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L Introsdmetion

As crrmmsters are dissprpearing into pmart sovircnments, Hke
exrvisloned by the “Amblent Intelligence” paradigm [1], novel

T -computer intersctions will be

nesded to deal with the complexity of such hybrid savironments,
merging the phryvical with the digitel. Ambrisnt Intelligences emvisions
digital srvirenments to be reositive, sdeptive, ind responaive to the
peesence of people, and will change the vy people will interact,

ot oty with the snvirmoment tralf, but deo with the intemctive
mmHimedis through the envirsnment ™, Ower 3 decade of mesexrch
has lead to several interesting Intersctiom paradigms such u tangible
interaction, sugmented reality and mizzd reality. Aleady in 1997,
Uk and Tl ¥ imtroduced thelr vision oo o new intersction
pasiigm for Ubkuitour Compuiing, By providing phyricl miles
for digitel fnfrrmaticn, weers can ume the senres and ekills that people
developed during millennis of interacting with phoyzical chjects .
Orther reluated work preseats solutions for demplifying confipurstion
tarks of in-bome networks by creating vivtusl “wires” beiwesn

—‘ Rl indd 151

J m Feijs, “Desiqn semantics of connections in a smart home environment,”

Phrysical chjects Kke memary cans ™ that can interconnect devices.
Drthers froposs to ntroduces tugs, tokens and conteiners ™ ¥ for
tampible information rmchenge. Concepta like “plok-and- deoy™

™ and “select-amd-point” ™ are med to manage coomections and
dutz exxhange belween congroters and networked devices, and
mgmected reality molntions are comidered ™. The inirodnction of
near fizld cxpororomm cativn, neing 2 nesr field claome] Hke radio-
frequency identification or infrared communication, allows for
direct manipulstion of wireless network connections by mears of
proximal interactions . Relsted work is not limitzd to the network
cmiiguration taks themselves. Vimal metaphon o fhovw the
pragress of making short distance wireless connections, moch 1
Hustooth pairing, wnd the sffordances and sesthetics of making
crmestivns by physicl contact between devices e iovestigated
In ™" What sty the wook pregented in this erticle spart from
mary of the earlier “Tamgible User Interface” concepts is our foous
um connections. Insrad of giving digital information phrysicd
contxinere/represenintions a2 done in mary Gmgible eer interfaces,
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w allowr for exploration and mantpoletion of the connections
“carrying” digital tnfnematton (pipelines instesd of buckets). We
see these pannectinens w baoth real "plysical” oornections (e g
wrived oor wireless cronnestions that exist in the neal world) and
"mental” conceptual conmectinng thet seem to be thers from o neer's
perspective, snd thelr contert {what things they conmect) 1 phyotal
for thelr ocandng. Wi lm b enable neers o expless wod male:
confignrations on o bdgh semanttc level withoot bothering thers with
lowe-lewel detalla, We belleve this can be achieved by sraking use of
Semantic Wb technnlogles und anvtnlogles t an intrrnperability
platixm e propossd, by the SOFLA penject (Btpefiwwne mndia-project.
of). Such » platform cnild be maed bo sipport semantle interaction
in & pmart one envtronment ™Y,

Fror yeery 1 iruly benefit from seqrt eovlronnosots & is necisary
tht e are abde to make gene: of such sn eovironment, One vy
of fucilitating tidy “mnse making” is through design, Thiogy sk
sarche: by vtrs In Hfferent wys, by use and fimnctionisg, by sppering
in langrape and heman comeupsiction and soctsl nae ", 1 we
Ik a1 megnicg frosn an Internes of Things podnt-of view, ploysical
connuchons hetween arteficts, and conceparal wod metaphorical
st phar wes Loapertant mole, Artefacts can be playrically
conuischied b wiesd o wireless commindeontig ik paople sl
et group artedacty that ane oot phordcalty comnectid togetiag:
by finding ceesochbances i theis casning, In soart snylecnmsots
with srgny lsterconnscted and tntaropacabls chieco—bdding

thedr pleyrical conmectione—thess conceptoal wed mudaphorical
cxmruncticesy hocotne sven meee ybgable, wed maybe even crycind
foor the gruderstanding of & eeanst environmend, Withuot thiy
undersineding chere ig the s of engendering u migetch betwesn
thue spateer’s spclel of Sedeenction and dhe wae’s sauninl rapdal of fhe
syebuess, I these conditicns, weing scplicit deslen sseantios cu be
it 1o by wpere 1oy gt e ok hedpdiol sviestal secudele, i geder G
adnisrdeos gystaes wod ter toodel miestcbeg,

Chir peseiich L cotrizpad wevpnd Grmdoprng vieoslizadion and
ckeaction teohniques S etkls conmecilonsTbeenctio,
st Dobmation pieediatiog aivd t licreaes dndosimtion od
setvicn avnrwiess, Additionndly, Socus will be ot giet coscnphunl
aovoacede, an] devederprling wwye o topwieist the condigaretion of,

o el roidon s withies w anvet b serritocanend, I

1 by o 1 trde prorper whittatosue <oF tha catwts comtloasstion,
information ociumge wid oradlalble seevios, balping vaste to
contuttroct edpinl coststal eodale 1o widecrbund # st storleoiet,
Whets horliigr w rivged mivdenrcbanchng of the st ettt
aac it Dicatechaed] aprioredvcs aid tntugmatellity of vadlable secvices,
wt vt o heettee vaen expentietics wind @ bigher e nexeplue,
Draadgery theoty o poduct svmwnticn s utilised & God howdles &
thiesw e bechsesctionn ™ ™, el will be nsed to deslpn soeusingfiol
oljects and intetactivnr, Thiv will enable usets to tntaract with »
winart srvitchme, thivogh ioteraction with intesctive objects.
2. Prodoct semantics

Product srinmitics s 3 theoty sbout how fioducts acqubie meahdig,
Prxiunct semamtics was mwwmma“u
beicg both:

A systenmatc. incuiry in bow pecple stidints meanings to arefnc
and interact with them sccondingly” and

