
A new Northwestern Engineering-led research center— 
 the latest milestone in the school’s long history of  
 robotics leadership—is on a mission to create dexterous 
 robot hands that could transform manufacturing,  
 caregiving, and more.



The human hand is amazingly complex. With  
34 muscles, more than 30 tendons, and 27 bones, 
hands can grasp objects, express emotion, create 
works of art, and accomplish many of the tasks  
that drive economic progress and help care for 
those in need. 

Imagine the possibilities if we had more of them. 

Boston Consulting Group projects that by 2030, the US GDP will  
take a $290 billion annual hit because of worker shortages in health 
and social services. Similarly, Deloitte anticipates 2.1 million unfilled 
US manufacturing jobs by 2030, which could lead to $1 trillion  
in economic losses.

Fortunately, help is on the way. Northwestern engineers in the new 
US National Science Foundation Human AugmentatioN via Dexterity 
Engineering Research Center (HAND ERC) are working to mitigate 
this impending labor shortfall by developing dexterous, intelligent 
robot hands with the ability to assist humans with manufacturing, 
caregiving, handling precious or dangerous materials, and more.

“We’re working toward the day, probably a decade down the road, 
when a small manufacturing firm can hire people who know  
its business, are not programmers, but can buy a manufacturing  
robot and put it to use very quickly and quite differently from  
the way robots are used today,” says J. Edward Colgate, Walter P. 
Murphy Professor of Mechanical Engineering at Northwestern 
Engineering and director of HAND ERC.

Funded with $26 million over five years from the NSF—with the  
ability to renew for another $26 million for an additional five  
years—HAND ERC is the first Northwestern-led NSF engineering 
research center. Its core partners include Carnegie Mellon  
University, Florida A&M University, Texas A&M University, and  
the Massachusetts Institute of Technology, with additional  
faculty support from Syracuse University and the University  
of Wisconsin-Madison.

Leveraging state-of-the-art research testbeds from around the  
country, the multi-institutional collaboration will advance research  
in dexterity (versatile robotic manipulation that rivals the human 
hand) and augmentation (new interfaces enabled by AI to democ-
ratize access to robotics) to support a future that accelerates 
worker and company productivity alike.

“We’re entering a transformative era where robotics will not only 
enhance productivity but also will fundamentally change how 
humans and machines collaborate,” says Northwestern Engineering 
Dean Christopher Schuh. “HAND ERC represents a bold step  
toward that future, positioning Northwestern Engineering at the  
forefront of dexterous robotics research and innovation.”

HAND ERC is the latest chapter in the story of robotics innovation at 
Northwestern Engineering. It began in the 1950s, when Northwestern 
Engineering professor Dick Hartenberg and PhD student Jacques 
Denavit created a way to represent mathematically how mechanisms 
move, developing what became the widely used Denavit–Hartenberg 
parameters for the kinematics of robots. More recently, in 2019, the 
school launched the Center for Robotics and Biosystems, a multi- 
disciplinary research center at the intersection of robotic and  
biological systems.

Colgate’s pioneering work in the field began in the early 1990s when 
he and fellow mechanical engineering professor Michael Peshkin  
collaborated with General Motors to develop a new type of robot that 
could augment worker performance on factory floors safely. Their 
invention of collaborative robots, known as “cobots,” allowed human 
workers to operate in concert with machines to manipulate heavy car 
parts, preserving valuable worker independence and empowerment 
while the robots performed the heavy lifting. 

Cobots transformed the robotics field, ushering in a new paradigm  
of how humans could work collaboratively with machines. “Cobots 
were tools for helping people do their jobs better, faster, and more 
safely, whether through direct assistance, like what you experience  
in power steering, or completely taking over a task, like a car’s  
cruise control,” Colgate says. “The same motivation that pushed  
us to develop cobots drives us today with HAND ERC. How can we  
leverage our understanding of robotics to improve people’s lives?”

HAND ERC’s research advances  
Northwestern Engineering’s leadership  
in embodied AI. A strategic priority for  
the McCormick School of Engineering,  
such research leverages the school’s  
strengths in robotics, AI and machine  
learning, and sensor networks to  
maximize AI’s impact in the physical  
world. Embodied AI enables the  
development of intelligent mechanical  
systems for use in complex networks  
such as the power grid, autonomous  
vehicles, smart factories, and, yes,  
dexterous, intelligent robot hands.

