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 SPATIAL RESOLUTION ENHANCEMENT IN 
ULTRASONIC RANGING FOR A SMART CANE 

 Designer: Raymond Frenkel 
 Supervising Professor: Robert X. Gao 

 Assistive Technology Laboratory 
 Mechanical and Industrial Engineering 
 University of Massachusetts Amherst 

 Amherst, MA  01003 
 

 INTRODUCTION 
Ultrasonic ranging has been applied to obstacle 
detection in many assistive technology applications, 
including collision avoidance in electric wheelchairs, 
preventing automatic doors from closing on slow 
pedestrians, and electronic travel aids (ETA) for 
individuals with visual impairments. For ETA 
applications, high spatial resolution information is 
needed to be able to identify obstacles that must be 
avoided to reduce the risk of injuries. This design 
project describes a method to digitally focus 
ultrasonic ranging data in a constraint environment 
of a microcontroller, for structural integration into 
the thin shaft of a sensor-embedded smart long cane. 

 SUMMARY OF IMPACT 
Obstacle identification with ultrasonic ranging is 
dependent on determining the spatial position of an 
object in at least two dimensions: distance and 
height. This capability is critical for a sensor-
embedded long cane to distinguish overhanging 
obstacles from other obstacles detectable by the 
cane. The technique presented here can be 
implemented in an 8-bit microcontroller with 
limited memory to fit the size constraints of 
integration into a long cane and will make travel 
safer for the user. 

 TECHNICAL DESCRIPTION 
The spatial position of an obstacle can be measured 
using ultrasonic echo location by transmitting an 
ultrasonic pulse and measuring the time of flight 
(TOF) for echoes that are reflected off the obstacles. 
The ability to detect a reflected ultrasonic pulse is 
governed by the energy content, E, of the 
transmitted pulse.  

 For most ultrasonic transducers, the operating 
frequency is fixed and the amplitude is limited. 
Thus, only the pulse length can be varied to increase 

the energy content of a pulse for improved pulse 
detection. However, such an approach results in a 
proportional loss in the spatial resolution. For 
example, a pulse length of 52 cycles at 40 kHz is 0.45 
meters long, meaning that the spatial resolution of 
the obstacle detected is measured as being less than 
half a meter, due to the difficulty in determining 
accurately the beginning of an unmodulated sound 
wave. This is especially true when the level of weak 
echoes is undistinguishable from the ambient noise 
level.  

Pulse compression using cross correlation can 
overcome this drawback. Cross correlation is a 
measure of the similarity of two signals and shows 
the relative position of one signal in the other. Cross 
correlation is often referred to as matched filter, or 
the sliding dot product.  Mathematically, it is the 
sum of the product of the elements of the signal 
vector, with the elements of the search pattern 
vector or correlation vector for successive positions 

 

 Figure 14.1.  Waveforms of the carrier: A–Unmodulated,      
B – Phase-modulated with a 13-bit Barker Code 

 

 Figure 14.2. Iterative Process for Ultrasound Peak 
Detection    
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along the signal vector of length. 

An ultrasonic pulse is modulated to create a pattern 
that can be easily correlated. Figure 14.1 shows the 
waveform of an unmodulated carrier and a phase-
modulated carrier. The phase of the carrier is shifted 
180 degrees to encode ones and zeroes. A pattern 
that gives a high correlation value when it is aligned 
with itself and low correlation values for all other 
positions of partial alignment is applied, by means 
of the Barker codes, which create binary patterns. In 
this project, a 40 kHz pulse was encoded with a 13 
bit Barker Code (1111100110101) using phase 
modulation and 4 cycles per bit, resulting in a 52-
cycle pulse. The waveform of the excitation signal 
(to a piezoelectric transmitter) is shown in Figure 
14.1B.  Subsequently, the piezoelectric transmitter 
converts this excitation signal into a sound pressure 
wave, and transmits it into the air, in the form of an 
ultrasonic pulse train. The pulse train is reflected by 
a control surface, which serves as a calibration 
object, and  is converted back to an electric signal by 
means of a piezoelectric receiver.  The received 
signal serves as a correlation vector. As shown in 
Figure 14.2, the correlation vector is aligned with the 
beginning of the received signal, with a time lag of 
zero.  The result of the cross correlation operation is 
a vector of values representing the strength of the 
correlation, or match, between the ultrasound signal 
and the correlation vector. 

The correlation peaks, shown in Figure 14.2, 
correspond to the time or position in the vector of 
the received echoes to the resolution of the sampling 
frequency, effectively compressing a pulse length of 
52 cycles to one sample, which is less than one cycle.  
This solves the resolution problem for a pulse with a 
large enough length to be easily detected. Locating a 
peak is accomplished by a pulse detection operation, 
for which an iterative process is performed, as 
shown in Figure 14.2. The process considers the 
minimum spacing between adjacent peaks, 
determined experimentally, to eliminate weaker 
correlations, called sidelobes, without losing real 
matches. The process is repeated until only peaks 
that are further apart than the sidelobe spacing 
remain. The result in Figure 14.2 shows the output 

of the cross correlation for the received ultrasonic 
signal, where the peaks represent the location of 
pulse echoes in the received data. The timing of the 
peaks represents the time of flight (TOF) of the 
echoes at the speed of sound and therefore the range 
to the obstacles. 

The Y-axis position of the peaks represents the 
relative strength of the correlation, and it is used to 
locate the peaks. The positions along the X-axis 
represent the range of an obstacle, and are measured 
in meters. Each dot on the graphs represents one 
data sample or reading of the analog-to-digital 
converter within a microcontroller. The final values 
shown in the bottom graph of Figure 14.2 are the 
location of the start of the detected pulse echoes 
converted to time, obtained by multiplying the 
sample number by the sampling period. This gives 
the TOF of all detected echoes with a precision of 
one sampling period. The TOF information from 
two receivers is combined to calculate the spatial 
position of the obstacle that reflected the transmitted 
pulse. This spatial information can then be used to 
categorize the obstacle.  The photo in Figure 14.3 
shows the experimental setup for ultrasonic signal 
correlation.  

 

 

 Figure 14.3.  Experimental Setup, with Ultrasound 
Transmitter Holder and Prototype Electronics 
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 SMART CANE MODIFICATIONS 
 Designers: Brett Laviolette, Michael Resca, and Alicia Lemieux 

 Supervising Professor: Robert Hyers 
 Department of Mechanical and Industrial Engineering 

 University of Massachusetts 
 Amherst, MA 01003-3662 

 

 INTRODUCTION 
The Smart Cane utilizes specific sensors, modules, 
and electronics that will alert a person who has a 
visual impairment of the exact distance and height 
of an obstruction in his or her path. The objective 
was to design a hollow shaft for the cane that will 
house the miniature ultrasonic ranging module and 
microelectronics while maintaining the same 
vibration frequency as a standard cane.  The current 
design for the cane has all the electronics mounted 
on the cane shaft with a bulky aluminum casing.  To 
achieve the design goal, different design concepts 
were produced and evaluated based on the design 
criteria.  Figure 14.4 shows the final design, which is 
a tapered hollow oak shaft with an inside diameter 
being large enough to accommodate the largest 
existing computer chip.  This design was selected for 
its low cost, low weight and its ability to match the 

natural frequency of a standard cane.   

 SUMMARY OF IMPACT  
Standard canes for people who have visual 
impairments only aid in detection of obstacles below 
the waist.  The Smart Cane reveals obstacles not only 
below the waist but also above by utilizing signals 
that locate the hindrances and notify the user 
accordingly.  The additional features of the Smart 
Cane require electronics to be added to a standard 
cane, which might alter the characteristics of the 
cane.  Redesigning the shaft of the Smart Cane to 
mimic the characteristics of a standard cane will 
allow people who currently use a cane to transition 
easily from the current standard to the Smart Cane.  
The redesign also provides a protective housing unit 
for the sensitive electronics.    
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 Figure 14.4. A: Engineering Drawing for the Redesigned Cane; B: Pro/Engineering Drawing. 
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 TECHNICAL DESCRIPTION 
The concept that was chosen for the design of the 
Smart Cane’s shaft has an outer diameter of 56 mm. 
This diameter is large enough to house the largest 
computer chips needed for the ultrasound detection 
of objects and is located toward the top of the cane.  
Approximately 2/3 of the length of the cane will be 
filled with the electronics. At the end of the 
electronics housing section of the shaft, the larger 
diameter will be tapered in the remaining section of 
the cane. The remaining 1/3 of the cane will have a 
diameter of 24 mm, which is the current standard 
diameter of a cane. The material selected for both 
sections of the cane was oak. Oak was selected 

because the first four modes of its natural frequency 
match almost exactly the frequency of the standard 
cane made from aluminum.  Also, the oak cane only 
weighs 0.0297 kg more than the standard cane.  The 
small differences between the standard cane and the 
oak cane mean that there will be almost no 
difference in feel to the user. Another advantage of 
using oak is  its low cost ($3.00/kg for perpendicular 
oak), which results in a cost of only $0.335 for the 
cane material (not including any electronics). A 
perpendicular grain orientation on the upper shaft 
was used to reduce cost.  A parallel grain orientation 
on the lower shaft was used to provide superior 
strength. 
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 DAMPER DEVICE TO PROTECT SMART CANE 
ELECTRONICS 

 Designers: Daniel Bosh, and William Savola III 
 Supervising Professor: Robert Hyers 

 Department of Mechanical and Industrial Engineering 
 University of Massachusetts 
 Amherst, MA 01003-3662 

 

 INTRODUCTION 
A means of protecting the sensitive electronics 
housed inside the shaft of a smart cane is needed. 
One solution is to make a mold of visco-elastic foam.  
The visco-elastic foam chosen for this design is light 
and inexpensive, and excellent for damping 
vibrations. To maximize damping and minimize 
weight, conical bumps will be molded to create 
stress concentrations and increase the damping of 
the protective sleeve that will surround the 
electronics (see Figure 14.5). 

 SUMMARY OF IMPACT 
The electronics for a cane with the capability to 
detect objects above the waist are expensive and 
delicate. By creating proper protection for these 
sensors the cane will be able to handle the rigors of 
everyday use.    Additionally, this new technology 
will increase the safety of Smart Cane users. 

 TECHNICAL DESCRIPTION 
Visco-elastic foam is molded to have coned-shaped 
protrusions on the outer surface and a groove on the 

inner surface, as seen in Figure 14.6.   

