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A recmnmendation engine for a hghting systeni comprises a
reconunendation component for generating recommenda-
tion messages to recommend lighting effects for the lighting
system, at least one data input for receiving, from a data
source, data pcrtauiing to a user of thc lighuug system, and
a receptiveness component configured to use the received
data to compute a currmit rcccptivcncss level for thc user
indicating a current receptiveness of the user to receiving
recommendations, wherein thc reconmicndatiou component
is configured to selectively cause recontmendatiim inessages
to be outputted to the user via a user interface, to recommend
lighting efihcts for the liahting system, in dependence on the
current receptiveness level.
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RECOMMENDATION ENGI. iE FOR A
LIGHTING SYSTEM

('OSS-RI IIII:Rl!NCI 1
'I'0 PRIOR

APPLICATIONS

This application is the U.S. National Phase application
under 35 U.S.C st 371 of Intemauonal Applmatton No.
PCT/EP2017/084169. filed on Dix. 21, 2017. winch clainw
the benefit of I:uropean Patent Application No 17153520 6,
filed on Jan 27. 2017 'I'hese applications are hereby incor-
porated by reference herein

TECHNICAL FIELD
I

1'he present invention relates to a reconunendation engine
for a lighting system. wlfich selectively causes a user inter-
face to output to a user recommendation messlges, to
It:conuuclxl lighting cfihcm lol lhc Ilghllng syslcnl.

Io

BACKGROUND

Connected lighting refers to a class of lighting system in
m luch the lights (luminntres) can bc colurolled based on thc
conununtcalton of dain between Ihc lights mid a conlrolling
device (such as a smartphone. tablet, smart-switch etc.)
using network teclulology. according a network comnnuu-
cations protocol or combination of such protocols, such as
Zig-Bee„Bluetooth. Wi-FI, Ethernet etc. This allows a
connected lighting system to provide richer functionality lo

thtin nddilloual lighting sy'slcuis, lol cxanlplc Bllomillg
user lo directly control thc lighm using an application (app)
executed on a smartphone, wearable device or other user
device. and to easily incorporate new contnll pointg such as
light stvitches or sensors, into the lighting system v ithout ls
rewiring it. These rich features enable users to control an
increasingly nch set of light parameters (e.g, wlutes,
colours. dim Icvcls, dynanucs. etc.) ul order lo gcl a plcasmll
lighting Blubiaucc lu tiu cuvlroluucul.

SUMMARY

As ihe number of adluslmcnt options incrcasc, user ultcr-
dcxton with a connected hghting system can become morc
complex. 'I'0 assist users in navigating the increasing rich
options available. and to help them make full use of these,
there is a need for a "digital assistant*'unction that helps
users to create the optimal light setting filr a particuLar
moment. As the number 01'ptions ulcrcascs il becomes
agile Blul nlorc likely lhc tlscr ls uol swan: 01 till lhc ncm
opiions Ihal arc crcnted. The digtnil assislanl can help
improve this knowledge and also improve the user experi-
ences that the system can provide. by recoinmending suit-
able lightin effects for the lighting system to the user.

Teclutology for reconmlending fiptting efiects for light- ss
ing syslmn ts known in thc Brt. For example, US2015/
161137 discloses a method of'dcnttfyulg relevant hghting
sclungs, by comparuig lighting system conlexlual dale ts
compared tvith stored context data associated v ith lighting
settin s in a database. At least some of the lighting settings io
may be associated with a meightilig corresponding to an
experience level of the user.

However. thc prior alt only goes so fdr as to consider the
issue of idcnnfytng rclcvmit lighnng seuulgs lo rixonuncnd.
Il fails Io apprcciatc that, cvcn mhcrc a rcconuncndalion ss
system might have identified a lighting system it deems
relevant to a particular user at a p alt i euler time ( fit r whatever
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reason), thc user may not tmtually have tmy tntcrcst in
receiving a recommendation at that time

Whereas the inventors of the present invention have
recogttized that the tinling of a recommendation has an
important effect on user satisfaction; if a reconunendation is
made when a user is not receptive to receive a recommen-
dation it mill be pcrceivcd as aunoying~vcn if i»s
nolionally relevant ni Ihc current context Users who are
repeatedly presented with a glut of unwanted recommenda-
tions nlay even disable recommendations altogether, even
tlxlugh there may be certain circumstances in which recom-
mendations tvould be both relevant and importantly
desired.

In accordance with d first aspect of the present ulvenlton.
d rccoullucniLilltin cngulc lol B lighllllg sy'sxcul coulpllscs il

recommendation component for generating recommenda-
tion nlessages to recommend lighting effects for the lighting,
system; at least one data input for receiving, from a data
source. data pertaining to a user of the ligthting system; and
a receptiveness component configured to use the received
dale lo compute B currmli rcccptivcncss level for Ihc user
indicating 11 cttlTcnt lect:pili cilcss of lhc uscl 10 rccclvlng
reconlmendations: wherein the recommendation component
is configured to selectively cause reconlmendatiica inesssges
to be outputted to the user via a user interface, to reconunend
lighting effects for the lighting system. in dependence on the
current receptiveness level.

Advmllageously, Ibis allows reconmlcndauon messages
to be outputted 10 thc user in a morc rdrgclcxf manner, at
times when he is more likely to be receptive to receiving,
dleni ln this manner. file number of unwanted recommen-
dation messages can be reduced, removing a source of
irntation for the user.

For example, it may be that recommendation messages
are oulpultcxl 10 thc user by Ihc rccommendatton component
univ m hell thc Icccptlt t:ness Icvcl indictitcs lhal lhc tlscr ls
currently receptive lo rixetving rixonunmidaltons. or Bl least
that certain reconlmendation messages are suppressed by the
reconlmendation component tvhen the receptiveness level
indicates the user is not currently receptive to receiving
reconunendations (suppressed in the sense tllat at least one
rccommendatton message, mluch mould otherwise be oul-
puttcd by thc rcxonunmxldlion component in a given con-
text, is prcvcnlcd from bculg oulpullcd as a cottscqucncc of
the receptiveness level indicatin the user is not currently
receptive, for example by preventing a generated recom-
mendation messa e from being outputted or by preventin
the generation of the nlessage altogether).

