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Abstract

Active force-feedbackolds the potentialfor preciseand
rapidcontrols. A high performancedevicecanbe built
from a surplusdisk drive and controlledfrom an inex-
pensivemicrocontroller. Our new design, ThePlank has
only one axis of force-feedbackwith limited range of
motion. It is being useal to exploremethodsof feeling
anddirectly manipulatingsoundwavesand spectrasulit-
ablefor live performancesf computemusic.
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INTRODUCTION

In 1996, Perry Cook at Princeton,Ben Knapp at San
Jose State and Chris Chafe at Stanford University

started teating a video-linked course in human-
computerinteractiontechnology{1]. Max Mathewsand
Bill Verplankhavein the last two yearsfocussedthe

courseon music controllers[2] for the mastersprogram
in music scienceandtechnology[3]. At CCRMA, we

have a Phantom, a high-performancethree-degree-of-
freedomforce-feedbackdevice donatedby Interval Re-

search.We want a simpler devicefor experimentation
andperformance.

Figure L ThePlank concept.

Scanned Synthesis

At Interval, we usedPhantomd4] to explorethe value
of force-feedback. One discovery was that simple
spring-massimulationswhich areuncontrollablewith-
out force-feedbackcanbe controlled simply by letting
the vibrating systemtransferenergyto the human. In
feelinga simulatedwave, Verplank, Shawand Mathews
hadthe ideaof listeningto the shapes. This cameto be
known as"scannedsynthesis"[5]. The ideais to di-
rectly manipulatea dynamicwaveshapeat human-hand
frequencieswhile scanninghe wave shapeout at audio
frequencies. The pitch is determinedby the length of
thewaveandthe scanrate. Thetimbreis determinedoy
the waveshapewhich is being continuously controlled
by the paformer.

Haptics

The term hapticsis usedby psychologiststo describe
thehumansenseof touchincluding skin sensesas well

asmuscleand joint senses. Recently,"haptic" devices
have madeit to marketin vibrating pagers,rumble-
packs, force-feedbackjoysticks, steering wheels and
mice. Thereareactiveresearcltommunitiesanda small

industry building devices[6]. Standardhavebeenes

tablishedfor communicationand development7]. At

Interval, we exploredthe potential for simple haptic
devicedor mediacontrolandexpression8].

HAPTIC ILLUSIONS

ThePlankis designedo take advantageof severalill u-
sions that allow us to reducethe device complexity
while maintaininghapticfidelity. The key featureis a
surfacewhich measure$orcesorthogonalto its motion.
With a measued surfaceforce, the Plank simulatester-
rainaswell asfriction anddynamics.

Figure2 Slopelllusion

Slope

Whenyou pressdown on a surface,it usually pushes
backon you with a"surfacenormal”perpendiculato the

surface.The forcesfed backby the devicecan give the

illusion of slopesof a surface Small variationsin force

asyou move along the surfacearefelt asbumps. In a



pioneeringstudy, MargaretMinsky exploredthis phe-

nomenonof simulated textureswith a two-degree-of-
freedomforce-feedback joystick [8]. The Plank, rein-

forcesthis illusion by measuringthe force applied by

theusernormalto the motionandmaking the tangential
force-feedbaclproportional.

Figure 3 TheHaptic Clutch.

Clutch

Rob Shaw[7] simulateda variety of dynamic systems
which could be engagedy applying forces. We came
to call this phenomenorhe "haptic clutch". By pres-

ing on The Plank,you engageawith a simulatedmoving

object. This techniquecompensatedor the limited

travel of The Plank and allows the illusion of wide
reach.

Figure 4. Disk Drives before and after.

HARDWARE

The constructionof The Plank was undertakenas an
educationaéxerciseusing inexpensiveor found compo-
nents. It is describedn somedetail with the hopethat
otherswill takeon suchdo-it-yourself haptics.

Motors

RotaryDC motorsarethe mostcommonactuatoraused
for hapticdisplayfrom $1 vibratorsto $100 joysticks to

$10K Phantomsln contrast,the motors chosenfor The
Plankarefrom computerdisk driveswherethey position

the read-heads.They are known as voice-coil motors.

