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Over the past three years, a team of collaborators 
from NewYork-Presbyterian/Columbia 

University Medical Center, Columbia University, 
and the University of California/Davis has been 
developing an assistive robotic grasping platform  
to enable individuals who are severely disabled to 
grasp and manipulate objects using novel brain-
muscle computer interfaces. 

In 2012, the National Science Foundation (NSF) 
supported the team’s collaborative research with a 
five-year grant as part of an NSF-led national 
robotics initiative to develop next-generation 
robotics. “This is more than a technology-driven 
research endeavor,” says Joel Stein, MD, Physiatrist-
in-Chief, Department of Rehabilitation Medicine at 
NewYork-Presbyterian Hospital. “It is also motivated 
by clinical necessity.”

This particular collaboration began when Sanjay 
Joshi, PhD, an Associate Professor of Mechanical 
and Aerospace Engineering at the University of 
California/Davis where he directs the Robotics, 
Autonomous Systems, and Controls Laboratory, was 
a visiting professor in the Department of Neurology 
at Columbia University College of Physicians and 
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At the same time, Peter K. Allen, PhD, Professor 
of Computer Science at Columbia University,  
along with Jonathan Weisz, a PhD student in the 
Columbia University Robotics Group, had developed 
a user interface that, as Dr. Allen notes, “takes the 
complexity of grasping and breaks it down into a 
very simple procedure. The user needs to provide 
only a few inputs into an intelligent grasping system 
to direct it to effectively pick things up.”

With their combined expertise 
in robotics, engineering, computer 
science, and rehabilitative 
medicine, Drs. Joshi, Allen, and 
Stein knew they had the makings 
of an ideal research team. “We 
realized that we had a sensor, a 
computer system for grasping, and 
a client population that would 
merge very nicely together,” says 
Dr. Allen. It would be a team 
capable of creating a robotic 
system that could enable severely 
disabled people to perform tasks 
less laboriously, even in a complex, 
cluttered environment, than is 
possible with any currently 
available robotic arms.  
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“ This is more than a technology-driven 
research endeavor. It is also motivated by 
clinical necessity.” 

—  Dr. Joel Stein

Surgeons. At UC/Davis, Dr. Joshi works on surface 
electromyography (sEMG) – sensors that rely on 
only a single muscle site. These noninvasive sensors 
allow people with severe disabilities to communicate 
through muscle activity – something that is possible 
because, even though they cannot move their arms 
or legs, they can send signals to their muscles that 
can be picked up and can interface with a computer.  

Dr. Peter K. Allen (seated) and Dr. Joel Stein demonstrate the computer-driven robotic 
grasping system they are developing for individuals with severe disabilities.



Stages in the Grasping Pipeline 
•  Object recognition and initialization
•  Target selection
•  Initial grasp review
•  Planner initialization
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Brain Muscle Computer Interface 
Grasping System: How it Works
The grasping platform uses a single-signal, 
multi degree-of-freedom sEMG human robot 
interface developed by Dr. Joshi. He and his 
UC/Davis team had previously demonstrated 
that healthy subjects could learn to navigate a 
cursor in a two-dimensional space on a screen 
using modulated sEMG signals obtained 
over the auricularis superior, the ear wiggling 
muscle located above the ear, or the extensor 
pollicis longus, a forearm muscle used to 
extend the thumb. For placement of the 
sEMG, they chose the auricularis posterior 
muscle behind the ear – a location with less 
hair, making it easier to securely attach the 
electrode and obtain a strong sEMG signal. 
The sEMG sensor system is then connected 
to a computer-driven wheelchair mounted 
robotic arm. 

“The grasping task is broken down into a 
multi-stage pipeline that can be navigated 
with only a few inputs,” explains Dr. Allen. 
“It integrates pre-planned grasps with 
on-line grasp planning capability.” In earlier 
work at Columbia, Dr. Allen and his group 
presented a human-in-the-loop grasp 
planning system using an Emotiv Epoc 
EEG headset – a low throughput human 
input device that reads facial gestures and 
electroencephalography signals. 

