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ABSTRACT
Remote controls facilitate interactionsaatlistance with L] television ' thermostat
appliances. However, trmomplexity, diversity, andin- o
cregsing numper coj‘igitql appliqnces .in_ ubiquitous com floor < i
puting ecologies makeiitcreasinglydifficult to: (1) dis-  [amp - &

coverwhich appliances are controllable; Electa par-
ticular appliance from the large number available; ( T Q\KV
viewinformaion aboutits status;and(4) control the ap-

pliancein a pertinent manner. To mitigate these proble
we contribute proxemicaware controlswhich exploit ’ | _________

thespatial relationships betwean per son’ s @ | | | @A) i rcecammm=n==
] ==\
rinter
'S

vice andall surroundingappliances t@reatea dynamic
= - »
discover and select an appliance by the waragorientsa o
mobile device around the room, and then progressiv [\Lj:l:: p
view the appliance’s st a
wer

appliance control interfacespecifically, a personcan

n
creasing detail bgimply moving towards itWe illus- room vie
trate proxemieaware controlsof various appliances gig,re 1. Mobile interaction with an ecology of appliances and

throughvariousscenariosWe therprovide a generalized geyices, where a person has different spatial relationships with
conceptual framework that informs future designs each of the interactive appliances in the room.

proxemicaware controls.

most contemporaryemotes have become the primaryent

face to the alpopadianngc’ etodhETrdici osn t'ro
motereduceccosts andllowedfor complex appliance func-

tionality. Importantly, it alsgrovided moredesignfreedom
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ACM Classification Keywords _ to the appl i aeg, sze shafematenalsf act o
H.5.2. Information interfaces and presentation (e.g., HCI):  gppearancedslargecontrol panelsno longerhad to be em-
user interfacesinteraction styles. bedded within it

INTRODUCTION

Traditional remote controls were inventedattow people to
interact withappliances at a distance. While originally wired
and constrained to large appliancgsch as televisionand
radios, further advances led to a proliferatiowiélesscon-
trols foramyriad ofappliancesfrom traditional appliances
such asir conditionerssound systemandmedia centers, to
the new generation of digital appliancBemote controls in-
itially duplicated the controls on an appliance. However,

However, the increasing number of rensdés toscalability
issuesas typified by théiving room full of different remotes
to control each individual appliancwithin it. To remedy
this, universalremotespromoted aoneremoteto-many-ap-
pliances solution. Unfortunatelyhe universal remote intro-
duced problem it was often limited to entertainment sys-
tems, had difficultsetup issueand poorly adaptable inter-
faces and became yet anothmntrol joining a collection of
already complex and inconsistent cont{8].

In 2002,Brad Myersadvocatedhatthe ubiquity and flexi-

Ledo, D., Grenberg, S., Marquardt, N., Boring, S. (2015) bility of personalmobile devicescould serve as a suitable

Proxemic-Aware Controls: Designing Remote Controls for Ubiquitous

Computing Ecologies. universal rem_oteontrolto anew generatio_n of digitally con-
ResearctReport 2015106902, Department of Computer Science, Uni trollable applianceq18]. Since then appliances have ac-
sity of Calgary, Calgary, Albea, Canada, February. quired the ability to interconnect andégrate themselves

into aubiquitous computingcology[1] comprisingthe peo-
ple and digital devices withiasodal space (Figure 1), e.g.,



a living room or a meeting rooms Myers predicted, such We cong&eredseveral importargoalswhendesigningorox-
locations are increasingly equipped watlarge numbers of  emicawareremote contra for an ubicomp ecology.

However new problemsreemergng asthe number of con- ord_er to make appliance discovery and selection dasy, t
trollable appiances increasesirst, it is difficult b discover digital contenshown on the remote contisiould bespa-

at a glance wich appliances are interactivé/hile the fixed tially associated to thehysicallypresentippliancesThis
appliances within iving room may be familiato its family is in_direct contrast to interfaces that show a listing of all
membersa meeting room with hidden projectors and speak- @Ppliances known to itegardless of whether or not those
ers may require more intricate visual sedglits temporary appliances are in the same plopsilocation or room

inhabitants Once appliances are discovered, peogié 2. Interfaces should balance simplicity and flexibility of
haveto selectan individual appliance from the large ecology.  controls.Whenafar, people should be able to get a sense

Once selected, people should be ableigwv information of the interative appliances in the room as well as basic
about the current status of the appligraced progressively state information (e.dts current primary settingsCon-
controlits basido advanced functions as needethout un- trols canrange fromsimple onesfocused on basictasks
due interface complexity (e.g., turning something on/offjo rare or more complex

operations (e.g., advancedttings applianceconfigura-

tion). This introduces tradeoff between simplicity and

s handheld device (s éle%i?/illtyr{m].As we w'%ll %e%, we use.thve notiosn of radF e mo {
val enbagegnenfitg' seam essb;znéllt%ﬁ a5 § furietfon of

proximity, from simpleto complex controlsThis is in line

To mitigate these problems waglvocateproxemicaware

controls, which exploitthe spatial relationships between a
person’
and all surranding appliances to create a dynamic appliance

control interface. Specifically, a person can discover and se- with DonNormanstudies andiscussioron complexity,

lect an appliance by the way one orients a mobile device where people gain experience with tasasd progres-

around the room, and then progressively view the appli- _ : ; . .
ance’s status esindncreasingteatad by i tS'VSEIy a}d]gsgtgn&rgasmg levels of complexifg1].

