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(5 i) ABSTRA(:T

1'he present application relates to a lighting control appam-
his (2) configured to contml light emitted from at least one
light emitting device (4) using one or more control signals
(6) The apparatus (2) uses data (10) associated with a
physiological or cognitive state of a user to determine an
appropriate colltrol slguili (6) to solid to tile llgllt cllllttlllg
device (4) when light control input data (8) is provtdcxf via
a light control input device (3it) 'I he apparatus (2) is used
in coibtunction ivith a network of hghts providing different
combinations of intensity and hue Also presented is a
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ntethod (14i for controlling ltght emitted from at least one
li ht entitted device (4) usmg one or snore control signals
(4)

15 (:talma, 5 Drawing Sheets
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APPARATUS A.iD METHODS THEREOF
FOR CONTROLLING LIGHT EMITTI IIG

DEVICES

CROSS-REFERENCE TO PRIOR
APPLICATIONS

'Hiis application is the U.S. National Phase application
under 35 U S('s 371 of International Application No.
P('T/EP2016/057732. filed on Apr. 8, 2016. which claims
the benefit of Eumpean Patent Application No. 15163867 3,
liled on Apr 16. 2015. These applications arc hereby uicor-
poralcd by refcrcncc herein.

FIELD OF THE INVENTION

Thl: Iield of thc invention is conccmcd v,ilh controlling
thc light mnitted by hght emitting dcviccs. In parucular, the
field of the mvention is concerned with controlling the hght
emitted from a plumsfity of light emitting, devices in a 10

li hting control network using input data.

13A('K(IROUNI& 011 Till 1 INVIIN11ON

People often have different preferences and needs cnn-
cerning light. These needs can be personal e.g. a person
might prefer to have certain colours in a light scene. The
nimds may addiuonally or altcniaiively be rclatcd to a
biological state of lhe human body c.g. bcuig sleepy. alert,
or being in a particular mood that can be afl'ected by hght. Io
lt is known that exposure to light can influence pmduction
of homione melatonin that regulates sleep-wake rhythnt.
Sntdies fltoyce P R. Human Factors in Lighting. 2nd edition,
Lighting Research Center, Taylor and Francis group London
and Ncw York, 2003) have shown that by exposing people is
to bright light during thc day, their alcruiess can be
incrcdscd, but also slcc71-wake rhythms can bc shiflcd when
exposing penple to bright hght in the evenings tiir example
for night v orkers /130nimel W .I M van, 13eld (i .I van den.
Li hting for tvork; a review of visual nnd biologicnl effects. So

Li hting Res. Tecluiol., 2004. 36: 255-2691.
llicse preferences or needs may bc dill'crenl for uxhvidu-

dls livuig in onc household or sharuig d space. With the Ircnd
of smaller houses lhc number of users ui one space uicreases
enhrging the nsk of conflicting preferences

(lonnected li hting systenis exist that allow a user to
control and pmvide a diverse mange of fittdtting conditions
and behaviors witlun a given space. for extunple a room.
Such systems typically have al least one, often a plurality of,
light cnulling devices ui conununicalion wilh imd control- o

fable via a central hghtuig control apparatus. 111e central
lighting control apparatus in tuni has the ability to accept an
input from a user to contml the light emitting devices m a
network. Some systems Imve the ability to accept multiple
li ht control inputs from nutltiple users. i.

Coiuiectcd lighung systems may Qiercfiirc provide a large
diversity of hght comhlions. wluch mcrcascs lhe likelihood
thai user uiput prcpcrenccs arc contradictory.

An example nf a connected lighting system is described in
Patent docunient WO2010143089 A I. 'I'hi ~ document to
describes systems and methods for mttomnticnlly deriving
and modihin personal preferences applicable to control-
lable lighluig networks. In onc aspecl lhc system lais an
awareness module that detects mi idemificr fiir a user. a

pluraliiy ol adiuslmcnts to lhc at lmst onc controllable ss
lighting nenvork requested by the user, and a context cor-
responding to each of the plurality of adjusunents An

