 
ground.  The SR-04 is controlled by a   simple 10µs 
pulse.  Once the sensor package receives this pulse, 
it emits an ultrasonic signal, and waits for an echo. 
The length of the output pulse is proportional to the 
distance between the sensor and the object.  If the 
microcontroller detects a pulse that is too long 

(indicating an abnormally long distance to the 
ground), it will restrict movement in the reverse 
direction. 

The wheelchair is controlled via a joystick and 
electronics contained in a box attached to the side of 
the chair.  The joystick was removed and tested to 
mimic the control signals.  This allowed use of the 
existing H-bridge and electronics.  Only the signals 
corresponding to the X and Y axes are intercepted.  
The joystick is still connected to the wheelchair 
electronics, and a switch allows the user to choose 
between the joystick control system and the EOG 
system.  Digital to analog (DTA) converters produce 
similar analog control signals. 

The EOG system requires repeated calibration, 
especially for different users.  The low-pass filter 
causes integration of signals such that the system 
centers itself to one side if eyes linger for too long.  
This could be corrected by removing low-pass 
filtering stage (if the circuit could handle the 
additional noise), and adding electronic switches to 
short-circuit capacitors once the desired level has 
been reached.  An indicator of state would be 
helpful.  It is sometimes difficult to tell what mode it 
is in (e.g., still, pivot, forward, backward).  An LED 
display would be sufficient and simple to 
implement. 
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 MOBILE WHEELCHAIR LIFT 
 Supervisor: Scott Morton 

 Tyler Reece, Chris Ditzler, Alex Harris, Tucker Perry 
 Department of Mechanical Engineering 

 University of Wyoming 
 

 INTRODUCTION 
A lift was designed to raise and lower a wheelchair 
and its occupant. It also rotates 360 degrees using 
low voltage electric actuators. It attaches to a 
wheelchair and makes access to healthcare 
procedures more convenient for individuals using 
wheelchairs and their physicians.  It lifts, lowers and 
rotates while supporting a load of  up to 300 
pounds.  Weight and size exceed the initial design 
specifications. Upon testing of the prototype, TACT 
determined that the prototype‟s size and weight are 
acceptable but could always be reduced.  

 SUMMARY OF IMPACT 
Persons with disabilities require access to many 
forms of health care, including dental procedures, 
health checkups, and diagnostic procedures.  
Frequently, persons with disabilities must physically 
be moved into position for these procedures. This 
may be uncomfortable for the individuals and 
strenuous for those assisting.  A device to aid in 
accessing medical procedures is in high demand by 
individuals with disabilities and medical 
communities.  It allows the user to remain in his or 
her wheelchair and to control movement of the 
chair.   

 TECHINCAL DESCRIPTION  
The device lifts the occupied wheelchair zero to nine 
inches off the ground and then rotates anywhere in a 
360° horizontal range (see Fig. 18.11). Lifting is 
accomplished using an electronic Atwood tongue 
jack, which is attached to the wheelchair using a 
mount designed by the student team.  This mount, 
to which the jack attaches, fastens to the wheelchair 
behind the occupant seat.  The foot of the jack 
connects to a base, designed by the team, which is 
raised and lowered with the jack.  Upon lowering 
the base to a height just above the ground, a series of 
mechanical booms are deployed, extending outward 
from the wheelchair.  When the booms are in their 
fully extended position, the jack continues to lower 
and the wheelchair and occupant are lifted.  To the 
end of each boom is attached to a motorized caster, 

designed by the team. The casters allow the entire 
wheelchair, occupant, and lift apparatus to rotate 
within a 360° horizontal range as one body.  Upon 
the completion of health-related procedures, the 
lifting procedure is reversed. The wheelchair and 
occupant are lowered, the booms are retracted, and 
the base is lifted, so that normal wheelchair use may 
be resumed. 

The original design consisted of an H-shaped base 
with motorized casters attached to each extremity.  
The lifting mechanism was a camper tongue jack 
and was attached to the base by a mounting foot.  
Since the H-shaped base protruded out 10 inches on 
either side of the wheelchair, it could not get 
through doorways.  The base then evolved to a 
rectangular main base with extending and 
collapsing boom arms.  These arms were extended 
and collapsed using two linear actuators.  The 
motorized casters were of the same design and still 
attached to the end of each arm.  The tongue jack 
was still used and mounted to the wheelchair 
through the use of a flat plate and steel tubing.   

