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Abstract: Multiple PointingInput System(MPIShallows concurrenimanipulationof multiple pointing devices,
andis taigetedasa genericnputsystem.This papereportson anexperimentakvaluationon our MPIS prototype
system. The systemallows concurrentmanipulationof multiple pointing devices. The experimenthassubjects
sort 8 objectson the screenn displayedorder We found that concurrenimanipulationwith morethan2 devices
waslesseffective. In addition,we foundthatthe differencebetweerthe resultof genericdevicesandspecialized

deviceswassmall.
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1 Intr oduction

Multiple pointing Input Systen{MPIS)(Fukuchi&

Matsuoka, 2000) allows manipulation of multiple
pointing devices on a GUI systemso that the user
cancontrol multiple graphicalobjectson the screen.
There are mary objects potentially concurrently
controllable in an usual GUI application. For
example,an audiomixing panelhasmultiple sliders
for volume control of eachaudio source,and the
user can control eachslider independently A real
audiomixing consolethathasphysicallycontrollable
sliders permits concurrent manipulation of such
sliders, while a mixing consoleGUI on an Single
Pointing Input Systen(SPIS) allows only single
manipulationof oneslider.

Our designgoal of MPIS is for it to be a generic
input device, and as such the userwould employs
MPIS for a variety of applicationsfor desktopor
mobile ervironments. We constructeda prototype
systemof MPIS basedn videoimagecapturingand
studiedwhetheMPIS would be effective asa general
inputscheme.

2 Prototype System

We constructed prototypeMPIS thatemploysvideo

image capturing,allowing concurrentmanipulations
of 8 devices. The usermanipulateghosedeviceson

an input surface. The position pointedto by each
deviceis indicatedby a pointeronthescreen.
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Figure 1: The appearance of the prototype system

Figure 1 shavs the structure of the prototype
system. It is basedon a standarddesk, whose
top surfaceis replacedwith a clear acrylic board.
Each device has a different colored felt cloth on
its bottom surface,and they are manipulatedon the
acrylic board. Their bottom surfacesare captured
from the video cameraplacedbelow the board,and
the position of devices are calculatedby real-time
processin@f thecapturedmages Pixelswhosecolor



is registeredasdevice colorsare ltered anddetected.

The positionof eachdevice is the averagecoordinate
of all thepixels. Ontheprototypesystemwe achiered
30scangersecond.

Each device hasno buttonsor other interaction
parts, providing only their positional information.
However, pseudo-clickingaction can be performed
by lifting the object,wherethe camerawill detectthe
changen thesizeof thebottomsurface.

3 Experiment

An experimentwas run to investigateefciency of

MPIS againstSPISfor concurrentuserinteractions.
The experimentalapplicationis a sorting task that
representsommondrag-and-dropperatiorfoundin

desktopapplications. Figure 2 shawvs a snapshobf

the experimentalpplication.
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Figure 2: snapshot
Thetaskwasrun on threeinput types: SPISwith

a genericdevice, MPIS with genericdevices, and
MPIS with speci c devices. On the systemusing
genericdevices, pointersaredisplayedon the screen
(crosscursorsseenin Figure 2). Whenthe subject
touchesa card with the pointer the card is bound
to the device that correspondo the pointer Then
the cardis moved by the device directly. Whenthe
cardis movedinto the designatedquarethe binding
is automaticallyreleasedandthe cardis af x ed the
square Whenthe cardis movedinto awrongsquare,
thecardis notdetached@ndthebindingis maintained.
This operationis identical for both SPISand MPIS
with genericdevices.For MPISwith speci ¢ devices,
eachcard is attachedto a speci ¢ device, and the
detachmentperationis disabled.

3.1 Subjects

Seven subjectsparticipatedin this experiment. Two
wereseniorUniversityundegraduatesand ve were
graduatestudents. All had sufcient experienceof
GUI operationsith mouse.The subjectaveregiven
explanationf the prototypesystemandhadtraining
time of about2 minutes, manipulationof multiple
devicesin particular
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Figure 3: The results from each subject (time)
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Figure4: The result from each subject (speed up)

3.2 Results

Figure 3 and 4 shows the results. On the average,
usingmorethanfour deviceswasnot effective for the
task, but this tendeng did not apply for all subjects.
The subjects5,6,7 were well experiencedsubjects,
and for those individuals, the time to complete
the task the time continuedto decreasealong with
growing numberof devices,in particularwith four or
eightdevices.

From the experimentwe hypothesizethe two
properties: One is that the ef ciency of concurrent
control on MPIS is low when multiple objectsare
controlled independently The constrainton the
locomotive aspectsof human hands could limit
variousindependentontrol of thedevices.

Theotheris thephysicalcon ict betweerphysical
devices, practicallyunavoidablein a physicaldevice
system. Also we had initially speculatedthat
using speci ¢ devices could be advantageousover
usinggenericdevicesdueto the costsof attachment
operation for generic devices, it turned out that
the con icts affectedto the efciency strongly for
both systems,actually making them less ef cient
comparedo SPISsystemdor our experiment.
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