“A vocabulary and methodulogy for desigaing artefscts in viow of the
mamings they crukd nepoire for thelr veors axd the commonitisn of

|

thelr gakehabders™

Produoct semantics shares sony concepts with semdoties, the theory
of signs ", Within the context of swart environments, an increasng
amumat of emtrmaticn nd increasing interoonnectedness will e
# Degathee dpact on the mesndngfalness of prodocts Of course, ouy
nnderstanding of prodncts, and the vy they soqoire saeaning, wiil
alsn chonge Newertheless, in the emvisioned st envinonments, we
need o provide nesers with hanedles s choes o makoe thes under-
stuned whot s bappening and slfow them to be wnd feed in contonl.
The origtn of many of the peohleres that aotse les in the diffnence
in ratore of, or more precischy i the Inenovpatitditte of the plpstesl
waotld wae Biwe In, and the Iovisible wiadd withdn eir product. n
archer to ynderstand products and sy, wie develop & concepial
myded of hore we Dellew thissgy work and hom they shotbd b ased,
These: Uer Cozsceptual Models (UCMs) a3 defined in "™ are usally
an approcimption ar sevplification of neslity, Thiy cueans that chese
mndely are: often iaconiplets woed diferent from reality, bt aa Loy
wb they wirdr fov the tuers theey din not seed o e tete, As loong wa
thue tnderying mechamizma of the: wirding of prodicts are geaple
and regice in the playzical voeld, dhey have « blgger chance (o he
understood and oo mulce senee, and this b mesning te ther nsere,
Tradhionslly, product mecwetics iy mainty oencerned with phyeeal
abjacts, But msaring neipes wt diffecent lewels, In neder to design

for senpe sakieg, e ned 0o Inok for sefienescs and nesenblances
Dty the newr aodd knees ooncepts, We distingoish betveen

firet omge (ratin facTis) o oscarnd usage (ratio JifflcTty) ™, e
want i uederstand the semantics of the desctinp comprser, we it
ity ermrackiors, we s # Loode bracle o the cxecont, 3n -which 3 ws
coriglendty Introdaced,

Covesprittery nusded isvpteyctioony; in th Hee of the degt petsiral
coatsagatrbaed Lnatrocticesy ey thuess vrere grives Ty et dnpot, Tht by whey
Teopbourde are o clotw b typerwrtbar, To be wide to mpir soomething
i s theom 3 progehility b weibe bracks haviong & Gpley, 5w sy
it Lo sty TV dstcod Logpical, Bast wlen in the dnviesaction with
sotagrubers, e deslop metvpheor was tnteoduced, and oor end

i “plyakally™ sowrwe thingr oo ot Hgital deakibogs wan tagresstad
Ty the peetiter of w commpurbes taotes, the dighal wcenson of our
hoandd, Mstuphvndonl ooriecilons aie stioeg wid wedcae 15w teed
o ko v, wiibdioren coencaepats, Bt theoe soigdit e diffecedt wad
hetter wign of tankdng senes (p, 5 of ™ “The seeston of w staphor
1 videtatnsdiing wisd sxperingcing oow bdond of thing o bt of
anarihar”

If we b & Lok wf the dnsorsdion cart sevinotsnects pooada, the
acteg Sorrwraneed weonkd b dnepioved deceropesability wid the added valon
thady dectederautnechod tuay wind dndoartation sxchunngee

coffecy. Doeprrbusst to svorkes B Gt thie added walus 1 2 nddition to the
axietiog, bc fonctosality of the devices, At excotopde of thie con
he found th ", whetn iteropetabllity between axisting sppications
(emmtcive mohitod, cotnputet gune, phobe uyd medin plapet) saables
a 3cehatic whete & gune culled Suped Tux wonkd ewad site By ot
expichdng (maig o expiviee monitet), & mood recdece embeckded
in = treediz pluper would pley music depending on the games state,
and] the gaine wnd medis player would meact accondingly if the
perum received 3 @l Additiomlly coonecting rmart devices to
aot another mukes it possble to srprpart bigh-level servicos thet
would rsally iovolve mmkiple steps on multiple devicm. From o
eer's puint of viee streaming o fom b mobdles device to a bome
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entertatnmvent systern Ls o single hdgh-lewed taale. In practice there are
mmnitiple steps Iovebved, and 8 the devices frvnlved are fram dtiferent
nummfacturers, the wier neads to kearn the operaticnal detefle of cach
device Interfare In ander to perfrem the tak

But hear will chese addttiomal, Mgh-devel services srabe thenvsedes
Ioem to thedr {penapective) naerstEow will users disceser the
newly enshled functinnaliny and I will they decide what they
wunt, ot moat impeartant, wiat they do not waet? In order o ool
senge of the added foncticnality and nevw secvices the swert space
brings the naere, they dhwould he ahle to roroage & And i crder tn
nanage it, they sheaild be sble to, tn & certaln degree, nnderstand %
For example in order to wie & vacimm deaner e shomid Imow how
0 vase It o] wnclerytanad that the peveer crond oeede tn be: conmeched
0 P ldng poves aocket Sor It o Sincties, Do does oot need o
underrtsed how an electmomsotor workor aeither does ane nesd to
underrsd the physicn of shectricity,

Wt con find conotng tn difeneot lipere, Wi can flod mesnlog lo
the: appearance of & product, infrmaing o ahaot the fumection of the
prociuct, But chere Ln alsn sapisdng tn the wpperarance of srteliucts

in lnsgvenge (eg, vwctmm clowser; megning something thet clesss
vsing a wactim, o sicton), This type: of taesing hag its ronts io
communtices wnd metaphors, snd cas be nastyzad with the sudy of
seminticn, At intwrwctioos leved wee B anothur lewel of semantice
cocuqity Wi faadback, fundforwed and ecologlosl perception
{atirdance) ™ play wo iportant nole s, Affordancs is the
Proprerty of wis iyt that eppeals 1 our senunry-moter sicile, Mo o
ocatescdly thut “ferds” o be grobbd and & chodr that “sBeds” to
bt it con, When the dnptghty of ecological e coprionn waew tedriodioged
vt chepdgn, it Fisaled the darign oottty by tey atad modye sy
weabdlity problems, I wus alon widopied s o ey slement o wht was
called & ditwct appeouch, In thie v the toesndog of fhivgs iy crestd
in actiomn wed feadfirwned and it Gudback are congdersd by
in roling: the dbetract coscwpty in ooy peoducts soomdble
wsere ™,