Ocncrally. Ihc tcml *'rcccptivcness level" means any mea-
sure. qualitative or quannlatit c. imhcattve of how receptive
lhc user cuITcnlly's 10 lect:lviug rccouuucudaliou tucson cs
for the lighting system. 'I'hat is. in coniputing the current
receptiveness level. the receptiveness component is using
available data from the at least one data source to predict the
user's reaction to a reconunendation message at that time
(where B lower rcccputcncss level means the user is
cxpcctcd 10 react less Ihvourably and a lughcr rcccptivencss
lcvcl means Ihc user ts cxpcclcd to react more I'avmirably).
'I'hat is, the available iLlta is used to gauge mfilrmation about
the nser s expected reaction nl a recomtnendation message,
v here that information is captured In the current receptive-
ness level.

A second aspect 01 Ihc present invcnuon I ~ directed lo d

melhod of gcncraung rcconuncndalton messages to a user of
a lighting system. the method compnsing unplemcntulg, by
a recommendation engine, the following steps receiving„
from a data source, data pertaining to the user of the lighting
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system, and compuung, by a receptiveness romponcnt of thc
recommendatinn engine. a current receptiveness level for
the user indicating a current receptiveness of the user to
receiving recomnlendations, using the data received frnnt
the data source, and selectively causing, by a recommeniL1-
tion component of the recommendation engine. reconmten-
dalion messages lo bc outpuuixi to lhc user via a user
inlcrfdcc. to rtxonuncnd lighting clli:cls fiir lhe hghlulg
system. in dependence on the current receptiveness level

In embodiments of the first or second aspects, the reconl- la
nlendatinn coiuponeilt nlay be coilfigured to receive front
the user an acceptance input pertaining to one of the rnes-
sages, and render the lighting effect recommended by that
Illcssdgc ln rt:spollstx

For example, each ol'thc reconuucndalion lllcssltgcs ct1111- I

prises a selectable rendenng option, wherein the recomnten-
dation component is configured to respond to the user
selectinn the rendering option (the acceptance input) by
causing the at least one illumination source to render the
lighting eff'ect reconunended by that message. 20

Alu:matit cly, thc acccplancc input can, for example, bc a
1 Ulcc colluuantl, gt:SIUrt: clc.

1'he recnmmendation component may be contigured to
cause recnmmendation messages to be outputted to the user
only when the current receptiveness level exceeds a thresh-
old.

The recommendation component may be configured to
ilt:lcrnunt: dl lt sst ont: culrcul proptulv ol llhuulnalion
mnilled by al least onc illumination source of lhc hghling
systenl. and selectively cause recominendation messages to 10

be outpmted to the user via the user interface. to recomntend
li hting eff'ects fiir the at least one illumination source. in
dependence on the current receptiveness level and the cur-
rent property of the illumination.

lite rcconuncndatlon component may bc conftgurcxi 10 ls
delcrmuie the currmll property of thc illununalion as func-
tional or aesthetic, wherein rtxonuncndallon messages are
outputted for the at least one illumination source only v hen
its illuminatinn is aesthetic.

The current receptiveness level may be computed using do

an electronically stored schedule.
For example, lhc rccommendauon cnguic may compusc
lcarmng component conligured lo update thc schcdulc

billed till thc list:I s rcspollst: lo lhc rccouuuclltlalloil nlcs-
sages tvhen outputted.

'Ihe current receptiveness level may be computed by
monitoring interactions betv een the user nnd ar leasr one
device operated by the user.

lite current reccpuveness lcvcl may bc computed by
momtoruig behaviour cxlublted by thc user usmg dale from 0

dl ICUSI 011C St:llsor
For exanlple, the current receptiveness level may be

compmed based on niotion, speech and,'or physiological
signals of the user as conveyed by the sensor darn.

The current receptiveness lelel may be computed by s.
ilt rerunning d locUs vct lor of lie ilscr, fttr I xsnlplt: Ilsln thc
st least one sensor.

lilt: Itx'oluult:lltldlloll I:ngulc Indy conlprlst: II lcarnulg
component configured to genenste learned data by monitor-
ing the user's reaction to reconunendation messages over in
time. wherein the current receptiveness level is computed
based on the learned data.

lite current reccpuveness lcvcl may bc computed by
delcrmuung whclhcr the user is ln thc presence ol'nother
user or users. Ss

1'he reconlmendation engine may comprise at least two
data inputs for receiving data pertaining to the user front

dilfi:rent data sources. whcrcui the current rcccptivencss
level may be generated by combining the ILtta received from
the difibrcnt data sources.

'I'he recommendation engine may comprise a context
component configurtxi lo dclcmunc at least onc currcnl
cmttext parameter for the user for use in determining a
reconunendation to make to the user. That is, based on which
a recomniendation nlessage is generated, assuming the user
is currently receptive to the user. Examples of various
context parameters nrc given below.

For example. the recommendation component is confi-
urcd lo compare lhe context parrunclcr with chxlronicdlly
stored context parameters tn locate a nlatching one of the
electronically stored context parameters, and output lo Ihe
user via the user intertace a reconlnlendation message to
reconunend a lighting eff'ect associated with the matching
cmttext parameter only if the current receptiveness level
indicates the user is currently receptive to receiving recom-
UICutlilllollS.

A third aspect of the present invention is directed to a
computer program product compnslng code stored on a

computer readable storane medium and configured tvhen
cxcculcd to implcmcnt Ihc method ol'he second aspecl or
any mnbodlmcnl Ihcrcof.

Another aspect of the present invention is directed to a
recnmmendatinn engine for a lighting system comprising a
reconunendation component for enemting recommenda-
tion messages to recommend lightin effects for the lightin
system, at least one data input for receiving, from a data
source. data pertauiing lo a user of thc lighung system, and
a rccepllvcncss component conligurcd lo dclernunc whether
to output a recommendation to a user based on the received
data, wherein the recommendation component is configured
to cause a recnmmendation message to be outputted to the
user via a user interface, to reconmiend a hghtin effect for
the li htin system. in response to the receptiveness com-
ponenl dctcrminuig Ihal a reconmicndnlion should bc oul-
pultcd to Ihc user, and whcrmn tlm dcteunulalion ol'whether
or nnt tn output a recomnlendatinn to the user Is made using,
an electronically stored schedule, and/or

by monitoring interactions between the user and at least
one device operated by the user, and/or

by monitorin behaviour exlubited by the user usin data
from at least onc sensor (c g. based on motion, sptxch
mid/or physiologmdl signals of thc user as convcycd by
the sensor datai, and/or

usmg data learned by nlonitoring the user's reaction to
past recnmmendation messages over time. and/or

by detemlining whether the user is in the presence of
another user or users, and/or

by dclcnnining a fomis tcxlor ol'hc user, antkor
using an clcxlroiucnlly stored schedule
More generally, that detenuination can be made based tul

any element or combination nf elements descnbed herein as
beuig used to compute a current receptiveness level (or
similar).

ill(II ift I)l!g('RIPI ION OI''I(rUI(l if

For a better understanding of the present invention. and to
show how embodiments of the same may be carried into
elfcct, reft:rcnce ls made lo the following Iigurcs in which.

