
  

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 

RoboGlove – A Robonaut Derived Multipurpose Assistive Device 

M. A. Diftler*, C. A. Ihrke**, L. B. Bridgwater*, D. R. Davis**, D. M. Linn**, E. A. Laske*, K. G. 
Ensley*, J.H. Lee*                                                                      

*NASA/JSC, Houston, Texas                                                               
**General Motors, Warren, Michigan                                                        

I 



 

c
R
d
c

R
a

F
R
s
s
g
f
f
th
th

a
o
a
a
c
th
c

f
f
o
a
th
f
f
f

A

f
f
a
s
c

s
f
f
g
o

f
h
d
in

capabilities, in
RoboGlove is a
design philoso
control, initial t

The RoboG
Robonaut 2 (R
actuation, distri

RoboGlove s
Finger Actuatio
R2 [4].  The 
small brushles
screws is used
grasping force 
fingers, RoboG
finger.  In co
humb require 
he independen

RoboGlove 
actuators and e
operation.  Fo
actuators, the d
all contained w
comfortable for
he use of 

considerations.
RoboGlove 

force sensing w
force resolution
only a single fo
available for s
han R2.  Ther

force sensor us
for the RoboGl
for R2 [4]. 

A. Overview  

In the huma
flexor pollicis l
fingers and th
actuators and a
system to redu
certain repeated

Three linear 
section of the 
flex all five fin
fingers, RoboG
grasp force mom
of approximate

Most of Rob
fabric material 
hand, minimize
dexterity of th
ncorporates hi

n this case, 
a work in prog

ophy, mechani
testing, and fut

II. BUILDING 

Glove (Figure 
R2)’s hand desi
ibuted controls
shares features
on System tech
same linear a
s DC servom
.  However, s
and not to co

Glove requires 
omparison, Ro
4 and 5 tendon

nt degrees of fre
follows R2’

electronics as c
or RoboGlove
drive electroni

within the forea
r the user, min

lightweight 

also shares th
with R2.  RoboG
n are less stri

force direction 
sensors is even
refore a comm
ed in earlier R
love, compared

III. ME

an hand, the fl
longus muscle
humb.  Robo
artificial tendo

uce the forces r
d and/or prolon
actuators loca
forearm of R

ngers of the us
Glove can exert

mentarily, whi
ely 15-20 lbs.   
boGlove is fa
in order to con

e weight, and 
he user.  Th
gh friction mat

finger motion
gress.  The foll
ism design, s
ture developme

ON R2’S DESIG

1) follows k
ign approach, 
s, and localized
s of the patente
hnology that w
actuation conce

motors coupled 
since it is desi
ontrol the posit

only a single
obonaut’s prim
ns respectively
eedom.   
s approach 

close as practic
e, this means
ics, and the m
arm section of 
niaturization of

materials 

he concept of 
Glove’s requir
ingent than R2
is needed.  Ho
n more limite

mercial thin fi
obonaut work 

d with custom s

ECHANISM 

lexor digitorum
s actuate tendo
Glove uses e

ons in parallel 
required by th
nged grasping t
ated extrinsical

RoboGlove actu
er’s hand.  By
t up to approxi
ile providing a 

abricated from
nform to the us
minimize any
e palmar side
terials in order

n and graspi
lowing describ
ensing, avioni
ent. 