But v cout dlbeo dieciioadnde betwaes diffocent phopsical Lepees of
nweaniige, The ipcasafion of 2 vweoin <letee Btaelf e o whorit
The teaagpe: whendy o mbon it rruobibe, & huoee xnd w tedescopic tube with
o weadiig Chat seemd sodinbile fim screing it oo the oot surtics
widle statding trxdght. Bot when we oped i to teglece G dust-
o, thwtw et Phrilcal cloes sbort henw it it dn ture, Howswer,
thuetn closs ane hidden doriig ol meages, 24 i 5 st of yoor
aotcets when vaing t o dean, Wow, how can we use thby setmsdic
Serigens. Ietworwelecigoe i ot 0 dolgn et Lebes facen (o drart
etrviicmmwrte? D Lo do we temeal fuowr possiidbities i w foeendngiol
wag, when w thrwr storart Jeorlca sttty n st spracet

3.Design case

Tos dlbmatsate the atxome-toetkboed conbceirts atvd idess, we devalopd
a demonstrwior. Thiv interaction tile (g 1), tngrbed by Ealanith
atd Mertill's “Stftables™ ™, was desighed to sxplote the connection
wix] cmhection posslidiities wwd etble ditect moirolstion by
inakitg shtple ghatial attabgednents. The trtwwction tle viuelises
the veroos connections by enabling

naers o explore which objects are conmecied to oos another and
what com b conmected to wint, Coluured lighting and light dyzamics
visuulize the commections and connection pesdbilities betwesn the
varivus devices, This f doae by mewmns of putting devices, or for non-
mwbdle devicea their represeatation, close to oo of the four ddes of
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the tle A meer can chede whether thene 15 connection snd i not,
whether 3 cennection ie possible By simpdy pleking 1p the tlle and
shalding i, & neer cin oowmilee o beeals the conpection hetween the
dewlces present ot the Interaction Hie The deslgn of the demnnatrator
alloves fior on “an-derond” vimateetion and sendpnbation of the
ponnectnne When fhere wre mumy connectiong In o smert home
tiahs s eepechally deslvabie. since users will ocly be desling with thse
connectinene thet nusther bo them ot thoat vwocsent.

We also expect that the ratlser active approach in exploring the
conrectone might hedp to explose the smart spoce—snd bofld o
el ronded of t——gtep by sep.

3.1 The scermria

“binric iy rebyxing ot home when his fiend Dries areives, Drics comnes
writh 2 poetable ouels player Jowded with his Soousite songs, He
vranta 1o ploy e oof hils recest collectiong e M, Mk home: 3
sqiipped with 3 sophisgicaed mueeoiod sotmd syses, They declde:
o ey Hae nodade; Sroom the sviple plaper on the: sound systen, M
s i Tesperactinn Tile to see i he can

st Dirlefs g plaper o the soiisd eptem, which 3 commected
ot hoene netwererk, The istersction tle indicmtes that o connectinn
L pogathiy wnd M pricks up the file and shaloes i oo nmlor che
Lonructinn,

All thue gmprt dowicus in the hoone hure o cobe-lilee repressnintion
theat can be ured with the inderaction tile, The triwraction tils

chows the connection peesfbilities with u high lewel of semantic

B 1. The esoometzaton 36 acthon
AabRomalty, 1t Ferps e Aterection siogle sl bmmson
hond fox the sess Rasiied wnd thereoce might dow o a
Daoze aenthelic wad plessing interection. A vides of the
desmnatreior i o Amph honks exter tilnineot soemcho U
sradbohi o Bl rrepobe st erd R gt R,
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abetraction, biding the complexity of the wired or wirdess netvworks.
By hrteracting with the cbjects, semantic conpections can be built,
redirected, cut or bypessed. Dries starts sreaming bis nomeke to the
exvirooment Now the romm i foll with Driecs muede mnd they both
exjoy Betening to #t. Recemtty Mark hag tnstalled sn ambleat Hgiting
cyster that can be conmected 1o the sound syetem and renders the
moeod of the romelc by dynamic colovr lghting o the moom. Mark
neex the objects agadn o creste another comection snd now the
room is filled with Drieck music snd colovrful Hghting effects.
Mark's mommate Sofia comes back Gom work mnd decldes she wamts
0 witch & movle on the TV, She ceems corewhat mneyed by the
lond mmeds. Mark md Dries do not want to bother her and they
again e the ablects to re-mrange the nmels stream. Now the mude
& preamed o Mixk’s portshle moede plaoyer whdle alen playiog back
ot Drieas. B & also conmected to the smabdent ighting system dinectly,
bypescing the cound systen. They both are enjoying the some mudc
ning thelr own fevonrite sarphones (and the coloorful Bghting
effecta), ot without Lond moedc In the enviranmoent Fow Sofis can
exjoy her myovie withoot eny distorbing ool

Prom this scenario one can see that there are mltdple way

and different Levels of imteracting with the emert devices in the
eovimoment There are high-level semantic interactions with the
interaction tile {explore! make/break connections) and aleo bower-
lewel inderactions with the nmude player {ploy/pamsefstop music).
3.2 Design semantics

"The dexigny seomantics of the demanatratns are gmple and
stralghtfrrward. The tle-shape shows dear dnes shont arlemtetion,
g what slde should be placed up. The foar sldes dearty show

$nur pomibilintes for placing nhjects near the th the she of each

g 2. Maankegs of Hphtieg colmwy and dysones: (o) G sabid Byl masns

the deviess prosend sre annvweted () Cross, paleng Hale e th devices

ava enurvaihy rd erevsnsingd, Tl can be ennrached; (£) Ead enlld gt
it dowlon racngnland, @ torrmd dovion i sanessey ¥t s oot e
or conreetim ooty () Tad sl Hybe mane th devies: g
vaegniea], bert w anrntiems o conrction pracihd| e seb (o) Twne
tha posaihility i mes moltipls nieraction tie in Lok kntn covs schinna in s
o datadlad morwsa, hosesver Teoth () 1o (] Toes fhs s medarsding.