FI(i 1 shows a schematic block diagram of a lighlulg
systclu,

lii(i 2 shows a schematic perspective view of a lighting
system incated in an envimnment:
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FIG. 3 shows a high-lcvcl functional block dlagrmn for a

reconuuendation en ine:
FIG. 4 shows a ilowchart for a mcihod of reconuncnding

hghfing cllccm lor B llghung svslcnl, Bnd
Fl(i 5 shnws an exanlple of contexts associated with hght

set(ious in a data store

DETAILED DESCRIPTION OF EXAMPLE
I:M13ODIMIIN'Irg

ill

linlbodinlents of the present invention lvill now be
described by way of example.

A reconuuendation engine (3 0, FIG. 3: also referred ro as
'*digital assistant" hcrcin) makes reconuuendauons to a

user (8. FIG. 2) when a suitable suggcs(ed seuulg ls clearly
recognizable and an inlprovement of the current situation,
and importantly at a moment lvhen the user 8 is open to
receive the recomnlendation so that he is not left feeling
disturbed or irritated. With recommendations that ore both
usehd and timely„ the digital light assistant will be perceived io
ds hclplhl ulsicBd of tuulo)'ulg Bnd c'nable users 10 gci lhc
mosi oui of Ihc rich capablhucs of Ihcir connccled hghlulg
s)'s telos

As described in further detail below, an association of a
preferred li ht setting(s) (light etTect(s)) with a certain
context(s) is received. The recommendation engine 30
detects ivhen one of these contexts matches a current con-
text. Ii detects tlrat whether thc user ls actually opml to
Iccclvc d rcconuncndallon, Bnd If so presents a rccouuucn-
dation message, which nlay comprise a (selectable) hght lo
sctiin rcprcscirt;ltlon. to rccolulucnd thc light cifcct asso-
ciated with the matching context

With reference to FICiS. I and 2, further derails of the
recommendation engine 3 0 are described in the context of a
conncmied hghuug system 1. FIG. 1 shows a schematic li
block diagram ol'hc lighuug system 1, dnd FIG. 2 show s an
cx unple ofhow the hghung system I may be armngcd ul an
environnlent 2 so as to illuminate the emironment 2 The
environnlent 2 can conlprise an indoor space witlun a
building. such as one or more rooms and/or corridors (or part ao

thereof) and/or may an outdoor space such os a glrden or
park. or a partially-covered space such as a sladium or
gazebo (or part thcreolj. or a combination of such spaces In
the descubed cxmnplcs, ihc cnvlronmcnt 2 ls tlm user's
home. or part nf his home spanning sevenll rooms of the
home. and possibly extending into an outdoor space such as
a arden or balcony The huninaires 4 can for example be
ceiling-mounted (as shown). so as to be able to illuminate a
surface below them (e.g ihe ground or lloor, Or a work
surface), mounted ou thc wall, embedded ul the lloor or o

ilmus of I'unulurc cic or any combulanon Ihcreof. Each of
the luminaires 4 colnpuses at least one illumination source,
i e. a liaht emitting device such as an I,ED-lamp. gas-
discharge lamp or iilament bulb, plus any associared housing
or support. Each of the luminaires 4 may toke any suitable 1.

fornl sUch Bs d cclhng or wdll nloUnicd IUBUUBlrc, B fu:c
standmg luminmre (c.g. (able kmlp, desk lamp Or lloor hunp
cic.), a wall washer, or a less convmllional lbnu such as an
I liD strip. a luminaire built into a surface or an item of
furniture. or any other type of illumination device for io
emitting illununotion into the environment 2 so as to illu-
minate the enviroiunent 2. That is, to emit Iig~tt of sufiicient
hllcusllv dni! Uvci' sulhclcullv Iatgc Brea thai Ihc User 8 ul
Ihc cui uounu:ni 2 cdn scc his sulruUndhlgs ils B consc-
quencc ol'he illumlnatlou. si

In addition tn the luminalres 4, the lighting systmn I ls
sholvn to conlpi'Isc 'I centi"ll cofltl'01 device ln Ihc folio of a

gateway 10, sometimes refbrrcd lo as a hghnng budge. Thc
bridge 10 is shoivn to compose a first comnlunication
interface 12, a second comnlunication interface 16 and a
pmcessor 14 connected to the first and second interfaces 12,
16. Each of the luminaires 4 is shown connected to the
bridge 10 via the second interface 16. For example the
lunullalrcs 4 may form a wireless mesh network whcrc al
lcasl some ol Ihc luminmrcs 4 acl as relays lo relay dale
between the bridge I 0 and other luminaires 4 (that is. at least
some of the luminaires 4 connect to the bridge 10 indirectly,
via one or more other luminalres 4) 'Ibis wireless mesh
network configuration can extend the ran e of the network
beyond the direct communication range of the second inter-
face 16. For example, the second ultcrl'acc 16 may be a
ZlgBce interface, v'herc the luminalrcs 4 and thc bridge 10
foun a /igliee nenvork. In order to control the luminaires 4
via the bridge 10, at least one user input device can connect
to the first interface 12 of the brid e 10, filr exanlple via a
v ireless connection such as Wi-Fi or Bluetooth or a wired
connection e.g. based on Ethernet The user input device can
for cxiuuplc ii gcncldl-pUrposc User ih:vlcc 6 cxccU(hlg a

hghlulg connol Bpphcdnon (tipp), sUch Bs a snlarlphouc,
tablet, wearable device. home autnmation lnib (e g. based on
voice control) or any other general-purpose computing
device, or a light switch 5 equipped lvith network commu-
ulcaltlou (cchnolog)' snlB(t switch ). A snlart switch 5 can
toke the foml of a simple on/OIT switch. a dinuner switch to
provide variable brlghtncss (I.c. Iumulous ultcnslty) or morc
ddvdnccd switches Ironl which, sd)', ihlicrcnl coloUIS (1.0.
cluomaticity) of illumination can be selected. In this
exanlple a user device 6 is shown connected to the bridge I 0