The cones on the surface create stress concentrators, 
which allow for higher damping.  Once the flat mold 
is created, it is then wrapped around the housing of 
the cane to make a cylinder.  Next, the chip is 
inserted into the molded groves on the inside 
surface and then inserted into the cane (See Figure 
14.7).   

It was determined that this configuration will be 
able to protect the sensitive electronics from impact 
if the tip of the cane on the ground has a speed up to 
21mph.  This is based on the average cane length 
and arm length to give a sweeping radius of 59,” 
while sweeping a 45 degree arc every 0.25 seconds. 
This is thought to be an extreme case and would 
cause large vibrations along the cane shaft.  Using 
these assumptions the design group is confident that 
the solution presented will affectively protect the 
electronics in the cane even in extreme impacts at 
the tip of the cane.   

 

“Sea cucumber”
Vibration damperCane (housing)

Foam disk, wedged, epozied

 

 Figure 14.5. Final Geometric Design of Protective Visco-Elastic Foam 



Chapter 14: University of Massachusetts Amherst  217 

 

 

press mold

foam piece

press mold  

 Figure 14.6.  Mold for Creating the Inner Geometry of the Shaft 
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 Figure 14.7.  Cross Section of the Cane, Sensor and Damper 
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 BOTTLE CAP REMOVAL ASSISTANT 
 Designers: Marc Attar, Steven Baj, and Andrew Werther 

 Supervising Professor: Robert Hyers 
 Department of Mechanical and Industrial Engineering 

 University of Massachusetts 
 Amherst, MA 01003-3662 

 

 INTRODUCTION 
The goal of this project was to design a bottle cap 
opener that requires the use of only one hand and is 
portable. Currently there are simple solutions for 
opening bottles with metal caps.  One is a wall-
mounted bottle cap opener.  Another option, which 
is more common in the average household, is the 
portable bottle opener that has a hole into which the 
metal cap fits at an angle. By lifting the handle 
upward, the cap comes off. However, the portable 
bottle opener requires the use of two hands, one to 
stabilize the bottle and the other to use the handle or 
lever that gives the user a mechanical advantage. 
This easy-to-use lightweight portable bottle opener 
(Figure 14.8) grips the neck of the bottle and then 
lifts off the bottle cap when the handles are 
squeezed together.  

 SUMMARY OF IMPACT 
People who have limited use of one hand will 
benefit from a portable bottle cap opener that 
requires only one hand to use. This new design will 
enhance independence. Its portability will enable 

users to remove bottle caps when wall-mounted 
devices are not available, such as during outdoor 
activities.  

 TECHNICAL DESCRIPTION 
The design is shown in Figure 14.8.  It uses a lever, 
which gives a mechanical advantage to the user, 
reducing the force needed to pry the metal cap off of 
the bottle.  The same basic shaped head or cap 
removal arm is used as the standard bottle opener, 
which interfaces with the bottle cap (Figure 14.9).  
The lever arm and the cap removal arm are linked, 
allowing for the proper motion to remove the cap 
and force transfer.  The design has a claw 
mechanism that grips the bottle, obviating the need 
for a second hand.  The lever mechanism  removes 
the bottle cap (as shown in Figure 14.10).   

Future redesigning and testing are required to 
guarantee that the grip arms and lever arm will 
comfortably fit in the user’s hand and to ensure that 
the three arms are within comfortable grip capacities 
of a wide variety of potential users’ hands. 

Lever Arm

Linkage

Cap Removal 
Arm

Grip Pads (2)

Gripping Arms (2)  

 Figure 14.8. Bottle Cap Removal Assistant Design  
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 Figure 14.9. Cap Removal Feature 

 

 Figure 14.10. Claw and Lever Used to Grip Bottle’s Neck 
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 ASSISTIVE REACH MECHANISM 
 Designers: Zack Livingston, Daniel Bergeron, and Patrick Luo 

 Supervising Professor: Robert Hyers 
 Department of Mechanical and Industrial Engineering 

 University of Massachusetts 
 Amherst, MA 01003-3662 

 

 INTRODUCTION 
An assistive reach mechanism for individuals with 
lower back problems was redesigned. A telescoped 
arm was designed, which makes the product easier 
to carry and store. The final design has a gripping 
claw that can pick up objects as small as a needle 
and as large as a can or jar.  The arm brace, shown in 
Figure 14.11, aids in lifting the maximum five-pound 
load.   

 SUMMARY OF IMPACT 
The design can help with grabbing objects that are 
up to four feet away and weigh as much as five 
pounds. People who may benefit include those with 
risk of falling from stools or ladders, people who use 
wheelchairs, people with back pain and injuries, and 
people who are short.  

The claw allows for picking up a wide range of 
objects without damaging them. The shaft is strong 
and telescopes for easy storage. The trigger handle 
allows for full closing of the claw with only one full 
pull, and the ratchet mechanism locks the claw in 
place so constant force is not required. The handle 
trigger and ratchet will be helpful for people with 
hand pain or weakness. Finally, the addition of the 
arm support distributes the load over the arm and 
reduces the load on the wrist. 

 

 TECHNICAL DESCRIPTION 
The functional components of the reach mechanism 
consist of:  1) the interface with person (handle), 2) 
the interface with object (claw), 3) the support 
mechanism (shafts), 4) the control mechanism 
(cable), and 5) mechanical advantage (gearing).  
Each of these functions were looked at individually, 
and the best design for each component was 
selected.  Next, modifications were made to assure 
that all of the components fit and work together. 

The claw assembly, as seen in Figure 14.12, has a 
lobster claw design. The claw is hinge-pinned at the 
top, and uses a torsion spring at the hinge to hold 
the claw open. The closure is controlled by a cable, 
which connects to the handle.  The claw has two 
different gripping areas: 1) a larger area near the 
hinge joint for gripping glasses and jars, and 2) the 
rubber tips on the ends of the claws, which allow for 
grabbing objects such as needles and pins. The claw 
is made of cast aluminum for strength, and has a 
vinyl coating so the metal will not damage any of 
the objects being picked up, such as glasses.  

The handle, which is made of ABS, plastic and 
gearing, uses a ratchet mechanism and a trigger 
handle. This configuration was used because it 

 

 Figure 14.12: Exploded View of Claw 

 

 Figure 14.11. Assistive Reach Mechanism 
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allows the user to close the gripping mechanism in 
one pull of the trigger (see Figure 14.13).  The key 
feature of the ratchet is that it allows the user to lock 
the claw into place around an object.   

There are two shafts in the design: one that connects 
the handle to the claw, and another that connects to 
the handle and gives support to the wrist when 
lifting.  Figure 14.14 shows the overall design and 
the shafts.  The shaft that connects the handle to the 

claw is comprised of two pieces that telescope, one 
inside the other. This is held in place with a c-type 
button when fully extended. Both shafts are made of 
wrought aluminum alloy with a 1-inch outer 
diameter and 1/16-inch inner diameter for the shaft 
and a 0.5-inch outer diameter and 3/32-inch inner 
diameter for the arm support.    

 

 

 Figure 14.13. Exploded View of Handle 

 

 

 Figure 14.14. Exploded View of Telescoped Shafts 
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ASSISTIVE STAIR CLIMBER 
 Designers: Brian O’Connell, Luck Asselin, and Nathan Labarge 

 Supervising Professor: Robert Hyers 
 Department of Mechanical and Industrial Engineering 

 University of Massachusetts 
 Amherst, MA 01003-3662 

 

 INTRODUCTION 
A device was designed to assist in the moving of 
heavy loads up a set of stairs. There are many 
homeowners who cannot carry or move loads up a 
staircase. Some individuals have trouble making the 
ascent even without carrying anything. Although 
there are wheelchair and lift systems to aid in 
moving loads up stairs, there are no low-cost 

personal assistive devices to help in these situations.   

The design, shown in Figure 14.15, is a low-cost 
device that will transport as much as a 40-pound 
load up a flight of steps.  

 SUMMARY OF IMPACT 
The device is a tread-driven vehicle with a 
removable self-leveling basket that is capable of 

 

 Figure 14.15.  Assistive Stair Climber 
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running along flat ground, as well as up to a 45-
degree incline. It will ascend a flight of steps in just 
over one minute. The device has few parts and was 
designed for easy manufacturing and assembly. This 
design will aid people in bringing groceries up and 
down their front steps, supplies from their 
basement, or even laundry to their bedroom.  

 TECHNICAL DESCRIPTION 
The proposed design is a basket that is mounted to 
two arms and attached to the central mounting 
platform. The central mounting platform connects 
the two motorized tracks, the motor, battery, and the 
arms. The arms pivot to keep the carrying basket 
level while it goes up and down the stairs. The low 
height of the assembly and the shape keeps the 
center of gravity far forward and low. The location 
of the center of gravity keeps the basket from falling 
back while going up an incline. 

The material indices of the plates, shafts and wheels 
were determined by a simple calculation, 
maximizing the strength against relative cost and 
density.  PVC was chosen for the plate, while  
maximizing modulus against relative cost led to the 
selection of aluminum for the wheels and the shafts.  
All of the PVC parts will be joined using PVC 
welding, which creates a bond stronger than the 
PVC itself.  

The belt that propels the assistive carrier and climbs 
the steps allows for a maximum loading weight of 
100 pounds directly in the center of the bottom track, 
with a pretension of one inch. This allows for a 
maximum strain of 1.9% and causes an elastic spring 
force of 8.7 lbs per inch throughout the track. The 
Saint-Gobian Chemfab TCN 1590 Leno Weave 
Nomex/Fiberglass Belting Material, which has a 
max elongation of 2% at a loading of 40 pounds per 
inch, was the best match for this design.   

It was determined that, for the motor, a torque of 15 
ft*lb was necessary to drive the device while 
carrying a 40-pound load up a 45-degree angle at 
approximately 0.5 ft/sec. The motor selected was by 
HIT, and runs on a 12V DC battery at 2850 rpm and 
supplies 0.1562 ft*lb of torque. A spur gear head by 
Bayside Motion Group was chosen due to its 100:1 
gear ratio with 98% efficiency and low backlash.  It 
will provide the necessary force and speed. 

The battery supply for the motor is based on the 
discharge time of 1.1 hours because the motor 
requires 1 ampere.  A sealed lead acid battery was 
chosen based on the principle that it is able to 
discharge at any rate.  The total weight of the battery 
is three pounds; it has a low-profile design, making 
it easy to attach to the support plate.  