“We used the Epoc to provide input  
that demonstrated user intent to a grasp 
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planner who would then plan grasps in  
near real time,” says Dr. Allen. “In our 
scenario, the user is presented with a live 
range image of a table with several objects to 
be grasped and asked to select an object and 
attempt to lift it off the table using the 
sEMG interface. We showed with a cohort of 
five subjects that the 
interface could be learned in 
a few 30-minute sessions 
and that subjects were then 
able to produce stable grasps 
for a variety of objects.”

An essential aspect of 
this assistive robotic system 
will be training patients 
to use it. “It takes a little 
time and work for a person 
to control the sEMG signal accurately,” says 
Dr. Allen. “Although we have a training 
procedure, it needs to be optimized so  
rather than taking days for the training, 
it can be done within minutes. So, we’re 
working on that.”

The team is also refining the control 
mechanisms and engineering details 
of the system and expect to soon begin 
clinical testing on a diverse set of patients 
in the Department of Rehabilitation 
and Regenerative Medicine at NewYork-
Presbyterian/Columbia. Feedback from 
patients will help refine the system’s design 
and implementation. 

In the future, the team may consider 
other sensors that are capable of providing 
more information than sEMG sensors, 
which are now used because they are 
noninvasive and inexpensive. 

“There are a lot of technologies out there 
that are trying to converge,” adds Dr. Allen. 

“We’re currently looking at 

Drs. Joel Stein and Peter K. Allen with graduate student 
Jonathan Weisz, who played a key role in the develop-
ment of the grasping system. (Inset) The subject will be 
able to confirm a grasp for the handle of the object, such as 
a detergent bottle.

near-infrared spectroscopy as another type 
of sensor. By looking at changes in blood 
flow across the head, you can obtain certain 
expectation reward signals. It’s also possible 
that we might be able to use more than one 
sensor together.”

But no matter what sensor is ultimately 
used down the road, Dr. Stein points out, 
“Whether you’re connecting a sensor directly 
into a brain signal, via a muscle, or using 
noninvasive brain monitoring, simplifying 
the tasks for the users is translatable to a 
variety of different control systems.” 

Who Will Benefit
“Right now our target population is 
patients with spinal cord injuries who have 
tetraplegia, are cognitively intact, live in the 
community, and who need help with tasks,” 
says Dr. Stein. “While this is the prime 
population, potential candidates may 
include patients with multiple sclerosis, 
amyotrophic lateral sclerosis, cerebral palsy, 
muscular dystrophy, and other disorders 
that impact motor control function. In our 
clinical studies, we want to identify the 
‘perfect’ patient to substantiate that the 
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•  On-line grasp refinement
•  Final grasp review
•  Grasp choice confirmation

In this phase, the subject sees the planning scene and 
hits the red target until the object they wish to grasp 
is highlighted in green.

After the subject selects the object, the Grasp View 
pane on the right is populated with a set of grasps 
from a pre-planned grasp database. A robot hand 
appears that the user moves to demonstrate a desired 
starting pose.



treatments are available 
for their child. They 
need an educated 
provider to inform 
them, especially for the 
younger children. There 
are many situations that 
if you intervene at a 
younger age you can 
achieve better 
outcomes. People need 
to know that these 
services are available 
and effective.”

During the two-year 
fellowship, Dr. Shoval 
will be a member of 
the pediatric physical 

medicine team at Morgan Stanley Children’s Hospital under 
Dr. Kim. Here she will receive training in the full spectrum of 
inpatient and outpatient rehabilitation services for some of the 
most challenging cases. These include patients who are ventilator-
dependent, with tracheostomy and/or gastrostomy tubes, or require 
parenteral feeding. Many of these patients continue to receive IV 
therapies, plasmapheresis, or respiratory care while undergoing 
rehabilitation. 

In addition, Dr. Shoval will manage her own patients in a 
continuity clinic, play an active role in teaching residents, and 
develop and pursue her own research project. She will spend time 
in the pediatric ICU, learning how to introduce rehabilitation at an 
early stage in the patient’s recovery process. A significant portion 
of her fellowship will be spent rotating at Blythedale Children’s 
Hospital, the only pediatric specialty hospital in New York State. 

