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ABSTRACY

P8 masters control robots or artificial enviroaments through hand gestares, Com-

zcinl products have open-loop control. There is @ need for portable sysiems that have

fece fecdback, and are sufficiently compact to be desk-tap. A protolype providing force

edbeck for the Dataglove is discassed first. Then the master stmucture and its actuator
asieristics are presented. A mode! for the control loop is discussed fast

1. Introduction

~ The wleoperation of multifinger robot hands {2.9] requires & dextrous masier which
2 mwlti-DOF controller worn on the operator’s hand. Use of the huran hand gesires
' oatural form of control and can bring siznificant improvements in efficiency. Com-
ially uvailable dextrous masters (7,12] control the position of a robot hand or of &

dated hand in open-loop, without force or touch feedback to the operator.

~ Swdies done using non-dextrous masters (8] have shown that the completion time
or difficult wsks was reduced by 50% when force sensation was present, This may indi-
e thut force feedback can enhunce the performance of dextrous systems as well.
The difficulty in the realization of dextrous masters with force feedback stems fron
3 fucdomental coaflict berween adequate control and haman faciors us they relute o
nd goometry and human futigue[4). Force feedback provided for cach Joiat of the
ax well as the wrist would necessitate a larze number of actuators. Unfortunatsiy,
iie geometry of the haman hand reduces the voinme which can accommodute these
Atuiiors. A number of protolypes with force feedback kbave been proposed($,10,11] The
dback actuatons used by these masiers are either hydrunlicf 10] or clscizical 111) with
ent of the actuators remote from the hand. Thus mosionForee is being trunsmitted
firough an exoskeleton siructure with cables and pulleys. These complex masters are
amite expensive and their usage limited,

Extending the usage 10 other urcas than telerobotics, such as virtial eovirosments.
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or video games, will require systems that are compact (desk-1op), safe, quict, and less
expensive. Then wser safety precludes the use of high pressure hydraulics, while com-
pactoess precludes cables, pulleys and elecivical mowrs. [ (4 reduced number of) Egit
Actuatons could be placed locally in the palm where force is required, then friction and
backlash stop being a major concem. The resulting compact master should slsn have 2
reduced cost.

The present paper describes a poriahle dextrous master with force feedback fiat
uses several preumatic acwawrs placed in the hand. The resuking system i light, com-
pact, desk-top and relatively inexpensive. This system addresses the needs of cetain
applications which now operate in apen-loop and where the addition of feedback 10 some
degrees of freedom 1s beneficial, Section 2 describes the system hardware coafigerason.
Section 3 gives acruator characteristics and a model for the coatrol loop. Cancluding
remurks and future work directions ure given in Section 4.

2. System hardware configuration

Initial studies at Bell Laboratories [3] resulted in a ore degree of freedom
used 10 control the Utsh hand. This portable master with force feedback ‘
had ooe LVDT position sensor in paraliel with a pesmatic sciuator. The whole strug e
was compuct enough 10 be held in the palm with only (wo fingers. While these expe
ments were qualitative in nature, they did show the utility of force information, even
oaly one feedback actuator, Considerable deprivation was felt by the nsery when the
loop was opened, and no fores information was fed buck. {

After the initial tesis at Bell Lahorstories, several PDMIF Iype actudors were
integraied with the Dataglove masier. ‘The zim was 10 provide force fecdback for mull
ple fingers. The glove position sensors on the back of each finger replaced the VDT
SENSOT, mmwngmmmmhswmmmpwintb "
This "direct-drive” system enjoys the same advantages us those used to drive rohot “
namely the absence of cables or pulleys and reduced friction, In order 10 wliow th
abduction-adduction of the fingers (thumb, middie and index), three sphers jointy were
Wuuwm&dmdphﬂammmd»memategwwum
Figure 1. Three cylinders were mounted coaxially with the sphene joints, thus allowisg
for direct conneetion 10 air tubes passing through The sphere joiats,

Fach cylinder shaft is attached 10 the finger tips of the glove through cylindrisy
joints that ullow movement in a plane normul to the tingertip, The attachment of e
foedback structure to the glove is done with velero™ strips mounted in the palm and o
the fingertips. Fach fiagenip mouating block has three velcro strips that secure 0 (9
glove. This reduces the compliance of the user tingertip by creating a tight “two-ring"
artachment which is beneficial w rhe overall system performance. These detachable o
rections also allow for adjustment w the hand characieristics of differen: users.

Since cach actuator bas its own controller, it is impartant 10 group the reg &
a modular hardware interface unit. This interfuce consists of three proportional pressun

rogulatoss, a pressure indicator for the maia air input, power supply (24 V), and in 3
port for for the cable from a D/A board installed in the host workstation. The desize of
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Figure 1. Force feedback structure for the Dataglove,

the interface is modular with the Dataglove electronic unit so the two modales can be
-up” 1o save desk space.

, Actuator characteristics

The cylinder springs were removed 10 allow free motion of the piston whea no air
is applied. Since the most comfortable thumb postures are those with Tittle
pleposition[13], a sphere joint was integrated in the pulm plutform in order 1o accommao
e these postures. The resulting work eavelope ¥t anwinge JOT CACH 3CIUALO? 1% & por-
var of & sphere seceor as:

d
Vit conetoe = 28 (1= casallil + 57 » d(¢ uw-3 | (1)

4=20mm 15 the pision stroke.

