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“What isHERL      ?”

The Human Engineering Research Laboratories, or HERL, 
is proud to be at the forefront of assistive technology re-
search. Since 1994, we have been seeking solutions to mo-
bility and manipulation problems encountered by Veterans 
and all people with disabilities using state-of-the-art labo-
ratories and research instruments. A collaboration between 
the VA Pittsburgh Healthcare System, the University of 

From 1994 to 2011, HERL occupied a small research space 
on the Highland Drive campus of the VA Pittsburgh Health-
care System in Pittsburgh, PA. After 17 years of successful 
research, we had outgrown the space. In 2011, HERL moved 
to the Bakery Square Complex in the Larimer neighbor-
hood of Pittsburgh, where our laboratories nearly doubled 
in size. HERL’s current clinical laboratory includes space for 

Pittsburgh, and UPMC Health System, HERL is dedicat-
ed to wheelchair and associated rehabilitation technology 
research with a focus on improving the mobility and func-
tion of people with disabilities through advanced engineer-
ing in clinical research and medical rehabilitation. HERL 
also studies adaptive sports in rehabilitation, assistive liv-
ing spaces, injury prevention during wheelchair propulsion 
and  transfers, clinician training, and wheelchair standards. 

projects related to activities of daily living, propulsion and 
transfer biomechanics, ultrasound, virtual reality, and more. 
Our Quality of Life Technology Laboratory is dedicated to 
HERL’s robotics work. We also maintain a prototyping and 
testing facility.
Our Vision: To create a world where all people with dis-
abilities have unencumbered mobility and function so 
that they can fully participate in and contribute to society.

Notes from

the Director and Medical Director
Rory A. Cooper, PhD Michael Boninger, MD

After 20 years, it is important to take a look back at where 
HERL has been and to plot a course for HERL to move 
forward. Twenty years ago HERL was only a few peo-
ple dedicated to making improvements in wheelchairs 
and to optimizing the fit between wheelchairs and their 
users. The name Human Engineering Research Labo-
ratories was selected to encourage growth, innovation, 
and as a challenge to ourselves to be dynamic, cutting 
edge, and hard working. The HERL emblem is based 
upon the University of Pittsburgh mascot – the panther 
– in full stride, but with the rear legs replaced by wheels. 
Like the panther, HERL continues to run at full stride. 
Through the lens of history, HERL has made many con-
tributions to manual wheelchairs, powered wheelchairs, 
and to understanding mitigating the risks associated 
with long-term wheelchair use. Our innovations are in 
use by hundreds of thousands of clinicians and wheel-
chair users. HERL’s work has touched the lives of nearly 
every wheelchair user in the world in some way. The fu-
ture for HERL continues to look bright, as the research 
and development has expanded into the areas of robot-
ics, design of the built environment, learning systems, 
and advanced human-machine interfaces. Wheelchairs 

remain at the core of HERL’s work, and our focus has 
evolved to impact the people who use or could benefit 
from using wheelchairs around the world.
Over the last 20 years (has it really been that long?), we 
have watched HERL grow from a lab containing a hand-
ful of scientists and students into a large, bustling, full-
time research facility. Our research literally takes place 
7 days a week, 24 hours a day. That’s fine as far as it goes, 
but the real gratification we feel when we look at HERL 
today is the fact that we have managed to make an ac-
tual difference in the lives of so many people. We can 
think of no activity we do of more importance than to 
mitigate and ameliorate people’s physical pain. Among 
our many other activities, we’re working right now on 
teaching clinicians to provide better outcomes when it 
comes to the daily activities that cause pain to people 
with mobility impairments.
HERL encompasses research of all kinds – not only are 
we changing lives today, but we’re looking to what will 
be possible tomorrow as well. Over 20 years, HERL has 
been at the forefront of that technology, and remains so 
today. Our hope is that this work will introduce you to 
what HERL can do.

Education

& Programs

HERL is dedicated to continuing the educational opportunities for Veter-
ans not only through the ELeVATE and AIM programs, but also through 
sponsoring the Research Experience for Veterans and Teachers (REV-T) 
program through which teachers and Veterans are brought together as 
they work with individuals with disabilities in the community to design 
assistive technology products to accommodate their needs and create in-
novative science and technology curricula based on their own experience. 
HERL also works closely with Pitt’s Office of Veterans Services and Pitt 
Vets, the University of Pittsburgh’s Student Veterans club.

