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Abstract

Networked Surfaces are surfaces which provide network
connectivity to specially augmented objects, when these ob-
jects are physically placed on top of the surface. When an
object (e.g. a notebook computer) connects, a handshaking
protocol assigns functions such as data or power transmis-
sion to the various conducting paths that are established.

This paper describes the position occupied by this con-
cept in the world of networking, presents an overview of
the technology used in its realisation, describes the current
prototype implementation, and outlines the potential impli-
cations of itsintroduction.

Keywords: Mobile Networking, Ubiquitous Computing,
Sentient Computing

1. Introduction

The Networked SurfacesProjectat the Laboratoryfor
Communication€ngineering(LCE) was startedin Octo-
ber1998. Initial explorationfocusedon a floor-basedhet-
work for wearableeomputemsersput thefocushasquickly
shiftedtowardsadeskernvironment.As of Septembe000,
aprototypesurfacehasbeenbuilt andtestsareundervayto
explorethelimits of thetechnology

This papercomparesNetworked Surfacesto other net-
working technologies,outlines the technologiesused in
theirrealisation describeghe currentprototypeimplemen-
tation,anddiscussegmplicationsof their use.

This sectiondescribeghe Networked Surface concept,
its positionin the networking world, the advantagest ex-
hibits over othernetworks,andan exampleapplication the
“NetworkedDesk”.

1.1. The Networked Surface concept

We describea surface(suchasa deskor floor) as“Net-
worked”, if a suitably augmentedbjectcanacquirecon-

nectivity to a dataand/orpower infrastructure,simply by
beingin physical contact with thatsurface.

“Connectviity” is achiesed by providing a number of
electricallyindependenpaths,or “links”, betweerthe sur
faceandobject,which areallocatedto “functions” suchas
datatransmissioror power. Differentobjectsmay require
differentfunctions,andthefunctionswhich areavailableto
objectsmaydiffer from surfaceto surface.

By “physical contact”,we meanthatthe objectmay oc-
cupy ary positionandorientationon thesurface.Thisflexi-
bility is achievedusinga specialayoutof conducting‘pad-
s” on the surfaceandobject. Whenthe objecttouchesthe
surface, pairs of surfaceand objectpadsprovide commu-
nicationschannels.While currentresearctfocuseson di-
rectelectricalconductionbetweerthe pads,othermeansf
communicationsuchas capacitve couplingandinduction
may be exploredin future.

1.2. Networking for Mobile Users

Mobile networking canbe achievedin two ways, either
with physicalwired/wirelessnetworking, or using“virtual
networking”.

Virtual networking canfree usersfrom carryingmobile
devices,if computinghardwarebecomesoprevalentthata
userwill find adequatdacilities wherever they might go.
Technologieslike VNC [11] allow usersto accesstheir
working environmentsirrespectve of location. However,
sucha prevalenceof computingfacilitiesis unlikely in the
foreseeabléuture, sowe shallrestrictour attentionto real-
world (i.e. “wired” and“wireless”) networking.

Wired networking requiresa physicalmediumfor net-
work traffic, which mustbe attachedo eachnode. Avail-
able bandwidthmay either be sharedbetweenmary con-
nectionsor dedicatedo a particularconnection.Also, be-
ing wired for networking meanghatanother(or the same)
wire couldeasilyprovide powerto the device.

However, the needto be physically attachedo the net-
work leadsto a lack of mobility. Onesolutionto this prob-
lemis theuseof disconnection-friendlyile systemg5], us-



ing cachingand othertechniquego facilitate usefulwork
whilstin adisconnectedandthereforemobile) state.

Wirelessnetworking standsat the otherendof the spec-
trum. Bandwidthis inherentlysharednside“cells”, which
aredelimitedby therangeof thetransmittedignals.Mobil-
ity is of course'free” within acell, but thereis the problem
of handwerif themobile devicescrosscell boundaries.

Mobile devicesalsoneedbatterieso powerthem;these
mustbe chagedfrom time to time, causingalossof mobil-
ity duringtheseperiods.