GN 

key elements 
including tend

d tactile sensing
ed Tendon Driv
was developed 
ept consisting 

with small b
gned to augm
tion of the use

e tendon for ea
mary fingers a
y to control all

of locating 
cal to the point
s that the lin
icroprocessor 
the glove.  To

f components a
were import

f localized tac
rements for tac
2’s, for examp
owever the spa

ed in RoboGlo
lm piezoresist
[12] was selec
six axis load ce

m profundus a
ons that close 
electromechani

with the hum
e muscles dur
tasks. 
lly on the palm
uate tendons t

y assisting all f
imately 50 lbs.
continuous gra

m flexible, elas
ser’s forearm a

y reduction in 
e of RoboGlo
r to assist hold

ing, 
bes: 
ics, 

of 
don 
g. 
ven 
for 
of 

ball 
ment 
er’s 
ach 
and 
l of 

the 
t of 

near 
are 
 be 
and 
tant 

tile 
tile 
ple, 
ace 
ove 
tive 
cted 
ells 

and 
the 
ical 

man 
ing 

mar 
that 
five 
. of 
asp 

stic 
and 
the 
ove 
ing 

a grasp 
soft goo
contain 

Robo
in three
sizes of
differen
the for
adjustm

 

B. Fing

Each 
actuator
the wris
reacts t
from ex
The con
the palm
intrapha
anchor, 
finger t
of a fin
of the u

 

 
Termi

distal ph
loops ar
A rigid 
evenly a

on a wide va
ods provide a d
all of RoboGl

oGlove weighs 
e different size
f the general p
nt glove sizes 
rearm and Ve

ments to accomm

Fig. 2. Forearm 

ger/Palm Inter

finger tendon 
r located in th
st inside a flex
the tendon loa
xerting a forc
nduit terminat
mar half of th
alageal joints 

the tendon c
to its terminati
nger) or the dis
user’s digit. 

ination of the
halange is com
round the dors
saddle is used
and to prevent 

ariety of object
durable structu
love’s mechatro
approximately

es to accomm
population.  In 
available, zipp
elcro wrist s
modate a wide

Layout, Conduit A

rface 

in RoboGlove
he forearm sec
xible conduit 

ad, which ther
ce or moment 
tes in a rigid a
he glove, prox

of the finge
continues alon
ion at the med
stal phalange (i

Fig. 3. Finger D

e RoboGlove t
mpleted by me
sal side of the 
d to distribute t
t cinching of th

t surfaces.  Ro
ure to protect th
onics.  
y 1.7 lbs. and i

modate variation
addition to ha

pered sizing ba
traps allow f

e range of users

Anchor, and Senso

e is routed fro
ction of the gl
(Figure 2).  T

reby prevents 
across the us

anchor embed
ximal to the 
ers.  After th
ng the palm s
dial phalange (
in the case of t

Detail 

tendon at the 
eans of an eye-

user’s finger
the force from 
he loop around 

 

oboGlove’s 
he user and 

is available 
ns in hand 
aving three 
ands along 
for simple 
s. 

 
ors 

om a linear 
love across 

The conduit 
the tendon 
ser’s wrist.  
ded within 
metacarpal 
he conduit 
side of the 
in the case 
the thumb) 

 

medial or 
-splice that 
(Figure 3).  
the tendon 
the finger.  



 

A
p
g
s

C

f
lo
tr
a
th
a
in
in
h
b
im
o
R

c
T
(

A

s
i
w
a
m
c
p
to
a
c
d
m
in

B

r
m

Additional inel
phalanges keep
grasping and a
side of the user

C. Drive train

RoboGlove’s
finger actuator 
onger ball-scr
ravel in order 

are relocated to
he forearm.  I

allow the syste
ntrusion of deb
ncrease the sp

human operat
backdrivability
mplemented to

of mutually a
RoboGlove act

 

IV

The forearm 
control, and dri
These electroni
(Figure 2). 

A. Main Contr

The electron
single circuit b
s powered dire

with raw batter
all logic and 
microcontroller
configured as 
point-to-point s
o digital con

actuator encode
control signals
data provided 
modes dependi
nformation bac

B. Motor Driv

Motor drive
recent years.  T
motor control b

astic fabric ban
p the tendon ro
also help trans
r’s finger. 