via a local area network 18 provided by a network router 9,
such as a Wi-Fi router. In some cases it may also be possible
to connect to the brid e 10 from an external netwnrk 20 such
as Ihc Intcmcl (c.g. c.g. via Ihe router 9) lo allow the user 8
to control the lunnnalrcs 4 remotely. Thc user device 6 ls
shovvu to compose d processor 22 on which the lighiulg
cmltrol app (not shown) is executed and a network interface
24 via which the pmcessor 22 of the user device 6 can
connect to the local area network 18. for example via a Wi-Fi
connection. Aiternatively the user device 6 can connect to
thc bridge 10 directly. filr example via a Blueiooth connec-
tion. It is also possible io unplemmlt a connixicd hghtulg
system w r(bout thc bridge 1 0. in w luch case ihc venous user
input devices 5, 6 can control the lumlnaires 4 by conunu-
nicating with them directly. for exanlple using 131uetooth
(such that neither a bridge 10 nor a router 9 required);
altemotii ely. the luminaires 4 nloy connect directly to. say,
the local nc(work 18, so they can be controlled via thc rouier
9 (such thai no bridge 10 required).

By way of example FIG. 2 shows a smart switch 5
disposed in the envimmuent 2 along with the gateivay 10
and router 9 with the user device 6 held by the user 8
However as will be appreciated this is merely an example for
the purposes of illustration and various other armlngements
and conliguratuuls iuc cqUdll)'iable.

Flfi 3 shows funcuonal block diagram represeuung I'lulc-

tlonality ol'hc rcconuuendatlon engine 30 for ilm hghtulg
system 1. Tile functionality is implemented by code (i.e
executable instructions) executed on a processor or nniltiple
processors. For example the recommendation engine 30 can
be implemented by code executed on the processor of 14 of
the budge 10, on thc processor 22 ol'hc user device 6 (e.g.
as pari of ihe hghung conirol app), or cvcn al oue or more
Of Ihc light sw itches 5;md/or at onc or morc of Ihe
luminaires 4. I he functionality of the hghting control system
30 can also be implemented in a distributed fashion, tilr
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I:XdnlplC (inlil WllhoU& hmllalion) pill& nlav bC hnpli:nil:nn:il
at the bridge 10 and part may be implemented at the user
device 6 The possibility of implelnentina part of tlus
functionality remotely, filr example at least in part on one or
more devices connected to the external network 20. is also
not excluded For example some all of this hmctionality may
bc unplcnlcnlcil Bs B biickcnd scrvlcc, SUch Bs d clonil
si:rvlcc.

1he reconlmendation engine 31) is shown to comprise a
I'cconlnlcndatloa conlponcflt 32, B rcccptlvcncsB conlpoacnt Ul

34 and a context conlponent 36. each of which represents a
difi'erent part of the functionality of the reconmlendarion
engine 30.

lhc rccommmidauon componcnl 32 selectively gcncrales
dnd UU&pU&s rccouuucndanon nlcssiigi:s Iii rcconuni:nd h hl- I

ing effects (e.. a lighting setting or set of lighting settings
filr one or more of the luminaires 4) to the user 8 of the
11 htlng systcnl

The context component 36 determines a set of one or
more current context parameters 37 for the user 8. which 10

descnbc a current situation (&.e. conlexl) that ls pertinent 10

thc user 8. The current context parimlclcrs 37 can be used by
the recommendation conlponent 32 to determine a suitable
lighting effcct to recon&mend in that context when one ls
available.

The receptiveness component 34 receives data pertaining
to the user 8 fmm at least one data source, which it uses to
compuu: a current rcccptlvcncss level 35 for lhc user 8. A
number of data sources 38 Brc shown ul FIG. 3, winch can
be used individually or in any combination to compute the 10

receptiveness level 35 as described later I lowever it ls
computed, the receptiveness level 35 indicates a current
receptiveness of the user 8 to receiving reconunendations,
and is used by the reconunendation component 32 to decide
0 hciher or not to achia fly output a rcconmlcndatlon message ls
to thc user 8 in thc given context, assuming a suitable
rccommmldalion ls avmlablc. Tlrdt is to say, cvcn whml a
suitable reconlmendation is avaihsble, it may be suppressed
if the user 8 ivould not currently be receptive to receiving it.

Further details of the functionality of the reconmlendarion do

engine 30 ivill now be described with reference to the block
diagram of FICi. 3 and lhc fiow chart Of FIG. 4, winch arc
dcscnbixl togclhcr.
Step Sl Rccc&vc Assoc&ation of' Prcfi:rred Light Seuing
Wlfflhl B ( Cftanl (lonteXt

At step SI, an association of a preferred light setting
(lighting efi'ect) 504 with a certain context 502 is received
and stored in a data store 40 accessible to the reconmlen-
dalion engule 30, wluch can compnsc local slora e, renulte
storage or a combulatlou of both. Tlus uffomlauon can 0

contain prcdctcnnincxt associations lhdt are retries ixl from a
(central) database or via nenvorked infilrmation source. filr
example. I hat is, the association behveen a certain context
502 and a preferred light setting 504 can be a predetermined
association (e.g. specified by the user 8 or by the lighring ss
system provider, wh&ch can also opuonally bc based on
preferred hghl scllulg-context associa1&ons from other
users). Altemativcly, au assoc&el&on can be learned based on
the actual uss e of the lighting system I via a self-learning
systenl Such a learning system can learn which light set- fo

tings are usually activated and used in which contexts. Tlus
can be done for the current user 8. a group of household
users. or such relet&ons cau bc lcarncd on a larger scale. For
instance, usulg so-called collaborate&vc Iillcrmg rccom-
mcndcr mcchalusms whereby lhc associauons can come ss
fmm (unknown) users which happen to have a high simi-
larity in their respective user profiles (e g similar demo-

graphics, ila&IV IOU&nil:S. g&Xlgl'ilphli: IOCB&ion Ol Sun&ill

lighti-

ngg infrastructures). The context can be specified with
various paramctcrs including for example information on
location, time. users'resence and activity, characteristics of
thc physical env&rolunenn dnd ambient l&ght cond&uons.

I'his provides the reconlmendation engine 30 with a

source of input on preferred light settings for certain situa-
tions/contexts.

In general. the tenn "context'* as used herein refers to one
Or more parameters Illa& describe thc slluauon of a user.
Examples of contextual parameters that can be included,
iud&vxlually or ul combination, are.