Embodied  
AI

LEADING A TRANSFORMATIVE ERA

A HISTORY OF ROBOTICS INNOVATION 
AT NORTHWESTERN
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A VISION FOR THE FUTURE
Shifting attention from the large-format work of cobots, HAND ERC 
will focus on the fine motor skills of hands with several interwoven 
goals for revolutionizing robotics:

M A K E  I T  S M A R T:  
Augmenting robot learning with embodied AI

Equipping robots with the mechanical and sensing capabilities  
to manipulate dexterously, however, is only one of the challenges  
HAND ERC researchers are working to overcome. Another is  
providing robots with human-like reflexes and control policies that 
map sensor feedback to hand motor controls. Although AI and 
machine learning have supported intelligent control of relatively  
simple robots, applying machine learning systems to control  
policies for robot hands is far more challenging due to the  

M A K E  I T  A C C E S S I B L E :  
Moving the technology out into society

Fifty years ago, owning a computer was only practical for the largest 
and richest companies. Today, computers are more affordable and 
used by nearly everyone.

Through HAND ERC, Colgate envisions a similar future for robotic 
hands—inexpensive, easy to operate, robust, durable, and mass- 
manufacturable. “We have economists on our team,” Colgate says. 

“What we’ve learned is that when you drive productivity, you drive 
opportunity and wages and make things better for the economy  
and for people. That is the big vision.”

Colgate is confident in his collaborators. He is passionate about 
translating work from the lab to the marketplace and sees HAND ERC 
as an opportunity to make a major impact on countless fields while 
creating new jobs fit for the 21st century. “Translation is vitally impor-
tant in robotics,” Colgate says. “We’ve worked hard to build a strong 
robotics community at Northwestern, one that is interested in how 
we can have the greatest impact and add value to the world.”

M A K E  I T  V E R S AT I L E :  
Advancing robot hand hardware

At the core of HAND ERC’s work will be expanding robot dexterity 
capabilities. Using advances in tactile sensing, soft actuators,  
and improved tendons, center researchers will design robots that 
can manipulate objects—assemble, twist, tear, and stack—instead 
of the robot simply moving from place to place. 

Manipulation and movement might seem like similar challenges,  
but they’re worlds apart in complexity. Legged locomotion is rela-
tively straightforward: pick up a foot, put it down; keep moving for-
ward, don’t fall. Robotic hand movements are much more intricate. 
Each finger has multiple degrees of freedom, and when handling 
objects, every touchpoint changes the dynamics of movement.

Add tools or multiple objects into the mix and the task becomes 
exponentially harder. “The challenge is developing robot hands  
that can perform everything from fine in-hand manipulation, such 
as tying shoelaces or using chopsticks, to power grasps that can 
open a sealed jar,” says Kevin Lynch, professor of mechanical  
engineering and HAND ERC research director.

robot’s large number of actuators, joints, and tactile sensing channels. 
The amount of data needed to learn these control policies is significant, 
and it does not currently exist.

To overcome this challenge, HAND ERC researchers are developing  
a powerful system that allows an operator to intuitively teleoperate 
hand-equipped robot arms via a virtual reality headset, allowing  
the user to see what the robot sees, and haptic gloves, which let the  
user feel what the hands’ tactile sensors feel. Data collected during 
teleoperated dexterous tasks can then be used to train the robot’s 
autonomous skills. In addition, the experimental data will be  
augmented by large-scale synthetic data from simulation.

These methods will help robots become better prepared to seamlessly 
integrate with human workers in a variety of settings, from manufac-
turing facilities to hospitals to homes. They will provide even more  
effective support the longer they operate in those environments  
and collect data. 

“Easy-to-use AI-enabled robot hands will become facilitators of  
creativity,” Lynch says. “They will allow people to do things that  
we would not have imagined.”

left to right Professor J. Edward Colgate  
operates the Dexterity Nexus teleoperation  
testbed for dexterous robotic manipulation.

PhD student Sylvia Tan tests PixeLite, a  
haptic device for fingerpad tactile feedback. 
This technology could be integrated into 
robotic systems to enhance human-robot 
interaction by providing more realistic  
and nuanced touch sensations.

 A three-degree-of-freedom robotic finger, 
capable of performing the same motions  
as a human finger. These fingers can be  
combined to form a lightweight, human- 
scale robot hand.

Photos by Sally Ryan
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 ASSEMBLING THE 
NORTHWESTERN TEAM

To achieve HAND ERC’s mission to democratize access to robotic 
manipulation, the center has convened leading robotics minds  
from five core universities across the United States. Eight faculty 
from Northwestern Engineering will play pivotal roles advancing  
research and industry collaboration. 