|

alde regtricts the pnmber of objects ooe can place dose to the tle,
When an object 1s placed next to the tile, the Hgivts ghve Irnonedtate
feedbac when the object i recogndzed (Sgure Ic). When mmitiple
abjects mre planed near the interacton tle, & will immedistely show
the conmection pomibilities (foed forwend) by Ughting colour snd
dymamics. The Hghte' coloor onding i shorple snd ctralghtformard.
Bed coloor means o connection md oo connection posdbility
(Sgure 3d): green colonr mesns there & an exieting connecton
between the devices present (fgmme 2a/c) and green pulsing means
that & conmection s possthle (Sgure Ib). T Lovdicate that the
imteraction tie dd censs the fret object & user places pear it chows
2 7ed colonr st the dde the object was detected (e 2c). Pladng

a second, thind and foorth chject, the interaction tie chows the
Ughting effect cureaponding te thelr consection capabilides. By
slmply pldng mp the tle, and shaldng #t, the uger can make or bresk
the conmection between the devices present af the interaction file,
"The regult of thic action depends on the consectingc corment shabe,
and the devices present; 1 the e shows & connection pomhility, the
action will resnlt in & conmection event.

The same actinn perfrned when the tle dhows sn exirting
conmection will beedk the comection. Although the expresstvencss of
the corrent demanatrator i Bovited becmmer of e neutral shape and
the nse of single, muld colowr Led Hghits, we se¢ opportmnites for
further dewelopment.

We gl 1y enable vsers to explone and rmbrolate the conmections
within the rmart space withont beving tn bother with the lower-
lewel cormplexity of the architecinre. We emviron this "user view” to
be & saplified view (model) of the acmal erchitecture of the wmart
space Conceptmally, the coxmections are carrlers of infrrmation: in
ths cas- they carry nmale. Depending oo the devices’ capahilitles
(eg sudiofviden vput andf or ontpot) end thetr conmpatthility (inpot
tir owtpart, hat no outpot b cotpot], the Interaction e will show
the conmection pomsibilities In oor current dernocstratnr we do oot

dstizgmish betwern different types of date since we are ooly dealing
with sudsio, hot i will be Insyitahle in more comples scenaring,

We rely oo the symibolic meantny of colonr, green colomr meaning,
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“proceed” and red neaning the oppostt. Uhing the ssnchation of
solid caloar and pulstng colorr with anlid end deshed Hnes we ale
st sefirring to the extrtence” of semething and the “passihily” of
soomething. This samething ls o connection, hetrg tmiaihle hotwitl
nntireshle remity {the sound of mosle vot of & knadepealrer that yom
st conpected t ponr MP3 pleyer). We rely cn loonte representatinn
for the: caibe-Hire abyects representing o stetionasy ron-mablle device
and on meaning resniting from divect pandpulation of these oldects
we joat descrfhed, representing ather objects. Penple weem e be able
o vk weith all dheas different (Lo fict sather conapler) sedatinnships
it the saee time, snd onr expectatios Ls thet we need the Hehnea
of all thes mectasiome tn mecrsainlly Loteract with oir comaples
exrvinanments s the eovigone] moart eortoonments of dhe frure,
33 Realimatioes

"Th Loterpction tle acts us on independent endry, connecod to the
huorne-netveork, Fignne 3 choaws the system snchibeciure of the: cyrrent
L

The istersction tile conuety of e following commooeoty:

- Ardulng bowed;

- BFID eeader {WiFary);

- sowsltl-colnur Ledy;

- nenalernmuder;

- wibewtion rahor;

- plezodectric spendcer;

- treagmitic switches,

Tha chemacrrortiwtor coonctpts of fhe Eillowring cevioer

- oy Thpars (Niokda N5 wid 5800 Xprecehfue: smart phone);

- weashient Hghting syeters (Bhusdooth baed);

- seatpenc] syt (xpaloer gut sossnaeciad v nodebook: PC

- stk PC;

- inviperacrtinn e,

4. Drscnoiom

With the design peapsedad in thiy seicls we mmde the imdeiile
wrivelns covections vhidhle, W aleo tonk i w sty farthet by
ettt oees o physicalty vapldore wod suoiprolete he comiectione,
With this deterrtocbor we s saplositg listuitive st apieopside
was to Hibetect with the hidden MHgital weoeld b ecnbling teess to
explote uned comitnl cmiutections between derion,

The corinist descunistrator belps v in deflaieg soew spacific maeach
vt ! ddenntiivleg oty Sy L niity prodoet seuitics
sy, to desdgrns £or beidging the digital with the ploriical, Although
atincpde, this depaormtistor dow show that maloing bigh-Lewd] pautls
shrirwetions of normadly low-Tewl taale has the potestial o slbow for
setvitie Dvewchics 1o oo teteis configesation Gedor,
Bulldisg this dedretsaituiod alto idedrtitied possibelitioe for
trprenrecseiits aiwd extetndotn. Ad pevvioudy discosssd, Bt corewirtly
dosy tot disthogoish bertvses diffacet trpes of dtfrtrtion
exchatyged, tiot does i show dhiwciiohel propetties of the
cobbectiom. By replacing the sitgle Lad lights with Led srtzys we
conld shaw the dytatmics of infotinetion. fiow. Uilog 2dditoosl
colont coding coukd show diffecect types of aomecticns fe.g. sudio/
video! text), vr & could bave separated mades of opecstion, where it
amly shows ooe type of commection ot 3 titne. Althoogh correndly all
device am represected by culres, dus to techoological constreints,
the cobes ropreseniing the mobile devices could easily be regluced
with aciua] devies o fotoe vorsloos, When nertworking eoomplecities
incresar wnd the conoectiom among more than fror devices shonkl
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be exploedfmantpoisted, smitple imteraction Hies con cuslhy be
comnbined Hesldes thess abscwrttons, the demnonstrator shers that
even the slightest and simple waye of giving feedback (lighting calonr
and dyramics) can revedl mesninglol inforsoticen. Th what extent
Thers Cih extract eantagful infrevstion from the Interactinne with
tlse proart sprace, anwd haw they can nee btto bofld & moitehle mental
meded for nnderstanding, i cnevently belng evalnated.