,420 B2

infcrcnce enguie annlyses lhc plurahty of adlusunents and
the corresponding contexts to identify a correlation between
the plurahty ol adltlsnncnls dnd the contexm. Snd cradles al
least mie personal preference rule associated with the iden-
tifier of thc associau:d user based on thc Idmilified correla-
tion. WO2010143089 Al also descnbes a method for adjust-
in a personal preference rule of one user based on criteria
of a secnnd user In this niethod. a personal pieference nile
and a first set of criteria are identified for a tirst user, the
personal prclcrcncc IUlc hdt ulg a 1lkchhood vd lite dnd
created based on a correlation between a plurality of adjust-
mcnls lo lhe controllable hJtluzg nelwork rcxfucstcd by user.
('ontexts are alsn identified tiir the plurality of adjustments
The method also idcnlifics a second sct of cnteria for al least
one second user and compares the hrst set ofcriteria with the
second set ofcriteria. The method then adjusts the likelihood
value nf the personal preference rule based on the compari-
st111 and stores the personal preference rule in a preferences
database with the user idcnufier

Despite such known systems that utilize sets nf difierent
cntcria to control hJttuzg. peoples hghting nccds or prel-
erences may not be a single predefined set of critena but inay
vary dcpcnding on a number of factors including current
physiological stale mid/or cogmtive behavior. Furthermore.
new users to the system may not yet have entered any
personal preferences or criteria associated with their lighting
needs when they enter or are otherwise within a space
utthzin a controlled lighting nenvork. Such new users mny
therefore not have their lighting needs considered by exist-
hlg hghtulg svstcnls.

SUMMARY OF THE INVENTION

I I Is an object of lhe uivenuon lo provide n h gh ling control
apparatus and method for controlhn thc hght emitted from
al least one hght cmitnng device which substantially alle-
viates or overcomes the pmblenis mentioned above.

According to a first aspect, there is provided a lighting
control apparatus for controlling the hght emitted thorn at
least one light emitting device using one or mnre control
signals, Ihe apparatus comprisuig: a lighting Input receivuig
device for ricciving light control input data associated with
a first user; a user data receiving device for rccciving data
assnciated with a physiological or cognitive state of a second
user; a prncessor for enemting the one or more contml
signals based upon the light contml Input data and the data
associated with a physiological or cognitive state of the
second User: a lightulg connol UUlpU1 itnlt configUrcd 10

UUlptn lhc talc. 01 nloic ctinlrol signals.
Thc lighting conuol apparatus therefore uses dale asso-

ciated with one for morel physinlogical and/or cognitive
states of a user together with desired input light data
associated ivith another user to control the hght emitting
device If the li ht control input fasts Is input from a user and
is sct to produce a hghling efli:ct that is disagreeable with
another user's mood or physiological state then flm ttppttm-
tUs nulv nltxhfy'hc control signals scut to lhc hghl cnulnng
device/s to take this into account Another advantage of this
apparatus is that a user does not necessarily have to manu-
ally input his or her lighting preferences In order for the
apparatus to consider his or her li httng needs. A 'new'erson

in a mom managed by lhc apparatus of the present
disclosure may bc detimlcd as 'sleepuig'y a moiulonng
dcvicc. such as a wmirdble momtonng device upon the ncw
user if the monitoring device autoniatically sends the sleep-
ing cognitive/physiological data to the apparatus, the appa-
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raius may scud control s&gnals lo lum Ihe hghls down
without the user needing to mammlly input any lighting
preferences

'Ilie first aspect n&ay be modified in any suitable way as
disclosed herein &ncludin but not limited to any one or more
of the filllowing confi urations.

lite apparatus may bc configured such llwl lhe one or
morc 1&ghi em&lting dcv&ccs arc locau:d v,&thin a hghluig
space the appanstus being configured to receive data indi-
cating the presence of the second user within the lighting &0

space and. the processor being configured to generate the
one or more control signals further based on the indicating
data.

Indicaiing dale enables the apparatus lo dclcmune who
Ihe phys&olog&cul or cog&utivc sLile corresponds lo as well as
the presence ofnlultiple people in the room 'I'his in turn may
allow the apparatus to prioritize or determine the contml
signals sent to the hght en&itting device I'or example, &f the
physiological or cognit&ve state data is tliat correspond&ng to
a new-born baby then the control signals sent to the light Io
cnnuuig dei &cc muy nccd to be d&ilermit than &f thc same
phys&ological or cogn&tive slate data was from an adult The
indicating data may also comprise or refer to a user protile
comprisin for exaniple an indicating, of a range of lighting
effect that are allowable/compatible with a physiological or
cognitive state data for that user or user profile.