HERL supports research and design projects for masters, doctoral, and 
post-doctoral students. HERL researchers come primarily from one of 
two departments at the University of Pittsburgh: the Department of Re-
habilitation Science and Technology in the School of Health and Rehabil-
iation Sciences (http://www.shrs.pitt.edu/RST/), and the Department of 
Physical Medicine and Rehabilitation in the School of Medicine (http://
www.rehabmedicine.pitt.edu/). We educate bioengineers, rehabilitation 
engineers, rehabilitation professionals, physical and occupational thera-
pists, and physicians.

Every summer, HERL participates in the Research Experience for Under-
graduates (REU) program, sponsored by American Student Placements 
in Rehabilitation Engineering (ASPIRE) and supported by the National 
Science Foundation. The REU program and offers a stipend, housing op-
portunities, and laboratory accommodations to college undergraduates 
- many of whom go on to become HERL graduate students. We also com-
pete in the Tech-Link Lego Robotics program for K-12 students.  

HERL partners with leading academic institutions and 
non-profit organizations to offer programs designed to 
provide Veterans and Service Members in transition with 
academic and vocational training opportunities. Experi-
ential Learning for Veterans in Assistive Technology and 
Engineering (ELeVATE) is a 10-week transition program 
for Veterans interested in returning to school to pursue ca-
reers in engineering, science, and/or technology. ELeVATE 
participants work closely with vocational counselors to en-
sure that adequate supports are in place for their academic 
success. Advancing Inclusive Manufacturing (AIM) is a 
comprehensive, 12-week vocational training program for 
Service Members and Veterans with disabilities. Upon completion of the 
program, AIM Vets are ready to take the NIMS Machining Level 1 exam. 

HERL is proud to partner with Walter Reed National Military Med-
ical Center (WRNMMC), the Center for Rehabilitation Science Re-
search, and the Uniformed Services University of the Health Scienc-
es (USUHS) to produce the State of the Science Symposia Series 
(Symposia) to address topics related to the care, medical rehabil-
itation, and well-being of Veterans. The Symposia are held quar-
terly at USUHS on the WRNMMC campus in Bethesda, MD. 

HERL education and outreach efforts extend not only to Veterans, but 
also to undergrads, teachers, and K-12 students. To learn more about our 
initiatives, please visit http://herl.pitt.edu/education-outreach. 

&



TRANSLATIONAL RESEARCH DEFINED
“Research” is actually the Human Engineering Research Laboratories’ middle name, and we’re proud to be a nationally-known research institution. 

But exactly how does our research make a difference to people who use assistive technology every day? Read on to find out ...

SmartWheel & Propulsion Biomechanics

Ergonomic Pushrim

Power Assistance
HERL researchers created an improved wheel-
chair handrim designed to provide an improved 
fit to the hand and relieve stress and pressure 
on the user’s upper body. In a 2005 study, us-
ers of these pushrims reported significantly less 
pain in their hands, wrists, and shoulders. The 
pushrim was granted U.S. Patent # 6,276,705 in 
August 2001, and was licensed by Out-Front, a 
division of wheelchair manufacturer TiLite. It 
is marketed as “The Natural-Fit Pushrim.”

The pushrim-activated pow-
er-assist wheelchair (PAPAW) 
was developed by Yamaha with 

assistance from HERL. A PAPAW uses a small motor located in the 
wheel hubs to provide an extra  boost when users propel themselves 
via the wheelchair’s handrims. Studies have found that the power assist 
wheels reduce stress on upper extremities during wheelchair propulsion 
and put less stress on arm joints while still offering some of the aerobic 
exercise benefits of manual wheelchair propulsion. The “Power Appara-
tus for Wheelchairs” was granted U.S. Patent # 7,204,328 in April 2007.