1.3. Characteristics of Networ ked Surfaces

Networked Surfacesattemptto combinethe bestquali-
ties of both wired andwirelessnetworking, for indoor en-
vironments. On one hand mobility is effectively provid-
ed, becausdahe use,transportand connectionof wiring is
not required. On the other hand,wired-styleconnectvity
andbandwidthare presentand power may be provided to
chagebatteries.

Networked Surfacesallow objectsto be networkedin a
simple,yetpowerful manner Thenetwork is flexible in that
mary differenttypesof objectsmay be usedon the same
surface,and corvenientin that objectsare easily attached
to anddetachedrom the network. They are upgradeable,
asnew typesof databus may be addedwithout replacing
thephysicalsurface.The bandwidthavailableis alsoeasily
increaseda surfacecanalwaysbe providedwith moredata
busses.

The useof sucha genericinterfaceas a surfacelends
itself to interoperability but without the possibility of mis-
connectionThisis in contrasto wired networks,wherethe
useris eitherforcedto carrymary typesof cabling(if differ-
entcablesareusedfor differentfunctions,suchasRS-232
dataand Ethernetdata), or, if a single genericcabletype
is used,the usermay misconnecthe systemcausinglack
of function at bestand damageto hardware at worst. On
the surface, the object “asks” for the function it requires
electronically thus creatinga situationwhereno wiring is
required andwherethe usermay remainignorantof minu-
tiaesuchasthe networking protocolsbeingused.

Providing power overthe surfacerequiresheuseof cur-
rentprotectionhardware,asshortsareinevitablein a situa-
tion wherea spilt drink cantemporarilyconnectary “wire”
on the network to ary other However, doing so freesthe
userfrom worrying aboutbatterylevels;if anobjectis ha-
bitually storedon a Networked Surface therewill rarelybe
insufficientchaigefor usefulmobile operation.

1.4. Target environments for Networked Surfaces

In orderto explorethescopeof usefulnesef Networked
Surfaces,devices are groupedinto five categories, name-

ly fixedincommunicadalevices,fixed networked devices,
mobile devices,wearabledevices,anddevicesfor outdoor
use. The applicability of Networked Surfacesfor eachcat-
egory is examinedbelow.

Fixed incommunicadalevicesinclude clocksandother
normally isolatedappliances.The Networked Surfacecan
provide power for them, allowing thosewhich usebatter
iesto never needreplacementsandthosewhich usemain-
s power to be free of the wires connectingthem. Some
use can also be found for networking such devicesin a
low-bandwidthsensefor examplea clock couldalsoshav
up-to-datenews or shareprices. Alternativesto the Net-
worked Surface include power-line networking [12], and
radio-basedPiconef{1] andBluetooth[2].

Fixed networked devices suchas computerperipherals,
computersthemseles and telephonesan use Networked
Surfacesfor networking and power; insteadof using nor-
mal wiring andwired networks suchasEthernet. The dis-
adwantagelies in the expense which will alwaysbe more
thana simple wire, however, the Networked Surfacepro-
videsmorescopefor mobility thanawire, whichtethersan
objectto acertainspace.

Surfacesare alsousefulfor mobile devices, in orderto
communicatde.g. Palm Pilot) or justto rechagetheir bat-
teries(e.g. mobile phone). The disadwantageis that the
surfacedoesnot give full spatialmobile communications,
unlike aradio-basedystem.

For devicesthatare“wearable”[10], it may actuallybe
anincorvenienceto take the device off andplaceit onthe
surface for rechaging or communicationssoaradio solu-
tion is more suitable,or a solution suchas PersonalArea
Networks (PAN) [17].

For devicesusedoutdoorsthe Networked Surfaceis im-
practicalfor networking dueto thedifficulty of networking
ausefulportionof theervironment,andtheproblemsnher
entin exposingconductie padsto rain, etc. TheNetworked
Surfaceis thereforeprimarily consideredisanindoortech-
nology:.

1.5. The Networ ked Desk

One appealinguse of Networked Surfacesis as Net-
worked Desks. In today's computerenabledworkspaces,
thereis anabundanceof wire on andarounddesks causing
clutterand making rearrangemermf the working erviron-
mentdifficult. By providing networkingandpowerthrough
thedeskitself, mostof thesewires couldbeeliminated.