Many items in the design were improved or 
changed.  The caster assemblies were redesigned to 
make them easier to fabricate.  The motors, which 
operated the caster wheels, were mounted such that 
they fit inside the boom arms, helping to protect 
them and prevent physical or weather damage.  The 
base was redesigned to help reduce weight, and 
reduce the number of total parts.   

The final design concept has a triangle shape with 
one telescopic and two extending and collapsing 
boom arms.  These open simultaneously through the 
use of one linear actuator.  The tongue jack is still 
used as the lifting device and is attached to the base 
by a triangular jack foot.  Most of the pieces on the 
base were fabricated of 1020 steel. Steel was chosen 
because rigidity was of utmost concern.  Instead of 
using a flat plate and round tubing for the jack 
mount, the final design consists of one main circular 
tube and rectangular square members that are 
mounted to the wheelchair itself.  The electrical 
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controls consist of limit switches and relays to automate the system. 

  

 

 

 Fig. 18.11(a and b).  Lift Assembly (i.e. Wheelchair, Lift Prototype, and Occupant).  Shown in Lowered Position (a) and in 

Raised Position (b).  Mount Shown in Red, Jack in Grey, Base in Blue, and Casters in Green. 
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 VOICE MACHINE 
 Supervisor: Dr. Steven F. Barrett, Ph.D., P.E. 

 Michael Stephens, Erica Weber 
 Electrical and Computer Engineering 

 University of Wyoming 
 

 INTRODUCTION 
A device was designed to provide cues to a 
nonverbal child as he uses a computerized speech 
device. 

 SUMMARY OF IMPACT 
The device includes a liquid crystal display (LCD), a 
voice chip and a microcontroller.  It is packaged to 
be used as a lanyard.  The device provides the child 
visual cues about what message he is selecting to be 
spoken. 

 TECHNICAL DESCRIPTION 
The design incorporates a picture frame type LCD.  
This did not require much additional programming 
for the microcontroller as the LCD is standalone, 
addressing image generation. A Spectare Keypix 
LCD was chosen because of its small size.  The entire 
device is 1.5” square.  The screen itself is small (96 
pixels wide by 64 pixels high).  The device contains 
its own resident memory and is battery operated. 

The LCD was dismantled to make it fit inside the 
case and to allow other modifications.  The case was 
removed to expose the support circuit board and the 
actual screen.  Wires were soldered on to the 
switches.  The battery was removed as the final 
device is powered by the main battery.  The USB 
cable was also dismantled as these wires are routed 
to the PC Board.   

The microcontroller sends simple pulses to the 
buttons to simulate a person pressing them.  Care 
was taken in timing of these pulses.  It is possible 
that if the skip button is pressed on the 
microcontroller three times quickly, that the LCD 
will ignore most of these instructions while it is 
trying to render the first new image.  For this reason 

optimized wait functions were built into the 
program so that the microcontroller will ignore 
input from the user until the LCD is finished 
displaying the next image.  This is necessary so that 
the internal index of the microcontroller matches the 
LCD index. 

A Winbond ISD 4003 series voice chip was chosen 
because it can hold from two to eight minutes of 
recorded voice.  The ISD 4003 takes input directly 
from a microphone via few resistors and capacitors.  
The ISD 4003 then stores that info and plays it back 
from flash memory. For this application the four-
minute chip was chosen.  The four-minute chip has 
mid-quality recording clarity and is long enough to 
accommodate 51 messages that are 4.6 seconds long.  

The microcontroller is the “brains” behind the 
device.  It takes user input and outputs data to the 
LCD and/or the voice chip.  An Atmel AT90S8515 
chip is adequate for the simple task of taking inputs 
from buttons and controlling the LCD and the voice 
chip.  The chip was removed from a STK500 board 
and programmed through the In System 
Programming (ISP) port.  This was done to ensure 
that a properly working completely standalone 
prototype could be constructed. 

The microcontroller was programmed in C.  An 
Image Craft compiler was used to compile the code.  
The compiler then used the STK500 to download the 
compiled code to the chip.  The program is short and 
does nothing more than take inputs, make a 
decision, and then pulse the appropriate outputs.  
The data flow for this device can be seen in Fig. 
18.12.  The microcontroller is digital and the voice 
chip creates an analog signal. 

Internal components can be seen in Fig. 18.13. 
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 Fig. 18.12.  Diagram of Voice Machine.   

