
  

Abstract— The RoboGlove is an assistive device that can 
augment human strength, endurance or provide directed 
motion for use in rehabilitation.  RoboGlove is a spinoff of the 
highly successful Robonaut 2 (R2) system developed as part of 
a partnership between General Motors and NASA.  This 
extremely lightweight device employs an actuator system based 
on the R2 finger drive system to transfer part or the entire 
grasp load from human tendons to artificial ones contained in 
the glove.  Steady state loads ranging from 15 to 20 lbs. and 
peaks approaching 50 lbs. are achievable.  The technology 
holds great promise for use with space suit gloves to reduce 
fatigue during space walks.  Tactile sensing, miniaturized 
electronics, and on-board processing provide sufficient 
flexibility for applications in many industries.  The following 
describes the design, mechanical/electrical integration, and 
control features of the glove. 

 

I. INTRODUCTION 

N 2007, NASA and General Motors began the 
development of Robonaut 2 (R2) [1,2],  a humanoid robot 

designed to do human scale work.  The requirements for 
human scale work include grasping hands with superior 
machine dexterity and object manipulation capabilities.  The 
considerable challenge of developing such a highly capable 
robotic machine resulted in the development of many 
independent novel technologies, which were then integrated 
into the final R2 robot.  In the flurry of innovative creativity 
developing R2, it was recognized that many of these 
technologies could be reconfigured and applied to other 
mechanisms and applications – so called “spin-offs” of the 
R2 development.  It was during the testing of the R2 tendon 
based actuator system [3,4] that the idea to apply this 
technology to a human-worn glove device was conceived.   

RoboGlove, like R2 itself, is a device for assisting people 
by interacting directly with human interfaces.  In this case, 
the glove augments the human’s capability with minimum 
restriction by applying forces in parallel with the fingers and 
thumb.  This is a variation on a technique that has been used 
in several fields including robotics to provide force 
feedback, contact information, tactile feedback, increased 
grasp strength and rehabilitative motions. 

A number of devices, both commercial and prototype, 
apply forces directly to the human hand providing 
information on a remote or simulated environment. The 
CyberTouch [5] uses small motors to generate forces on the 
back of fingers indicating contact.  The CyberGrasp [5] uses 
an exoskeleton to actively resist human finger motion.  The 

Magic Glove [6] uses a related technique by sensing the 
human’s contact force with an object and converting that to 
a command for a robot, also in contract with the object, to 
move the object. 

Many researchers have pursued grasp assist gloves for use 
in rehabilitation and in some cases as a more permanent aid 
to help with activities of daily living.  A pneumatic glove 
from Okayama University provides assistance with an 
innovative rubber muscle [7].  The PneuGlove shows 
promise in helping stroke victims regain capability when 
used during rehabilitation in an “assist as needed” mode 
during hand motions [8].  Toshiba’s Power Assist Glove 
system predicts the intent of the user in order to achieve the 
desired grasp [9]. 

Work with non-pneumatic devices is also underway.  The 
innovative SEM Glove provides a moderate amount of extra 
grip strength in a modular package [10].  The College of 
New Jersey is developing a hand exoskeleton using linear 
actuators and mechanical cables to provide much higher grip 
strengths [11]. 

 

 
Fig 1. The GM/NASA RoboGlove 

Also, designed with substantial grip forces as a primary 
requirement, the current version of RoboGlove focuses on 
high peak loads and endurance for significant steady state 
loads in a comfortable, lightweight package.  The initial 
targeted applications for the RoboGlove are augmented 
space suit gloves and repetitive assembly line tasks, but 
other opportunities are continuing to present themselves.  
Any application where significant grasp forces are needed is 
a candidate for this technology.  In addition, as with the 
devices noted above, a variant on the RoboGlove holds 
potential in rehabilitation and even prosthetics. 

Like any attempt to recreate the subtleties of human 
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additional hand grasp strength, which reduces strain and 
fatigue.  The need to provide additional hand grasp strength 
is seen in a wide range of areas, from medical rehabilitation 
and prosthetics to construction, manufacturing, and assisting 
humans operating in constrained environments, such as in 
space or underwater. 

General Motors is considering a variety of applications in 
automotive assembly.  The best candidates are tasks that are 
ergonomically challenging, require strenuous grasps, 
momentarily high grasp forces, or repetitive grasping.  
Examples include: moving heavy objects with difficult hand 
holds, repositioning an object with wrist motion while 
maintaining a tight grasp, holding a power tool for an 
extended duration, or repetitively snapping components 
together during assembly. 