Such a desk could simultaneouslyprovide computer
peripheral connections(e.g. replacing USB wiring),
computercomputerconnections(e.g. replacing ethernet
wiring), power connectionsandeven connectiondor tele-
phones.Notethatit is only thewiring thatis replacedthe
protocolsthemselescanstill be usedwhenappropriateso



existing hardware neednot be extensively modifiedto be-
comeNetworked Surfacecapable.

For power, it is of coursenfeasibleto supplymainsvolt-
agedueto thelik elihoodof shorts.However, mary devices
do not requiremains-level voltages;a separatéransformer
is oftenusedto reducethis to, say 12V DC. The outputof
suchtransformersnay be safelycarriedover a Networked
Surface with currentlimiting hardwareto safelydetectand
handleshorts.

A “desk” of particularinterestmight be onein a con-
ferenceroom, whereit is particularlyimportantto have a
multi-user multi-purpose gasyto operate anduncluttered
ervironment.

2 Technology

This sectionexplainsthe overall architectureof the net-
workedsurfaceimplementationanddiscussethetechnolo-
giesthathave beenusedin their design,from the physical
surfaceitself throughto datatransportconcerns.

2.1. Overall Architecture and Nomenclature

A Networked Surfacehasmary hundredsor thousands
of electrical“pads”, only someof which will bein useat
ary onetime. This posesa hugecontrol problem- in order
to detectnew devices,eachpadwill have to be monitored
closely Using a single entity to handlethis would limit
scalability thereforea distributedapproachs taken.

The surfacehardwareis structuredasfollows. The sur
facepadsaregroupednto “tiles”, eachof which hasa“tile
controller”. This is responsibldor handshakinghew con-
nectionsby communicatinghroughthe surface padswith
“objectcontrollers”onthe object. Thesecontrollersareon-
ly active during the handshakingphase;after an objectis
patchedthroughto its required“functions”, the controllers
cannolongerparticipate.

The functions,which may be dataor power-related,are
provided asbusseon the surface. The dataprotocolsused
mustthereforebe compatiblewith a multi-drop bus archi-
tecture.Provision of thefunctions,i.e. driving power lines
andbus-masteringlatalines, is performedby the “surface
manager”asingleentity whichcommunicateswvith all con-
nectedobjectson the surface;this manageanlsobridgesbe-
tweenthe surfaceandthe Internetat large. A standard”C
maybea suitablesurfacemanager

On the object side, the “object manager”provides the
objectwith accesgo the databussesand/orpower, andex-
changegontrol traffic with its surfacecounterpart.In re-
ality, the objectpadcontrollerandobjectmanagemay be
implementedas a single unit (sincethereis no scalability
problemfor anobject).

This architectures illustratedin Figurel.
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Figure 1. Networked Surface Architecture

2.2. Topology

In order for an objectto establisha network connec-
tion, a numberof independentlectricalconductingpaths,
or “links”, arerequired. The layoutof padson the surface
andobjectto achieve this is known asthe “topology”. Ex-
actly how mary links arerequireddependson the type of
network, andwhethertheprovisionof poweris desired.The
simplestusefulconnectiontypesrequiretwo links, namely
groundandeitherhalf-duplex dataor power. More compli-
catedconnectionsnayhave six or morelinks, for largedata
bussestc.

A topologymustguaranteg¢hatfor any positionandori-
entationof the objecton the surface,enoughlinks will be
presento allow a connectionto be made. Furthermorea
topology should supportboth simple (two link) and more
complicatedsix or morelink) objects.

2.2.1. Design. Thereare mary possiblechoicesfor the
topology, including hexagonal, grid-like, and brickwork-
like arrangementsf surfacepads.

Thechosentopologyis onewhererectangulastripscov-
er the surface,anda small numberof circular pads,them-
selvesarrangedn a circle, form the object. The gaps,or
“margins”, betweenrthe stripsarechosento be strictly big-
gerthanthe sizeof the objectpads.