n 

s actuation sy
technology [3

rew assembly 
to fully flex t

o minimize th
Internal guide 

em to be comp
bris.  The mot

peed of actuati
tor, as well 

y of the drivetr
o allow for dif
actuated finge
uator is shown

Fig. 4. Linear actu

V. AVIONICS A

section of the 
ive electronics 
ics are containe

roller 

nics on Robo
board called Ce
ectly from the 
ry voltage, and

control circ
r (MCU) com
a central com

serial link.  The
nversion, temp
er accumulatio
.  The MCU m
by the FPGA
ing on the sen
ck to the user t

vers 

e technology 
The developm
boards [4] star

nds on the pro
outed close to 
smit tendon fo

ystem is a de
3] with some 
is implement

the user’s fing
e length of th
rails, rather t

letely enclosed
tor gearhead ra
ion to better m

as to prov
rain.  A slidin
fferentiation in

ers.  A cross
n in Figure 4.   

uator in cross-secti

AND CONTROLL

glove contains
required for gl

ed within a rug

oGlove are co
erberus.  (Figu
battery pack, d

d converts this 
cuitry.  Cerb
mmunicating 
mmunications 
e FPGA manag
perature senso
on, and motor c
manages the co

A, manages the
nsor inputs, an
through the LE

has advanced 
ment path that 

rted in the late

ximal and med
the finger dur

orce to the dor

erivative of R
key changes. 
ed to gain ex

gers.  The mot
e actuators alo
than a guide p
d to minimize 
atio is reduced
match that of 
vide emergen
g tendon hook
n the grasp sha
s section of 

ion 

LERS 

s all the power,
love operation

ggedized case.

ondensed onto
ure 5.)  The bo
drives the mot
voltage to pow
erus includes
with an FPG
hub, through

ges sensor ana
or measureme
commutation a
ontrol loops fr
e various cont
nd communica

ED interface. 

considerably 
led to R2’s ha
e 1990’s and w

dial 
ing 
rsal 

R2’s 
 A 

xtra 
tors 
ong 
pin, 
the 

d to 
the 
ncy 
k is 
ape 
the 

 

, 
. 

o a 
ard 
tors 
wer 
s a 
GA, 
h a 
log 
ent, 
and 
om 
trol 
ates 

in 
and 
was 

designe
suited f
motor d
inexpen

 

Instea
commer
enabled
the-shel
reductio
the ups
the late
the enti
the boa
smaller 

C. Sen

In or
motors,
this mo
control 
current 
voltage 
battery,
accurate
battery 
battery 

For f
with th
sensitiv
embedd
Figure 2
proporti

Interf
lineariz
constan
proporti

Comb
between

 

FSR Inte

ed with space 
for R2 space 

driver hybrid ci
nsive, low-pow

Fig. 5

ad, the RoboG
rcially-availab

d the custom h
lf components
on in size subs
stream control 
st generation C
ire electrical an
ard and corres
volume and ha

nsing 

rder to have b
, the current to
otor current inf

of the glove
control of th
and current ar

, this voltage
e estimation o
and can alert th
replacement. 
feedback of th

he user’s envir
ve resistors (F
ded in the glo
2.  This type 
ional to the for

face circuitry 
zes the response
nt-voltage excit
ional to the sen

bined, this giv
n force applied

Motor Drivers

erface

ADC

applications 
operations, t

ircuits were no
wer requiremen

5. Cerberus board o

Glove developm
ble integrated 
hybrid circuit 
s resulting in a
sequently enabl

electronics an
Cerberus board
nd control sys
sponding rugg
alf the weight 

better insight i
o each motor is
formation to p
e’s applied for
he motors.  I
re sensed.  Aft
e and current
of how much 
the operator wh

he output force
ronment, thin 
FSRs) are us

ove’s fingertips
of sensor chan
rce applied.  

ܴ௦ ∝
1
ܨ

 

(Figure 6) 
e of the sensor
tation signal. T
nsor’s resistanc

௢ܸ௨௧ ൌ െ்ܸ ൬
ܴ
ܴ

ves a direct p
d and voltage o

௢ܸ௨௧ ൌ െ்ܸ ௙ܴ

FPGA 

in mind.  Th
the large and 
ot applicable to
nts for RoboGlo

overview. 

ment focused o
motor drive

to be replaced
a reduction in 
led the inclusio
nd sensor inte
d.  Even after 
stem onto a sin
gedized case n
of an iPhone. 

into the operat
s sensed.  The
rovide coarse, 
rce through c
In addition, t
ter characteriza
t information
charge is left 
hen a low charg

e at the point 
film piezoresi
sed.  The se
s as illustrated
nges resistance

on the Cerbe
r by varying th
This gain varie
ce.  