simply moving towards itThis paperdetailsthe following 3. Controls should enable seamless transition betwesr
contributions pliances This implies that the user should be able to

1. The notion ofproxemicaware controlswhose dynamic quickly SWit.Ch from contrding one applianceo selecting
interface is based upon the spatial relationships between a andcontrolling another appliance

person’s handhel d ndappliances 4 F@xeniGawares qonirels, shaylgepmplementexisting
within an ubicomp ecologyis demonstrated through a se- approachesOur goal is not to replace existing interaction

ries of implemented scenarios. paradigms for remote contspbuch as pointing, touching

2. A proxemicaware control frameworthat more generally or list selection (scanning). Instead, proxesieare con-
informs the design of suatontrols and that contextual- trols should provide an alternative and complementary ap-
izes prior literature within it. proad for interacting with appliances.

PROXEMIC-AWARE CONTROLS The next sectioillustratessevenscenaris of how proxe-

Proxemici s Edwar d Hal [8alsoutsheway n Blic-awmarg eoptioly could worthrough a prototype that we
people use spatial relationships to mediate their interaction§Uilt in our lab A later section introduces our proxemic
with other people around them. Hall observed how peopleaware contral framework, which discusses the types of ap-
continuously change and adapt their distance and orientatioliances and the interaction models in further detail.

to others depending on social context and the task at han@cenARIOS FOR PROXEMIC-AWARE CONTROLS
For example we turn towards people we want to interact \ye pegin with an overview of our system and tiescribe
with, andmoveincreasinglyclose to them as a function of  geyenimplemented scenarios thitiustrate the four design

our relationship with them: from social, to personal, to inti- goa|s discussedbovefor proxemicaware controls.
mate Proxemics was later applied to ubicomp design, where

proxemicinteractions[1] introduced a firsbrder approxi- ~ System overview. As shown in Figure 1, wereateca home
mation of howsensegroxemicvariables(distance, orienta- ~ €nvironment with six appliances (thermostat, floor lamp, ra-
tion, identity, movement, location) can be leveraged to me-dio, router, printer and a television) as a-teesd for demon-
d at e p e ocidnsewitslevices areundzhem. strating the expressivenessd versatility of proxemiaware

) ) controls, and for exploring nuances of our design rationale.
Our proxemieawarecontrols are a particular class of proxe- e puilt our system using the Proximity ToolKi6] and a

mic-aware devicesThey use thgroxemic variablesnen-  v/icon motion tracking system, which tracked the position of
tioned above tadapta mo bi |l e contr ol device’s interface for

interacting with appliances in the surroundingicomp en-
vironment. The spatial relationshipssuch as distance and
orientation— between the mobile device (acting asnaver-
salcontroller) and the appliances directigtapthe interface
content displayed and the controls offered to the user.



atablet (aSurface ProPto thesix appliarces. Some ahese The airrently selectedapplianceis shown athes cr e e n’ s
appliances were custeaneated physical appliances that can  center as an interactive graphic. The graghianges in

be digitally-controlled over a network (lamp, radio and tele-  sizeand in the amount of content preserdscda function

vision), while the others are digital simulations. of proximity. As the person turns to another appliance, the

The remote control interfads real- current appliance animates out anel tiew one moves in.

ized onthe tablet (an earlier version
was builton a smart phoneThe in-

terface iself has several primary com lock button
ponents as annotated in Figureahd : 22”:‘;2;?:&‘]{;%?3;? of
partially visible in Figure 3 overview ngr ide
1 An overviewof discoverable appli- SHows spatal feferences

between the device and the

ances (as icons) is shown at tH appliances through icons
screen’s edge.
correct spatial location relative tc
the applianceswheae the icons re-

position themselves as the tablet engaged apliance
moved.Two types of overviews are the appliance control moves towards
used: holding the tablgtorizon- ::e center‘uf the screen as one}faces it, proximity slider
N en the size and content are dictated when in manual override
tally sheeyenvendew b by the current level of engagement ’

. . . one can manually adjust the
(as in the Figurewhereas reorient- current level of engagement

ing it vertically shows a panoramic
ovewiew.
Figure 2. Interface for Proxemic-Aware Controls.

Figure 3. Gradually engaging with a thermostat — one can see different levels of information and
controls as a function of physical proximity.