This topology which is illustratedin Figure 2, hasthe
following properties:

e It guaranteeso shorts betweensurface pads, thus
makingfull useof of all stripsavailableundera par
ticular object.



e It minimisesthe footprint requiredof an object,since
the object padsare small and their spanningareais
bounded.

e It is geometricallysimpleandthereforeeasyto manu-
facture.

e |t is extensibleto differentlink requirementssincefor
ary givensurfaceof this styleandary givennumberof
links requiredi,it is possibleto producean objectfoot-
print thatwill guaranteg¢hatnumberof links, solong
asthesurfacestripsarewide enough(thetopologyre-
liesonthefactthatatmosttwo “columns” of stripsare
reachabldy anobjectatany onetime).
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Figure 2. Example layout for chosen topology

2.2.2. Reaults. In orderto getactualworkabledimension-
s for the chosentopology a simulationwas usedto find
the minimum size of objectfootprint requiredfor particu-
lar numbersof links. Thesetestswere donefor a surface
with thecharacteristicoutlinedbelow.

e Width of strip (including margin): 2.08 cm. This is
chosenfor easeof manufcture (24 strips per 50cm
tile), without loss of generality (the object footprint
sizebecomeghevariable).

e Lengthof strip (including mamin): 12.5cm This is
choserfor easeof manufcture andis irrelevantto the
resultsbelow, solong asanobjectnevertouchegpads
from morethantwo “columns”.

e Size of mamin: 0.3 cm. This limits the size of the
objectpads.

2.3. Object Connection and Disconnection

New objects are discovered and connectedusing a
“handshakingprotocol”. When disconnectioroccurs,the
padsinvolvedmustreturnto a statereadyfor thenext hand-
shale.

Links ObjectPads | Diameterof
Required| Required | Object(cm)
2 5 2.64
3 9 4.62
4 12 6.78
5 16 8.82

6 19 10.80

Table 1. Minimal object specifications for the
surface described above

2.3.1. The Handshaking Protocol. The handshakingro-
tocoloperatesiponthepadswhicharecurrentlyunconnect-
ed; sucha padis saidto bein “handshaking’'mode. When
aconnectionis establishedthe padsit usesaresaidto bein
“connected”mode,anddo not participatein further hand-
shaking.

Onedifficulty with handshakings thatthe objectis not
commonlygroundedwith the surface,so simpletransmis-
sion on one pad at a time will not work. To achiee a
commonground, a stratgy of “grounding by consensus
is used,wherebythe objecttakesthe averagevoltagelevel
of its pads,usingaresistometwork, to bethegroundvalue.
Thisis illustratedin Figure3.

Using this effect, the links are discovered as follows.
Tile controllersperiodically sendsbeaconmessageslong
eachsurfacepad,while holdingother(“handshaking’'mod-
e) padsaroundthatpadto ground.The objectcontrollerus-
escomparisoragainstthe consensuagiroundto detectthis
beaconon one of its pads,andreplieswith a “function re-
guest”. After afurtherexchangeof identificationdata,both
controllersput their respectie padsinto a “standby”mode.

Whenthatsurfacepadis next duefor ahandshakingpea-
con, the tile controllerinsteadsendsa “standbybeacon”,
incorporatingdataso that the object knows that link stil-
| “belongs”to it. The objectcanusethis modeto request
further information from the tile controller, or to wait for
enoughlinks to becomeavailable for a connection before
finally transmittinga “connect’messagé¢o eachpad.

Oneof theconnectedinks will bethefunction“ground”,
therebycommonlygroundingthe surfaceandobjectsothat
future communicatiomneednot use“grouding by consen-

Sus'.

2.3.2. Disconnection. Oncethe “connect” messages is-
sued the padcontrollershave no meansof communicating
with oneanothertheconnectioris handedff to thesurface
andobjectmanagersyhichmustthereforeperformthetask
of disconnectiordetection. Whendisconnectioris detect-
ed, the managergausethe relevant padsto be re-inserted
into the handshakingprotocolby sendingcontrolmessages
to theirrespectie padcontrollers.
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Figure 3. Resistor Network used for “gr ound-
ing by consensus” in the Handshaking Pro-
tocol

However, in orderto identify thecorrectsurfacepadsthe
surfacemanagemustknow the mappingbetweenobject-
s andthe surfacepadsthey areusing. This is achiezed by
having the objectcollatethis informationduringhandshak-
ing usingthe “standby” modeto make appropriatequeries,
andby mandatinghe objectmanageto sendsaidinforma-
tion to the surfacemanageimmediatelyon connection.