Adding crnstraints, sa Lo Hmtting finctioeality, or not neing the
full technnlogles] potential, ts swet pecrssarily o bad thing. Thess
condtralabty ke casentally guldes snd bandles for neers o0 understond
what 3 poasthls snd wiat 4 net, or whst shonld he done bn athermatier.
weays. An example can be: Svmnd Lo oor implersentation. When thers:
are: toore: than two devices present o the: tle, indirect conmections
acre alao shovrss in Sact thers: & so difforence o the vimllstion
between direct and indirect sounections (wa eapladned in Ggune 2af
#). To vxplore these comnectione tn sone detall, ens has to explon:
wiud clagoge the comfigrration te see how things e connected, B s e
comptant trade-off hesween the riclunegy of coenplexity v, slsplicity,
Rewent work B9 shows the ongoing pursult of cwldng digial
Informption s comtent playsical, to wilow for » setursl way of
nccapring and conteolling siwh duts, Beidping the dgite] and physicsl
b btes i of nepsch S omr 3 ducde, Althaugh fhare 39 eich
portentinl in tengible loteraction concepts, shortoimings and tradecdth
are taevitahile, One problem that emerges i the trade-off betwaen
“enaric” versnd “tnekc-speciic’, When introducing physleal iddects o
represent digital datw, we need muny plysical otects that will huve
o o g Leeg e plyysicsl shape, Very expregstye ploysical abyjecty
wrill ieshapruethy howe 2, yory spucific use, Wihils very groeric pose—Hios
iy bty Sachuising graphiead disgdiops and Eabicess—re ot ey
sexpregsive, wond appeal s to e pasceptond e gllle,

Anurituer Slgadvutages of tuoggile connpriptieg 1o the tnksodoction

aorf ey ey plorrical oty intn the wovioonrmed, Lagring
infoesnaiion in the dighal weerld bag adwmotager—ee do not abwirs
writch 1) bown Pl vepovenchutions of all the dofoemtion that

Tnt goaoewte I, s vietiad work!, whih would s omecooend g
the phopical sprace. A pilutiwly wivardomed wppronci 14 G wee the
sxivting physdcal felactronde) chiects sowd devices tn oo lidseaction
writh the vietoel world, going tepotd uelng their (onch) sctms

wind o brorttuoaiie o ket with foe drdiersmation wosld, W pogmm
o e the plptiondity of the objects . theie codrieat, poodtion sl
et vt ot cb{mat b groteatite: tvewr Rtcharnciiens comicepi. e
ulscr epect tht the phyrdcality of the oldects theannsbves s the
axprizat o widch they aew need, e the mals pooviders of maiisg,
The cxnttinction civted bebweed & MP3 phayee sond 3 gtete sut e

w Ity it dhedf, Dewsinmae oof tho peseniblatons dn twnding of e
tone chervbcea (hedin able to play mmade). Potiding 4 phuobo caters ckse
o> et ot cxnald e, th oser wroraled Libos to eoccuntegen all,

ot tmyb the most tecetit Sinage batween the two devicss, Bt 1s out
challetye to hot ohly male it bappen techodoally ot to sdble umts
to exrtens thedt dextten it » mwmiiginl vk

5. Fuimre work

‘This research is to be convidered & work-in-progress. We will
oxmtiomee to deveksp ressarch protiotypes to nvestigate pew
interaction mechaninms. We here developed » more robust vecsion of
the lotecacticn tile wod an alternative vadstion, which s corrently
Teing evaloaiad in » Teer exjeriment.

Purthermome we will need to identtfy whther this way of interaction
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can he peneralized and appled in different conterts in the home
Further ressunch will sttempt tn answer questions [l
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i dedire cocsvcus oiencapty woud emantics,
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gide—th side of the senrt emrvivcevensnt. By ning technokogler
orighnating from the Semantic Wb viden snd ootelogles, (o define
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Design Semantics of Connections in a Smart
Home Environment
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Abstract. Asthe environments in which we live become more intelligent—
through more computational power, embedded sensors and network con-
nections between the devices that reside in the environment—there is a
risk of leaving its users clueless about what is going on. User interac-
tion changes from interaction with a single device into interaction with
a larger system—an ecology of things. Physical things are becoming me-
diators between the physical world and the digital, invisible world that
is inside and behind them. The work we present in this article is part of
ongoing academic research on using explicit design semantics to convey
abstracted models of connections between devices in a smart home en-
vironment. This enables users to understand and construct meaningful
mental models of the smart environment and interact with it accordingly.
We illustrate our findings by presenting a demonstrator that implements
our ideas in a home entertainment scenario.

Keywords: Semantic Web technology, product semantics, user interac-
tion, smart home

1 Introduction

As computers are disappearing into smart environments, like envisioned by the
Ambient Intelligence (Aml) paradigm [2], novel human-computer interactions
will be needed to deal with the complexity of such hybrid environments, merging
the physical with the digital. AmlI envisions digital environments to be sensitive,
adaptive, and responsive to the presence of people, and will change the way
people will interact, not only with the environment itself, but also with the
interactive multimedia through the environment. [1]

Over a decade of research has lead to several interesting interaction paradigms
such as Tangible Interaction (TI), augmented reality and mized reality. Already in
1997, Ullmer and Ishii [9] introduced their vision on a new interaction paradigm
for Ubiquitous Computing. By providing physical handles for digital informa-
tion, users can use the senses and skills that people developed during millennia
of interacting with physical objects [9].