௙ܴ

ܴ௦
൰ 

proportional r
output. 

௙݇ܨ 

Power Su

LED Interface

MCU

 

hough well 
expensive 

o the small, 
ove. 

 

on utilizing 
ers.  This 
d with off-
size.  The 

on of all of 
rfaces into 
combining 

ngle board, 
now has a 

tion of the 
MCU uses 
open-loop 

closed-loop 
the battery 
ation of the 

gives an 
within the 
ge requires 

of contact 
istive force 
ensors are 
d above in 
e inversely 

erus board 
e gain on a 

es inversely 

elationship 

upply

U



 

s
c
d
a
e
a
a
r

D

T
a
th
g
w
th
T
th
in
c
d

u
p
u
t

s
a
T
in
to
ty
s
P
q

A

f
b
li
r

 

In addition 
sensors are use
control states. 
depending on 
actions.  Simi
explored for tri
and opening the
as a complem
replacement if 

D. Interface 

The RoboGl
The control m
allows the user
he task.  LED

glove.  One LE
while other LE
he sensors or

Typically, the 
he control mod
nformation ab

can be progra
detected. 

The control m
use in programm
plugged into a 
used to stream
erminal or cali

As described
sensors and c
available to th
The MCU is r
nterfacing with
o optimize op
ype of chip. 

sensors in para
PWM peripher
quickly in C. 

A. Operation 

At power-up
fully open and 
based on the 
imits and zon

reaching the en

Fig. 6. FSR i

to the applic
ed as human 
 Thresholds a
the mode of 
larly, electrom
iggering certain
e grasp.  These
entary sensing
finer force con

ove has a simp
module contain
r to select the m

D’s display info
ED communic

EDs are progra
r actuators, th
LEDs give fee
de, and faults t

bout the state 
ammed, for e

module contain
ming, troubles
computer, this

m sensor data a
ibration softwa

V. C

d above, the 
commutates t

he MCU throu
responsible for
h the user.  Th
peration by uti

The FPGA c
allel, whereas 
rals and can b

p, the RoboGl
sets soft limits
encoder data. 
nes are used 
nd of travel a

nterface circuit. 

cation in forc
interaction inp
are set for ea

f operation, to
myographic se
n glove actions
e could potenti
g device to th
ntrol is not need

ple but intuitiv
ns a three pos
mode of operat
ormation abou
ates that the g
mmable to ind
he control m
edback about a
that are detecte
of the glove, 
xample if a 

ns an external 
shooting, and c
s external inte
and debugging
are. 

ONTROL  

FPGA gather
the motors, m
gh a point-to-
r closing all c
his separation w
ilizing the adv
can gather da
the MCU ha

be programme

love slowly ru
s and zones in t

 During oper
to prevent the

and to detect o

 

ce control, th
puts for defin
ach of the FSR
o trigger speci
ensors have be
s, such as clos
ially be integra
he FSRs or as
ded. 

ve user interfa
sition switch t
tion depending
ut the state of 
glove is power
dicate the state

mode, faults, e
actuator positi

ed.  For additio
blinking patte
specific fault 

interface port 
alibration.  Wh
rface can also 

g parameters to

rs data from 
making all d
-point serial li
control loops a
was implemen
vantages of ea
ta from multi

as high-resolut
d and develop

uns the actuat
the actuator spa
ration, these s
e actuators fr
other off-nomi

ese 
ing 
Rs, 
ific 
een 
ing 

ated 
s a 

ace.  
that 
 on 
the 

red, 
e of 
etc.  
on, 

onal 
erns 

is 

for 
hen 
be 

o a 

the 
data 
nk.  
and 

nted 
ach 
iple 
ion 
ped 

tors 
ace 
soft 
om 
inal 

states. 
passes t
maximu
continu
zeroed.