Furthermorejt is notedthat anincompletehandshak,
or amaliciousobject,couldresultin the paddatatransmis-
sion never taking place,andthereforeresultin padsbeing
“stuck” in a connectednode,but actually doing no useful
work. This is solved by causingthe tile controllersto set
time-outson connectedpads,bringing themautomatically
backinto the handshakingystem,unlessthe surfaceman-
agerexplicitly instructsthemnotto, whichthesurfaceman-
agerwould do only on receving the padinformationfrom
theobject. Thus,the handshakingprotocolis maderobust.

Thereremainsthe problemof what constitutesa “dis-
connection”andhow this is detected Disconnectionis de-
fined asone or more of the pairs of previously connected
padslosing connectvity, for exampleif the objectwereei-
therpickedup or moved. Disconnectiordetectioncantake
placeusingoneof two methods.Firstly, a hardware-based
methodmay be ableto tell if, for example,an objecthas
stoppeddrawing currentalonga “power” line.

Secondly objectsmay be requiredto transmitperiodic
“heartbeat’paclets on databussesfailing which the sur
facemay concludethatthe objecthasdisconnected Simi-
larly, an objectmay disconnecits padsif it hasnot heard
the surfaces “heartbeat’in a particularperiod. Note that
erroneougslisconnectior{dueto network traffic causingthe
heartbeato belost, etc) is nottoo costly, sincea new con-
nectionwill beimmediatelyre-established.

2.4. The Surface Architecture

Oncethe tile and object controllershave finishedtheir
negotiations,aconnectioris setup betweerthesurfaceand
objectmanagersyhich performtheactualnetworking. The
networks available are provided asmulti-drop databusses,
including 12C [8], which handlesdataratesup to 3.4M-
bit/sec,or a customhigh-speednulti-dropbusbasednthe
BLVDS [3] transmissiorscheme Supportcanalsobe pro-
videdfor phonegjacksor simpleserialinterfacessuchasRS-
232 (e.g. for PDA synchronisation)However, the latteris
not multi-drop compatible requiringthe surfaceto ensure
thatonly oneconnectioncould be madeto thatinterfaceat
atime. Alternatively, somebuffering andretransmissioiby
hardware on the object side could allow serial datato be
carriedover, say an12C bus.

The useof a multi-drop architecturefor dataseemsto
sacrificeoneof the featuref wired-stylenetworking, that
availablebandwidthcanbe providedin a dedicatedashion
to mary devices simultaneouslyand not shared. Howev-
er, this propertyis insteadachieved by employing multiple
bussenthesurface.

The provision of more than one databus givesrise to
mary interestingpropertiesnakinguseof asymmetriebe-
tweenthe busses.For instance differentbussesmay span
differentareasof the surface,perhapavith morebusseson
high-usagereasthis would resultin partitioningof band-
width by location. Anotheroptionis to have differentbus
flavours running simultaneouslyfor examplethe 12C bus
andthe BLVDS busdescribedabove; this givesmore pow-
erful devices higher bandwidths,whereasslower devices
areonly requiredto supporta simplelow-ratebus.

A further interestingpossibility is the use of bussego
enforceQuality of Serviceguaranteesnthe surface,by al-
locatingdevicesto bussesaccordingto bandwidthrequire-
ment. Finally, the busseamay be usedto performdifferent
functions,in particulara bus can be dedicatedas an “ar-
bitration channel”for otherbussesallowing resenation of
bandwidthout-of-bandwithout interruptingthe flow of da-
ta, andallowing control messagesuchasthe “heartbeats
to alsonotimpingeon the dataflow.