Other related work presents solutions for simplifying configuration tasks of in-
home networks by creating virtual “wires” between physical objects like memory
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cards [3] that can interconnect devices. Others propose to introduce tags, tokens
and containers [21],[7] for tangible information exchange. Concepts like “pick-
and-drop” [18] and “select-and-point” [13] are used to manage connections and
data exchange between computers and networked devices. The introduction of
near field communication (NFC), using a near field channel like radio-frequency
identification (RFID) or infrared communication, allows for direct manipulation
of wireless network connections by means of prozimal interactions [19].

What sets the work presented in this article apart from many of the earlier
Tangible User Interface (TUI) concepts is our focus on connections. Instead of
giving digital information physical containers/representations as done in many
TUIs, we allow for exploration and manipulation of the connections “carrying”
digital information (pipelines instead of buckets). We see these connections as
both real “physical” connections (e.g. wired or wireless connections that exist in
the real world) and “mental” conceptual connections that seem to be there from
a user’s perspective, and their context (what things they connect) is pivotal for
their meaning. We aim to enable users to explore and make configurations on a
high semantic level without bothering them with low-level details. We believe this
can be achieved by making use of Semantic Web technologies and ontologies in
an interoperability platform as proposed by the SOFIA! project. Such a platform
could be used to support semantic interaction in a smart home environment.[16]

For users to truly benefit from smart environments it is necessary that users
are able to make sense of such an environment. One way of facilitating this ”sense
making” is through design. Things make sense to users in different ways, by use
and functioning, by appearing in language and human communication and so-
cial use [11]. If we look at meaning from an Internet of Things point-of-view,
physical connections between artefacts, and conceptual and metaphorical con-
nections play an important role. Artefacts can be physically connected by wires
or wireless communication, but people also tend to group artefacts that are not
physically connected together by finding resemblances in their meaning. In smart
environments with many interconnected and interoperable objects—hiding their
physical connections—these conceptual and metaphorical connections become
even more valuable, and maybe even crucial for the understanding of a smart
environment. Without this understanding there is the risk of engendering a mis-
match between the system’s model of interaction and the user’s mental model
of the system. In these conditions, using explicit design semantics can be used
to help users to construct helpful mental models, in order to minimize system
and user model mismatches.

We believe it is crucial to have an overview of, and preferably a high-level of
control over, networked connections between smart devices. New additional ser-
vices that come into being by interconnecting several independent devices/agents
will have to find appropriate ways of introducing themselves and their where-
abouts to the user. Enabling users to actively explore connections and connection
possibilities may contribute to the understanding and transparency of the smart
environments and their services.

! http://www.sofia-project.eu/
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Our research is centered around developing visualization and interaction tech-
niques for semantic connections/interactions, to support information presenta-
tion and to increase information and service awareness. Additionally focus will
be on user conceptual models, and developing ways to represent the configura-
tion of, and information exchanged within a smart home environment. Key is
to make proper abstractions of the low-level architecture, information exchange
and available services, helping users to construct helpful mental models to under-
stand a smart environment. When having a proper understanding of the smart
environment and an increased awareness and manageability of available services,
we envision a better user experience and a higher user acceptance. Design theory

like product semantics will be utilized to find handles for these new interactions
[11],[6].

2 Product Semantics

Product semantics is a theory about how products acquire meaning. Product
semantics was defined by Krippendorff and Butter [10] in 1989 as being both:

“A systematic inquiry in how people attribute meanings to artefacts and
interact with them accordingly.”

and

“A vocabulary and methodology for designing artefacts in view of the
meanings they could acquire for their users and the communities of their
stakeholders.”

Product semantics shares many concepts with semiotics, the theory of signs.
[4]. Within the context of smart environments, an increasing amount of automa-
tion and increasing interconnectedness will have a negative impact on the mean-
ingfulness of products. Of course, our understanding of products, and the way
they acquire meaning, will also change. Nevertheless, in the envisioned smart
environments, we need to provide users with handles and clues to make them
understand what is happening and allow them to be and feel in control.

The origin of many of the problems that arise lies in the difference in nature
of, or more precisely in the incompatibility of the physical world we live in,
and the invisible world within our products. In order to understand products
and systems, we develop a conceptual model of how we believe things work and
how they should be used. These User Conceptual Models (UCMSs) as defined
in [11] are usually an approximation or simplification of reality, which means it
might not be true and it might not need to be true. As long as the underlying
mechanisms of the working of products are simple and reside in the physical
world, they have a bigger chance to be understood and to make sense, and thus
have meaning to their users.

Traditionally, product semantics is mainly concerned with physical objects.
But meaning arises at different levels. In order to design for sense making, we
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need to look for references and resemblances between the new and known con-
cepts. We distinguish between first usage (ratio facilis) and second usage (ratio
difficilis) [5]. If we want to understand the semantics of the desktop computer as
it exists nowadays, we need to look back to the context in which it was originally
introduced. Computers needed instructions, in the time of the first personal com-
puters instructions to them were given by text input. That is why keyboards are
so close to typewriters. To be able to output something we gave them a pos-
sibility to write back; having a display as we knew it from early TVs seemed
logical. But also in the interaction with computers, the desktop metaphor was
introduced, and our hand to “physically” move things on our digital desktop
was represented by the pointer of a computer mouse, the digital extension of
our hand. Metaphorical connections are strong and welcome if we need to shape
new, unknown concepts. But there might be different and better ways of making
sense (p. 5 of [12]):

“The essence of a metaphor is understanding and experiencing one kind
of thing in terms of another.”

If we have a look at the innovation smart environments promise, the step
forward would be improved interoperability and the added value this intercon-
nectedness and information exchange offer. Important to note is that this added
value is an addition to the existing, basic functionality of the devices. An example
of this can be found in [8], where interoperability between existing applications
(exercise monitor, computer game, phone and media player) enables a scenario
where a game called SuperTux would award extra lives for exercising (using an
exercise monitor), a mood renderer embedded in a media player would play music
depending the game’s state, and the game and media player would react accord-
ingly if the person receives a call. Additionally, connecting smart devices to one
another makes it possible to support high-level services, that would usually in-
volve multiple steps on multiple devices. From a user’s point of view, streaming
music from a mobile device to a home entertainment system is a single high-level
task. In practice there are multiple steps involved, and if the devices involved
are from different manufacturers, the user needs to learn the operational details
of each device interface in order to perform the task.