The light control input data may be associated with a first
1&ghl output state from thc at least onc hghi cm&lling device,
lhc onc OI Illorc control signals Ilia)'c dssoc&el&xi wnh II

second li ht output state from the at least one light enutting lo
device; the hrst light output state being different from the
second light output state

By being able to output a control signal that gives rise to
a different fiptt output state than initially requested. the
apparatus may mod&fy thc hghling rcqucsl lo lake ullo ls
account another user's phys&ological or cogntl&vc slate.

lite apparatus may bc configured such thai: the al least
one light enutting dev&ce is configured to output a plurality
of different light output states: the light control input data
corresponding to a li ht output state within a first range of do

li ht output states: and the processor is confi ured to gen-
cralc thc onc Or morc control signals to correspond lo onc or
morel&ghi output sLiles w&lhui a sixond range ofhghl output
states, the second 1& J&l output sLile range being ihffbrcnl lo
the firs light output state range; the processor being con-
fi ured to modify the hght control input data to correspond
to a light output state withm the second light output state
ran e; generate the one or more control si~&LSIS using the
mod&fied light control input dale: ur, gmicralc lhe one or
morc control s&gnals us&ng thc light conlrol ulput data unly 0

if Ihc 1&ghi conlrol input dale corresponds lo a hghl output
state within the second light output state range

1'he apparatus may therefore modify the output range of
control BI~IS to take into account the physiological or
cognitive state of a user For example. only allowing lights ss
lo be turned on lo I 0% of thc origuial rcxittcstcd inlcnsily &f

the physiolog&cal state data &nd&caled a person is slccpuig &n

Ihe smnc room Thc apparatus may lranslalc tlm 1& hl control
input data values into control signai values that correspond
to a limited range of 1&ght contnll. 'I'he user inputting the io
light control data may therefore still control the variability of
the lightin but only to an extent acceptable to the physi-
oiog&C&tl 01 cognlfivc SIBIC Of itllolhCI IISCI &11 lhC San&C

cnvironmmlt. Allcrnauvely, lhe apparatus may only penn&t
light control input data to bc actionod ullo a control sig»al ss
when those input data requests are within the acceptable
lighting regimes dictated by the physiological or cognitive

state dale. For cxamplc a user subm&ts 1&ghung control input
data into the apparatus requestin that red. blue and green
hues Bre output in difierent areas of the room 'Ilie apparatus
only permits the green mid blue hues to be output due to
phys&ologicai or cognitive state data determining that
another person is in an agvravated state

Thc processor may be configured to. select predetcrnttncxf
control inibmianon based upon the data assoc&atcd with d

phys&ological or cognitive state of the second user; and,
generate the one or more contml signals usmg the selected
predetermined contml information

Using a control si nal based upon predetermmed control
information associated with a physiological or cognitive
state allows a user n& male sure thai u known 1&ghling cili cl
is output when he or shc &s in a particular mood or slate of
act&vity 'I'his can be particularly important for those who are
sensitive to lighting effects and want to know that only a
specific lighting condition is output when they are in a
particular state. For example, a user may know tl&at he or she
always needs complete darkness when sleepmg. so the
prcdelcnn&nixl control s&gnal may bc lo have zero light
inlcns&ty when hc or she &s ui lh&s state

I'he appanstus may be configured such that the processor
is configured to: access a predetermined set of contml
information based upon the data assoc&ated with a physi-
ological or co nitive state of the second user: and. select
control information from the predetermined set based on the
hghl connol ulpltl ill&la, it&xi. generate lhc Onc or Bio&0

control signals using lhe selected control &nfounation.
Using a predetemlined set of control signals associated

v ith a physiological or cognitive state allows a user to make
sure that only a known nunlber of lightmg effects may be
output. This can be particuhsrly important for those who are
sensitive to lightin effects and want to knoll that only
spccilic lighung condn&ons arc output when they arc ui a
part&euler stale. For cxiunple, a user muy know liat hc or she
always nccds blue or grenz hght when in a stressed siatc.
Another user enters the mom and requests red and blue light
to be enlitted. I'he apparatus compares the request to the
predetermined set and selects/sends only control signals to
enut blue 1&ght,