2.5. Datatransport

While simplerdevicesonthesurfacemayhave theirown
bespole transport-l@el protocols,suchasthe Palm Pilot's
RS-232'Hot-Sync”, morecomplicateddeviceswill usually
bebuilt ontop of a TCP/IPstackonthe object. The surface
thereforeneedgo provide supportfor TCP/IR

However, the Networked Surfaceis peculiarin thatdis-
connectiorandreconnectiorcanoccuroften. As such,un-
modifiedTCP/IPmaywell beabadchoice dueto its ineffi-
cieng in conditionsof highpacletloss,whichit assumeto



bedueto congestiorf9]. Ona Surface,congestioris highly
unlikely, asthereis no routingin broadcassituationssuch
asthemulti-dropbussesandthereforenobottleneckouters
atwhich congestiorcanoccut

To make TCP/IP disconnection-aare,thereare sever-
al stratgjiesthat could be employed, the mostobvious be-
ing to re-writethe TCP codeto includea new “disconnect-
ed” state,in which the transferis effectively frozen until
re-connectiormovesthe TCP sessiorbackinto anothers-
tate. However, this requiresre-implementatiorof TCP on
every objectthat the Surfacewould like to support,which
is notideal.

A differentapproachandthe onetakenin this project,
is to make the Surfacelink-layer “smart”. Thisis achieved
by buffering oneor morerecentTCP pacletsfor eachTCP
connection,and when re-connectionoccurs,immediately
re-sendinghosepacketson TCP’s behalf,in orderto “kick-
start” the connection.In lieu of this impetus,TCP simply
waitsfor atimeout,which dueto exponentialbacloff tech-
niguesmay not occuruntil secondor minutesafterrecon-
nection.

2.6. Power

The provision of power acrossNetworked Surfacesis
one of the mostcompellingreasondor their use,in that
it removesthe ever-presenneedto plug in existing mobile
devicesfrom time to time. However, suchprovision also
immediatelybringsup mary humansafetyissues.Howev-
er, while humanseedprotection,the networking circuitry
in thesurfaceandobjectsis actuallymuchmoresensitve; a
surfacewhich protectsthis circuitry would intrinsically be
safefor useby humans.

As previously discussedpower canbein mary casede
provided at a low DC voltage level, since mary portable
devicesonly requirethesevoltages. Currentrequirements
for thesedevices can further be reducedby noticing that
time-to-rechage is much lessof an issue,since network-
ing the surfacesthey are placedon would resultin being
“pluggedin” a higher percentageof the time. However,
even at low voltages,shortscan damagecircuitry, unless
current-limited.

To preventthis, configurablecurrent-limitingandshort-
detectinghardware can be usedon all pads,both surface
andobject. Suchhardwareimmediatelydisconnects pad
on detectionof a currenthigherthanreasonabléor the ap-
propriatelink, andre-enableshe padwhenthe shortis re-
moved,allowing the connectiorto bere-established.

3. Implementation

This sectiondiscusseghe currentstateof the project,
and outlinesthe metricsby which the performanceof the

network canbe measured.
3.1. Description of prototype

The prototypeNetworked Surfaceincludesphysicalim-
plementation®f thetile andobjectcontrollers,andthesur
faceandobjectmanagerseferredto in Figurel. A photo-
graphof the prototypeis shavn in Figure4.

The prototypetile andobjectcontrollersusePIC micro-
processors$o executethe handshakingndtile control pro-
tocols,which interfacewith FPGAscontrollingthe switch-
ing of the functionsassignedo padson the surface. Both
thesaechnologiesendthemselesto quick prototypingand
easeof reprogrammingfacilitating rapid developmentof
thesystem.

The objectmanageifunction canbe fulfilled by the ob-
ject controllerfor simpleobjects,for examplethoserequir
ing only RS-232dataconnectvity, or objectsjust requiring
power. For morecomplex objectssuchasnotepaccomput-
ers,they themselescanfulfill therole of objectmanager

The surface managerrole is performedby a software
driverin a PCwith a customPClI card,which includesFI-
FO buffers for incoming and outgoingdataon all busses,
implementedn an FPGA. Again, this solutionis designed
to offer maximumflexibility .

3.2. Metricsfor evaluation

Testsonthecharacteristicandlimits of Networked Sur
facesare currently undervay. The parametersvhich are
beingexplored,andwhich will definethe potentialof this
technologyarediscussedbriefly below.