The expected cost for all parts (not including the 
belt) is approximately $200. 
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 STOW AND GO: JOHN DEERE GATOR 
WHEELCHAIR STORAGE SYSTEM 

 Designers: Tim Smith, Sean Pringle, and Brian Swearengin 
 Collaborators: John Deere, PTC, Georgia Institute of Technology, University of Illinois-Urbana Champaign 

 Supervising Professors: Sundar Krishnamuty and James Rinderle  
 Department of Mechanical and Industrial Engineering 

 University of Massachusetts 
 Amherst, MA 01003-3662 

 

 INTRODUCTION 
This project is the continuation of the designing and 
building of a prototype add-on for a John Deere 6x4 
Gator (Figure 14.16). Throughout the project stages, 
the University of Massachusetts collaborated with 
Georgia Tech and University of Illinois-Urbana 
Champaign. The design is specific to people who 
use a wheelchair but wish to transport the chair 
easily when they are using the Gator. The UMass 
team's task was to design a device able to stow and 
retrieve a folded wheelchair on the 6’x4’ vehicle. The 
final design (Figures 14.17 and 14.18) is easy for the 
user to control by using simple on and off switches. 
Also, the design minimally impedes on the 
usefulness of the Gator as a utility vehicle, by having 
the wheelchair be stored on the device itself. Low 
cost and robustness were also priorities of this 
project.  

 SUMMARY OF IMPACT  
John Deere has determined that there is a market for 
a Gator that can be used by people who use 
wheelchairs due to a disability affecting the lower 
body. This design will enable users to remain active 
outdoors and to be able to do some of their own 
yard and garden maintenance, increasing 
independence and quality of life.   

 TECHNICAL DESCRIPTION 
The “Stow and Go” is designed to be durable 
through the use of lightweight and strong 1/8”-thick 
6063 aluminum square tubing for the frame and all 
the hinges. A 12-volt electric linear actuator provides  
the motion. This low-voltage actuator allows the 
device to be powered by the Gator battery and 
obviates the need for expensive and complicated 
hydraulics. The wheelchair attaches to the lift via an 
adjustable clamp where it is securely held by an 
easy-to-use cam lever (as shown in Figure 14.19). 

This clamp holds the wheelchair handles during 
lifting, retrieval, and when the Gator is in use. 
Operation is controlled by two simple toggle 
switches. One controls the direction of the motor 
while the other controls the power. Safety cut-off 
switches are fully integrated into the electrical 

 

 Figure 14.16.  John Deere 6’x4’ Gator  

 

 Figure 14.17. Partially Extended Prototype 
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system.  

This design allows for a customer to buy the product 
as an after-market add-on, since it is fully self-
contained and only interfaces with the Gator for the 
power supply.  The design would be easy and 
inexpensive to install at the factory because it can be 

fully assembled independently from the assembly of 
the Gator.  

The final cost for this project is approximately $500.

 

 

 Figure 14.18.  Fully Retracted Prototype 

 

 

 Figure 14.19.  Clamping Mechanism to Hold Wheelchair 
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	 SUMMARY OF IMPACT
	 TECHNICAL DESCRIPTION


	CHAPTER 7   DUKE UNIVERSITY
	  Pratt School of Engineering
	  Department of Biomedical Engineering
	  136 Hudson Hall, Box 90281
	  Durham, NC   27708-0281
	  Principal Investigator:  
	  Larry N. Bohs (919) 660-5155
	  lnb@duke.edu


	  FOOT-OPERATED CAMERA SYSTEM
	  Designers:  Eric Lai, Anthony Lau, and Tom Rose
	  Client Coordinator:  Luanne Holland, Durham County Schools
	  Supervising Professor:  Larry Bohs
	  Department of Biomedical Engineering
	  Duke University,
	  Durham, NC 27708

	 INTRODUCTION
	 SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  RECREATIONAL SWING AID
	  Designers:  Mike Holliday, Eric Lai, and Mike Scott 
	  Supervising Professor:  Larry Bohs
	  Department of Biomedical Engineering
	  Duke University,
	  Durham, NC 27708

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  OVEN HELPER
	  Designers:  Roni Prucz, Justin Brower, and William Hong
	  Client Coordinator:  Annette Lauber, North Carolina Assistive Technology Project
	  Supervising Professor:  Larry Bohs
	  Department of Biomedical Engineering
	  Duke University,
	  Durham, NC 27708

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  PENCIL DISPENSER AND COUNTER
	  Designers:  Leahthan Domeshek, Kelly Fong, and Evan Harrell
	  Client Coordinator:  Judy Stroupe, Orange Enterprises
	  Supervising Professor:  Larry Bohs
	  Department of Biomedical Engineering
	  Duke University,
	  Durham, NC 27708

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	  MODIFIED ELECTRIC SCOOTER 
	  Designers:  Kevin Ko, Aya Eguchi, and Eric Schwartz
	  Client Coordinator:  Jodi Petry, Lenox Baker Hospital
	  Supervising Professor:  Larry Bohs
	  Department of Biomedical Engineering
	  Duke University,
	  Durham, NC 27708

	 INTRODUCTION
	 SUMMARY OF IMPACT
	 TECHNICAL DESCRIPTION

	  ALL TERRAIN WALKER
	  Designers: Dan Choi, Stephanie Chi, and Fong Ming Hooi
	  Client Coordinator: Barbara Howard, Duke University Hospital
	  Supervising Professor: Larry Bohs
	  Department of Biomedical Engineering
	  Duke University,
	  Durham, NC 27708

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	  ROTATIONAL WORKSTATION
	  Designers: Dan Southam, Brian Goldberg, and Mike Scott
	  Client Coordinator: Barbara Howard, Duke University Hospital
	  Supervising Professor: Larry Bohs
	  Department of Biomedical Engineering
	  Duke University,
	  Durham, NC 27708

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  PAPER MANAGEMENT SYSTEM 
	  Designers: Clayton Eiswirth, Megan Hanson, and Sean Huffman 
	  Client Coordinator: Judy Stroupe, Orange Enterprises
	  Supervising Professors: Richard Goldberg, Kevin Caves
	  Department of Biomedical Engineering
	  Duke University,
	  Durham, NC 27708

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  3-D SOUND STATION
	  Designers: Jonathan Weiss, George Crowell, and Mike Chu 
	  Client Coordinator: Luanne Holland and Susan Parker, Durham Public Schools
	  Supervising Professors: Kevin Caves and Richard Goldberg  
	  Department of Biomedical Engineering
	  Duke University,
	  Durham, NC 27708

	 INTRODUCTION
	 SUMMARY OF IMPACT
	 TECHNICAL DESCRIPTION

	  READER'S ASSISTIVE DEVICE
	  Designers: Tina Chang, Xander Chen, and Michele Nguyen
	  Client Coordinator: Leslie Lerea, Director, UNC SPIRE program
	  Supervising Professors: Richard Goldberg, Kevin Caves 
	  Department of Biomedical Engineering
	  Duke University,
	  Durham, NC 27708

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  ASSISTIVE FOOT CARE DEVICE
	  Designers: Avery Capone, Shaun Noonan, and Connie Siang
	  Client Coordinator: Annette Lauber, NC Assistive Technology Project 
	  Supervising Professors: Kevin Caves, Richard Goldberg 
	  Department of Biomedical Engineering
	  Duke University,
	  Durham, NC 27708

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  ACCESSIBLE BALL MAZE 
	  Designers: Twinkle Gupta, Julianna Swanson, and Amanda Zimmerman
	  Client Coordinator: Beth Leiro, Physical Therapist
	  Supervising Professors: Richard Goldberg, Kevin Caves 
	  Department of Biomedical Engineering
	  Duke University,
	  Durham, NC 27708

	 INTRODUCTION
	 SUMMARY OF IMPACT
	 TECHNICAL DESCRIPTION

	  MODIFIED SCOOTER
	  Designers: Jeremy Kim, Miao Wang and Charles Tao
	  Client Coordinator: Lisa Mangino, Physical Therapist
	  Supervising Professors:  Kevin Caves, and Richard Goldberg 
	  Department of Biomedical Engineering
	  Duke University,
	  Durham, NC 27708

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION


	CHAPTER 8   MICHIGAN TECHNOLOGICAL UNIVERSITY
	  College of Engineering
	  Department of Biomedical Engineering
	  1400 Townsend Drive
	  312 Chemical Sciences & Engineering
	  Houghton, Michigan 49931-1295
	  Principal Investigators:
	  Debra D. Wright (906) 487-1989
	  wright@mtu.edu
	  
	  John E. Beard, (906) 487-3110
	  
	  David A. Nelson (906) 487-2772


	  ACCESSIBILITY SYSTEM FOR A SCHOOL STAGE
	  Designers: Melissa Collins, Jason Prudom, Amanda Smith, and Jessica VanRiper 
	  Client Coordinator: Norman McKindles, North Central Area High School, Powers, Michigan
	  Supervising Professor: David A. Nelson, Ph.D.
	  Michigan Technological University
	  Department of Biomedical Engineering
	  1400 Townsend Drive
	  Houghton, MI 49931

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  LIFT AND TRANSPORT SYSTEM 
	  Designers: Alisha Brinkman, Meghan McGee, and Joshua Stegmeyer
	  Client Coordinator: Sara Menzel, UP AT Center, Marquette, Michigan
	  Supervising Professor: Debra D. Charlesworth, Ph.D.
	  Michigan Technological University
	  Department of Biomedical Engineering
	  1400 Townsend Drive
	  Houghton, MI 49931

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  MILK CARTON OPENER
	  Designers: Justinian Broughton, and Kristen Karnowski
	  Client Coordinator: Sara Menzel, UP AT Center, Marquette, Michigan
	  Supervising Professors: Debra D. Charlesworth, Ph.D., and David A. Nelson, Ph.D.
	  Michigan Technological University
	  Department of Biomedical Engineering
	  1400 Townsend Drive
	  Houghton, MI 49931

	 INTRODUCTION
	Elderly people and people with disabilities often have meals delivered to their homes.  During home visits, it became apparent that some people do not consume the milk that is delivered with the meals because they are unable to open the cardboard milk container.  The milk carton opener was designed to assist in opening single- portion cardboard cartons. The client for whom this device was designed specified several design constraints for the device.  These included that the final product could be easily manufactured at a low cost, and be easily cleaned.  The top view of the milk carton opener is illustrated in Fig. 8.5. This view shows the two projections that puncture the milk carton as well as the opening where the milk drains.  