But how will these additional, high-level services make themselves known to
its (prospective) users? How will they discover the newly enabled functionality
and how will they decide what they want, but most important, what they do
not want? In order to make sense of the added functionality and new services
the a smart space brings the user, they should be able to manage it. And in
order to manage it, they should be able to, to a certain degree, understand it.
For example: in order to use a vacuum cleaner one should know how to use it
and understand that the power cord needs to be connected to a working power
socket for it to function. One does not need to understand how an electromotor
works; neither does one need to understand the physics of AC electricity.

We can find meaning in different layers. We can find meaning in the appear-
ance of a product, informing us about the function of the product. But there is
also meaning in the appearance of artefacts in language (e.g. vacuum cleaner;
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meaning something that cleans using a vacuum, or suction). This type of mean-
ing has its roots in conventions and metaphors, and can be analyzed with the
study of semiotics. At interaction level we find another level of semantics; con-
cepts like feedback, feedforward and ecological perception (affordance) [17] play
an important role here. Affordance is the property of an object that appeals to
our sensory-motor skills, like a doorhandle “affords” to be grabbed and a chair
“affords” to be sit on it. But we can also discriminate between different physical
layers of meaning. The appearance of a vacuum cleaner itself informs us about
its usage: wheels to make it mobile, a hose and a telescopic tube with an ending
that seems suitable for moving it over the floor’s surface while standing upright.
But when we open it to replace the dust-bag, there are physical clues about how
it fits in there. However, these clues are hidden during normal usage, as it is not
of your concern when using it to clean. Now, how can we use this semantic design
knowledge in order to design meaningful interfaces for smart environments? Or
how do we reveal new possibilities in a meaningful way, when a new smart device
enters a smart space?

3 Design Case

To illustrate the above mentioned concepts and ideas, we developed a demonstra-
tor. This interaction tile (figure 1), inspired by Kalanithi and Merrill’s “Siftables”
[15], was designed to explore the connections and interaction possibilities and
manipulation by direct manipulation, and by making simple spatial arrange-
ments. The interaction tile visualises the various connections by enabling users
to explore which objects are connected one another and what can be connected
to what. Coloured LED lighting and light dynamics visualize the connections
and connection possibilities between the various devices. This is done by means
of putting devices close to one of the four sides of the tile, a user can check
whether there is a connection and if not, whether a connection is possible. By
simply picking up the tile and shaking it, a user can make or break the connection
between the devices present at the interaction tile. A video of the demonstrator
a simple home entertainment scenario is available?.

3.1 The scenario

“Mark is relaxing at home when his friend Dries arrives. Dries comes with a
portable music player loaded with his favourite songs. He wants to play some of
his recent collections for Mark. Mark’s home is equipped with a sophisticated
surround sound system. They decide to enjoy the music from the music player on
the sound system. Mark uses his Interaction Tile to see if he can connect Dries’s
music player to the sound system, which is connected to the home network. The
interaction tile indicates that a connection is possible and Mark picks up the tile
and shakes it to make the connection.

2 http://www.youtube.com /watch?v=vdZcjqfq8RQ
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Fig. 1. The demonstrator in action

All the smart devices in the home have a cube-like representation that can be
used with the interaction tile. The interaction tile shows the connection possibil-
ities with a high level of semantic abstraction, hiding the complexity of the wired
or wireless networks. By interacting with the objects, semantic connections can
be built, redirected, cut or bypassed.

Dries starts streaming his music to the environment. Now the room is full with
Dries’s music and they both enjoy listening to it. Recently Mark has installed an
ambient lighting system that can be connected to the sound system and renders
the mood of the music by dynamic colour lighting in the room. Mark uses the
objects again to create another connection and now the room is filled with Dries’s
music and colourful lighting effects.

Mark’s roommate Sofia comes back from work and decides she wants to watch
a movie on the TV. She seems somewhat annoyed by the loud music. Mark and
Dries do not want to bother her and they again use the objects to re-arrange
the music stream. Now the music is streamed to Mark’s portable music player
while also playing back at Dries’s. It is also connected to the ambient lighting
system directly, bypassing the sound system. They both are enjoying the same
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music using their own favourite earphones (and the colourful lighting effects),
but without loud music in the environment. Now Sofia can enjoy her movie
without any disturbing music.”

From this scenario one can see that there are multiple ways and different lev-
els of interacting with the smart devices in the environment. There are high-level
semantic interactions with the interaction tile (explore/make/break connections)
and also lower-level interactions with the music player (play/pause/stop music).
A more detailed description of the interaction tile and the demonstrator is avail-
able in [20].

3.2 Design semantics

The design semantics of the demonstrator are simple and straightforward. The
tile-shape shows clear clues about orientation, e.g. what side should be placed
up. The four sides clearly show four possibilities for placing objects near the
tile; the size of each side restricts the number of objects one can place close to
the tile. When an object is placed next to the tile, the LED’s gives immediate
feedback when the object is recognized (figure 2c). When multiple objects are
placed near the interaction tile, it will immediately show the connection possi-
bilities (feed forward) by lighting colour and dynamics. The LED colour coding
is simple and straightforward. Red colour means no connection and no connec-
tion possibility (figure 2d); green colour means there is an existing connection
between the devices present (figure 2a/e) and green pulsing means that a con-
nection is possible (figure 2b). To indicate that the interaction tile did sense the
first object a user places near, it shows a red colour at the side the object was
detected. Placing a second, third and fourth object, the interaction tile shows the
lighting effect corresponding to their connection capabilities. By simply picking
up the tile, and shaking it, the user can make or break the connection between
the devices present at the interaction tile. The result of this action depends on
the connection’s current state, and the devices present; if the tile shows a con-
nection possibility, the action will result in a connection event. The same action
performed when the tile shows an existing connection will break the connection.