Thereis no requirementfor gearsor pulleys, both the
drive andthe sensoraredirectly coupledto the motor.

Severahapticdisplayshavebeenmadefrom disk drive

motors. Hong Tan studied tactile communication
bandwidth with three independentdisk-drive motors

[10]. Pietro Butolo built a planarmechanisnfor pos-
tioningthetip of a stylus using threedisk-drive motors
[11]. Thevoicecoil motorsarereadilyavailableas cast-
offsin crashedlisks.

Microcontroller

To ensurerapid computationof the forces, an Atmel
megal63nicrocontrollelis dedicatedo local control of
ThePlank. It operatesat up to 8 Mhz with 8 channels
of 10-bit A/D (~10ksamples/secondR2 1/0 ports, 16K
bytesof programmemoryand 1024 bytes of datamem-
ory. The microcontrollerhasa UART for communie
tion via MIDI with a synthesizeor real-timeDSP soft-
ware. Interruptskeepthe sampling,or servoupdateat a
steadyrateup to 4kHz.

Sensing and orthogonal force control

A hall-effectsensoris usedfor rotary position feedback
readby an10-bit A/D converterbuilt into the microcm-
troller. A 12-bit DAC commandsa power op-amp for
generatingip to 3A currentand forcesup to 5 Newtons
(~11b) atthe finger tips (for shat times). The sensing
and poweramp camefrom the designfor a simple de-
vice used in teaching haptics [9].  Force-sensitive-
resistors measurdinger pressuren the surfaceof The
Plank.

Figure5 Sygem diagram.

EFFECTS

Table of forces: Terrain

Themicroprocessorholds a small look-up table with a
force for every measured position of The Plank. In
scannedynthesis,the shaperepresentsone cycle of a
waveor pieceof terrain. As you move The Plank,you
feel the shapeof the terrain; when you apply pressure,
you canmanipulatethe terrain

Figure 7. Forces create terrain illusions.



Motion: Dynamics

The whole terraincan be moved left or right (actually
justa pointerinto the table). Buffers canextendthe ta
ble beyondthe rangeof Plank motion (in the caseof
scannedsynthesisthe table is circular and the buffers
arenot necessary). To simulatea single massattached
to aspring,one detentor deepvalley in the terrainrep-
resentghe positionof the massi,its slopesrepresenthe
stiffnessof the spring. Theforceon ThePlank increases
asit moves"up the slopeof the valley". The accelea
tion of themassis simply computedfrom the force be-
ing fedbackto ThePlank.

Friction

We haveexperimentedising the Phantomwith several
friction models. The simplestis "stick-slip". Justone
spring that builds up to a maximum andthen "breaks"
feelslike plucking a string. When one spring breaks
anothercan grab hold; many small onesmake a fine
texturethat makest easyto hold still. It is eay to add
"viscosity" by measuringvelocity and resistingthe mo-
tion proportionately.

Combinationf theseeffectsshould be ableto provide
a wide variety of behaviors. Examplesare shown in
Tablel.

Table 1. The Plank's Effects Combined

Effect Terrain Dynamics Friction
DETENTS Valleys - -
PLATTER None Inertia Stick-slip

WAVE Shape Mass/Spring Viscosity

PLUCK - String Stick-slip

Figure 7. Hand positions.

PROGRESS AND PLANS

The hardwareand microprocessosoftwareare working
in aroughprototype. We are not yet communicating
with the synthesizelet aloneproducingmusic.

ThePlankwill beusedto interfacewith scannedynthe-

sis,andwewill exploremappingsof The Plank'sinter-

actions with waveterrainsto audio parametersAn ad-

vantageof hapticinterfacesfor real-timemusic perform-

anceis that the performer now hasanotherdirect bidi-

redional interactionwith the sound through his or her
hands.We anticipatebeing ableto simulatethe feel of

some traditional musical instruments (drums, piano,
strings) allowing preciseandfast control. We are also
looking for new effects and unexpected, expressive
sounds.
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