	 SUMMARY OF IMPACT
	 TECHNICAL DESCRIPTION

	  TOOTHBRUSH ASSIST DEVICE
	  Designers: Justinian Broughton, and Anders Riutta
	  Client Coordinator: Sara Menzel, UP AT Center, Marquette, Michigan
	  Supervising Professor: Debra D. Charlesworth, Ph.D., and David A. Nelson, Ph.D.
	  Michigan Technological University
	  Department of Biomedical Engineering
	  1400 Townsend Drive
	  Houghton, MI 49931

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION


	CHAPTER 9   NORTH DAKOTA STATE UNIVERSITY
	  Department Of Electrical Engineering
	  Fargo, North Dakota  58105
	  Principal Investigators:
	  Roger A. Green, (701) 231-1024, Roger.Green@ndsu.nodak.edu
	  
	  Jacob S. Glower, (701) 231-8068, Jacob.Glower@ndsu.nodak.edu
	  
	  Joel A. Jorgenson, (701) 231-7217, Joel.Jorgenson@ndsu.nodak.edu


	  PORTABLE DIGITAL COMMUNICATIONS ASSISTANT 
	  Designers: Andrew Dahl, and Greg Gergen
	  Client Coordinator: Beth Wolf, MS, CCC-SLP, and Licensed Speech-Language Pathologist
	  Supervising Professor: Dr. Roger Green
	  Department of Electrical and Computer Engineering
	  North Dakota State University
	  Fargo, ND 58105

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  CONVERSATIONAL SPEECH ASSISTANT
	  Designers: Matthew Stockert, and Shawn Heilman
	  Client Coordinator: Mona Sticha, Friendship Inc.
	  Supervising Professor: Dr. Roger Green
	  Department of Electrical and Computer Engineering
	  North Dakota State University
	  Fargo, ND 58105

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  THERAPEUTIC HEATING ZONE SYSTEM
	  Designers: Jaden Ghylin, and Matthew Kruckeberg
	  Client Coordinator: Dianne Wanner, Developmental Work Activity Center
	  Supervising Professors: Dr. V.V.B. Rao, and Dr. Roger Green
	  Department of Electrical and Computer Engineering
	  North Dakota State University
	  Fargo ND 58105

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  REMOTE DOOR ALARM
	  Designers: Jon Hanson, and Adrian Freidel
	  Client Coordinator: David Hoverson, SVEE Home
	  Supervising Professor: Dr. Roger Green
	  Department of Electrical and Computer Engineering
	  North Dakota State University
	  Fargo, ND 58105

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  NURSE ALERT SYSTEM
	  Designers: Shawn Carlson, and Tanner Seibel
	  Supervising Professor: Dr. Jacob Glower
	  Department of Electrical and Computer Engineering
	  North Dakota State University
	  Fargo, ND 58105

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  PAGE-TURNING SYSTEM
	  Designers: Scott Muggli, and David Schaefer
	  Supervising Professor: Dr. David Rogers
	  Department of Electrical Engineering
	  North Dakota State University
	  Fargo, North Dakota 58105

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  VIBROTACTILE STIMULATION PAD
	  Designers: Betty Wey, Jennifer Wilken, and Rebecca Barrows
	  Client Coordinator: Connie Lillejord, Anne Carlson Center for Children
	  Supervising Professor: Dr. Ivan T. Lima
	  Department of Electrical and Computer Engineering
	  North Dakota State University
	  Fargo, ND 58105

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  SHOULDER TILT INDICATOR
	  Designer: Ryan Hanson, Justin Hofer, and Dan Olson
	  Supervising Professor: Dr. Roger Green
	  Department of Electrical and Computer Engineering
	  North Dakota State University
	  Fargo, ND 58105

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  AMBULATORY BRAIN COMPUTER INTERFACE
	  Designers: Dan Anonen, Pat Miller, and John Becker
	  Supervising Professor: Dr. Mark Schroeder
	  Department of Electrical and Computer Engineering
	  North Dakota State University
	  Fargo ND 58105

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DISCRIPTION
	   


	  PRODUCTION REPORT ASSISTANT
	  Designers: Kristin Schroeder, and Josh Shones
	  Client Coordinator: Dianne Wanner, Supervisor, Developmental Work Activity Center (DWAC)
	  Supervising Professor:  Prof. Val Tareski
	  Department of Electrical Engineering
	  North Dakota State University
	  Fargo, North Dakota 58105

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  BOCCE BALL SCORING SYSTEM II
	  Designers: Russell Cook, Shaun Schmeig, and Phil Stich
	  Client Coordinator: Shelly Woodcock
	  Supervising Professor: Dr. Jacob Glower
	  Electrical Engineering Department
	  North Dakota State University
	  Fargo North Dakota, 58105

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION


	CHAPTER 10   SAN DIEGO STATE UNIVERSITY
	  Department of Mechanical Engineering
	  San Diego State University
	  5500 Campanile Drive
	  San Diego, CA 92182-1323
	  Principal Investigators:
	  Michael A. Lambert, Ph.D., Asst. Prof.
	  Karen May-Newman, Ph.D., Assoc. Prof. and Chair
	  


	  CENTER PEDESTAL GRINDER WITH PIVOTING BASE FOR RACING SAILBOAT
	   Designers: Guillermo Navarro, Israel Valero and Miguel Santoyo
	  Supervisors: Peter C. Newman, and Dr. Karen May-Newman
	  Department of Mechanical Engineering and Rehabilitation Technology Program
	  San Diego State University
	  San Diego, CA 92182-1323

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  TRACK AND TROLLEY FOR RACING SAILBOAT COCKPIT CREW SEATS 
	  Designers: Michael Romano, Fervin Callo, Philip Yoakem, Chris Aramburo, and Jonny Lam
	  Supervisors: Peter C. Newman  and Dr. Karen May-Newman
	  Department of Mechanical Engineering 
	  San Diego State University
	  San Diego, CA 92182-1323

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION
	  



	CHAPTER 11   STATE UNIVERSITY OF NEW YORK AT BUFFALO
	  School of Engineering and Applied Sciences
	  Department of Mechanical and Aerospace Engineering
	  335 Jarvis Hall
	  Buffalo, New York 14260-4400
	  Principal Investigator:
	  Joseph C. Mollendorf (716) 645-2593 x2319
	  molendrf@acsu.buffalo.edu
	  


	  WALKER WITH A SLING/SADDLE SEAT 
	  Designers: Peter Kovachi, and Chee Main Heam 
	   Supervising Professor: Dr. Joseph C. Mollendorf 
	   Mechanical and Aerospace Engineering Department 
	   State University of New York at Buffalo
	   Buffalo, NY 14260-4400

	INTRODUCTION
	  SUMMARY OF THE IMPACT
	  TECHNICAL DESCRIPTION

	  ADJUSTABLE SHOE GRIPPER/HELPER
	  Designer: Jawaad F. Sheriff
	  Supervising Professor: Dr. Joseph C. Mollendorf
	  Mechanical and Aerospace Engineering Department
	  State University of New York at Buffalo 
	  Buffalo, NY  14260-4400

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  AUTOMATIC PILL DISPENSER
	  Designer: David S. DeWolf
	  Supervising Professor: Dr. Joseph C. Mollendorf
	  Mechanical and Aerospace Engineering Department
	  State University of New York at Buffalo 
	  Buffalo, NY 14260-4400

	INTRODUCTION
	SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	  SELF-RISING SUPPORT CANE
	  Designers: Zachary Henry, and Christopher Colvin
	  Supervising Professor: Dr. Joseph C. Mollendorf
	  Mechanical and Aerospace Engineering Department
	  State University of New York at Buffalo 
	  Buffalo, NY 14260-4400

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  LEVER-OPERATED DISHWASHER OPENER
	  Designer: Bryan M. Aweh 
	   Supervising Professor: Dr. Joseph C. Mollendorf 
	   Mechanical and Aerospace Engineering Department 
	   State University of New York at Buffalo
	 Buffalo, NY 14260-4400

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  EZ-SPLIT PILL CUTTING MACHINE
	  Designer: James A. Fry
	  Supervising Professor: Dr. Joseph C. Mollendorf
	  Mechanical and Aerospace Engineering Department
	  State University of New York at Buffalo 
	  Buffalo, NY 14260-4400

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  MOTORIZED WEAK GRIP BED HOIST
	  Designer: Shelley Hodgson 
	   Supervising Professor: Dr. Joseph C. Mollendorf 
	   Mechanical and Aerospace Engineering Department 
	   State University of New York at Buffalo
	   Buffalo, NY 14260-4400

	   INTRODUCTION 
	  SUMMARY OF IMPACT 
	  TECHNICAL DESCRIPTION 

	  WHEELCHAIR-MOUNTED SUCTION SYSTEM FOR RETRIEVAL OF SMALL ITEMS
	  Designer: Daniel R. Robideau
	  Supervising Professor: Dr. Joseph C. Mollendorf
	  Mechanical and Aerospace Engineering Department
	  State University of New York at Buffalo
	  Buffalo, NY 14260-4400

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION 

	  BATTERY-OPERATED AUTOMATIC TOOTHPASTE DISPENSER
	  Designer: Timothy D. Ebersole 
	   Supervising Professor: Dr. Joseph C. Mollendorf 
	   Mechanical and Aerospace Engineering Department 
	   State University of New York at Buffalo 
	   Buffalo, NY 14260-4400

	INTRODUCTION  
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  REMOTE CONTROL ENTRY DOOR
	  Designers: Stephanie Raymond, Sean Moskal, and Sam Scorsone
	  Supervising Professor: Dr. Joseph C. Mollendorf
	  Mechanical and Aerospace Engineering Department
	  State University of New York at Buffalo
	Buffalo, NY 14260-4400

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  POWERED DESKTOP LETTER OPENER
	  Designer: Adam Bienas
	  Client Coordinator: Elizabeth Cuzzacrea
	  Supervising Professor: Dr. Joseph C. Mollendorf
	  Mechanical and Aerospace Engineering Department
	  State University of New York at Buffalo
	  Buffalo, NY 14260-4400

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  POCKET-SIZED CHANGE SORTER
	  Designer: Christopher Mazurkiewicz
	  Supervising Professor: Dr. Joseph C. Mollendorf
	  Mechanical and Aerospace Engineering Department
	  State University of New York at Buffalo 
	  Buffalo NY, 14260-4400

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  BATHTUB TRANSFER BENCH WITH ROTARY SEAT
	  Designer: Pek Hao Koh, Sze Chung, Andrew Wong, and Sue Guan Lim
	  Supervising Professor: Dr. Joseph C. Mollendorf
	  Mechanical and Aerospace Engineering Department
	  State University of New York at Buffalo 
	  Buffalo, NY 14260-4400