“I am very excited about being able to train under such a 
phenomenal mentor as Dr. Kim; learn from top physicians in 
pediatric orthopedics, neurology, and psychiatry; and work along - 
side incredible therapists,” says Dr. Shoval. “After that we’ll see 
where life takes me. I’m confident that I’ll have the training to 
really make a significant impact on peoples’ lives.”
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The Pediatric Physical Medicine and Rehabilitation Program  
at NewYork-Presbyterian/Morgan Stanley Children’s Hospital  

is marking another milestone in its development with a new  
pediatric rehabilitation fellowship to be inaugurated in July 2015. 
Accreditation of the fellowship by the Accreditation Council for 
Graduate Medical Education is anticipated. The fellowship draws  
on the strengths and resources of the bi-campus Department of 
Rehabilitation Medicine at NewYork-Presbyterian Hospital led by 
Joel Stein, MD, Physiatrist-in-Chief, and the Division of Pediatric 
Rehabilitation Medicine at NewYork-Presbyterian/Morgan Stanley 
Children’s Hospital under the direction of Heakyung Kim, MD, 
the A. David Gurewitsch Professor of Rehabilitation Medicine at 
Columbia University.

Hannah (Aura) Shoval, MD, who currently serves as Chief 
Resident in Physical Medicine and Rehabilitation at NewYork-
Presbyterian, has been selected as the first pediatric rehabilitation 
fellow. For Dr. Shoval, it is the culmination of training in a field 
that she has wanted to pursue since her undergraduate years at 
Barnard College, where she double majored in neuroscience and 
behavior and in dance.

“I was lucky to be introduced to the field early in college,” says 
Dr. Shoval. “I really loved the biomechanics and physiology related 
to dance. That combined with my interest in neuroscience made 
physiatry a perfect fit for me.”

While at Barnard, Dr. Shoval held a number of related research 
positions, serving as a research assistant in pediatric neurology at 
Montefiore Medical Center in Bronx, NY, and a volunteer research 
assistant with the Gertrude H. Sergievsky Center for neurological 
disorders at Columbia University Medical Center. In her senior year, 
she completed two student research projects, one of which – Treatment  
for Chronic and Recurring Lower Back Pain Must be Informed by the 
Psychological Component – presaged her career in physiatry. 

Dr. Shoval went on to receive her medical degree from Tufts 
University School of Medicine before coming to NewYork-
Presbyterian in 2012 as a resident in physical medicine and 
rehabilitation. Originally, she considered other subspecialties within 
the field, but ultimately zeroed in on pediatric rehabilitation. “There’s 
a huge need for pediatric rehabilitation,” says Dr. Shoval. “And 
there’s so much we can do. Many families do not know what 

Dr. Hannah (Aura) Shoval  
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principle and the system work so that 
clinicians can then adapt it to other 
populations. The surface EMG system 
works best with a muscle that has normal 
control. So we have been using muscles that 
are suitable for the proof of principle thus 
far and our primary target population 
would reflect this as well.”

However, the team is also looking at 
people who have difficulty controlling their 
muscles, such as those who have had strokes 
affecting one side or both sides of their body. 

“One project of ongoing exploration is 
looking at the impact of disorders that affect 
motor control,” says Dr. Stein. “Our 
preliminary findings show that, in fact, 
patients with motor control issues do fine 
with the sEMG sensor…almost as well as 
people who are able-bodied. This is 
encouraging in that the assistive robotic 
system may have wider application beyond 
those whose target muscles are normal. 
Ultimately our vision is to have a system that 
is compact and portable so individuals can 

use it in their own environment. That’s the 
long-term goal.”

Single Muscle Site sEMG Interface for Assistive 
Grasping – accepted for presentation at the 
International Conference on Intelligent 
Robots and Systems (IROS), Chicago, IL, 
September 14-18, 2014.
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