3.3 Realization

We want to enable users to explore and manipulate the connections within the
smart space without having to bother with the lower-level complexity of the
architecture. We envision this “user view” to be a simplified view (model) of the
actual architecture of the smart space. Conceptually, the connections are carriers
of information; in this case they carry music. Depending on the devices’ capa-
bilities (e.g. audio/video input and/or output) and their compatibility (input to
output, but no output to output), the interaction tile will show the connection
possibilities. In our current demonstrator we do not distinguish between different
types of data since we are only dealing with audio, but it will be inevitable in
more complex scenarios.
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Fig. 2. Meanings of lighting colour and dynamics: (a) Green solid light means the
devices present are connected; (b) Green, pulsing light means the devices are currently
not connected, but can be connected; (c) Red solid light means device recognised, a
second device is necesary to show connections or connection possibilities; (d) Red solid
light means the devices are recognised, but no connections or connection possibilities
exist; (e) Shows the possibility to use multiple interaction tiles to look into connections
in a more detailed manner, however both (a) and (e) have the same meaning.

The interaction tile acts as an independent entity, connected to the home-
network. Figure 3 shows the system architecture of the current setup.
The interaction tile consists of the following components:

Arduino board (Duemilanove);

— 13.56MHz RFID reader (ACS/MiFare);
— multi-colour LED’s;

— accelerometer;

— vibration motor;

— piezoelectric speaker;

— magnetic switches.
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KP / Surround Sound System
Windows XP with Processing

—TCP SOcketJ ((f

—— Serial over Bluetooth —

—TCP Socket over WiFi—— B
—

SIB KP / Ambient Lighting System
Windows XP with Jena Arduino-based

KP / Music Player TCP Socket over WiFi
Python for S60

Nokia N95
Serial over USB

KP / Music Player
Python for S60
Nokia 5800 XpressMusic

KP / Interaction Tile
Arduino-based with Processing /
Python (RFID)

Fig. 3. An overview of the demonstrator

The demonstrator consists of the following devices:

— media players (Nokia N95 and 5800 XpressMusic);

— ambient lighting system (Arduino BT based homebrew lamp with RGB
LEDs);

— sound system (speaker-set connected to notebook PC);

— notebook PC (acting as SIB?);

— interaction tile.

4 Discussion

The current demonstrator helps us in defining more specific research questions
and identifying key issues. Although simple, this demonstrator does show that
making high-level semantic abstractions of low-level events has the potential to
allow for semantic interaction in home-network configuration tasks.

Building this demonstrator also identified many possibilities for improve-
ments and extensions. Like discussed before, it currently does not distinguish
between different types of information exchanged nor does it show directional

3 Semantic Information Broker (SIB) is a terminology used in the context of the SOFTA
project.
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properties of the connections. By replacing the single LEDs by LED arrays we
could show the dynamics of information flow. Using colour coding could show
different types of connections (e.g. audio/video/text) or it could have separated
modes of operation where it only shows one type of connection at the time.
Although currently all devices are represented by cubes due to technological
constraints, the cubes representing the mobile devices could easily be replaced
by the real ones in future versions.

Besides these observations, the demonstrator shows that even the slightest
and simple ways of giving feedback (LED colour, dynamics) can reveal meaning-
ful information. To what extend users can extract meaningful information from
the interactions with the smart space and how they can use it to build a suitable
mental model for understanding is currently being evaluated evaluated.

Recent work [15] shows the ongoing pursuit of making digital information
and content physical, to allow for a natural way of accessing and controlling
such data. Bridging the digital and physical has been a topic of research for
over a decade. Although there is rich potential in tangible interaction concepts,
shortcomings and tradeoffs are inevitable. One problem that emerges is the trade-
off between “generic” versus “task-specific”. When introducing physical objects
to represent digital data, we need many physical objects that will have a more-or-
less fixed physical shape. Very expressive physical objects will inherently have a
very specific use. While very generic ones—like many objects featuring graphical
displays and buttons—are not very expressive, and appeal less to our perceptual
motor skills.

A disadvantage of tangible computing is the introduction of many new phys-
ical objects into the environment. Leaving information in the digital world has
advantages—we do not always want to have physical representations of all the in-
formation that we generate in the virtual world, which would mean overcrowding
the physical space. A relatively unexplored approach is to use the existing phys-
ical (electronic) objects and devices in our interaction with the virtual world,
going beyond using their (touch) screen and or buttons to interact with the infor-
mation world. We propose to use the physicality of the objects e.g., their context,
position and our usage of these object to generate new interaction concepts.

Adding constraints, as in limiting functionality, or not using the full techno-
logical potential, is not necessarily a bad thing. These constraints are essentially
guides and handles for users to understand what is possible and what is not,
or what should be done in alternative ways. An example can be found in our
implementation. When there are more than two devices present at the tile, indi-
rect connections are also shown; in fact there is no difference in the visualisation
between direct and indirect connections. To explore these connections in more
detail, one has to explore and change the configuration to see how things are
connected. It is a constant trade-off between the richness of complexity vs. sim-
plicity, as is discussed in [14].

Where smart systems or environments try to predict what the user is trying
to accomplish, by being adaptive and anticipatory, we need to identify ways
to give the users appropriate means to express themselves. The possibilities,
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available services and information that exist in the smart environment needs to
be communicated in a meaningful way. Only if this is done correctly will users
be able to build helpful mental models of the functionality the environment
has to offer, set goals and make plans on how to act. By developing novel and
meaningful interaction devices, the user can then perform the necessary actions
and the system can in turn try to understand the user’s goals and make the
match to its internal models. We see a vital role here for the theory of product
semantics [6], the study of how artefacts acquire their meaning and use its
theories to define common concepts and semantics.

5 Future work

This research is to be considered a work-in-progress. We will continue to develop
research prototypes to investigate new interaction mechanisms. We have devel-
oped a more robust version of the interaction tile and an alternative variation
which are currently being evaluated in a user experiment.

Furthermore we will need to identify whether this way of interaction can
be generalized and applied in different contexts in the home. Further research
will attempt to answer questions like: How do we handle increased complexity?
How to reveal information about the information/content that is exchanged?
How to provide control over the content? How can the design of physical objects
(appearance and behaviour) enhance the creation of suitable mental models in
users?
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