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  TURN-EASE MOTORIZED REFRIGERATOR 
	  LAZY SUSAN
	  Designer: David Ellison
	  Supervising Professor: Dr. Joseph C. Mollendorf
	  Mechanical and Aerospace Engineering Department
	  State University of New York at Buffalo
	Buffalo, NY  14260-4400

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  EASY-STORE EASY-USE CRUTCHES
	  Designer: Phillip Palma
	  Supervising Professor: Dr. Joseph C. Mollendorf
	  Mechanical and Aerospace Engineering Department
	  State University of New York at Buffalo
	  Buffalo, NY 14260-4400

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  ROTATIONAL SHOWER SCALD SAFE VALVE
	  Designer: Gavin V. Miller
	  Supervising Professor: Dr. Joseph C. Mollendorf
	  Mechanical and Aerospace Engineering Department
	  State University of New York at Buffalo 
	  Buffalo, NY 14260-4400

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  APPARATUS FOR REMOVAL AND TRANSPORTATION OF GARBAGE
	  Designers: Robert T. Giza, and Valerie M. Ringler
	  Supervising Professor: Dr. Joseph C. Mollendorf
	  Mechanical and Aerospace Engineering Department
	  State University of New York at Buffalo 
	  Buffalo, NY 14260-4400

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  TANGLE-FREE CPAP MASK
	  Designers: Matthew Davis, and Angelo La Greca
	  Client Coordinator: Alfonso La Greca
	  Supervising Professor: Dr. Joseph C. Mollendorf
	  Mechanical and Aerospace Engineering Department
	  State University of New York at Buffalo
	  Buffalo, NY 14260-4400

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  CANE  SEAT
	  Designers: Darren K. Leskiw, Benjamin T. Miller, and David M. Wollaber
	  Supervising Professor: Dr. Joseph C. Mollendorf
	  Mechanical and Aerospace Engineering Department
	  State University of New York at Buffalo 
	  Buffalo, NY 14260-4400

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  PAPER CURRENCY IDENTIFIER
	  Designer: Mark Smith
	  Supervising Professor: Dr. Joseph C. Mollendorf
	  Mechanical and Aerospace Engineering Department
	  State University of New York at Buffalo 
	  Buffalo, NY 14260-4400

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  ADJUSTABLE MECHANICAL REACHER
	  Designer: Matthew C. Morse
	  Supervising Professor: Dr. Joseph C. Mollendorf
	  Mechanical and Aerospace Engineering Department
	  State University of New York at Buffalo 
	  Buffalo, NY 14260-4400

	  INTRODUCTION
	  SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	  ADJUSTABLE SCISSOR LIFT TO MOVE A PERSON BETWEEN A WHEELCHAIR AND THE FLOOR
	  Designers: Gerald J. Asbach, and Benjamin M. Rossiter
	  Client Coordinator: Ray Carter
	  Supervising Professor: Dr. Joseph C. Mollendorf
	  Mechanical and Aerospace Engineering Department
	  State University of New York at Buffalo
	  Buffalo, NY 14260-4400

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  ONE-BUTTON INFRARED REMOTE CONTROL
	  Designers: Jared Ballachino, and Robert Lewandowski
	   Supervising Professor: Dr. Joseph C. Mollendorf
	   Mechanical and Aerospace Engineering Department
	   State University of New York at Buffalo
	  Buffalo, NY 14260-4400

	  INTRODUCTION
	  SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	  TABLETOP PILL REMINDER
	  Designers: Evan Cogansparger, and Chris Myers
	  Supervising Professor: Dr. Joseph C. Mollendorf
	  Mechanical and Aerospace Engineering Department
	  State University of New York at Buffalo 
	  Buffalo, NY 14260-4400

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  PORTABLE DEVICE TO LIFT A PERSON INTO A VEHICLE
	  Designers: Michael Schifano, Randell Sierens, and Vanessa Walsh
	  Supervising Professor: Dr. Joseph C. Mollendorf
	  Mechanical and Aerospace Engineering Department
	  State University of New York at Buffalo 
	  Buffalo, NY 14260-4400

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  QUICK AND EASY HEIGHT-ADJUSTABLE WALKER ATTACHMENT FOR FOREARM SUPPORT 
	  Designer: Tilova Rahman
	  Supervising Professor: Dr. Joseph C. Mollendorf
	  Mechanical and Aerospace Engineering Department
	  The State University of New York at Buffalo
	  Buffalo, NY 14260-4400

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  E-Z REACH VERTICAL SPACE SAVER STORAGE SYSTEM
	  Designer: Brandon G. Smith
	  Supervising Professor: Dr. Joseph C. Mollendorf
	  Mechanical and Aerospace Engineering Department
	  State University of New York at Buffalo 
	  Buffalo, NY 14260-4400

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  VIBRATING BRACELET 
	  Designers: Ryan O’Connor, and Matthew DeClerck
	  Supervising Professor: Dr. Joseph C. Mollendorf
	  Mechanical and Aerospace Engineering Department
	  State University of New York at Buffalo 
	  Buffalo, NY 14620-4400

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  TACTILE FEEDBACK PRESSURE SENSOR WALKING DEVICE 
	  Designer: Laura Koehler
	  Supervising Professor: Dr. Joseph C. Mollendorf
	  Mechanical and Aerospace Engineering Department
	  State University of New York at Buffalo 
	  Buffalo, NY 14260-4400

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  AUTOMATIC CORD RETRACTOR FOR PORTABLE VENTILATORS
	  Designer: David M. Riggs
	  Client Coordinator: Andy Ticco
	  Supervising Professor: Dr. Joseph C. Mollendorf
	  Mechanical and Aerospace Engineering Department
	  State University of New York at Buffalo 
	  Buffalo, NY 14260-4400

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION


	CHAPTER 12   STATE UNIVERSITY OF NEW YORK AT STONY BROOK
	  School of Engineering and Applied Sciences
	  Department of Mechanical Engineering
	  113 Light Engineering Building
	  Stony Brook, New York 11794-2300
	  Principal Investigators:
	  Jeffrey Q. Ge (631) 632-8315
	  Ge@design.eng.sunysb.edu
	  
	  Fu-Pen Chiang (631) 632-8311
	  Fu-Pen.Chiang@sunysb.edu
	  


	  BIKE EXERCISER
	  Designers: Li Ching Chin, Jessie Li, and Yen Sze Yuen
	  Client Coordinator: Thomas Rosati, Premm Learning Center, Oakdale, NY
	  Supervising Professor: Dr. Jeff Ge
	  Department of Mechanical Engineering
	  State University of New York at Stony Brook
	  Stony Brook, NY  11794-2300

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  CLEANING ASSISTANT
	  Designers: Un Long Chio, Gregory Koumoullous, and George Toumoumis
	  Client Coordinator: Thomas Rosati, Premm Learning Center, Oakdale, NY
	  Supervising Professor: Dr. Raman Singh
	  Department of Mechanical Engineering
	  Stony Brook University
	  Stony Brook, NY  11794-2300

	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  ALTERNATELY-PROPELLED MECHANICAL WHEELCHAIR
	  Designers: Troy Azimi, Derek Tynan, and Christopher Yang 
	  Client Coordinator: Thomas Rosati, Premm Learning Center, Oakdale, NY 
	  Supervising Professor: Robert Kukta
	  Department of Mechanical Engineering
	  State University of New York at Stony Brook
	  Stony Brook, New York 11794-2300

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  TRICYCLE-BASED HAND-POWERED WHEELCHAIR
	  Designers: Byung-Chul Yoo, Cheng Yang, and Ji Yin Yang
	  Client Coordinator: Thomas Rosati, Premm Learning Center, Oakdale NY 11769
	  Faculty Advisor: Professor Sheng Chang
	  Department of Mechanical Engineering
	  State University of New York at Stony Brook
	  Stony Brook, NY 11794-2300

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  HILL ASSIST WHEELCHAIR WITH ENHANCED SAFETY
	  Designers: Roger Cheng, George Chan, and Ricky Venters
	  Supervising Professor: Jeff Ge
	  Advisor: Dr. Michelle Nearon
	  Department of Mechanical Engineering
	  State University of New York at Stony Brook
	  Stony Brook, NY 11794-2300

	  INTRODUCTION
	  SUMMARY OF IMPACT
	TECHNICAL DESCRIPTION

	  TIDIS-B: WHEELCHAIR-TO-BED TRANSFER SYSTEM 
	  Designers: Chin Ho Fung, Pierre Benel, and Fowler Tyrone
	  Client Coordinator: Thomas Rosati, Premm Learning Center, Oakdale, NY
	  Supervising Professor: Dr. Huang, Peisen S
	  Department of Mechanical Engineering
	  State University of New York at Stony Brook
	Stony Brook, NY 11790-2300

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  ELECTRICALLY-ASSISTED HUMAN-POWERED VEHICLE
	  Designers: Stephen Carrig, Christopher Astefanous, and Daniel Yousefzadeh 
	  Client Coordinator: John Hotmer, ProRhythm, Ronkonkoma, NY 
	  Supervising Professor: Dr. Imin Kao 
	  Department of Mechanical Engineering 
	  State University of New York at Stony Brook 
	  Stony Brook, NY 11794-2300 

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION 

	  SMART SHOWER 
	  Students: Justin Goldstein, Adam Krause and T. M. Kaikobad
	  Client Coordinator: Thomas Rosati, Forest Brook Learning Center, St. James, NY 
	  Supervising Professor: Dr. Nearon
	  Department of Mechanical Engineering 
	  State University of New York at Stony Brook 
	  Stony Brook, NY-11794-2300

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION


	CHAPTER 13   UNIVERSITY OF ALABAMA AT BIRMINGHAM 
	  Department of Biomedical Engineering  
	  1075 13th St. S. 
	  Birmingham, Alabama, 35294-4461 
	  Principal Investigator 
	  Alan W. Eberhardt, PhD 
	  (205) 934-8464 


	  CHEETAH WALKER: TRANSITIONAL WALKING DEVICE
	  Designers: Jonathan Brightwell, Cara Rouse, and Nathan Fife
	  Client Coordinator: Scott Sall, Children’s Hospital of Alabama
	  Supervising Professor: Alan W. Eberhardt, Department of Biomedical Engineering
	  University of Alabama at Birmingham
	   Birmingham, AL 35294

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  ELECTRIC ELEVATION ASSIST AND SPASTICITY CONTROL ARM
	  Designers: Steven Moore, Donald Burke, and Tiffany Borden
	  Client Coordinator: Linda Pierson, PT, Hueytown Elementary School
	  Supervising Professors: Alan W. Eberhardt, Department of Biomedical Engineering, Gregg M. Janowski, and J. Barry Andrews, Department of Materials Science and Engineering
	  University of Alabama at Birmingham
	   Birmingham, AL 35294