Clinical  
Practice 

Guidelines 
& Textbooks

HERL research has helped to drive the publication of evidence-based 
clinical practice guidelines (CPGs). CPGs are recommendations to 
healthcare providers based on current research findings that expert 
methodologists have graded for their scientific strength and validity. 
The CPGs and companion consumer guides for people with SCI are 
available for free download from the Paralyzed Veterans of America 
at pva.org.
HERL-affiliated experts have also edited and contributed to textbooks 
published by the U.S. Army Medical Department’s Borden Institute 
(http://www.cs.amedd.army.mil/borden/), specifically Care of the 
Combat Amputee, published in 2009 as part of the “Textbooks of Mil-
itary Medicine” series, and the Warrior Transition Leader Medical Re-
habilitation Handbook in 2011.

Ultrasound

Transfer Assessment 
Instrument & Transfer 

Biomechanics

Wheelchair propulsion is an essential activity of daily living for many 
individuals with mobility impairments – it is required to participate 
in society. Using a wheelchair over a long period of time has been as-
sociated with an  increased risk of repetitive strain injury to the upper 
extremities. For better understanding of the physical demands on the 
upper extremities during wheelchair propulsion, SmartWheel, an in-
strumented handrim designed by HERL, has enabled us to discover the 
mechanisms of repetitive strain injuries. 

HERL’s Clinical Biomechanics Laboratory has investigated the field of 
wheelchair biomechanics since HERL’s found-

ing and has led to important research findings, leading to the creation of the clini-
cal practice guidelines for the preservation of upper limb function. These research 
findings (for example, the discovery of the most efficient way to propel a manual 
wheelchair) improve the clinical service delivery process to the benefit of people 
with disabilities. Our future work in this area will focus on wider accessibility and 
the easier use of research data resources through smartphone apps to a broader 
group of clinicians, scientists, and millions of wheelchair users in the world.

Transfers are crucial for wheelchair users in 
achieving independence in daily living. How-
ever, transfers have been reported as the pri-
mary sources of pain among wheelchair users. 
In order to understand the injury mechanisms, 
our Clinical Biomechanics Lab has conducted 
research on the influence of different transfer 
techniques and environmental setups. We sum-
marized our findings to develop the Transfer 
Assessment Instrument (TAI) – the first clin-
ical tool for evaluating transfer skills in detail. 
We also proved that the TAI is reliable and 
functional in serving as a guideline for clini-
cians to evaluate and teach transfer skills. Our 
future projects will further look into wheelchair 
users’ common transfer problems and create a 
clinical-based transfer training app to improve 
current transfer training programs. We believe 
these transfer studies can improve wheelchair 
users’ quality of life by preventing them from 
being injured during transfers.

Ultrasound gives doctors 
and therapists the ability to 
look at tendons and joints 
and determine their over-
all health. HERL has de-
veloped methods of eval-
uating ultrasound images 
taken of the median nerve 

in the wrist and rotator cuff tendons in the shoulder. Nerves 
and tendons in these images are tested for markers of carpal 
tunnel syndrome and rotator cuff pathology, both of which 
affect a great deal of wheelchair users.  
Results from our studies indicate that 
certain techniques for propulsion and 
transfers can reduce stress placed on 
the arms, which can ultimately help to 
reduce pain and the development of 
shoulder or wrist injuries.



Wheelchair Testing

HERL’s machine shop (or, more precisely, prototyping fa-
cility) occupies 11,000 square feet of space in the basement 
of the Bakery Square research building, and utilizes state-
of-the-art technology to support the design, fabrication, 
and other technical aspects of the rehabilitation and assis-
tive technology research projects underway at HERL. The 
facility is divided into eight sections: machine shop, rapid 
prototyping, welding shop, painting and finishing shop, 
stock storage and preparation, testing laboratory, electron-
ics laboratory, and technical computing laboratory. The 
size, extent of, and equipment available in our machine 
shop is unique among all VA research facilities.
The technologies available in our facility allow us to de-
sign original technology and to prototype all the parts and 
devices we create to ensure safety, fit, and market appro-
priateness. Using metal, wood, and rapid prototyping (aka 
3D printing) fabrication, we can quickly create the unique 
parts we need in our shop without the assistance of outside 
vendors. Our printed circuit board milling machine can 
create near-production quality boards to use for collecting 
data, processing signals, or controlling other hardware in 
HERL’s many robotics-related projects.