After 
mode se
glove in
finger F
the FSR
could b
actuated
threshol
tendons
opens th
force o
program

In th
switch,
Other m
for exam
force, o
allowin

B. Algo

Diffe
on the 
example
force-co
as coar
motor c
the mot
required
required
addition
friction 

C. Safe

Given
user, the
operatio
system.
will aut
LEDs w
type of
tempera
low ba
conditio

Mech
drivetra
unzip th
in an ab

 

As w
provide
scale w
and dex

When the actu
through a cont
um motor co

ues and encoun

r initial setup, R
elected.  A typ
n the followin
FSR exceeds a 
R drops below 
be grasped in
d by pressing w
ld; then the 
s.  When the us
the index finge
of the glove,
mmed threshold
his case, the F

enabling the 
modes can utili
mple to contro

or to offload th
ng the user to re

gorithms 

erent internal c
current oper

e above, a co
ontrol mode, th
rse and fine f
command.  Ve
tor commands
d.  As the velo
d to hold the g
nal holding fo
of the actuatio

fety  

n that RoboGlo
e safety of the 
on, the MCU
 If any off-nom

tomatically ope
will alert the o
f fault has o
ature, high bat
attery voltage
ons that will re
hanical safety f
ain when the 
he glove and re
bnormal positio

V

with R2, the 
e the user with

work, with cons
xterity.  The 

uator approach
trol-magnitude
mmand is lim

nters a soft limi

RoboGlove’s o
pical operation
g manner: clo
certain force t
that threshold
the user’s ha

with the index 
tool would b
ser wishes to r
ertip slightly, 
, as seen by
d.  
FSR is essent

glove to aug
ize the FSRs as
ol the combine
e grasp force c
elax within the

control algorith
rational mode 
onstant motor c
he current dat
force feedback
elocity of the a
s in order to a
ocity drops to z
grasp can be lo
force provided
on system. 

ove is designed
device is critic

U monitors th
minal operation
en completely 
operator of a 
occurred.  Fo
ttery temperat
e, or loss o
esult in a faulte
features includ
power is rem

emove the user
on. 

VI. APPLICATI

design intent 
h enhanced ab
siderations for 

glove assists

hes the physica
e limited zone 
mited.  If th
it, the motor co

operation depe
nal mode will o
se the glove if
threshold and 

d.  In this exam
and; the glove 
finger to excee

be held by th
release the tool
lowering the n

y the FSR, b

tially used as 
gment the use
s force-feedbac
ed user/RoboG
completely from
e glove. 

hms are used 
of the glove

command is u
a and FSR dat
k inputs contr
actuator is use
chieve the hol

zero, the motor
owered as well
d by the inte

d to be worn b
cal.  While the 

he overall stat
n is detected, R
and cease actu
fault and indic
r example, h

ture, high mot
f sensor fee

ed state of the g
ded backdrivab

moved and the
r’s hand if ope

IONS 

for RoboGlo
bility to perfo
speed, power,

s the user by 

 

al limits, it 
where the 

he actuator 
ommand is 

ends on the 
operate the 
f the index 
open when 

mple, a tool 
 would be 
ed the FSR 
he glove’s 
l, he or she 
net applied 
below the 

an on/off 
er’s grasp.  
ck sensors, 

Glove grasp 
m the user, 

depending 
e.  In the 
used.  In a 
ta are used 
rolling the 
d to adjust 
lding force 
r command 
l due to the 
ernal static 

by a human 
glove is in 

tus of the 
RoboGlove 
uation.  The 
cate which 

high motor 
tor current, 
dback are 
glove. 
bility of the 
e ability to 
eration fails 

ve was to 
orm human 
, durability 

providing 



  

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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