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  SAFE FLOORS FOR PREVENTION OF FALLS
	  Designers: Maile Kruse, Jared Haden, and Jonathan Quick
	  Client Coordinator: Uday Vaidya, Department of Materials Science and Engineering
	  Supervising Professors: Alan W. Eberhardt, Department of Biomedical Engineering, 
	  Gregg M. Janowski, and J. Barry Andrews, Department of Materials Science and Engineering
	  University of Alabama at Birmingham
	   Birmingham, AL 35294

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION
	Floor
	  Surrogate
	  Floor testing


	  STAIR TRAINER FOR CHILDREN WITH CEREBRAL PALSY
	  Designers: Harleen Khanijoun, Dina Halwani, and Monalisa Ghosh
	  Client Coordinator: Marliese Delgado, UCP Hand in Hand
	  Supervising Professors: Alan W. Eberhardt, Department of Biomedical Engineering 
	  University of Alabama at Birmingham
	   Birmingham, AL 35294

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION


	CHAPTER 14   UNIVERSITY OF MASSACHUSETTS AT AMHERST
	  College of Engineering
	  Department of Mechanical and Industrial Engineering
	  Engineering Lab
	  Amherst, MA 01003-3662
	  Principle Investigators:
	  Robert X. Gao (413) 545-0868
	  gao@ecs.umass.edu
	  
	  Donald Fisher (413) 545-1657
	  fisher@ecs.umass.edu
	  
	  Sundar Krishnamurty (413) 545-0297
	  skrishna@ecs.umass.edu
	  


	  SPATIAL RESOLUTION ENHANCEMENT IN ULTRASONIC RANGING FOR A SMART CANE
	  Designer: Raymond Frenkel
	  Supervising Professor: Robert X. Gao
	  Assistive Technology Laboratory
	  Mechanical and Industrial Engineering
	  University of Massachusetts Amherst
	  Amherst, MA  01003

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  SMART CANE MODIFICATIONS
	  Designers: Brett Laviolette, Michael Resca, and Alicia Lemieux
	  Supervising Professor: Robert Hyers
	  Department of Mechanical and Industrial Engineering
	  University of Massachusetts
	  Amherst, MA 01003-3662

	  INTRODUCTION
	  SUMMARY OF IMPACT 
	  TECHNICAL DESCRIPTION

	  DAMPER DEVICE TO PROTECT SMART CANE ELECTRONICS
	  Designers: Daniel Bosh, and William Savola III
	  Supervising Professor: Robert Hyers
	  Department of Mechanical and Industrial Engineering
	  University of Massachusetts
	  Amherst, MA 01003-3662

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  BOTTLE CAP REMOVAL ASSISTANT
	  Designers: Marc Attar, Steven Baj, and Andrew Werther
	  Supervising Professor: Robert Hyers
	  Department of Mechanical and Industrial Engineering
	  University of Massachusetts
	  Amherst, MA 01003-3662

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  ASSISTIVE REACH MECHANISM
	  Designers: Zack Livingston, Daniel Bergeron, and Patrick Luo
	  Supervising Professor: Robert Hyers
	  Department of Mechanical and Industrial Engineering
	  University of Massachusetts
	  Amherst, MA 01003-3662

	INTRODUCTION
	SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	ASSISTIVE STAIR CLIMBER
	  Designers: Brian O’Connell, Luck Asselin, and Nathan Labarge
	  Supervising Professor: Robert Hyers
	  Department of Mechanical and Industrial Engineering
	  University of Massachusetts
	  Amherst, MA 01003-3662

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  STOW AND GO: JOHN DEERE GATOR WHEELCHAIR STORAGE SYSTEM
	  Designers: Tim Smith, Sean Pringle, and Brian Swearengin
	  Collaborators: John Deere, PTC, Georgia Institute of Technology, University of Illinois-Urbana Champaign
	  Supervising Professors: Sundar Krishnamuty and James Rinderle 
	  Department of Mechanical and Industrial Engineering
	  University of Massachusetts
	  Amherst, MA 01003-3662

	INTRODUCTION
	  SUMMARY OF IMPACT 
	  TECHNICAL DESCRIPTION


	CHAPTER 15   UNIVERSITY OF MASSACHUSETTS AT LOWELL 
	  Department of Electrical and Computer Engineering
	  University of Massachusetts Lowell,
	  Lowell, MA 01854
	  
	  Principal Investigator:
	  Dr. Donn Clark  (978) 934-3341 
	  clarkd@woods.uml.edu
	   


	  NINE-BUTTON TALKING BOX
	  Designer: Demis John
	  Client Coordinator: Karen Kane, James F. Sullivan Middle School, Lowell, MA
	  Supervising Professor: Walter McGuire
	  Electrical and Computer Engineering Department
	  University of Massachusetts, Lowell
	  Lowell, MA 01854

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  DROP FOOT SOCK
	  Designer: Karl P. Metzemaekers
	  Supervising Instructor: Alan Rux
	  Electrical and Computer Engineering Department
	  University of Massachusetts, Lowell
	  Lowell, MA 01854

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  SNOEZELEN SWITCH
	  Designer: Keith Griffis
	  Client Coordinator: Deborah Webster, Lowell Schools, Lowell, MA 
	  Supervising Instructors: Walter McGuire and Alan Rux
	  Electrical and Computer Engineering Department
	  University of Massachusetts, Lowell
	  Lowell, MA 01854

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  HEAD-ACTIVATED WHEELCHAIR
	  Designer: Lewis R. Perez
	  Client Coordinator: Alan Rux
	  Supervising Professor: Walter McGuire
	  Electrical Engineering Department
	  University of Massachusetts, Lowell
	  Lowell, MA 01854

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  TRANSITIONAL TIMER
	  Designer: Noel A. Zenga
	  Client Coordinator: Janet Stafford, KidzPlay Therapy Center, Londonderry, NH
	  Supervising Professor: Walter McGuire
	  Electrical and Computer Engineering Department
	  University of Massachusetts, Lowell
	  Lowell, MA 01854

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  NO TOUCH SWITCH  
	  Designer: Victor M. Rodriguez
	  Client Coordinator: Mary Haggerty, Henry Owens School at Shore Educational Collaborative, Chelsea, MA
	  Supervising Professor: Walter McGuire and Alan Rux 
	  Electrical Engineering Department
	  University of Massachusetts, Lowell
	  Lowell, MA 01854

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  WIRELESS BASE SIGNAL FOR BEEP BASEBALL
	  Designer: Thomas A. Wilbur
	  Supervising Professor: Alan Rux
	  Electrical and Computer Engineering Department
	  University of Massachusetts, Lowell
	  Lowell, MA 01854

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  VOICE ACTIVATED ALARM CLOCK SYSTEM 
	  Designer: Tan Pham
	  Supervising Professor: Jay Fu
	  Computer and Electrical Engineering Department
	  University of Massachusetts, Lowell
	  Lowell, MA 01854

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  FOOT-CONTROLLABLE TEXT PROCESSOR
	  Designer: Sean R. O’Melia
	  Supervising Professor: Walter McGuire
	  Department of Electrical and Computer Engineering
	  University of Massachusetts, Lowell
	  Lowell, MA 01854

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  KEYLESSBOARD
	  Designer: Richard J. Acosta
	  Supervising Professor: Alan Rux
	  Electrical Engineering Department
	  University of Massachusetts, Lowell
	  Lowell, MA 01852

	  INTRODUCTION
	  SUMMARY OF IMPACT
	 TECHNICAL DESCRIPTION

	  CIRCLE TIME APPARATUS 
	  Designer: Lawrence Poitier
	  Client Coordinator: Marie Haggerty, Shore Educational Collaborative
	  Supervising Professor: Alan Rux
	  Department of Electrical and Computer Engineering 
	  University of Massachusetts, Lowell 
	  Lowell, MA 01854

	INTRODUCTION 
	  SUMMARY OF IMPACT 
	  TECHNICAL DESCRIPTION

	  WIRELESSLY CONTROLLED HEATED GLOVES AND SOCKS
	  Designer: John P. Garvin
	  Supervising Professor: Walter McGuire and Alan Rux
	  Electrical and Computer Engineering Department
	  University of Massachusetts, Lowell
	  Lowell, MA 01854

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  PERFECT WORKSTATION
	  Designer: Jeremy Shean
	  Client Coordinator: Jim Magiera, VA Hospital, Bedford Ma
	  Supervising Professor: Alan Rux
	  Electrical and Computer Engineering Department
	  University of Massachusetts, Lowell
	  Lowell, MA 01854

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION
	  

	  WHEELCHAIR SCALE
	  Designer: Edward Avery
	  Client Coordinator: Walter Farrington, Bedford, NH
	  Supervising Professor: Walter McGuire
	  Department of Electrical Engineering
	  University of Massachusetts, Lowell
	  Lowell, MA 01854

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  NUMBER ACTIVITY BOARD
	  Designer: Eduardo Vargas
	  Client Coordinator: Pam Fraser, Lawrence High School, Lawrence, MA
	  Supervising Professor: Walter McGuire and Alan Rux
	  Electrical and Computer Engineering Department
	  University of Massachusetts, Lowell
	  Lowell, MA 01852

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  SNOOZELLEN SWITCH
	  Designers: Dana J. Greenlay
	  Client Coordinator: Susan Stanton, Amesbury Schools, Amesbury, MA
	  Supervising Professor: Jay Fu and Alan Rux
	  Electrical and Computer Engineering Department
	   University of Massachusetts, Lowell
	  Lowell, MA 01852

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  VOCAL TRAINER
	  Designer: Chung Chan
	  Client Coordinator: Ms. Webster, Lowell High School, Lowell, MA
	  Supervising Professor: Jay Fu
	  Department of Computer and Electrical Engineering
	  University of Massachusetts, Lowell
	  Lowell, MA 01854

	  INTRODCUTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  LIGHT, MUSIC AND TOY BOX 
	  Designer: Chun-Tung Woo
	  Client Coordinator: Ms. Webster, Lowell High School, Lowell, MA
	  Supervising Professor: Jay Fu
	  Department of Computer and Electrical Engineering
	  State University of Massachusetts
	  Lowell, MA 01854

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  JOYSTICK-CONTROLLED TILTING MIRROR
	  Designer: Alfredo I. Barriga
	  Client Coordinator: Bonnie Paulino, Kennedy Day School, Brighton, MA
	  Supervising Professor: Jay Fu
	  University of Massachusetts, Lowell
	  Electrical Engineering Department
	  Lowell MA, 01854