Activity
Ealulg, slcmp&ng, reading, 0 atclung TV, chauing, wmtulg,

relaxing, concentrating. etc.
Digital activities ( aming, app usage„v eb browsing, etc.)
Physically active/physically inactive
Mood/mental state
Derived Irom type of con&cut consumcxt or status/mes-

sages posted on social media
Physiological mmisuremcnls (e.g heartbeat, skul conduc-

tivity, detected brain activity etc )
Location
IPU&00&, nme
Geog&i&pile locdhon
'I'ime

Tune of day
I'lme of year
(personal) calendar event
User presence
Single user/Multi user
User profile &nfornuiuon
Physical environment characteristics
k&nbicnt hghl condliions

IPU&00& size
Wall/ceiiing surface properties
I,ighting infrastructure
Focus vector of user(s)
Locat&on of'the user combined with a short pcnod average

ofthe gaze of&he user
Examples of lighung sell ulgs 504 uicludc a scl of hghtulg

parmnelcrs captured in scenes. rouhncs, cfiects, or hghl
pmgrams and typically consist of a definition of multiple
parmneters includina hue, satumtion, brightness, dynamics,
beam Vvidth, etc. and how they are rendered on a lightin
infrastructure comprising one or more of the luminaires 4.
Furthcmlorc, such light sctungs can mthcr be defined in
more abstract terms (e.g. spanal hghl dmtnbution in lhc
room) or ul more concrmc lcnns (ind&vidual l&ght sctungs of
individual lighting device types in the room) I'hat is, a light
settiag to be recomnlended can be dehned by a set of one or
more lightin parameters of various different types.

With reference to FICi. 5. the information in the database
40 can for example lake thc Ihrm of table 500 with asso-
c&el&ons bctwccn sets of contextual parameter(s) 502 and
corresponding acts of'ght selling parameter(s), each of
v hich constitutes a light setting 5(14 as dehned by the user
8, a hghting designer. or a li hting (service) company

In the example of FICi. 5. tluee context parameter sets 502
are shown, Vvith each set comprising Bn activity parameter
and a locauon parmnelcr. Each of lhe lluec Bssocrdtcxl
hghluig parameter scm compnscs tluec types lighlulg
pa&dale&era. Bt foist oni: hghl ultcnsllv paldnlctcl (c.g. IUUU-

nous intensity, cxpfcsscd I'clativc to Ihc nl,'ixnuunl lfltcflsfty);
one or more colour paralneters, which dehne a colour
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schcmc for the Illumination: and onc or more dynamics
parameters. defining visible dynamics for the lighting efl'ect
(If Buv).

Optionally, the association between contextual parant-
eters 502 and light pamtmeters 504 can learned. at least in
part, using maclune learnin teclutkiues from historical
usage of thc hghts, either by thc mdividual user 8 or by a

group of users w Ith compamble clmractcnstws, as m typical
recommender system applications
Step S2 Detect the Associated ( ontext i it

In order to deternune whether or not to recommend a hght
setting and which light settin to recommend. the context
contponent 36 determines (SZ) a current (actual) contexr 37
(i.c. a sci ol onc or morc current context parmnelcrs) for thc
user 8 and I erilies w hcther this matches onc ol Ihe contexts
5()2 in the data store 40 for w:hich an associated preferred
li ht parameter set 504 is available.

'this is represented by block 302 of the receptiveness
component 32. which is show n to receive the current context
37. compare it with the contexts 502 in the darn store 40 to Io
locate any matching context 502, and rctncvc thc associated
light scuing 504 I'rom thc dani store 40 if a maich is fiiund.

1hc current context 37 can be detected by obtaining
current contextual inforniation 28 e g. via sensor input,
external intiirntation sources (e.g internet, coiutected
devices. etc.). user input, or any combination thereof

For example. Information on the users* activity can be
obtauicd Ibom cxtcroal uilhmianon sources (e.g. connected
TI'luii communicatcs to hghting system (lait user 8 Is
watching a niovie), via user input (e 8, a smartphone app io
where the user 8 indicates he is going to sleep), or via sensor
input (e.a a microphone that analysis activity in the room).

Similarly, information on the location of the user 8 can be
obtained from external infomtation sources (e.g. location
inl'onnation stored on a bndgc or m B smartphonc). from Ii
user Input (c.g. user selccung a room in a amer(phone app),
or from sensor input (c g. motion sensor or RF sigital
strength analysis to identify where the user 8 is currently
located).

Front the received contextual infomtation 28, the current so
context 37 is derived as a most likely context for the user 8.

H'hc current context 37 docs match a context 502 ut thc
data store 40, and If theassociatcd light scum 504 fiir tlus
context 502 Is substannally difli:rent from the current hght
settin at the user's location. the method pniceeds to step 3
to verify whether the user 8 is actually open ('dle') to
receiving the suvvestion to change to this preferred licht
setting 504. A threshold can be defined wlmt is 'substantially
difli:rmtt', but at least It shoukl be a difli:rance that Is
perccivablc by a user. O

In tlus step. Ior optimal hclpfulncss, Ihc digital assis(wit
30 should also be aware of the Lttest options available So fbr
instance, the digital assistant 30 may be updated continu-
ously with the possibilities of new apps or different (new)
options within existin apps, which can be stored in the data ss
store 40 as tlu:y become available.
Step S3 Detect that thc User is Open to Receiving a
Rcconuncndation

'I o recommend the preferred light setting at an appropriate
tinie. block 304 of the recommendation engine 32 deter- io
mines (S3) whether or not the user 8 ic open ro receive it,
based on the receptiveness level 35 computed by the recep-
ni cncss component 34 II'not, then block 304 suppresscs the
rccommmtdation I.c. prcvcnts block 302 from rcwonunmtd-
ing hght ac(ting 504 loca(cd at step S2 to the user 8. Si

1hc receptiveness of the user can be detected at block 304
11'I vBrlous ivai's, ushlg Ulfol'BIatk111 fl'onl cllvinuuncnIBI

sensors (c.g. motion sensor), on-body sensors (c.g. bean rate
wrist watch), and interaction ivith a smart device (e..
Bctlvll)'uul tlpp usage).

In this example. block 304 is shoivn to receive the
rcccptivmtcss Icvcl 35, winch is a (numencal) rcccptivencss
value in this example. and compare it with a receptiveness
threshold 39 to detemtine whether or not the user 8 is in a
receptive (i.e idle) state.