Thc apparatus mny bc configured such that thc 1&ghtnlg
control output un&i Is configUrci! 10 olttpUI onc ol nion:
control signals lo a lighung control network compnsuig a
plunslity of light emittina devices

l3y having the apparatus controlling a lighting contml
network v, ith nndtiple light emittin devices. the apparatus
cmi output various lighting effects (for example difibrent
inlmis&ty, hue and spatial hghling configural&ons) ll&al may
more su&lably match thc phys&olog&cul or cogiul&vc stale of
the user.

I'here may also be provided a system comprising an
apparatus as described in the hrst aspect /and/or elsewhere
herein). the system further comprising a wearable device
configured to: be worn on the second user; and. monitor a
phy'Biological 0& cognlllvc slittc of lhc second Uscl, dnd,
oulpul thc data associated w&lh Ihe phys&ologmdl or cogni-
t&ve stale of Ihc sixond user lo the user dale race&vu&g device.

Monitoring the physioloaical or cog&utive state of a user
v ith a wearable device and transmitt&ng the physiological or
co nitive state data to a remote appamtus allows the appa-
ratus to efficiently monitor mult&pie people ttithin a given
spdcc without Ieqltulng t:x&sung alon&lorhlg Bppardltls
w&thin Ihc light&ng space. Fuithcnuorc each wearablc dcv&ce
can bc used lo subnul a user &dcnuficr so thai thc apparatus
has a simple way to determine who is in the lighting space
and therefore hov, to ouqnit the control signals
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lllc sv'sncni nldy'bi/her conlpnsc a light control nlpul
device configured to receive an input request from the iirst
user, thc request associated with thc hJtt control mput dale,
output the light control mput data ig) data to the lighting
input rccmi ing device.

I laving a lighting control input device that can send data
to the apparatus allow the system to locate the apparatus in
a convenient location whilst positioning the input device in
a suitable location for a user.

I i 1lhc system may compnse thc al least onc light mnining
device.

According to a second aspect, there is provided a method
for controllulg the light emitted from at least one hght
cnutnng dcvlcc using Onc 01 nlolt connoi slgluds. Ihc
method comprising the steps of: in any order receiving hght
control input data associated with a first user; receiving data
associated v ith a physiological or cognitive state of a second
user; generatin . usin a processor, one or more control
sigruils based upon thc hght control input data alxl thc
physiological or co nitive state data: outputtin the one or
niolc control slgnlds 10 thc at h:dst ont'ght cnuttnlg device.

1he method therefore uses data associated v ith one (or
nlore) physiological and/or cognitive states of a user
together lvi lb desired input light data associated v ith another
user to control the li ht emitting device. If the licit control
input data is input from a user and is set to produce a lighting
cfibct /liat is disagreeable with another user's mood or
physiological state then tlm method may modily thc control
signals sent to the light emitting device/s to take tins ulto 10

account Another advantage of this method is that a user
does not necessarily have to manually input his or her
lighting preferences in order for the apparatus to consider lus
or her lighting needs A 'new'erson in a room managed
according to thc method may bc detected as 'slccpulg'y a li
molutorulg dcvicc, such as a wcarablc monitonng device
upon the new user. H'hc monitorm device provules the
sleeping cognitive/physiological data, the method mav send
control signals to turn the lights down without the user
needing to manually input any lightillg preferences. 10

The second aspect may be modified in any suimble way
ds disclosed herein including but noi hmited to any one or
morc of thc I'ollowing configuranons.

One or more hght cmluing dcvlccs may be located wltlun
a linhting space: the nlethod nlay colnprise the steps of
receiving data indicating the presence of the second user
within the fipvtting space and. generating the one or more
control signals further based on the indicating data.

Indicating data enables thc method to dctennule who the
physiological orcognitlvc state corresponds to as well as the 0

presence of multiple people in thc room. Tins m turn may
allolv the method to prioritixe or detenuine the contml
signals sent to the light enlitting device I'or example. If the
physiological or cogrutive state data is that corresponding to
a nell-born baby then the control signals sent to the hght ls
mnlttulg dei ice may need to bc difi'trent than II'he slunc
physiological or cogninvc stite daLi was from ml adult.