1 A Lock Buttonis located at the top right cornerplauses  locks the screen so he can move tablet around without
the spatial interactioto allow manual overide. losing contentand changes the schedudg adjusting the
1 A Proximity Slider thenappearsdelow the lock Button. s ¢ h e dcantra pbisits
When the locked, thpersoruses it tachangehe level of
detail preented without actually having to move towards
or away from the appliance, i.e., it acts as a surrogate t
actual proximity.

This scenario illustrates how gradual engagement of controls
14] works as a function of proximitio provide abalance
etweersimplicity and flexibility of controlsWhile this sce-
nario focuses on a particular appliance (the thermostat), all
Scenario 1: Discovering Interactive Appliances other appliances implement this gradual engagement in a
Trevor walks into his living roonWhilelooking athistablet similar manner Figure 4 shows how the interface to four
(Figure 1) he seescons representing all of the appliances appliances shows more detail at decreasing distaBgesi-
at the border, where the positions of the icons are animatedentinghis device towardthe thermostafTrevor was able to
to match their relative position to the physical appliances selectit. The interfae then uses semantic zooas Trevor
they represent (Figure 2, edges)e thenrotates the tablet moves towards the thermost&lis remoteshows progres-
around the room to face each ajgpice: from theportable sively more information of the thermostat stated creates
radio currentlyon the shelf, to the thermostat mounted on aopportunities for interaction (Figurea®d Figure 4 topHad
wall, to a hiddenrouter underthe deskAs he does thishe Trevor moved directly to any position beddooking at the
appliance directly in front of the tablet is represented an in- display, the same information would have been presented
teractive graphic in the center of the screen (Figure 2, cen-(i.e., he does not have to go through each of the steps above).
ter). While some appliances may have been moved since hé Trevor moves away from the thermostat, the process re-
was last in the room (e.g., tpertableradio), theiconsand verses, as a result of gradual disengagenientfine inter-
the interadive graphicreflect the current appliance position. adion contro| this dynamic updating of information could

This scenario describes how proxemic
aware controimakes it easy for a person to
spatially scan a ran. By moving the tablet,
they canmmediately seevhatappliances are
part of the surrounding ubicqirecology, and
where they are located Trevor can also
choosewhich appliance he wants to interac
with by simply facing it All this occurs irmo-
ments ofreal time, where information is up-
dated as a function
relationship (orientédn and distance) be-
tweenthe tablet and thesurroundingappli-
ancesAll interactions are thus situated in th
physical world.

low engagement high engagement

2m Om

Current Schedule

thermostat

lamp

Scenario 2: Gradual Engagement to an Ap-
pliance

Trevor feels a bit chilled. While facing his tak
let towards the thermostat (whiskelects and
shows it at t he ttheb
temperature of the roons currently 20C
(Figure 3.1and Figure 4 top left He moves
closerto the thermostatwhere its graphical
control reveals &s asmalllabelledcircle on
the arc) thathe thermostais currently set to
22°C (Figure 3.2 and Figure 4 to2" from
left). As hecontinueshis approach.that con-
trol becomes interactive, allowing him ito-
crease the temperatursetting (Figure 3.3 . I Spre——
and Figure 4 top '3 from left) However, he ' ' L I
dci des to check the == N
ulei an advanced feature. He moves direci e

in front of the thermostat, anthe heating
schedug control appears (Figure 3.4 and Fig-
ure 4 top right) He decides to change it. He

router

printer
i

Figure 4. Control interfaces for thermostat, lamp, router and printer
at different levels of engagement (distance).



make interaction difficult, so Trevor decid®to lock the
screen. Locking freezes the interfaseitappears at this par-
ticular distance and orientation. While not strictly necessary
it allows Trewvor to physically move away from the thermo-
stat without changing the interfad&’hile not mentioned in
the scenario, Trevor could have switched to another appli
ance at any time simply by facing towards it.

Scenario 3: Manual Override

Trevor is sitting on g couch watching a movie on the tele-
vision.He decides talim his room lightingbut he doesot
want to get upHe picks up his tabletndorientsit to the
lamp which, at that distance, only shows on/off controls (Fig-
ure 4 2™ row left). He locks the interfacdoy pressing the
LockButton,anda O pr o x i appdans (as is Figurd e
2, right side) By moving the slider, Trevonanually setthe
semantic zoom levekif he had physically moved towards
the lampHedrags the slider until heees the brightness con-
trol, sets it to his desired levelnd configures the lamip
turn off whemo one is irthe room(Figure 4, 29 row right).
Trevor also checks the temperature by manually selecting th
thermostat icon on the edge, which makestkimemostat
control appear at the centess if he had oriented the tablet
towards it.