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  MOTION-ACTIVATED CD PLAYER
	  Designer: Amir T. Tabrizi
	  Client Coordinator: Marie Haggerty, Shore Educational Collaborative, Chelsea, MA
	  Supervising Professor: Alan Rux
	  Electrical Engineering Department
	  University of Massachusetts, Lowell
	  Lowell, MA 01854

	  INTRODUCTION:
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  INTERACTIVE BUBBLE TUBE
	  Designer: Christopher A. Magnell
	  Client Coordinator: Marie Haggerty, Shore Educational Collaborative, Chelsea, MA
	  Supervising Professor: Alan Rux
	  Electrical and Computer Engineering Department
	  University of Massachusetts, Lowell
	  Lowell, MA 01854

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  SMART PILLBOX
	  Supervising Professor: Walter McGuire
	  University of Massachusetts, Lowell
	  Lowell, MA 01854

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  PROGRAM TIMER
	  Designer: William C. Muldoon
	  Supervising Professor: Jay Fu
	  Electrical and Computer Engineering Department
	  University of Massachusetts, Lowell
	  Lowell, MA 01853

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  ALARM SYSTEM FOR AN AUTISTIC CHILD
	  Designer: John P. Garvin
	  Supervising Professors: Walter McGuire and Alan Rux
	  Electrical and Computer Engineering Department
	  University of Massachusetts, Lowell
	  Lowell, MA 01854

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION


	CHAPTER 16   UNIVERSITY OF NORTH CAROLINA AT CHAPEL HILL
	Department of Biomedical Engineering
	152 Macnider, CB #7455
	Chapel Hill, NC 27599
	Principal Investigator:
	Richard Goldberg (919) 966-5768


	  ELECTRONICALLY-ACTUATED LAZY SUSAN
	  Designers: Jacob McPherson, and Jeffrey Whittaker
	  Client Coordinator: Luanne Holland, Speech-Language Pathologist, Durham Public Schools.
	  Supervising Professor: Dr. Richard Goldberg
	  Department of Biomedical Engineering
	  University of North Carolina, Chapel Hill
	  Chapel Hill, NC 27599-7575

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION 

	  FLOW-CONTROLLED SPORTS BOTTLE
	  Designer: Vidya Goli
	  Supervising Professor: Dr. Richard L. Goldberg
	  Department of Biomedical Engineering
	  University of North Carolina, Chapel Hill
	  Chapel Hill, NC 27599-7575

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  ONE-HANDED NAILSET AND CHISEL
	  Designers: Jordan Hutchinson, and Justin Fender
	  Supervising Professor: Dr. Richard Goldberg
	  Department of Biomedical Engineering
	  University of North Carolina, Chapel Hill
	  Chapel Hill, NC 27599-7575

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  JAWS: ZIPLOC BAG MANAGEMENT SYSTEM
	  Designers: Uranie (Peppi) Browne, and Dorian Miller
	  Client Coordinators: Ashley Stone and Gena Brown, Goodwill Industries of Eastern North Carolina, Inc.
	  Supervising Professor: Dr. Richard Goldberg
	  Department of Biomedical Engineering
	  University of North Carolina, Chapel Hill
	  Chapel Hill, NC 27599-7575

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION 


	CHAPTER 17   UNIVERSITY OF TOLEDO
	College of Engineering
	Department of Mechanical, Industrial and Manufacturing Engineering
	Toledo, Ohio 43606-3390
	Medical College of Ohio
	Department of Physical Medicine and Rehabilitation
	Toledo, Ohio 43614
	Principal Investigators:
	Mohamed Samir Hefzy, Ph.D., PE.  (419)-530-8234
	mhefzy@eng.utoledo.edu
	Gregory Nemunaitis, M.D. (419)-383-3527
	gnemunaiti@mco.edu
	 


	  VEHICLE CARRIER FOR A RECUMBENT TRIKE
	  Designers: Dan Dziak, Alan Kortgoede, Miles Roberts, and Michael Wilson
	  Client Coordinator: Ms. Kim Dittman, The Ability Center of Greater Toledo, Toledo Ohio  43560
	  Supervising Professor: Dr. Leslie Berhan
	  Department of Mechanical, Industrial, and Manufacturing Engineering
	  The University of Toledo
	   Toledo, Ohio, 43606

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  ALL-TERRAIN WHEELCHAIR
	  Designers: John Fortner, Adam Frock, Jason Nofziger, Matt Werstein, and Joseph Ziska
	  Mechanical and Industrial Engineering Students
	  Client Coordinator: Dan Wilkins, The Ability Center of Greater Toledo & Toledo Metroparks
	  Supervising Professor: Dr. Mehdi Pourazady
	  Department of Mechanical, Industrial, and Manufacturing Engineering
	  The University of Toledo
	   Toledo, Ohio 43606

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  WALKER WITH REMOVABLE TRAY 
	  Designers: Mohammed Awartani, Rehan Hidayathulla, John Schilling, and Brandon Smith
	  Client Coordinator: Ms. Kim Dittman
	  The Ability Center of Greater Toledo, Toledo, Ohio, 43560
	  Supervising Professor: Dr. Mohamed Samir Hefzy
	  Department of Mechanical, Industrial, and Manufacturing Engineering
	  The University of Toledo
	   Toledo, OH 43606

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  TANDEM ICE HOCKEY SLED
	  Designers: John Westergaard, Jeff Bockelman, David Barrow, and David Riedel
	  Mechanical and Industrial Engineering Students
	  Client Coordinator: Calvin Smith, Recreation Inclusion Specialist
	  The Ability Center of Greater Toledo & Toledo Metroparks
	  Supervising Professor: Mehdi Pourazady
	  Department of Mechanical, Industrial, and Manufacturing Engineering
	  The University of Toledo  Toledo, OH 43606

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  AIMING DEVICE AND STAND
	  Designers: Tony Mitchell, Nathan Burns, Thomas Spry, and Aaron Delventhal
	  Client Coordinator: Calvin Smith, Recreation Inclusion Specialist
	  The Ability Center of Greater Toledo, Toledo, OH, 43560
	  Supervising Professor: Dr. Mehdi Pourazady
	  Department of Mechanical, Industrial, and Manufacturing Engineering
	  The University of Toledo
	  Toledo, OH 43606

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  WHEELCHAIR CAMERA STAND 
	  Designers: Nicholas Bender, Kristin Klosowski, and Khamis Almerii
	  Client Coordinators: Dr. Gregory Nemunaitis, 
	  Rehabilitative Medicine, Cleveland MetroHealth Hospital, Cleveland, OH 44109
	  Kim Dittman, High School High Tech Coordinator, Ability Center of Greater Toledo
	  Calvin Smith, Recreation Inclusion Specialist, Ability Center of Greater Toledo
	  Supervising Professor: Dr. Mohamed Samir Hefzy
	  Biomechanics and Assistive Technology Laboratory
	  Department of Mechanical, Industrial, and Manufacturing Engineering
	The University of Toledo
	   Toledo, OH 43606

	  
	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  EXTENSION PUSH HANDLES FOR A MANUAL WHEELCHAIR
	  Designers: Doug Stricker, David Karl, Chad Guthrie, and Douglas Martz
	  Client Coordinator: Kim Dittman, High School High Tech Coordinator
	  The Ability Center of Greater Toledo, Toledo, OH 43560
	  Supervising Professor: Dr. Mohamed Samir Hefzy
	  Biomechanics and Assistive Technology Laboratory
	  Department of Mechanical, Industrial, and Manufacturing Engineering
	  The University of Toledo
	   Toledo, OH 43606

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  POOL WHEELCHAIR 
	  Designers: Nicholas Kundmueller, Rudolph Berger, Brandon Grodi, and Jerry Flax
	  Client Coordinators: Jeffery Witt, Assistant Director, Student Recreation Center
	  The University of Toledo, Toledo, OH, 43606
	  Debbie Arbogast, Coordinator, Office of Accessibility
	  The University of Toledo, Toledo, OH, 43606
	  Dr. Gregory Nemunaitis, 
	  Rehabilitative Medicine, Cleveland MetroHealth Hospital, Cleveland, Ohio 44109
	  Supervising Professor: Dr. Phillip White, Professor
	  Department of Mechanical, Industrial, Manufacturing Engineering
	  The University of Toledo
	   Toledo, OH, 43606

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION


	CHAPTER 18   UNIVERSITY OF WISCONSIN AT MILWAUKEE
	  
	  College of Health Sciences
	  Department of Occupational Therapy
	  212 Hartford Avenue
	  Milwaukee, Wisconsin 53211
	  
	  College of Engineering and Applied Sciences
	  Biomedical Engineering Systems Laboratory
	  3200 North Cramer
	  Milwaukee, Wisconsin 53211
	  Principal Investigator:
	  Bertram, N. Ezenwa (414) 229-3184
	  bezenwa@uwm.edu


	  ACCESSIBLE WEIGHT SCALE
	  Designers: Brad Brochtrup*, Adam Lukic*, Rochelle Mendonca**, and April Lauer**
	  *Department of Mechanical Engineering **Department of Occupational Therapy
	  Supervising Professor: Dr. Bertram N. Ezenwa
	  College of Engineering and Applied Sciences
	  College of Health Sciences
	  University of Wisconsin-Milwaukee
	  Milwaukee, WI 53211

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  ACCESSIBLE EXERCISER: HANDGRIP ASSIST 
	  Designers: Daniel McGowan*, Kim JyHun** Ali Ahmad**, Rochelle Mendonca**, and Amit Sethi**
	  *Department of Mechanical Engineering 
	  **Department of Occupational Therapy
	  Supervising Professor: Dr. Bertram N. Ezenwa
	  College of Health Sciences
	  College of Engineering and Applied Sciences
	  University of Wisconsin-Milwaukee
	  Milwaukee, WI 53211

	  INTRODUCTION
	    SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	 ACCESSIBLE EXERCISER: LEG SUPPORT
	  Designers: Eric Wall*, Kim JyHun** Ali Ahmad**, Rochelle Mendonca**, and Amit Sethi **
	  *Department of Mechanical Engineering 
	  **Department of Occupational Therapy
	  Supervising Professor: Dr. Bertram N. Ezenwa
	  College of Health Sciences
	  College of Engineering and Applied Sciences
	  University of Wisconsin-Milwaukee,
	  Milwaukee, WI 53211