 

 

 Fig. 18.13.  Voice Machine. 
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 “CYCLOPS II”: MOBILITY AID DEVICE FOR THE 
BLIND 

 Supervising Professor: Dr. Steven Barrett 
 Electrical & Computer Engineering Department 

 University of Wyoming 
 Laramie, WY 82071 

 

 INTRODUCTION 
Cyclops II is a new design to aid mobility for 
individuals who are blind or visually impaired. The 
goal was to design an effective mobility aid that 
would be easy to operate and affordable. This 
design incorporates an HCS12 based Minidragon+ 
MC9S12DP256B microcontroller evaluation board 
(Wytec Inc).  It is a continuation of a previously 
designed project called Cyclops I, which was based 
on a XILINX CPLD using Verilog HDL.  

The design of Cyclops II is based on ultrasound 
technology. Ultrasound helps the user detect nearby 
obstacles for safety during movement.  

 SUMMARY OF IMPACT 
As shown in Fig. 18.14, this project can be worn by 
the user on a headband.  It provides audible 
feedback on the range of obstructions.  The user gets 
information from the device to gauge the distance to 
nearby obstacles. 

 TECHNICAL DESCRIPTION 
The Cyclops II design is based on three compact 
features: the transducer, one or two headphones, 
and the controller.  

An ultrasonic transducer the SRF04 (Acroname Inc.) 
was used and controlled by a HCS12 microcontroller 
(Minidragon+). The microcontroller triggers the 
transducer to generate a pulse. The SRF04 emits this 

pulse. When this sound pulse hits a nearby object it 
bounces back to a receiving unit on the transducer. 
The microcontroller then captures this pulse and 
uses it for distance calculation. The time from the 
start of the pulse until it returns to the transducer is 
used for distance calculation. When the time is 
calculated using the program, the information is 
processed by the microcontroller and the 
Minidragon generates subsequent frequencies to a 
sound emitter (which can be a speaker or one or two 
headphones). Depending on the pitch of the 
frequency emitted by the earpiece the person using 
the device is able to understand how far the nearby 
obstacle is and easily avoid it. The higher the 
frequency is, the closer the object. 

The SRF04 transducer used in Cyclops II is a 
compact transducer, has very minimal operating 
voltage requirements and has a useful range-finding 
capability. The MC9S12DP256 Minidragon+ 
evaluation board hosts a powerful microcontroller.  
It is a 16-bit device with a 16-bit central processing 
unit, 256K bytes of Flash EEPROM, 12K bytes of 
RAM, and 29 discrete digital I/O channels.  It is 
operable using a 9VDC source.  The device is battery 
operated, compact and easy to carry around.  The 
device is cost effective and affordable.  It performs a 
180º scope of the user‟s surroundings to detect 
obstacles from as close as 3 cm to a maximum of 3m.  
It requires minimal training.  Its unique ability to 
detect overhanging objects especially enhances 
mobility.
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 Fig. 18.14.  Illustration of Cyclops II. 
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 “LIFE’S A SWITCH”: PROJECT UPDATE 
 Designers: Jennifer R. Barnes and Stephanie A. Popp 

 Supervising Professor: Dr. Steven Barrett 
 Department of Electrical and Computer Engineering 

 University of Wyoming 
 Laramie, WY 82072 

 

 INTRODUCTION 
This project is a workshop and a 55-page teaching 
manual entitled “Life‟s a Switch – A Guide for 
Building Assistive Technology Switches.”  The 
workshop provides assistive technology 
professionals guidance on how to build their own 
cost-effective assistive switches. It teaches them to 
use readily available, low-cost electronic parts and 
supplies.   

 SUMMARY OF IMPACT 
Assistive technology includes any product that 
enhances a person‟s quality of life by improving the 
individual‟s mobility, ability to perform daily 
activities, communication, or participation in 
education, vocational activities and recreation.  A 
goal of assistive technology is to provide 
opportunities for children with disabilities to 

explore, play, learn, and communicate with others.  
Switches are essential tools used to provide these 
opportunities.   

 TECHNICAL DESCRIPTION 
The workshop provides instruction in basic 
electrical theory, safety, and use of equipment.  It 
culminates with each participant adapting an off-
the-shelf toy into an assistive technology teaching 
aid.  The workshop has been taught annually since 
2002 on campus and at another location within the 
state.  One participant at our Summer 2005 
workshop was a middle school student who wanted 
to build assistive devices for his brother.  A picture 
of his project is provided in the figure below.  
Workshop materials are available upon request.  

 

 

 Fig. 18.15. An assistive technology switch developed by a workshop participant for his brother. 