We mentioned that proxema@ware controls shoulcbmple-
mentexisting approachesther tharreplace themUnlike
the previous scenario, Trevor decided to stay in one plac
rather than move towards an appliancedaing so would
require extra effort and interrupt his movie viewing. Instead,
he locks the interfaceProxemic interactions is disail,
while manual controls allow him to select and control appli-

Scenario 4: Around-Appliance Navigations

Trevor decides to set an alarm before going to. bélap-
Jproaches his radio alarm clock, and the tablet shows the ra-
dio interface. When hesiin close proximitfFigure 5) he
shifts his tablet to point slightly to the right of the radio; the
interface animates to show a clock control. Using the clock
control, he sets the alarm to the desired wagetime. He
then decides to play some musie. shifts the tablet slightly

to theradiod ¢eft. A nore detailed audio interface control
appear, and he presses play. Initially, the volume is too low,
so Trevor approaches the speakers. This action brings up
volume controls which he adjusts accordingly.

Some appliances are quite compl€Rus thisscenario illus-
trates two ways of associatiogmplexinformation spatially
through micremobility [16] as yet another way of balancing
simplicity and flexibility of controls The first one is to use
spatial referenceswhere information connects to a virtual
area around the applianeag.,controlssituated above, be-
low, to the left or to the right. In this example we use left and
eight to show two different types of controls. However, we
note that these spatial references are abstract and must be
learned As a result, theycould benefit from feedfevard
mechanisms. The second type of spatial association is
throughsemanticswhere specific parts of the appliance sig-
nify certain controls. In the radio example, the speakers are
inherent to music volume, thus orienting the tablet towards

fhe speakers veals the volume contr@figure 5)

Scenario 5: Room Viewer Hierarchy
Trevor enters his living roonThe entrance of the rooatts
as a virtual appliancewherethe interface shows the room,

ances through more conventional means (e.g., the overviewnd theavailableappliancescontainedwithin it (Figure 6)

iconsat the tabl et 'become egrapheal
menuof selectable appliancesnd theProximity Slider lets
him manually naigatethe available controls of the selected
appliance, revealing progressive detail. Importantly, the ap
pliance interface as revealed by manual aide is exactly
the same as the proximitontrolled interface.

Alarm Region

_:{,\

Music Region

Figure 5. Radio interface at close proximity, showing
how different interface details appear when the tablet is
oriented at its center and slightly to its left and right.

(Treviorgsees the basiy statfseach appliance and can adjust

a few basic controls for each of theke selects andurns
on thelamp andTV, enters the roongnd sits down to watch.

This scenario shows appliances grouped as a hierarchy,
wheredifferent kevels of the hierarchy can be accessed as a

Figure 6. Room Viewer showing all the appliances in the
room along with some basic information and controls.



function of proximity. Here, the room entrance serves as aupon traditional social conventiongpeople usingheir own
fixed feature[6,1] — a boundary- where the interface dis- interactions to mediate what the other can do.

plays ahigh-level at-a-glanceview of the contents of the RELATED WORK — INTERACTION WITH ECOLOGIES

room The full dynamic interface dfigure 2 would appear \ye haye shown a series of scenarios that demonstrate differ-
only after valking across the boundarin the Room Vlev_ver, ent concepis ertaining to the desigreafiniversal remote
o e g o e bt & o s G D Smpids & plhcd oh Ibraghgictin
an i f'r pnmaLy S€ ll_ngs. rer\]/or 159 asb«la Sﬁ;‘/? h ':ehgree Q patial relationship between the control (the mobile device)
conlrol overeach appliancesuch as being abe smitch the and its surrounding appliancekhis idea extendprevious

tr]eI¢V|S|on ‘;U Icl)r offif .he Io(;:kg?;he scr;eeln on m%ﬁ’.g‘ we;/v, ork highlighting physical browsingusually implemented
€isessentially equipped with a control resemoling|L t- a n g35pje devicesmsa meansor peopleto discover interac-

ar dnivgrsal remotefor exa”?p'ev he can Fe"ea' the SP€ tive devices and retrieve their corresponding user interfaces
cific appliance .con.trol by tapping on a partlcular' appliance [28]. Four of the dominant interaction styles for physical
and manudy adjusting the Poximity Slider (Scenario 3). browsing are described below, all which help people associ-
Scenario 6: Situated Context of Actions ate digital contents to objects in the physical world.

The room contains two printer©n the overviewTrevor

Sees a red exclamatlo_n markxt to one df_neprmter_mon_s, . Touching is me knownway to associate two devices. The
indicating a problemSince the overview icon Spa"?"y indi- premise is that toyching two objects to associate them is eas-
cates t h e »p hysica _Ia_lppr_cpachesme € ril)(7u?1der tddFaRdalal Qasyto efform by people. Rukzio
prol_)Iematu_: pr_|nte|(F|g_ure 4.' row 4)Anot|f|cat_|onappears et al. argue that it reduces accidental selections, and that it is
stating thatits ink cartridge is low. Afterepladng the car- a technique of choice when people are standing, as people
tridge, he seeson the tablethat the notification has disap- prefer to physically approach obje22]. RFID tags' .
peared_, confirmﬁng thf'ﬂ the_printe.rrimwwor_king properly. common way to implement touchir[@é,zg], though one