Our shop also allows us to train students and (via the Ad-
vancing Inclusive Manufacturing program) Veterans and 
Wounded Warriors in the basics of machining. Basic shop 
training is mandatory for all HERL graduate students, and 
much of our research focuses on creating new mobility 
technologies that must be created from scratch. Our train-
ing programs also contribute to the reintegration of Veter-
ans through the possibility of future employment.

HERL’s many patents and products currently available on 
the market would not have been possible without the sup-
port of HERL’s machinists and technical shop staff. Thanks 
to the technology and expertise available in the facility, we 
can develop a product from the original idea all the way to 
the finished design ready for mass production. Technolo-
gy developed in our prototyping facility has been licensed 
by Quickie, Permobil, Out-Front Technologies, and other 
companies around the world. Other patents developed by 
HERL have been spun off into small businesses thanks to 
Small Business Innovation Research grants. Because of our 
high-tech facilities, products we develop get to the people 
who need them most.

HERL’s testing laboratory is set up to 
perform many of the International Or-
ganization for Standardization (ISO) 
and North American (ANSI/RESNA) 
standards tests for manual and powered 
wheelchairs as well as lower-limb pros-
thetics. These testing facilities, which in-
clude hydraulic material testing frames, 
an environmental test chamber, and 
wheelchair fatigue testing machines, 
allow HERL’s researchers to determine 
the safety and efficacy of their designs 
for mobility aids as well as test the qual-
ity of mobility products already on the 
market. Plainly put: HERL’s testing facil-

ities lead directly to better wheelchairs.
Furthermore, as one of the only inde-
pendent wheelchair testing facilities in 
the country, HERL is frequently con-
tacted by mobility device manufacturers 
to perform tests required by regulatory 
agencies on their products. Because of 
this well-equipped facility and extensive 
experience with standards testing for 
wheelchairs, HERL is one of the major 
contributors to the ongoing develop-
ment of international and North Amer-
ican standards for wheelchairs in order 
to ensure that individuals with disabili-
ties have access to high quality devices. 

Sports Technology
While it has long been “common knowledge” that sports and recre-
ation are essential to the successful rehabilitation of people with dis-
abilities, this had not been shown empirically until HERL completed 
its Sport Participation Outcomes Research Tool And Comprehensive 
Uniform Survey (Sportacus) study, which used a questionnaire to 
poll Veteran athletes with mobility impairments during the Nation-
al Veterans Wheelchair Games (NVWG) about the role sports have 
had on their rehabilitation and their lives in general. The responses 
showed that sports and recreation is fundamental to the successful 
rehabilitation and reintegration of people with disabilities.  
HERL researchers noted that field events (shot-put, discus, javelin) 
were very popular, but that the technology was outdated, and the 
seating at the 2008 Paralympics did not meet the needs of many of 
the athletes. Therefore, after studying field events, using ergonomic 
practices and good seating principles, HERL developed a throwing 
chair suitable for all, from novices to Paralympic athletes.
Building on SmartWheel technology, HERL created the Racing 
SmartWheel in order to measure the forces that act on wheelchair 
racers and improve racing wheelchair technology. We also do exten-
sive work with sensor technology for wheelchair athletes, most nota-
bly for wheelchair basketball and sled hockey.
Veterans’ sports events are very important to HERL’s research, and we 
are pleased to send representatives each year not just to the NVWG, 
but also to the National Disabled Veterans Winter Sports Clinic, the 
National Veterans Summer Sports Clinic, and the Warrior Games.
In 2011, the VA Pittsburgh Healthcare System hosted the NVWG, for 
which HERL Director and NVWG athlete Dr. Rory Cooper acted as 
Chair of the Local Organizing Committee.