MATTHEW ELWIN
System Integration 
Associate Professor of Instruction  
of Mechanical Engineering

Elwin will play a central role in HAND ERC’s 
system integration and testbeds, as well as 
education and outreach.

LIZ GERBER
Human-Centered Design Lead 
Professor of Mechanical Engineering

An expert in human-computer interaction 
and design, Gerber examines how  
robots can be optimized to promote a  
collaborative and sustainable society.

RYAN TRUBY
Advanced Actuation 
June and Donald Brewer Junior Professor of 
Mechanical Engineering and Materials Science  
and Engineering

Truby studies machine intelligence and 
materials design to create new actuators  
for future dexterous robots. 

BRENNA ARGALL
Intelligent Dexterity Thrust Leader 
Professor of Computer Science, Mechanical 
Engineering, and Physical Medicine and Rehabilitation

Argall, who studies how to advance human 
autonomy through robotics autonomy, 
leads HAND ERC’s Intelligent Dexterity 
research thrust. 

TODD MURPHEY
Intelligent Dexterity Co-Lead 
Professor of Mechanical Engineering

Murphey, an expert in embodied intelligence, 
will develop efficient machine learning  
techniques and address questions of 
cybersecurity.

KEVIN LYNCH
Research Director 
Professor of Mechanical Engineering

An expert in robotic manipulation  
and physical human-robot collaboration,  
Lynch oversees HAND ERC’s entire  
research portfolio.

JIAN CAO
Manufacturing Processes 
Cardiss Collins Professor of Mechanical Engineering

Cao applies her expertise in manufacturing 
processes and systems to develop new 
paths to robust, low-cost robots.

J. EDWARD COLGATE
Director 
Walter P. Murphy Professor of Mechanical Engineering

A pioneer in haptics interfaces and  
human-machine interaction, Colgate  
supervises the center and co-leads  
the Hands research thrust.

“We’re working toward the day, probably a decade down  
the road, when a small manufacturing firm can hire people  
who know its business, are not programmers, but can buy  
a manufacturing robot and put it to use very quickly and  
quite differently from the way robots are used today.”
J. Edward Colgate Director, Walter P. Murphy Professor of Mechanical Engineering
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THE RESEARCH PATH  
TO ROBOTIC HANDS

To evaluate its research advances on high-impact applications, such 
as manufacturing, food preparation, and caregiving, HAND ERC will 
maintain five testbeds throughout its partner ecosystem. 

Testbed 1: High-Mix Manufacturing 
	Institution: Berkshire Innovation Center

Testbed 2: Assembly/Disassembly  
	Institution: Manufacturing Futures Institute

Testbed 3: Assistance and Caregiving 
	Institution: Shirley Ryan AbilityLab

Testbed 4: High-Consequence Material Handling 
	Institution: Texas A&M University

Testbed 5: Dexterity Education 
	Institution: Florida A&M University

While robots already play an important role in manufacturing  
and can improve workers’ job quality, Northwestern Engineering 
researchers at HAND ERC believe the full potential of current  
models has been limited. Developing robotic hands as versatile  
and dexterous as human hands will enable robots to expand  
human capabilities and boost industry competitiveness.

“Rapid advances in AI have created an incredible opportunity to 
make robot manipulators accessible to small and medium enter-
prises, people with motor impairments, and many others who  
might benefit,” Colgate says. “A huge challenge, however, is what 
we put at the end of the robot’s arm. Today’s two-jaw grippers  
are far too limited. HAND ERC’s fundamental research will lead  
to robots with dexterous and versatile hands, manual skills,  
and intuitive interfaces that anyone can learn to use.”

To achieve its goal, HAND ERC will focus on three research thrusts.

TESTBEDS

“HAND ERC’s fundamental research will lead
to robots with dexterous and versatile hands,  
manual skills, and intuitive interfaces that  
anyone can learn to use.”

J. Edward Colgate Director, Walter P. Murphy Professor of Mechanical Engineering

  H U M A N  I N T E R F A C E     This thrust, led by the Massachusetts 
Institute of Technology’s Julie Shah, is focused on making advanced 
robot hands easy to use by nonspecialists. More than just dexterity 
(what robot hands are capable of), researchers will explore human  
augmentation (what humans can do with robot hands). Projects include 
multimodal human interfaces for controlling robot hands and methods 
for low-code programming. This thrust will also study the social,  
legal, and industrial impacts of dexterous robots.

  H A N D S     Led by Carnegie Mellon University’s Carmel Majidi,  
this research thrust will develop robotic hands that are soft yet  
durable enough to survive the harshest conditions. The robotic 
hands will feature tactile sensing, advanced actuators, and 
improved tendons to far exceed the state of the art.