The openness to receive the reconuuendation is referred
to as '*receptiveness** hereui. and the rixcptivcncss value (or
other receptiveness level) 35 can be determined in various
ways. c g. dcnvcd Ibom a schcdulc 38a, patterns of uiterac-
tion between the and one or more of lus devices (e 8,

swiIchcs 5, user device 6 ctc.). from sensors 38/I, such as
environmental sensors. on-body sensors, microphones etc,
or mty combination of these data sources 38.

lior example. the receptiveness to receive a reconunen-
dation can be estimated based on inputs from multiple data
sources 38 and captured ui a rcccptivmicss score. c.g.
between 0 (not open to receive suggestion) and I (very open
to rccctvc suggestion). That tw (hc rcccpnvcucss lcvcl niav
cmnprise a receptiveness score. which is a nunterical value
that can vary (pseudo)contimiou sly 1 he receptiveness
threshold 39 (e o 0 8) can be defined so that above the
threshold 39, a reconmtendation is presented to the user 8,
by block 30Z„when available.

This tlucshold 39 can be set and/or athiptcd by thc user 8
or mitomatically changed based on li:cdback reccivcd I'rom
the user 8 on the appmpriateness of the received suggestion
moments

'I'o further assist illustration, various exantple means of
determining the receptiveness level 35 w ill now be
described. The receptiveness level 35 may be determined
based on any of thefollowuig. Cr any combinauon thcrcol;
From a Schcxlulc.

A schedule 38a might bc dctennincd that dclines when thc
user 8 is more open to receive a recommendation I'or
exaniple, a light setting reconimendation niight alw:ays be
scheduled in weekends. in evenings (when it's dark). or at
less busy moments of the day (e.g. after dinner). Such
recommendation schedules can bc prcdctermincd by the user
8 or a hghting service prot idcr based on knowlcdgc of
regular daily roututcs. Information in thc user's digital
calendar can be used to avoid recommendations in busy/
occupied time slots In more advanced entbodiments this
schedule can be tailored to the actual appreciation of rec-
onunendations in the past. That is. a

learning

component 44
of tlm rcconuncndation mtginc 30 can update the schedule
38a based on the user*a response to rccommendauon mcs-
sagcs when outpulu:d (scc below).
Iironi Device Interaction Patterns

lior example, the user's intentction with the user device 6
can be analysed to determine the best moment to provide the
reconunendation. If the user 8 is using an app on his
snuutphonc that Iciiuniw active tinea(ion (c.g. Icrxlhlg
story with cBook apphcanon), the rcccpuvcncss componcn1
34 might Infbr that thc user 8 doesn'i want to bc disturbed
by a li hting recomniendation (i e low receptiveness level
35)

However. if the user 8 opens the lighting control app on
his smartphone. this might be an appropriate moment to
rcconuncnd thc prclbrred hght setting. Similarly, If users are
exploring various light sccncs and try them out, they nught
bc open to rcccivc B suggestion Ihr a new hght scene.

Similarly, the recommendation engine 3(l could have
knowledge of user's interaction with other smart devices
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For example. il' user &s watclung a movie on a smart TV
and pauses the movie. this m&ght be a moment to prov&de a
ll ht i'ccomnlcfliLStion
i&rom Detected ('onversations

Connected devices runnin digital assistant functionality
may continuously listen to pick up specific keywords which
indicate a user w&sh or u&tention. If the user 8 makes a
renuirk about thc l&ght, or &s having sn (opmi-nundcd)
discussion about hght scenes w:ith others, this can ind&cate
tlmt it is a ood tinle to present a light setting suggestmn lo

I &om I liivironiliental .'Ienso ra:

For example, the activ&ty of the user 8 in a room might be
monitored with a motion sensor(s). When there is a hi h
degree of motion &n thc room, thc reccptivcncss componmil
34 cmi uifbr the user 8 &s busy and nol opmi to rccc&ve a h hl
recommendation 1)ut when there a low amount of motion
detected. it can infer the user 8 is reLSxing or not very active
and more open to receive a reconunendation The sensor
input niay also indicate that the user 8 just entered the room,
or is changing from one activ&ty to another which may be a &c

good moment lo activate or suggest a su&&able 1&ght setting.
From Focus Vectors:

It is also possible to detect the focus vectors if can&eras
and aaze detectors are installed in the mom When the focus
is rather static and directed to a location with a lot of Imht,
the user 8 is probably concentmating and unreceptive to
reconunendations When the focus is directed to a luminaire
or lamp 4, there m a h&gh probab&1&ty that the user 8 &s

evaluating tlu: 1& hung infrastructure and nught be open for
upgrade suggestions &a

i&rom On-Ilody Sensors
'lite user 8 might have a weannble device that measure

physiological s&gnals indicative of arousal or stress levels,
including blood pressure. heart mote, and galvanic skin
response. In case oflugh levels of arousal or slress. users are li
considernl nol open lo rime&ve a hgluing reconuncndalion.
From lhc Prescncc of Muluplc Users

When multiple people are present. or when unkniown
people are present (e g guests of the family)„ it is less likely
that tlfis group ofpeople is open for reconunendations on the so
li hting. Or, to put &t another way, the user 8 may be less
rimeptn c lo reconuncndal&ons when ui thc presence of onc
or morc other users.

lhc selection of the nght moment to make a rcconuncn-
dation can be in&proved by carel&lly evaluating when the
user 8 was open to the new suggestion and when it was
rejected or the interruption not appreciated. The user could
have asked fhr reconunendations multiple times: what have
thcsc moments &n common. Thc Icanung component 44 of
thc rixonunmidat&on eug&ne 30 provules this learning func- C

nonal&ty. and can for cxamplc update schedules 38a and/or
other lean&ed data, which in turn influences the tinting of
future reconimendations 'I'hat is, the learning, cnmpnnent 44
can generate and update various fonna of learned data over
time, to allow the receptiveness component 34 to leam about &s

lhe user's rcmcpt&vencss in difli:rent s&nialions basml on Ius
rcsponsc to past rccommcudations.

Note although steps S2 and S3 arc shown ui fliat order,
generally they can be performed in any order or in parallel.
i&or example. and without lin&itation SC

The current context 37 may be constantly updated and
monitored. to determine v.hether any recommendations
are available, &n that case, lhe currcnl rcccptncncss
le&el 35 may only bc dctenn&ncd if mid when a rec-
ommendauou becomes ava&lablc, to dccxlc whether or si
not to present it to the user 8 (i e steps S2 and S3 in the
order shownk

Thc user's current rcccptivcness level 35 may bc con-
stantly updated: in that case, the recommendation
engine 30 niay only determine whether any recommen-
dation is available at times when the user 8 &s actually
receptive to reconunendations (in essence. reversin
the order of steps S2 and S3).