11&c light control input data may beassoclated wllh a Iirst
li ht output state from the at least one light emitting device,
the one or more control signals nlay be associated with a so

second light output state from the at least one light emitting
device; the hrst liJvtt output state bein. difl'erent from the
sci'ond light output slate.

By being able to output a conuol signal tlxit ives rise to
a dilferent light output state titan inilially rcqucstcib the si
nlethod may modify the lighting request to take into account
another user's physiological or cognitive state

Thc at least onc light cnunulg device may be conligurod
to output a pluraiity of difierent figtt output states; the light
control input data may corrcspond to a light output staic
within a lirst mage of light output states, and, the method
may conlprise the steps of nenerating the one or more
cmltrol signals to correspond lo one or more hght output
states within a second range of light output states; the second
light output state ran e being difierent to the first light output
state ran e: and any of the steps of: modifyin the light
control ulput data to correspond to a hght output state within
thc second light output state range, gencranng thc one or
more contml signals using the modified light control input
data; or, generating the one or nlore control signals using the
light control input data only if the light control input data
corresponds to a light output state within the second light
output state range.

Thc method may thcrelhre modify the output range of
control signals to lake inio account Ihc physiological or
cognitive state of a user I'or example. only allowing lights
to be tumed on to It/% of the original requested intensity if
the physiological state data indicated a person is sleeping in
the same room. The method may translate the light control
input data I alues into control signal values that correspond
to 11 inured Idngc ol hglt control. Tllc user nlputtnlg thc
hght control data may thcrcfore still control the vs nab i hty of
the lighting but only to an extent acceptable to the physi-
ological or cognitive state of another user in the salne
envirolunent. Alternatively, the method may only permit
light control input data to be actioned into a control signal
v hen those input data requests are within the acceptable
hghting regimes dictatixl by die physiological or cognitivc
state data. For example a user submits lighung control input
data requesting that red. bine and peen hues are output in
ditferent areas of the mono 'lite method may only permits
the green and blue lnies lo be output due to physiological or
cognitive state data deternlining that another person is in an
aggravated state.

Thc method may further compnsc thc steps of: sclcctulg
prcdctcrnuntxl control ulformation based upon thc data
associated with a physiological or cognitive state of the
second user: and, genenlling the one or more control signals
using the selected predetenllined contml information

Using a control signal based upon predetermined control
information associated with a physiological or cognitive
state allows a user to make sure that a known hghting efii:tl
is output when hc or she is in a parncular mood or stale of
activity I'his can be particularly important for those who are
sensitive to lighting eficcts and want to know that only a
specific lighting condition is output when they are in a
particular state. For example„a user may know that he or she
alv ays needs complete darkness when sleeping, co the
prcdctcrnuntxl control signal may be to have zero hghl
intensity when hc or shc is ul Ibis state.

'I'hese and other aspects of embodiments of the invention
v ill be apparent from and elucidated with reference to the
embodiments described hereinafier.

BRIEF DESCRIPTION OF THE DRAWINGS

1imbodiments of the invention wdl now be described, by
v ay of example only, with reference to the accompanyin
dmv ings. in v:hich:

FIG) 1 shows a schematic diagram of a hghting control
dppdl'lltnS,

FIG) 2 shows a schcmauc diagram ol' method for
cmltrolling the light emitted from at least one hght emitting
device,
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FIG. 3 shows an cxamplc ol'a lighun control apparatus
used to control a plurality of light emitting devices:

FIG. 4 shows another example of a ligh1uig control
apparatus used to control a plurality of light enutting
dcviccs:

FI(i 5 shows a diagramniatic representation of a rooni
using a lighting control apparatus.