  I N T E L L I G E N T  D E X T E R I T Y     Led by Northwestern 
Engineering’s Brenna Argall, this thrust will develop AI-powered 
autonomous skills for advanced robot hands based on both  
teleoperator training data and simulated data. This library of skills 
will grow over time as the robot hands are applied to a variety  
of tasks within the center’s application testbeds.
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A LEGACY OF LEADERSHIP Since the 1950s, when Northwestern Engineering professor  
Dick Hartenberg and PhD student Jacques Denavit created the 
Denavit–Hartenberg parameters for the kinematics of robots, 
Northwestern Engineering has cultivated leaders in the robotics 
field. As the discipline has grown and evolved, so has robotics  
work at Northwestern. 

Robotics research and education milestones at the University  
over the last 30 years include:

A large multi-institutional collaboration led 
by Northwestern receives $26 million from the 
US National Science Foundation to launch the 
Human AugmentatioN via Dexterity Engineering
Research Center, dedicated to revolutionizing 
the ability of robots to amplify human labor.

Project Drive, a team led by Professor Brenna
Argall, begins work to bring to market the 
first active-driving assistance system for 
power wheelchairs, increasing access to safe, 
independent wheelchair operation.

Northwestern completes construction of
the Ford Motor Company Engineering
Design Center, providing state-of-the-art 
lab space for undergraduate education 
in robotics and mechatronics.

Through their Laboratory for Intelligent
Mechanical Systems (LIMS), Professors
 J. Edward Colgate and Michael Peshkin  
create the first collaborative robots, or
cobots, to assist General Motors assembly
line workers on factory floors.

Northwestern Engineering’s Department 
of Mechanical Engineering launches a 
concentration in robotics that emphasizes
hardware design, dynamics, human-robot
interaction, sensing, and AI for robots.  
The school also introduces the Robot
Design Studio course sequence, a 
capstone experience for undergraduate 
and master’s students, where participants 
work in teams to design and build 
robust robotic systems.

Northwestern Engineering launches the
Center for Robotics and Biosystems under 
the direction of Professor Kevin Lynch. 
The interdisciplinary center’s 12,000-
square-foot headquarters, located in the
Technological Institute’s AB Wing, features 
a robot zoo, a collaborative common 
space, and an atrium to test drones.

Northwestern Engineering launches the
Master of Science in Robotics program,
a hands-on degree program designed to
prepare students for the fast-paced 
challenges of the modern robotics industry.

The Technological Institute’s new Willens 
Wing opens, joining the labs of robotics
researchers Malcolm MacIver, Mitra Hartmann,
and Todd Murphey with that of Kevin Lynch, 
J. Edward Colgate, and Michael Peshkin. 
LIMS is retired, and the new combined lab
space is named the Neuroscience and 
Robotics Lab, accounting for new research
areas in neuromechanics and bio-inspired
robotics research.

2012

2019

2024

1996

2005

2014

2023
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Nearly 30 years before Northwestern Engineering was selected to lead 
HAND ERC, Professors Ed Colgate and Michael Peshkin revolutionized 
human-robot collaboration with their invention of “cobots.”

Supported by a grant from General Motors, Colgate and Peshkin  
were tasked with developing a new robotics system to function in  
concert with—not separately from—human employees working  
on GM’s automobile assembly lines.

To understand the challenge, the team observed and worked with  
GM’s assembly line workers as they guided bulky, awkward parts, such 
as dashboards or heating and cooling units, into cabs along a moving 
assembly line. They learned that coaxing parts into tight spaces at  
odd angles sometimes left workers feeling tired, even in pain.

Colgate and Peshkin designed a safe robot that could work closely 
with humans and make their work easier. These cobots used computer-
controlled pathways to support and guide a payload into its desired 
location smoothly while remaining under the immediate physical  
control of the worker.

Colgate and Peshkin translated their invention into a company called 
Cobotics, which was eventually purchased by the Stanley Works.  
Today, the term cobot is used generically for all collaborative robots.

Northwestern remains a hub for cobot innovation today.

In 2022, researchers from the Center for Robotics and Biosystems 
unveiled mobile cobots, or “mocobots.” These mobile manipulators  
act as assistants for humans, collaborating with each other and  
supporting a payload at multiple points of contact, rendering heavy 
objects weightless and easily maneuverable. The technology could 
help usher in a new era of human-robot interaction in environments 
such as warehouses, construction zones, manufacturing plants,  
and even Mars.