Thc currmit context 37 mid currmit rcccplivmicss lcvcl 35
csn each be consiantly updated aud moiulored in par-
allel (82 and S3 in parallel) 'I'his can re&IU&re more
processing resources. but can also allow greater flex-
ibility

In some implementations, the determination. at block 304,
of whether or not to output a recotmnendation can be made
iu depcnde&mc on a type of lhe rcmonuncndal&on. That &s,

such fllal IU& d give&1 rcccpnvc&less Icvci 35, whclllc& o& &lot

a recmnniendation is outputted at that level depends on the
type of the recommendation: e.g a scene might be recom-
mended at relatively low recept&veness level, whereas a
change to a canto&i rule might be reconunended only at
relatively high receptiveness level
Step S4 Output a Rcconuucndation Message

Wlmncver lhc user 8 &s corm&dcrcd to bc *Bllc'i.c. &he

receptiveness level 34 above the threshold 39 in this
exaniple), a recomniended light setting 504 for one of the
luminaires 4 or a set of the luminaires 4 for the detected
context 37 can be presented to the user 8 when available.
The recommendation is presented by block 302 as a recom-
ii&cud&flu&1 &i&cssagc to lhc Usc& 8 v&s a User u&lcrlBcc 52. That
&s, l&s B &ceo&11&ilc&llano&1 i&u'ssagc oulpullcxl v&B t& Use&

interface (III) 52 available to the user 8 I&or example the UI
52 may coinprise a display (or other output device) of the
user device 6 on &vhich the message is d&splayed (or other-
v ise outputted).

Preferably. each message comprises a rendering option
(accept opt&on), wluch is sclcctable via thc UI 52 lo render
lhc rccoiiuilc&lied hglllhig cficcl. Thc Usc&' c&u& accept 11&c

reconuucndauon by sclectmg lhc suggcstcd l&ght scuui or
retect the reconimendation by cancelling, or simply ignor-
illg, tile rccoiulilcuiLU&oil.

In response to the user 8 accepting the recommendation
via UI 52. block 302 causes a lighting control component 54
of flm 1&ghling system I to control thc lum&na&re(s) 4, lo
wh&ch thc rcconunendation mcssagc rclatcs, to rcndcr thc
auggcstcd cfibcl 504. Thc lightuig control component can for
exaniple be part of the bridge 10 or user device 6, and
generally denoted functionality of the lighting system I fbr
control)in lightin emitted by the lumina&res 4.

The preferred light setting 504 can for example be pre-
sm&led at lhc user dci ice 6 by lhc light&ng control app. Users
can chose between selcclablc 'accept'r 'rclcct'puons in
order lo cilhcr change to lhc preferred 1&ght ac&ting or kcc7&

the old light setting, Alternat&vely. in a voice-conunand
based system, the system might initiate a dialogue with the
user 8 to suggest the preferred light setting ("Shall I change
the hght into a Cozy setting'?") &vhere the user 8 can either
rclect or accept lhe rcconuucndnl l&ght ac&ting w&th a voice
conunand. That is, lhc rcconunendat&ou message can bc
outputtcd as an aud&ble mcssagc.

It is also possible that the recommendation of the light
setting includes a recomniendation to activate the light
setting manually with a user interface element. For example,
the user 8 may be provided with mstructions for applying the
act tuig 504 manually, w Inch cmi be a useful way R&r the user
8 to learn fcalurcs ol'hc system 1.

Opt&otmlly, lhc rccommcndalion cnginc 30 may bc cun-
figurable, such that the user 8 can allo&v it to change the light
sctthig BU&o&r&aticallv &vile&»'natch&ilg context 502 is
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dc&cmled. This may bc appropriate where thc user 8 has
received a number of reconunendation messages in the past
that he lu&s been rcccpl&vc lo, and now dcc&dcs tlril hc trusts
Ihc svstcm CUUUgh to select scttlllgs;11&ionoulously'l th&s

case, presenting thc 1&ght sctung 504 cdn range from aulo-
nlatically activat&ng the lighting setting to actively prompt-
in or presenting the user with the proposed light setting
option, or only subtly presenting the light setting 504 m the
li hting control app or in the amer&phone menu or dashboard

11&

facd&ldiing Ihc user 8 lo eas&ly act&vale Ihc light selling 504.
In the case of automat&c activation. the light set&in may also
bc acui a&cd us&ng a gradual Irmls&lion from Ihe currml! hghl
settina. enabling the user to overrule the system action. fi&r

instance, using a voice conunand (c.g. by savmg '*No. go
back to previous light scene")
Extensions

Optionally, in addition to the receptiveness level 35. the
receptiveness component 32 may take into account the
ciirlcnl 111UUUUIU&on scnulg ol d Iiunh&BUC 4 or sct of&0
lunlinaires 4 in deciding u hether to recommend a setting for
Ihtll hununllrc(s) 4 (c.g. fUncnontd while hghl. don'I: relax-
ing scene &vith color do) qliis is represented by block 306
of I'Ifi. 3. which is shown to receive information pertaining
to the current illuminat&on setting 35 from the lighting
controller 54. and selectively suppress the outpuning of
reconunendation messages by block 302 in dependence on
lhc rccctvix! Ulfonnanon

Returning Io FIG. 2, each of thc processors 14. 22 (or,
more generally, &vhichever processor or combination of &0

pmcessors implements the recommendation engine 30) can
fi&r exanlple take the form of a CPO or set of interconnected
CPUS, and in general can be any suitable processing appa-
ratus of the device in question which is configured to fetch
cxcculablc &nslrucUons (&.c code) and cxcculc those inslruc- &1

lions u& order &0 cBny UUI lhc Iiulcllonahry 01 thBI dcv&cc
descnbcd lu:rein. Thw can be cmbcddcd sofiv,are (lirm-
ware), apphcat&on sofhvare, or any other type of software (or
any combination thereof) Alteu&atively, some or all of tlus
functionality can be implemented in (dedicated) hardware of do