DETAILED DESGRIPTION OF THE
I:MHODIMliN'IS

FIG. I shows a schematic din~ant of hghting control
appamntus 2 conhgured to cnntrol the light emitted from at
least onc light emitting dcvicc 4 using onc or more control

1

signals 6. The appamntus 2 comprises one or more lighting
input receiving devices 3 to rccmvc hght control input data
8 associated with a first user I'he appamntus 2 also coniprises
one or more a user data receivin devices 5 for receiving
data 10 associated with a physiological or cognitive state of io
a second user. The one or more lighting input receiving
devices 3 for rccciving thc light control input data 8 may be
difi'erent devices to the one or more user data receiving
dcviccs 5 for receiving thc data 10 associated with a physi-
olo ical or cognitive state of a user (which may also be
referred to herein as 'state'ata). Alternatively the one or
more lightmg input receivmg devices 3 may be the same
dcvicc/s as thc onc or morc user data rccmvmg devices 5, i.c.
the same rccciving device or devices may be con(i urcd to
receive both the light control input data 8 and the state data io
10

'I)pically the light contnil input data 8 takes the forni of
a lighting request input by the first user (for example via
light setting input device 30 on a wall). but in principle may
be data 8 input via otlmr mctms includlll via orle ol nlorc 31

scllsors tiidt dctccd tile prcscllcc of thc (list ilsix, where tile
sensor data is used to provide the input data 8 1o the
apparatus 2 Such input data 8 may be, tiir example, any of
a standard light setting associated with any user entenng a
li hting contml space. a default lighting preference of the do

first user. or a li ht setting determined from a physiological
or cognitive state ol'hc first user. Sensors may bc used to
dcicct a gesture from a lira( user whereui the sensor data
associated with the dc(ected gcsturc is used 1o detcrmuie thc
li ht control input data 8 (iestures may include the ninve-
ment of a limb or other part of the body, for example the
waving of a hand or the shaking ornoddin. of the

first
user*

head. The sensors may detect the movement and send the
moiemcnt data to a gesture proccssuig uiut winch dcter-
nnncs the gcsturc and thc appropriate hghtuig control data 8 o

that should be input to thc apparatus 2.
1he apparatus 2 also comprises a processor 12 that is used

to generate the one or more control signals 6 based upon the
li ht control input data 8 and the physiological or cognitive
state data 10. Upon generating the control signals 6. the i.
apparatus 2 outputs thc onc or more control si naia 6 tu thc
dt least onc light mnitting dcvicc 4 usuig a ligh1ing control
output uiut 7. The processor 12 may gmicrate the control
signals 6 based fiirther upon a plurality of state data (0 front
a corresponding plurality of users 'I'he light control output io
unit 7 may be any suitable device or set of devices for
outputting control signals to the light emitting device/s 4 and
Ilitiy'nCllldC CollllnuillCdtlolis ixpliplllCIlt 24. Ili Solllo iif (11C

cxtunples descnbed hcrcui whcrc relcrcnce is made to
commumcations cquipmmit 24 of an apparatus, tlus may be, si
in principle. any type of light contnil output unit 7 that can
output control signals to a light emitting device 4

Thc components of theapparatus 2 such as the processor
12, devices 3. 5 for receiving the data 8, 10 and the lighting,
control output iuiit 7 may be co-located within a single
coiltrol device Alteniatively. colnponents or gniups of coni-
ponents may be located remotely from each other. For
example the devices for receiving data 8„10 and the lightin
control output unit 7 may bc co-loca(cd into a single control
uiut vvlulst thc processor 12 may be rmnotcly loca(cd timey
from the control unit (such as a processor m the cloud)

I'he one or more lighting input receiving devices 3 may be
any device in principle including. but not limited to, any one
or more of: a user interface: an input device 30 that the first
user inputs a light control request upon, one or more
conunuiucations devices 28 that rcccivas thc data 8 through
a wired or wireless connection to such a user interface or
input device 30 In some of the exaniples described herein
v here reference is niade to an apparatus communications
device 28. this may be. in principle. any type of lighting,
input receiving device 3.

Similarly, the one or more user data receiving devices 5
may bc any device in principle including, but not limited to,
any onc or morc of. an electronic dcvicc coupled to an
electronic circuit that receives the state ihta 10 from a state
nxooitoring device connected to the sante circuit; an elec-
tronic device coupled to an electronic circuit that receives
the state data 10 from a further processor coupled to the
same circuit (v:herein the further processor pmcesses one or
morc pieces of further data (such as raw dnta) to dctemunc
thc state data 10), one or more conunumcauons devices 28
that receives the state data 10 through a wired or wireless
connection to a further device. 'I he further device may be
any one or more of, but not limited to a monitoring device
or huther processin device that generates the state data 10.