H? deC|de§ toprint a file toit. Whlle\standlng next toa'". may also consider synchronous gestures such as bumping
printer, a n P I nt dialbg dppedrs. He ;elects a file, two devices that are equipped with acceleromd®rDe-
which is automatically sent to that nearby pent spite the ease of selection, knowing which devicesane
Proxemicsspatiallysituateinteraction to thie corresponding ~ nectablecan be problematic unless they are visibly marked,
physical devicesand thusalsoshownotificationsin context andthus there is no easy way to preview the scene to see
We saw an applianammmunicatéts state by a notification: ~what objectsan be associated to each otinethe ecology.

from afar byflashing an exclamation mark on the overview Pointing

icon, and on approacivhere more detail about the notifica- pginting a mobile device towards an intended object is ap-
tion is progressively revealewe also saw how proxemics  yrgpriate when the two are distant from each other. This tech-
can help disambiguate which appliance of the same type P'%ique is enabéd by many technologiesuch as infrared
duced the notificatianhg next part of the scenario_demon- [4,6,19,26,28] computer visior[11], or light sensing23].
stratel how the destinatiorof aperson s~ aaan be®e  The advantage of pointing is that the mobile device can dis-
lected simply by standing next the desired appliance. In 5y informaton about the target as soon as it is aligned with
this case, lte usual print dialog asking the user to select aj; Qther interesting variations exist. For example, InfoPoint
prlnter is not reqwredasTrevqr implicitly selecteq the de-  apables information from one appliance to be pusited

sired printer by approaching ill he neels to do is select  ngther11]. PICONtrol leverages a mobile projector to re-

Touching

the file to print. veal an interface withantrols overlaidatop of the physical
Scenario 7: Identity-based Access Levels appliance[23]. Chen et al., use a head mounted display to
Tinaa a guest in Trevor 6s h o paneand revgahcordext menusifar applianigdsGesturah e

perature setting of the thermostat. Howewehjle she can  approaches, such as Charf#jeand Digits[10] focus on arm
see the current temperature and thermostat setting orethe r and hand movement fgelection andhteradion.

mote, the interface tchange the settinig not revealedThe
reason for this is that Trevbwho is conscientious about re-
ducing his energy ugbas configured théhermostaso that
only he is able to changts state.

Rukzio et al. argue that pointing is a technique of choice
when people are sittir{g2]. Yet pointing @an be problematic
with distant targetssmall movements can drastically change
the pointing direction, thus complicating selection and pre-
Proxemicaware controlsan leverag an i ndi v i éantng falsgposities n -

tity to restrict controls, similar to parental controls but with- Scanning

out requiring a password entifhis adds a layer of security - gcanning covers the situation in which a remote control vis-

to our system. The scenarshows how an unauthorized 5y displays all appdinces it knows about, and then allows
guests restricted froncontroling the thermostaf course,  the yser to select a device to connect or interact with it. Tra-
otherless restrictiveules can be established, such as allow- ditionally, scanning makes use of li28]. Yet such lists can

ing Tina (the guest) to change the temperature only if Trevolyecome difficult to navigate with increasing number of
(the home owner) iso-present. Such an arrangement builds

ecd

er



PROXEMIC-AWARE CONTROLS FRAMEWORK

APPLIANCES INTERACTION

informs system  describes breadth of informs interaction describes breaadth of

considerations controllable appliances | and interface controllable appliances

design
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Figure 7. Proxemic-Aware Controls Framework.

items, as it leads to cognitive overloadd difficulty map-
ping digital content to physical appliand@g], e.g., match-
ing cryptic names to particular applianc&$us discovery
and selection can be difficult.

Scanning is the typical form of interaction seen nowadaysI

with smart appliancegypically througha dedicated mobile
app One example idest Thermostaf34], althoughhubs
such as Revolv try to incorpdgeamultiple appliances as a
centralized lisf33]. Other work, such as Huddle, focuses on

Our own method of proxemigware controls smoothly com-
binesand extendthe above physical browsing metho@sir

use of eientation is a method of pointing, and touching is
realizzed as a proxemic distance of 0. The ovenag¢the tab-

et ' provalesgspatialworld in miniature while mov-

ing the tablet around the room to reveal the appliances seen
in front of it provides a world in miniature over time. The
overview combinedwvith manual overide) allows for scan-
ning, where the list is filtered to show only those appliances
in the room.

using these visual icons to interconnect appliances that oper-

ate togethej20].