RISE OF THE COBOTS

“When Ed and I started at Northwestern, 
the primary goal of robotics research  
was autonomy—could robots do what 
people can do? We embarked into  
cobots looking instead for how robots  
and people could best work together,  
each bringing their own strengths.”
Michael Peshkin  
Allen K. and Johnnie Cordell Breed Senior Professor  
in Design and Professor of Mechanical Engineering

1  Michael Peshkin (left) and Ed Colgate, 
inventors of cobots. Photo by Sally Ryan

2  Faculty in the Center for Robotics  
and Biosystems advance robotics 
research by studying how rats use  
their whiskers. Photo by Sally Ryan

3  Kevin Lynch directs three mocobots  
carrying a large payload. Photo by  
Matthew Allen

4  Through Project Drive, Brenna Argall 
(right) is using robotics autonomy  
to overcome barriers to independent 
wheelchair mobility. Photo by  
Shane Collins



Since its founding in 2019, the Center for Robotics and Biosystems 
(CRB) has had one mission: develop robotic systems that comple-
ment and augment human behavior, not replace it.

Directed by Professor Kevin Lynch, the interdisciplinary center  
brings together faculty from mechanical engineering, biomedical 
engineering, and computer science as well as Northwestern’s 
Feinberg School of Medicine and the Shirley Ryan AbilityLab.  
Here, researchers are advancing the science and engineering of 
embodied AI; AI-supported sensors, actuators, and controllers are 
inspired by biological principles; and robotics and computational 
modeling come together to create breakthroughs in human and  
animal neuromechanics.

“We take pride in our interdisciplinary research, innovation, and  
collaboration,” Lynch says. “By integrating advances in autonomy, 
human-machine interaction, and bio-integrated technologies,  
we’re preparing the next generation of researchers and engineers  
to tackle the world’s most pressing challenges.”

The CRB emphasizes five areas of robotic research:

  Bio-inspiration, neuromechanics, and neuroscience 
Analyzing animal systems to better understand neuromechanics  
and to inspire new robot designs.

  Human-machine systems 
Advancing haptic interfaces, prosthetics, and human-robot  
co-adaptation to improve how humans and robots interact.

  Swarm robotics and decentralized computation 
Designing behavior laws for individual robots to yield a desired 
group behavior.

  General autonomous robotics 
Using sensory data, AI, machine learning, and motion  
planning and control to help robots make real-time decisions  
in changing environments.

  Soft robotics 
Advancing robot machine intelligence through the design  
of innovative new materials.

In addition to research, the center supports robotics education 
through specialized undergraduate and PhD degree concentrations, 
the Master of Science in Robotics program, and the NU Robotics 
Club student group.

 ADVANCING COLLABORATIVE  
ROBOTICS THROUGH 
BIO-INSPIRED SCIENCE

“We take pride in our interdisciplinary research, 
innovation, and collaboration.”

Kevin Lynch Professor of Mechanical Engineering
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Northwestern Engineering robotics researchers aren’t content  
to keep their innovations as proofs of concept in their labs.  
They consider it part of their mission to help people—industrial 
workers, physical therapists, surgeons, consumers, and  
others—perform tasks and live better lives.

A few examples of faculty-founded startup companies and  
commercialization efforts based on robotics research at 
Northwestern include:

  Tanvas 
Research on surface haptics led to the development of the  
world’s first commercial haptic touch screens, which use  
electroadhesion to allow a user to feel programmable  
textures on a smooth glass touch screen. This technology  
was first commercialized by Tanvas, a startup founded  
by Professors J. Edward Colgate and Michael Peshkin.

 TRANSLATING ROBOTICS 
RESEARCH

  Kinea Design 
Founded by Colgate and Peshkin, Kinea Design created KineAssist,  
a treadmill-like therapy system for gait and balance recovery to  
support physical therapists and their patients who are regaining  
the ability to walk. HDT Global acquired the company in 2011,  
while Shirley Ryan AbilityLab now owns KineAssist.

  MAKO Surgical Corp. 
Founded by Peshkin, MAKO Surgical Corp. (originally named Z-KAT) 
developed robotic arm assistance platforms used by orthopedic  
surgeons in partial knee and total hip arthroplasty procedures. The 
company was acquired by Stryker Corp. in 2013 for $1.65 billion.

  Project Drive 
Supported by the US National Science Foundation, Professor  
Brenna Argall is leading an interdisciplinary collaboration of  
academic, industry, and nonprofit members in using machine  
intelligence and robotics autonomy to bring to market the  
first active-driving assistance system for power wheelchairs,  
increasing access to safe, independent wheelchair operation.

B R I A N  SA N DA LOW