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  TRANSFER LIFT ASSIST FOR PEOPLE WHO USE WHEELCHAIRS
	  Designers: Cosmina Soaita*, Jeff Nowak *, Amit Sethi **, and Abigail D’souza **
	  *Department of Mechanical Engineering, **Department of Occupational Therapy
	  Supervising Professor: Dr. Bertram N. Ezenwa
	  College of Engineering and Applied Sciences
	  College of Health Sciences
	  University of Wisconsin-Milwaukee, 
	  Milwaukee, WI 53211

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION


	CHAPTER 19   UNIVERSITY OF WYOMING
	  College of Engineering
	  Electrical and Computer Engineering
	  Department 3295
	  1000 E. University Avenue
	  Laramie, Wyoming 82071
	  Principal Investigator:
	  Steven F. Barrett (307) 766-6181
	  steveb@uwyo.edu


	  ACCESSIBLE SYRINGE DOSING DEVICE
	  Student Designers: Travis Anderson, and Christopher Don Cardon
	  Supervising Professor: Dr. Steven F. Barrett
	  Electrical and Computer Engineering Department
	  University of Wyoming
	  Laramie, WY  82071

	  INTRODUCTION
	  SUMMARY OF IMPACT
	   TECHNICAL DESCRIPTION

	  WHEELCHAIR/BICYCLE TANDEM ADAPTER
	   Designers: Bryce Brock, Chris Dellit, and Jed Purcell
	  Supervising Professor: Dr. Nancy Peck
	  Mechanical Engineering Department
	  University of Wyoming
	  Laramie, WY 82071

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  HUNTING BLIND FOR PEOPLE WITH PHYSICAL DISABILITIES
	   Designers: Jack Bryson, and Travis Inghram (JTLR Engineering)
	  Supervising Professor: Mr. Scott Morton
	  Mechanical Engineering Department
	  University of Wyoming
	  Laramie, WY 82071

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  HIGH/LOW BATH SEAT
	  Student Designers: Stanley Chua, Scott Lesher, Damian Melder, and Michael Swanson
	  Supervising Professor: Scott Morton
	  Mechanical Engineering Department
	  University of Wyoming
	  Laramie, WY 82071

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  CHILD MONITORING SYSTEM
	  Student Designers: Stuart Fowler, Matthew Jespersen, and Brittany Wheeler
	  Supervising Professor: Steven Barrett, Ph.D.
	  Electrical and Computer Engineering Department
	  University of Wyoming
	  Laramie, WY 82071

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  POWER-ASSISTED TRICYCLE SAFETY ENHANCEMENT 
	  Student Designer: Matthew Geu, Francis Tuffner, Robert Madsen, and William Harman 
	  Supervising Professor: Dr. Steven Barrett
	  Electrical and Computer Engineering Department
	  University of Wyoming
	  Laramie, WY   82071

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  LEG-POWERED QUADCYCLE BY FOX ENGINEERING
	  Designers: Joel Gronvall, Andrew Meissner, Chris Schmit, and Joe Uriarte
	  Supervising Professor: Dr. Hansen
	  Mechanical Engineering Department
	  University of Wyoming
	  Laramie, WY 82071

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  HANDS-FREE MOUSE
	  Designers: Jeremy Long
	  Supervising Professor: Dr. Steven Barrett
	  Electrical and Computer Engineering Department
	  University of Wyoming
	  Laramie, WY   82071

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  LUNCHROOM CHAIR
	   Designer: Michael Stephens
	  Supervising Professor: Steven Barrett, PhD, EE
	  Electrical and Computer Engineering Department
	  University of Wyoming
	  Laramie, WY   82071

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  EXTENDABLE REACHER
	   Designer: Michael Stephens
	  Supervising Professor: Steven Barrett, PhD, EE
	  Electrical and Computer Engineering Department
	  University of Wyoming
	  Laramie, WY   82071

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  WHEELCHAIR PLATFORM FOR MEDICAL DEVICES
	   Designers: Paul Teini, Katheryn Durkee, and Sandy Shelton
	  Supervising Professor: Scott Morton
	  Mechanical Engineering Department
	  University of Wyoming
	  Laramie, WY   82071

	  INTRODUCTION
	  SUMMARY OF IMPACT

	  ELECTRONIC BOARD GAME FOR CHILDREN WITH LIMITED MOBILITY
	   Designers: David L. Werner, and T.J. Colgan
	  Supervising Professor: Dr. Steven Barrett
	  Electrical and Computer Engineering Department
	  University of Wyoming
	  Laramie, WY   82071

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  OFF-ROAD HAND-POWERED TRIKE
	  Designers: Andrew Downham, Ross Hinschberger, Brian Pischke, and Ashlee Whitman
	  Supervising Professor: Dr. Andrew Hansen
	  Mechanical Engineering Department
	  University of Wyoming
	  Laramie,  WY 82071

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION


	CHAPTER 20   WAYNE STATE UNIVERSITY
	College of Engineering
	Department of Electrical & Computer Engineering
	5050 Anthony Wayne Drive
	Detroit, MI  48202
	Principal Investigator:
	Robert F. Erlandson, Ph.D., (313) 577-3900
	rerlands@ece.eng.wayne.edu


	  PACKAGING AND ASSEMBLY ENHANCEMENTS
	  Project 1: Semi-Automatic Wrapping System: Workstation and Turntable
	  Designers: Nanda K Doddapuneni, and Sivakumar Talla
	  Client Coordinator: Lisas Knoppe-Reed, President, Art For A Cause, Birmingham, MI
	  Supervisors: Dr. Robert Erlandson, David Sant, and Santosh Kodimyala
	  Department of Electrical and Computer Engineering
	  Wayne State University
	  Detroit, MI 48202
	  Project 2: Semi-Automated Wrapping System: Turntable Controller and User Interface
	  Designers: Sandeep Jaswal, and Umer Yousuf
	  Client Coordinator: Lisas Knoppe-Reed, President, Art For A Cause, Birmingham, MI
	  Supervisors: Dr. Robert Erlandson, David Sant, and Santosh Kodimyala
	  Department of Electrical and Computer Engineering
	  Wayne State University
	  Detroit, MI 48202
	  Project 3: Universally-Designed Assembly Fixtures
	  Designers: Peter Pisarski, Walid Yasin, Rachelle Dorsey, Jenn Guanio, and Eunice Osborne
	  Client Coordinator: Lisas Knoppe-Reed, President, Art For A Cause, Birmingham, MI,
	 Jane Resutek, Occupational Therapist, Warren Woods High School, Warren, MI
	  Supervisors: Dr. Robert Erlandson, Mr. David Sant, and Santosh Kodimyala
	  Department of Electrical and Computer Engineering
	  Wayne State University
	  Detroit, MI 48202

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  Disability Advocates and Community Action Using 
	  World Health Organization’s New International Classification of Functioning, Disability, and Health (ICF)
	  Designer: Ravindar Koorapati
	  Client Coordinator: Luke Zelly, Disability Network, Flint, Michigan
	  Supervisors: Dr. Robert Erlandson, David Sant, and Santosh Kodimyala
	  Department of Electrical and Computer Engineering
	  Wayne State University
	  Detroit, MI 48202

	  INTRODUCTION
	  SUMMARY OF IMPACT 
	  TECHNICAL DESCRIPTION

	  USER INTERFACE AND ACTIVITIES FOR THE RF TAG EDUCATIONAL ACTIVITIES SYSTEM
	  Designers: Kathryn Potter, and Michael Sherman
	  Client Coordinator: Christine Erlandson, Teacher, Madison Elementary, Wayne-Westland, Michigan
	  Supervisors: Dr. Robert Erlandson,  David Sant, and Santosh Kodimyala
	  Department of Electrical and Computer Engineering
	  Wayne State University
	  Detroit, MI 48202

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  MARK MY WORDS
	  Designer: Tom Koorapati
	  Client Coordinator: Carol Kitchen, Occupational Therapist, Special Education Teacher, Bovenschen School, Warren, MI
	  Supervisors: Dr. Robert Erlandson, David Sant, and Santosh Kodimyala
	  Department of Electrical and Computer Engineering
	  Wayne State University
	  Detroit, MI 48202

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION


	CHAPTER 21   WRIGHT STATE UNIVERSITY
	College of Engineering and Computer Science
	Department of Biomedical and Human Factors Engineering
	Dayton, Ohio 45435-0001
	Principal Investigators:
	Chandler A. Phillips (937) 775-5044
	chandler.phillips@wright.edu 
	David B. Reynolds (937) 775-5044 


	  LIGHTED CLOUD CEILING
	  Designers: Sudeepa Gupta, and Elizabeth Sowers
	  Client Coordinator: Brenda Anderson, Beavercreek Ankeney Middle School
	  Supervising Professor: Dr. Julie Skipper
	  Biomedical, Industrial and Human Factors Engineering Department
	  Wright State University
	  Dayton, OH 45435-0001

	  INTRODUCTION
	   
	 SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  NURSING ALERT SYSTEM
	  Designers: Austin Balogh, and Jack Conyers III
	  Client Coordinator: Guy Parworth, United Rehabilitation Services
	  Supervising Professor: Dr. Thomas N. Hangartner
	  Biomedical, Industrial and Human Factors Engineering Department
	  Wright State University
	  Dayton, OH 45435-0001

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  HAND WASHER 
	  Designers: Johanna Bell, and Grant Roush
	  Client Coordinator: Guy Parworth, United Rehabilitation Services
	  Supervising Professor: Dr. David Reynolds
	  Biomedical, Industrial and Human Factors Engineering Department
	  Wright State University
	  Dayton, OH 45435-0001

	  INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  AUDIO-VISUAL ALERT SYSTEM
	  Designers: Andrea Bolds, and Victoria March
	  Client Coordinator: Guy Parworth, United Rehabilitation Services
	  Supervising Professor: Dr. Ping He
	  Biomedical, Industrial and Human Factors Engineering Department
	  Wright State University
	  Dayton, OH 45435-0001

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  PAPER COLLATING MACHINE
	  Designers: Chet Closson, and Emily Ervin
	  Client Coordinator: Guy Parworth, United Rehabilitation Services
	  Supervising Professor: Dr. David Reynolds
	  Biomedical, Industrial and Human Factors Engineering Department
	  Wright State University
	  Dayton, OH 45435-0001

	INTRODUCTION
	  SUMMARY OF IMPACT
	  TECHNICAL DESCRIPTION

	  ADAPTED RADIO
	  Designers: Veena Ganeshan, and Andrew Maley
	  Client Coordinator: Guy Parworth, United Rehabilitation Services
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