Themaximumbandwidthavailableto devicesonthesur
facewill be limited by the characteristic®f the electrical
conductingpath,whichincludesawide strip of metalonthe
surface, and conductionthroughtouching surfacesrather
thanpermanentlyconnectedvires.

The minimum connectiorestablishmentime will deter
mine mary aspectsaboutthe usability of the surface, if it
wereto be low, thenthe userof an objecton the surface
neednotworry aboutaccidentallymoving theobjectslight-
ly, butif it wereto behigh, thepenaltyfor slight movement
may breakquality of serviceguarantees.

Anotherparameters how closelythe objectsonthesur
facecanbe placed.Whereaghe surfacecanaccommodate
a single objectat ary positionand orientation,as soonas
oneobjectis using padson the surface,this createsoneor
moredeadzoneswherea secondobjectwould not acquire
enoughpadsto make afull connection.This mayleadto a
maximum“density” of objectsonthesurface.

Finally, the maximum power that can be provided
throughthe surface,while protectingthe circuitry andthat
of the objectsonit, will determindts usefulnessn freeing
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Figure 4. Photograph of prototype Networked Surface

usersfrom power cabling for seldom-meed objects,and
from the needto rechagebattery-paveredmobile objects.

4. Implications

This sectiondiscusseghe implications of using Net-
worked Surfaceswith referenceo thefields of Ubiquitous
Computing[16] andSentientComputing[7].

4.1. Ubiquitous networking

The Networked Surfaceusesan interfacevery familiar
to humanspamelytouch. Thisis in line with the goalsof
UbiquitousComputing,i.e. it facilitatesa move away from
interactionusingmice andkeyboardswith monolithiccom-
puters,andtowardsthe embeddingof computerdn every-
day ervironments,suchas desksand floors, using simple
intuitive interfaces.

As mentionedbefore, the “touch” interfacefreesusers
from having to know aboutcabling, bus types, power re-
quirementsandso on. The object, beingaware of its ca-
pabilities and requirementscan choosefor itself from a
“menu” of functionsthat a particularsurfacecan provide,
completelytransparentlyo the user

Otherwork focusingon embeddingcomputinginto ev-
erydayervironmentsncludesthatby Gellerseret al. onthe
MediaCup[6], which shovcasessmbeddedwarenessn a

coffeecupscenarioandby Cooperstoclet al. [4] onareac-
tive videoconferencingrnvironment,aswell asthe Piconet
projectalreadymentioned.

Theauthorsregardsuchwork ascomplementaryfor in-
stancehe MediaCupandvariouselementf thevideocon-
ferencingervironmentmaybemadeNetworkedSurfaceca-
pable,allowing them corvenienthigh-bandwidthnetwork-
ing, and also the ability to add otherfacetsof awareness
suchaslocation,discussedbelow.

4.2. Sentient surfaces

SentientComputinginvolvesproviding computerswith
dataaboutthe ervironmentthem. With thedataavailableto
the Networked Surface,the location and orientationof all
objectssitting on the surfacecanbetracked, andthis infor-
mationcanbe madeavailableto interestedapplications.

Thisinformationwould be usedto make devicesbehave
moreintelligently, for example,if a keyboardwere picked
up andputdown closerto a differentmonitor, thenthe sys-
temmightinfer thattheuserwantsinputfrom thatkeyboard
to bere-directedo thecomputerssociateavith thesecond
monitor.

Other indoor location technologiesinclude the Active
Badgeand Active Bat systemsdevelopedat AT&T Labs
[14, 15], andthe Locust Swarm systemby Starneret al.
[13]. The Networked Surfaceis setapartfrom theseby the



factthatit is primarily anetwork, with locationinformation
asauseful“side effect”.

5. Conclusions

Networked Surfacesarea new network medium,sharing
gualitiesof bothwired andwirelesstechnologiesThis pa-
perhasdescribedhe positionoccupiedby this technology
in the world of networking, presentedan overview of the
technologyandthe prototypeimplementationconstructed,
and describedhe potentialimplicationsof their introduc-
tion.
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