the device in quest&on. such as an application specitic
integrated circu&t (ASIC) or a field-progranmlablc gate array
(FPGA) ctc. Accord&ngly, although ul Ihe descnbcd cmbod&-
ments the tenn "componenff, '*blocl" (or smular) refi:rs to
part of the software of the recommenda&tion engine 30. in
general a component/block configured to implement certain
functionality can refer to software. hardware or any comb&-
nation thereof that is opemble to carry out tlmt functional&ty.
I&will bc apprcc&atcd that the above mnbodnnenls lxivc becn
descnbcd by way of example only. Other varmnons to the 0

d&sclosed cmboduncnts can be understood and cfibcted by
those skilled i&1 the art in practicing the clai&ned invention,
fmm a study of the drawings. the disclosure, and the
appended claims. In the clanns. the word "comprising** does
not exclude other elements or steps. and the indefinite article»

d or dn ilia:s not cxclUdc B pill&'I&hlv. A sulgh: ploccssor
or other umt may fulfil thc funct&ons of several itcnw rec&ted
in Ihc claims. Thc merc lbct that candu&measures are rec&ted
in nn&tually different dependent clai&ns does not indicate that
a combination of these measures cannot be used to advan- io
tage. A computer pmgmm may be stored/distributed on a
suitable medium. such as an optical stomge medium or a
sohd-slalc mcdnun supplmd together &1 &th or as part ofother
hardware, but may also bc d&stributcd ul other fi&nns, such
ds v&d lhc Intcmct or olhcl wucd 0& wuclcss Iclcconnuiln&- ss
cation systems. Any reference signs in the claims should not
be constnied as lin&&ting the scope

Thc ulvcnlion cia&med &s:

I A recommendation engine for a lighting system com-
pris&ng

a recommendation component for generating recommen-
dation messages to reconunend light&ng efi'ects for the
lighting system;

at least onc data input Ibr recciv&ng. I'rom a data source,
dale parle&nin lo d user of Ihc l&ght&ng system: mid

a receptiveness component configured to use the received
data to compute a current receptiveness level for the
user indicating a current receptiveness of the user to
receiving recommendations,

wherein the recommendation component &s configured to
sclcctivcly cause rccommmldalion messages lo bc 00&puncxi
to thc user via a user ullerlhcc. such that rcconuncndat&on
mess&ges are outputted to the user when the current recep-
tiveness level exceeds a threshold and such that recommen-
dation messages are other&vise suppressed

2 A reconunendation engine according to claim I,
v herein the recommendation component is configured to
rccclvc Iron& lhc User iul dcccplancc ulpUI pcrldunng 10 onc
of thc messages, and cause the at least onc &lluminal&on
source to render the li hting efibct recomn&ended by that
messa e in response

3 A reco&nmendation en ine according to claim 2,
wherein each of the reconunendation messa es comprises a
selectable renderin option, wherein the recommendation
component is configurixl to respond to thc user schmtulg thc
rmldcru&g opl&on by causing Ihc al least onc &lluminat&on
source to render the lighting efiect recomn&ended by that
mess&ge.

4 A recommendations en ine according to claim I,
v herein the recommendation component is configured to
detennule at least one current prope&ty of illumination
cnultcd by al 101st onc &lluminat&on source ol Ihc lighlulg
systcnn and selcclivcly cause rimonuncndal&on messages lo
bc outputtcd lo thc Usi I vld lhc User utterfdcc. 10 Ii conuncnd
lighting effects ti&r the at least one illun&ination source. in
dependence on the current recept&veness level and the cur-
(el&( prope&ty of tile 111UU&nlafion,

5 A reconunendation engine accordin to claim 4,
wherein Ihc reconunmxldlion component &s configured to
dclcrnunc thc current property of Ihc &llununal&on as fimc-
t&CUBI OI Bcslhclic, whcrcul rcconuncndat&on nlcssBgcs dlc
outputted for the at least one illumination source only &vhen

Its ilhurilu'It&on is aesthetic.
6 A reconunendation engine according to claim I,

v herein the current receptiveness level is computed using an
electronically stored schcdulc.

7 A rccommcnifauon cngulc accord&ng to clmm 6, com-
pns&ng a lcarnulg componmll configured lo update Ihc
schedule based on the user's response to the recommenda-
tion messages &vhen outputted

8 A reconunendation engine accordin to claim I,
wherein the current receptiveness level is computed by
motuloring intcrdcnons bclwccn thc user and al least onc
dcv&cc operated by thc user.

9 A rccommemlation cnginc accordu&g to claim 1.
v herein the current receptiveness level &s computed by
monitoring behaviour exhibited by the user using data from
at least one sensor.

10. A recommendation engine according to claim 9,
whcrcin Ihc current rcccplivmless lcvcl is computed bascxf
on mot&on, spccch mid/or phys&ological s&goals of thc user as
conveyed by Ihc sensor ddla.

ll. A reconunendation eng&ne according to claim I,
coulprlsiug;I Icaululg conlpoocut configured to gene&'Bic



li
US 10,609,787 B2

16
leamcd data by monltonng Ihc user's reacnon lo recom-
mendation messages over time, wherein the current recep-
tu cncss level Is computed basixl on lhc learned dale.

12. A recnmmendatinn engine according, tn claim 1,

comprising a context component conli ured lo dclcmunc a

current context paranleter for the user:
wherein the reconunendatlon component is conf ared to

compare the context parameter with electrnnically
stored context parameter~ to locate a matchillg one of
the electronically stored context parameters. Und output 111

to lhc user via Ihc user interface a reconuncndalion
message to rcconuncnd a lighlm efiicl associated with
lhe matching context pansmeter only if the current
receptiveness level indicates the user is currently recep-
tive to receiving recommendations. I

13. A method of generating reconunendation messs es to
a user of a lighting system. the method comprising imple-
menting, by a rimonuncndanon cngulc thc follov,ulg steps

rccclvhlg, foul II ddld soUl ic, dald pcrlauung lo lhi'. Uscl
of the lighting system; and

conlputing, by a receptiveness conlponent of the recnm-
mendatinn engine, a current receptiveness level for the
user indicating a current receptiveness of the user to
receiling recommendations„using the data received
from thc dale source: and

sclccuvcly causing. by a reconuncndanon component of
the reconlmendation en ine, recommendation Ines-
sages tn be outpmted tn the user via a user interface,
such that recommendatinn nlessages are nutputted to
the user when the current receptiveness level exceeds a
threshold and such that reconmlendation messages are
otherwlsc supprcsscxt.

14. A conlpulci plogtdnl plodUcl cotnplisnlg code stol ix!
on a computer readable storage medium and configured
v hen executed tn implement the nlethnd of claim 13.

t t t
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