Pathlock and Glide
Pathlock is a caster biasing 
system for manual wheel-
chairs that is designed to al-
low the user to drive more 

easily on a slope.  It keeps manual wheelchair users going straight, 
but is designed in such a way that if they need to make a turn 
they are able to do so with reasonable ease, and then have the sys-
tem “click” back into place once the turn is complete.  It can be 
turned on or off easily as well.  It is being designed primarily to 
keep the front caster wheels from turning downhill when a man-
ual wheelchair user is crossing perpendicular to a slope, with the 
long term goal of reducing shoulder injuries associated with man-
ual wheelchair propulsion.  Additional uses may include assisting 
users while propelling with one arm, and users with hemiplegia, 
congenital impairment, or an amputation who can only effectively 
propel with one arm. The Oblique Angle Suspension Caster Fork 
(U.S. Patent #6,892,421) came to market in January 2014 as the 
Glide Suspension Fork, available on TiLite brand wheelchairs. 



r o b o t i c sr o b o t i c sr o b o t i c s

PerMMA

MeBot

StrongArm

--- and more

The Personal Mobility and Manipulation Appliance (PerMMA) is 
the first fully robotic mobility and manipulation device for people 
with disabilities with bi-manual (two-arm) coordinated manipula-
tion as well as fluid mobility. PerMMA uses a novel track mecha-
nism to allow position of the robotic arms with respect to the base, 
and full seat functions. The innovative user interface allows the en-
tire system to be controlled by either the user for autonomous func-
tions, remotely by an assistant via the Internet, or a combination of 
both.

PerMMA is designed to accommodate a wide variety of custom and 
off-the-shelf interfaces to make it useable by people with a wide 
variety of disabilities. Power wheelchair users, personal care assis-
tants, and seating and mobility clinicians were part of the design 
team from the beginning. Eventually, robotic manipulators able to 
sense and automatically reach for objects will be integrated into 
PerMMA’s design.  

PerMMA was featured in the August 2010 issue of Popular Science.

The Mobility Enhancement Robotic Wheelchair (MEBot) will 
tackle both curbs and challenging terrains. The large center driv-
ing wheels can reposition themselves to simulate front-, mid-, or 
rear-wheel driving. The four smaller caster wheels are controlled 
with compressed air and move up and down freely and inde-
pendently. For climbing curbs, the front caster wheels lift up onto 
the curb, and then the driving wheels lift themselves up and for-
ward onto the curb which lifts the chair onto the curb. This is done 
automatically, whenever MEBot senses a curb or step. The ultimate 
goal is for MEBot to climb a set of stairs. 

The same general function is used to operate on icy or slippery 
surfaces. A traditional power wheelchair can get stuck on this kind 
of terrain. MEBot, however, uses its front and rear caster wheels 
to inch forward on the slick surface by extending its front casters, 
moving the seat forward, bringing the rear casters forward, and 
then repeating the process. Meanwhile, the seat stabilization sys-
tem keeps the driver safely upright. 

The Strong Arm is a specialized wheelchair attachment designed to 
help wheelchair users transfer in and out of their electric powered 
wheelchair to other surfaces (e.g. chairs and beds) with the assis-
tance of a caregiver. Unlike current technologies used to transfer 
people such as a floor lift, which is bulky and less easy to transport, 
the Strong Arm attaches directly to the EPW for transportation and 
use in the community. 

The Strong Arm uses direct interaction to allow a caregiver to lift 
the person using the wheelchair with literally one finger by direct-
ing a handle located at the end of the arm. It moves around the 
wheelchair on a track to transfer people on either side, and for easy 
stowing at the back of the wheelchair. Designed for transfers in con-
fined spaces, it runs on the same battery source provided by the 
wheelchair without drawing much power. 

The Strong Arm is currently patent-pending; the U.S. patent appli-
cation number is 13/861,283.

HERL is currently working with assistive robotic manipulators 
such as the iArm, which is used on PerMMA, and the JACO arm 
(pictured right), as used on KitchenBot.

One project uses a camera with computer vision and manipulation 
software to identify an object, automatically grasp it, and move it to 
the proximity of the user. For example, a can of soda can be recog-
nized, and, even if there are other objects in the way, can be brought 
close enough for a user with limited upper body mobility to drink 
from. To evaluate the manipulator, we created a standardized per-
formance evaluation tool. The tool, which features common dai-
ly objects and tasks such as buttons, toggle switches, handles, and 
knobs that can be grasped and/or manipulated. Our goal is that this 
will become the standard in evaluating robotic manipulators.

HERL researchers are also at the forefront of brain-computer in-
terface technology work. After implanting sensors in volunteers’ 
brains, they were able to skillfully manipulate a specially-designed 
robotic arm.