NASA is working to improve function and fit of space 
suit gloves for the future [13].  RoboGlove technology is an 
excellent candidate to help in the pursuit of superior designs 
for what is one of the most challenging parts of a space suit.  
Astronauts must fight the differential between suit pressure 
and vacuum to move their fingers and adjust grasps. If 
RoboGlove actuation and sensing is incorporated into the 
space suit glove, it could counter this differential effect and 
significantly reduce strain on the hand.  Astronauts in 
pressurized space suits could potentially perform demanding 
tasks longer and with greater dexterity with RoboGlove 
technology integrated into the suit’s gloves.   

Many opportunities exist beyond the current General 
Motors and NASA applications. Glove boxes used for work 
with hazardous materials could incorporate RoboGlove 
technology to alleviate user fatigue or to perform more 
physically demanding tasks.  Similar challenges exist in the 
nuclear/chemical industry where very thick gloves designed 
to protect the user are excessively restrictive and difficult to 
manipulate.  Any industry that employs large tools or ones 
with a high grasp force is a good candidate. Not surprisingly, 
the application list is extensive. 

VII. INITIAL TESTING 

Initial application trials of RoboGlove were conducted in 
the assembly of prototype vehicles at the General Motors 
Technical Center in Warren, Michigan.  Trial applications 
were selected based on ergonomic difficulty as well as 
suitability for RoboGlove.  Several applications were 
attempted, two of which are described here.  Trials were 
performed by users familiar with the operations performed. 

A. Wire Harness Crimping 

Wire harnesses are assembled manually for use in 
prototype vehicles.  Terminals are crimped onto the ends of 
each wire in the harness, in the numbers of hundreds of 
crimps per vehicle.  The task is physically demanding in 
both the grasp force required and in repetitiveness. 

Using a grip force dynamometer, it was estimated that a 
typical automotive wire harness crimp requires between 40 
and 90 pounds of grasping force depending on the size of the 
wire terminal.  For this application, RoboGlove was 
programmed to maximize peak force over a short time 
duration.  The algorithm used fingertip sensor input to 

command the gripping action, and actuator velocity to 
determine when the grasp had been completed.  After the 
grasp was completed, the control program reduced the 
current to the motors to avoid overheating, but maintained 
the grasp until the fingertip sensors were released.  By this 
method, a peak grip force exceeding 40 pounds was 
achieved.  This force is additive to the user’s own grasping 
effort.  RoboGlove was able to significantly reduce the 
amount of grip force the user is required to provide for this 
operation. 

 

 
Fig. 7. Crimping operation (illustration only) 

B. Door Glass Install 

Side door glass is installed manually in both prototype and 
production vehicles.  The glass is held between the 
operator’s four fingers and palm of the hand, i.e. a four-
fingered grasp.  The operator typically carries the majority 
of the weight of the glass with one hand while performing 
fine manipulation and other dexterous actions with the other 
hand.  Therefore, a one-handed application of RoboGlove 
was also utilized for this task. 

 

 
Fig. 8. Door glass manipulation (illustration only) 

For this application, RoboGlove was programmed to close 
four fingers when commanded by fingertip sensor input.  
Similar to the crimping application, the control program 
reduced motor current after the fingers were fully closed 
based on actuator velocity.  In this case, however, the grasp 
was maintained for a long duration.  The glove held the 
user’s fingers closed on the glass until it was commanded to 
release based on input from a sensor in the thumb tip.  It was 
concluded that RoboGlove technology indeed has potential 
for reducing the grasping effort required to hold the weight 
of the door glass during installation into the door. 



  

VIII. CONCLUSIONS/FUTURE DEVELOPMENT  

The GM/NASA RoboGlove is an exciting extension of 
the mechatronic design philosophy that started with the 
Robonaut 2 (R2) system.  Technology inherited from R2 is 
well suited for application as an assistive device, which will 
help users in a range of fatiguing and ergonomically difficult 
tasks.  Its versatility and control flexibility have enabled 
trials that are providing a wealth of knowledge for future 
refinements. 

Continuing design and research are in progress to improve 
the functionality and usability of RoboGlove. Future 
prospects include partnering with medical institutions to 
assist patients with hand and finger injuries.  Plans are in 
place to integrate the technology with an astronaut’s space 
suit glove and evaluate its effectiveness via ground testing.  
Additional sensing systems are being explored to fine tune 
the control algorithms.  Refinements to the soft goods design 
will ease donning and doffing, along with improving 
dexterity.  Finally, more compact actuators and electronics 
will aid packaging and reduce weight even further. 
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