World in Miniature
Another approach is t@present devices through their spatial
topography. One way of doing this is through live video

feeds in which the interactions with the screen can affect th

state of thedisplayed devices [5,24,27] For example,
CRISTAL presentn interactiveb i r-ayévideoview of the
roomand its controllable devicg24]. Another way to rep-
resentopography is through icons showing their relative lo-
cations[7,14]. This approaclpreservespatial relationships
and usershushave an overview of interactive itertsatfa-
cilitatesdiscovery However selection can baifficult when
presenting a large number of iteorsa smallmobilescreen

PROXEMIC-AWARE CONTROLS FRAMEWORK
The scenarios showcased earlier are one instarecéagjer
design spacé-ollowing a'research through dgn method-
ology [31], we transitioned between differedesignap-
roaches as described by Wiberg and Stolterfg@h We
tructured our ideas into concepts and then revealed them as
a proofof-concepts. Ouconceptavere further abstracted as
a conceptual framewortalled theproxemieaware controls
framework We believe this framework canform the de-
sign of future remote controldt describes the design space
for remote control appliance interaction (discovery, selec-
tion, viewing and control) via proxemics as a way to further
generalize our investigatiqne., beyond our own particular
implementation)andto placerelated work in perspective



The frameworkdescribessarious dimensions that an appli- tempt to combine multiple appliances and show unified con-
ance may embody (fire7, left), and why these may affect trols. Naman refers to this as activitenered actions, in
how proxemics should be considered. It continues by considwhich the controls are specific to the task a person wishes to
ering how proxemic theorgndvisualization techniquesan perform andwhich encompasss multiple appliance$21].
control theinteractionflow (Figure7, right). Another way to consider grouping is through multijplei-
rectappliances that perform the same task while being phys-
ically scattered, such as ceiling lights in the room. These ap-
pliances areften unified through proxies.

Part 1. Appliances

Smart appliance design may vagseatly along several di-
mensionsAs summarized in Figuré, left, we believehat
several dimensionsan affect the design of a proxemic Complexityrefers tahe number ofunctionsthatcan be con-
aware controlsFigure7 left alsoshows, viarepresentative  trolled and the number of statas applianc&an assumei
iconsplacedon ad i me n spearunmiheveach appliance  lampwith only anon/off switchis simple A morecomplex
manifest particuladimensiors. version of a lampvould perhapsisualiz energy consump-
tion, allow dimming and schedulingnd so onThe radio
alarm clock in our systerhas many controls and states,
which make it an evenmore compleappliance.

Mobility of an appliance may vary greattanging from un-
movable(fixed) to rarely moved gemifixed) to highly mov-
able (nfixed). (Hall previouslydescribe how suchfixed or
semifixed features can affeatterpersonal proxemids]). The above dimensions affette design thinkingfor proxe-
Mobility depends on many factors, including appliance size,mic-aware contral To enablgroxemics the remote control
weight, wiring (tethered or not), and purpose (which may beneeds to determine distance and orientation to its surround-
locationrspecific). Examples are a walounted thermostat  ing appliances. Mobility affectthe degree ofracking re-
(unmovable), a routerdrelymovedas it istetheredby a ca-  quired for an appliancéFor example, we can configure a

ble), a floor lamp (infrequently), andertable radio osmall fixed appliance by setting a otiene location, buf highly
Bluetooth speaker (moved frequently). mobile appliance may have to be tracked continuouBily.

h rectness and physical manifestation implies amb&gas to

whatis considerednappliance, and where it is locatddhis
emphasizes the need for thoughtful anchoring of digital in-
formation so that people can recognize and spatially associ-
ate the location of &irtual applianceso what they see on

the screenFor example we spatially locatedhe Room
Viewer virtual appliance athe roon? entrance to provide
people with a sense of the interactive appliarcmegained

within the room Similarly, for grouped appliances, it may be
Physical manifestationo f an appliance serdsibleteshevunivérsal comteols affecting the entire group
ability to visually find and identify the appliance. An appli- at a distanceandcontrol individual componentssaneap-

ance is visible when it is physically present in the ropat proachegshem.Higher complexity requires thought of how
hidden,and recognizable. If an appliance is indirectly con-to navigattand pr ogr essi vel gontole v e al
trolled, then it may still be considered visible if its controls
are visible (i.e.it serves as seecogniableproxy to the actual
appliance). However, smart appliances may also be virtual
whete the appliance itself or its controls have no physical
manifestation. An examph@rtual appliance is a sound sys-
tem comprisingspeakerg@mbeddednto the wall, and thais
only controllable via a dedicated app on a mobile de@ce.
Room Vieweralsoacs as aype ofvirtual applianceas it
virtually groups appliances togethato a single appliance

Directnessrefers to whether a person interacts directly wit
the appliance, or indirectly through controépresenting a
perhaps oubf-sight applianceA typical radio alarm clock
is direct asall input and outputontrols argound directly
on the deviceln contrast, a physical thermostat is indirect as
it is actually controlling a centralized heating unit located
elsewhere. Even smdirect controls camiewed asa proxy

to an otherwise hidden appliance

Part 2. Interaction: Proxemics for Remote Control

As described in our design rationale, proxemic interaction
Serves to situatenferaction, providdlexible contro| allow

for seamless transition between contrelsd complement
existing types of interactions. Unlike prior explorations of
proxemics in HCImobile devices and appliances are a con-
strained subset af ubicompecologyand thus require further
contextualizationFigure7 right summarizes these aspects.