{=062mm is the cylinder length,

s=Tmm is the Jength of the fingertip mounting hlock, and

=30 degrees is the sphere joint half-angle.

~ The actuators were tested under both static and dynamic conditions. The static tests
~aimed at derermining the force exercised by the cylinder as & function of the

tage controlled by the host computer. These tests were run with air supply presscres,
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.. of 60, 70, 30 and 90 psi and for each supply air pressure voltages (rom 0 to 10 ¥
were applied 1o the valve coniroller. Under these conditions the force was
with a load cell (accuracy 0.05 Newtons, range 22 Newtoasl. The proporuonality
force with applied voltage was good with the excoption of plateaus appearing &
voltages. Here maximum air flow was applicd on the piston, and force no loager
with (increased) voltage. A sepply pressure of 90 psi and a voltage of 6V resulied
almost a pound force of 4.4 Newtons. For a fingentip surface of 2-3 can’ this ,
1 2.2.1.46 Newwonsiw®. The forve gencrased is thus 8 to 11 times higher than
minimum sensstivity of the human hand seasors of 0.19 Newtoay! cm’. While the ¢
male/female maximum tip pinching force is 13-16 Newwons (1), the force generased
the PDMFF is large enough 10 simulate the sensation of a solid object in the grasp.
e was used wherever possible (except for the actuators and sphere joinis) in order |
save weight. This reduced the mass of the feedbuck structure in the hand to 0.045 Kg
weight of 0.44 Newtons). Thus for a master 1otal force output of about 13 3 Newtons,
foree output/weight ratio is 30,

Tests were run 10 determine I the accuracy of the Polhemus sensor| 15) placed
the back of the palm is affocted by the metallic feedback actuaions (the sensor uses lo
frequency magnetic ficlds 10 measure palm position and orientation). The inflaence
position measuremesnts was determined 10 be small (1-1.5 mm and loss than |
roation ).

4. Control model

For a given actuator pressure the feedback forces zpplied on the user fingers _
on severul factors. One factor s the joint stiffness chosen by the subject, since &
stiffness will reduce these forces. Another factor is the user hand posture at the mar
the actuators are pressurized. This factor s expressed by the angle ¥ between the o
direction 1o the fingertip und the uctuator shaft, as shown in Figure 2, For o desined |
mal feedback foroe on the thumb #, the air pressure 7, is

Fy
Py = Le——

A, ooy

where
-H,
y=%' (l.ol,o.)o-'::-‘-‘ .
B, = —L.csty +Loconth, + 8,) 4 Lycon®, + 0, + Byt sin®, + 8, 08
B, = Lysnd + Lysiolll + 05) 4 Lysio(®, + B, + B) + 1, con(®, + 6, 4+ 8) i)

Here @, is the thumb antepositionfretroposition angle and 0,.0, are joint flex &
These angles are measured by the Dataglove. For the middle and index fingers the
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Figure 2. Finger parametcrs

sunot measure 6, directly. Another way of determining 0, is by taking into account 1he

ﬂuq-mudumbwﬁmdnm As un example, the
index finger 8, is determined experimentally to be:
B, = ©X8,) = 2119881 + LTR4IEIE, - 0OMH0H; (6)

Data used 10 obtain equation (6) is presented in Figure 3, Eguations (3) 1o (5) now
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become:
B, -,
8, -L

Y= 507 — (0, 4 By 4 X0, » tan @

By =L cosB, + Loeos(B, + 8,) 4 Ly cosl8. = U, + B(0,)) - 5, sinl0, + B, + BX0,)) 8
B, = L 5iod, + Lysin(B, +8,) + Ly sinB, + 0, + G(B,)) + H, con(D), + B, + O(0,)) L
Joint Angle Coupling
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Figure 3. ¢, and &, coupling for the index finger,

In a virwal environment application £, corresponds 10 contact furces
the grasping of an object by the modeled hund. The actual value may depend o
stiffness of the simulated object &, its welght, as well as the hand grasping posture an
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the degree of squeszing cxpressed by the motion A« of the model hasd fingertips. The
process starts with the master measuring the user fiager joint aagles 8, and the host con-
puter culculating fingestip Cartesian motion AX,. Once the object is grasped the normal
Mr,.mmwhummwmummm:. Then air
pressuses P..mulcuhhdformu udr,.. Force iy upplicd on the subjects fingers
and tiis input used by the brain 10 issue a new motion command, changing 6, This is
basicly a position feedforeward- force feadhack Joop, as thown in Figuse 4.

wme | (R
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T — N Ax, [ - P

4 | chain K, GiYarea

e |

[ —
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force '
_“'L.'“'J__—_‘
Figure 4. Control loop

§. Conclusions

There s o need for porable systems that have force feedback, and ure sufficiently
compact 1 be desk-op. A prototype providing force feedback for the Dataglove was
discussod. The master stracture and its actuator churacteristics were preseoted.  More
experimental studes using & dedicared graphics workstation are anderway. These stu-
cies will determine the performance mprovement produced by the feadhack system.
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