Proxemic Variables

Ind@\{idual VS. groupsWhiIQ most applie_mces are individual Ballendat et al. proposed a set of variables that inform the
entities, we can also consider an appliance as a set of applbr

Ki h hi h S esign of proxemic interactiodistance, orientationrmove-
ances working together as a gpoThis was shown in Sce- ot identity and locatiofi]. These variables (1) serve as
nario 5 with the room vieweAnotherexample is a home

h ised of vari h building blocks for interactomnd (2) aid a sys
theater system comprised of various components, suc asg,\r etation of people's intents
g

radio, amplifier, television, and media player. Some generaf, ., ot gevicesOur own contextualization oBallendat et
/10|_nt actions may apply across the entire group, sm:h_ al .'s proxemic variables are d
turning them on, and adjusting volume. Other actions will
apply to an individual a p pDistaagedetermines thecavel of engagemennbgtiveergania- TV
channel Remotes such as the Logitech Harmdag] at- dividuaf s mo b i dnéan dppliarice Ehis mapping can

be discrete (different distance thresholds trigger ditfat



stages of interactionpr continuoug(content is revealed on Disengagementakes place when a person moves away from
the mobile device as a function of distaresshown in Sce-  a target or appliance. Thisappensvhen (1) the person is
nario 2). Distance, outside of the current work in proxemic moving away from the target while still oriented towards it,
interaction has not been typically considered in prior work thus reversing the gradual engagement; and (2) when an in-
to showvarying content dividual is engaged with the target appliance and faces away

Orientation refers to the direction that an entity is facing fromit, hence sfiiing the focus of interaction.

with respect to another. It serves to determine if (1) the perManual Override or Lockingis availablewhen gradual en-
son is engaging with a particular appliance, and (2) whichgagementwvould otherwise beestricting. A shift of focus
appliance is the current center of attentidhis allows the may happen acci deenteraf attgntion f t h
system to discriminate between pertinent control interfacexhanges due to small movements on a mobile device (e.g. for
to present on the devicEhe role of orientation is best show- more comfortable holding), or for users who wish to remain
cased in Scenario Previous work in pointing uses the ori- stationary €.g.,seatedl and still be able to control an appli-
entation relationship as a selectimscanningnechanism.  ance as in Scenario.Manual overrideneans thatsers are
Movements the change of position or orientation over time able to manually (1) pause the current spatial interactions_, (2)
In this context, movement is used implicitly, and thus de.- change the level of engagement, a_nd (3-) select any applla_mce
pends on how ,fast a user moves their mobilé device Move]from the ecolqu and engage with it Thls relaxat_lon_ a_lso n-
ment incorporates the directionality of the engagemént (engegrgtesscanmngthrough manual_ selection of an mdmdual
gaging or disengaging) gpollanc_e from an ov_erwevvlouchmgby fipproachmg a_dlg—

' ital appliance to retrieve content; apdinting by focusing
Identity uniquely describgthe different entitiesithe space:  on an individual appliance through device orientation and
the people, mobile devices and appliances. The identity ofmanually locking it.
the person can influence the types of control and informatio
presented, such amvancedcontrols foronly the room s
owner(as in scenarid@). Mobile devices are tracked contin-
uously and understand their physical relationship with the
ecology. Appliances are the target devices for the where
different users may satfferentappliance information and
capabiltiteson t he wuseice. s mobi | e dTee nextquestiorsihow we can apply gradual engagement

. o to content, i.e.what appears within themote controinter-
Locationreflectsthe qualitative aspects the space that de- face at particular distancéd/e organizedhe digital content

location may influence identty, atch s determining groupel! & @Ppiancénto three categoriesiong the gradual en-
\ Y, g group agement spectrumpresence (awaresss), state (infor-

gIhaeF:psldljan?f’hée\}gé’||)a l[’;\::jo\?v?]ig]hthgrsrgﬁ?’c:r?tcgr?t?ﬁl ?r?og:a ation reveal)and controls (interaction opportunities)
' P However, we recognize thdhe interface should impose

appliances (e.g., only a person in the roonfje physical sharp boundaries betwedwsecategoizations, as the inter-

constramt; Of. the spacan alscaffect the relative measure face may present these multiple categories simultaneously
of proxemic distanceand how gradual engagement behaves

nShifting focus of attentioroccurs when a person moves their
attention from one appliance to another. For example, if a
person is viewing an appliance at a certain level of engage-

ment but then rerients their device to another appliance,
that appliance’s control appea

Presenceinformation refers to the basic identifying infor-

Gradualengagement is a design pattern describing engage[nat'on of an appll_ance. At a high level, an applm_nan be
ment between a person and a device as a function of proxi _h_ought of as having some sort Of Iabu_akj a Iocat|(_)n3 but
ity [14.Mor e digital content i sungfal gel.“ﬁtgeé ‘%f‘tefBjTF' bﬁf'r%‘aﬁ“%%{de_s US| e
device as they move closer to an applia@a: ownwork suc_h asdentifying namesa g oba_ y unique identifier, a vis-
focuses on continuous engagememhereinterface details ual icon that represents the appliance, manufacturer, and type
of an appliance control are animated to appear or disappea?rf appliance.
asa function of distancéFigure 4) As described below, &  Staterefers to information describing the current status or
extend and apply gradual engagement as an interaction parpehaviour of the appliance. This can be the result of previous
digmto explain peoples i nter acti on wiagctions @d corrélsy & Biviply theé dule of eurrent sensor
tion, viewing and contradf the ecologyas illustrated in Fig-  readings, such as a thermostat showing the current tempera-
ure 4. We also use it Ensure seamlessansitionsbetween  ture of the room. Some state information is immutable, and
different appliancénterfaces. cannot be changed through controls (e.g., battery levels).
tate information can go beyd showing the current state
(ft_can show historysuch as revealing energy consumption
over time, or displayingastactions performed on the appli-
ance. A remote control needs to be capable of displaying
such states to provide awareness to the end user.

Gradual Engagement of Controls

Engagemenbccurs when a person faces and moves towar
a target. As the person approaches the target they wish to i
teract with, they see more relatshtenton their mobile de-
vice, which can take the form of information or contrdis-
pending on the appliance anderface design.



Controlsare appliance states that are changeable. These comeom[3]: the amountnd detailof content available to the

trols have varying levels of complexity depending on the user increases as the distance to the appliance decreases.
functionality. A very simple control switches an appliance Similarly, as one approaches a particular appliance, the in-
on or off, while more fingyrained controls allow for discrete terface changes dynamically and provides more detailed con-
values (e.g. lighdimmer). More complex controls enable tent. This allows content flow from simpfied to complex.
higher customization through settings (e.g. scheduling).However it can still be difficult to present a large array of
Some of these settings can be saved (e.g. favorite channet®ntrols in closeproximity to an appliance because of the

on a television). Other controls may require informationmo b i | e d e vsizeThis can ke addressad with-
transfer (e.g. printing a file). cro-mobility [16] (demonstrated in Scenario, 4here some

. . ofan a tontmlsamedistributed in the space around
The three types of content provide structure and hierarchy. the applianc?e Ft)o reduce screen navigations arF\)d menus.

There cannot be state information if the system has no
knowledge of the device that the user interacting vpites- Referringback toFigure 7, the conceptual framework for
encg. Showingstateinformation can facilitateeontrols as proxemicawarecontrols structurgthe variety of appliances
users can transition from seg a state to being able to mod- that can be controlled, left). It also explains how proxemic
ify it. As a result, the information should build up and in- interaction can be appligd the design of remote controls in
crease in complexity as the uggadually engages witan a ubicomp ecology7, right) Gradual engagement of con-
appliance. By making interfaces build up over time, one cartrols frames the interactn flow between a person and an ap-
ensure a smooth transition from a simple ifiatee to a more  pliance, withthe mobile devices acting as interface between
intricate and flexible one, thus relaxing the usability versusthe two. Finally, our application of presentation techniques
flexibility trade-off [13]. from traditional user interfaces operationalize how gradual

Presentation Techniques engagement occurs within the mobile aevi

Unlike traditional user interfaces, proxemicseskpatiality CONCLUSION
into consideration. This means that user interfabeslidbe This paper introduced proxersgavare controls as an alter-
dynamic where it continually reactas one moves around nat yet complementaryvay to interact with increasingly
spaceWe built uponBen Shneidermans ma riidver-a  @rje ecologies of appliance® a mobile deviceThrough
view first, zoom and f2b]kot e spatialinteractions] pedpke are able to discodes and seldct in-
reveal content and preserving contagta function of grad- teractive appliances and thesrogressivelyview its status
ual engagementhat is,people have to be able discover  andcontrols as a function of physical proximity. This allows
interactiveappliancegoverview),selectone among the ecol-  for situated interaction that balances simple and flexible con-
ogy (filter), and therview information and control&oom trols, while seamlessly transitioning between different con-
and details on demand). trol interfacesWe demonstratesevenscenarios of usand
generalizedtheir broader concepts as a conceptual frame-
work. Webelievethis a starting point for developirynew
type of remote control interface within our increasingly com-
X ubicomp world.

Overviewcorresponds to providirgwarenessf theinterac-
tive appliances present and their relagpasitions.Spatial
references enable discovery. Previausk in ubicomp has

mostly presented spatiaéyer@lFerence overviews as a bird’

view [7,14], a method we used in oawn overviewwhich ACKNOWLEDGEMENTS

we visualy located at ths ¢ r e e n ! Somew/tthigsei-s ~ This research was funded BYTF, NSERCand SMART
larly, augmented realityesearcthas examined ways to rep- TechnologiesWe thank members of théniversity of Cal-
resent other ofcreen physical objects in spacehikoinen  garysInteractions Lalfor their support, and Lora Oehlberg
et al.[12], for example, uses linear panoramic visualization and Jenifer Paynefor proofchecking.
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