The one or more conmumication devices 28 used to
reccivc thc light control input data 8 Irom a Iirst user may be
the same as, or ihllcrcnt to. the onc or morc commurucation
dcviccs 28 used to reccivc the data 10 associated with d

physiological or cognitive state of a second user.
I'he apparatus 2 is preferably configured to receive and/or

process state data 10 from users within a lighting control
space. such as witlfin a room of a building. The lighting
control space may howei er also compnse muluple moms in
a building, ui wluch case the apparatus 2 is for example
suitable Rir controlluig light enntting devices coiuicctcd ui a
network across nuiltiple rooms or in an entire building
Many of these networked light systems can be operated via
gmphical user interfaces or app's on mobile devices com-
munication wirelessly ivith a nenvork controller or bridge
and hence light control uiput data 8 nuiy bc rcceivcd from
within any location ui any room ol'hc building Ihr any hght
enutting device ui any other room of thc building. In a
exanlplary use case, a first user (e a pareilt) may want to,
from v ithin one mom (e g. a livin room), switch otf the
lighting in another room (e.g. a study room), bemg unware
that a second user (e.g. a child) is still present in that room
dlld lllS pllvslologlCdl or Coglll(ivc State llldlCtl(Cd (lid( llo Is

studying and therefore needs light
Thc lighting control space may bc delincd or dctcrnunod

using any inethod or technique in principle including, but
not limited to, any one or more of: being predefined, being,
static (i.e. the control space does not change over time with
the input of different state data 10 and/or lightin control
data 8), being dynannc (i.c. thc control space can change
over 1ime with the input of ddlerent state data 10 and/or
1 igh1uig control de tu 8. and/or other data afii:c ting the control
space such as the opening of an opaque door that links two
rooms); being determined usin a threshold value of light
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iniensily at one or morc locations about thc li hl erailling
devices 4 (for example a large open plan niom may not
consider stale data I U from a user amund a corner that is not
direcdy illuminated by at least one light emitting device 4).

The determination of whether a user has entered into or is
still currently witlfin the control space may be determined in
any suitable vSay. In one example, ddld mdicalmg the prcs-
cncc of onc or more users is seal lo thc apparalus 2. The
apparatus may genemte the control signals based upon tlus
user indication 'I his niay be, for example, iiiili'ciieratiilg Ui

the signals ivhen such indicating data is received
The determination of user presence may include. but is

not limited to. using any one or more of: sensors/detectors
lo dmccl thc prcscnce of a user (such as visible or uifra-red
optical scnsois, motion sensors, iloor pressure sensors,
sound detectors or detection systems such as a microphone
trian ulation system); the successful input of a user identi-
fier to the apparatus 2 from a device that the user i ~ carrying
(indicating that a user device is within a particular conunu-
nication proxunity to the apparatus 2). Such sensors and Io
delix lors may be located in lixcxl positions about lhc control
space. Additionully or alternatively onc or more of the
sensors,'detectors niay be located upon a mobile device
within the control space. for example a person's niobile
phone detectin the local presence of other user niobile
phones using Bluetooth/I'ommunication. The detectors
may, for example, determine the presence of a firs user next
lo a light control Input device 30 (such as a light switch) and

second user next lo a bcd. With such a situation thc
apparatus 2 may expect a light control input data tn be io
received and im oke a lighting mle to apply to the fnrth-
coming input data to take mto account the probable physi-
olo ical state of a user on a bed. Alternatively, given the
same sensor information, the apparatus may send out "state
data 10 ref ievc" signals when it detects a person nwiring the ii
light switch so Il can gct the latesl slate dale 10 lyom other
users bcibrc lhc dcsircd lighting input Is cntercxL

1'he input of state data 10 into the apparatus 2 may be
initiated by a variety ofways including but not limited to any
one or more of: requests for state data 10 broadcast or do

directly sent from the apparatus 2 to a device associated v.ith
each dcleclcd user (such as a user*a stale monilonn device
or mobile device in conmiurucalion with lhc moiuloring
ih:vlcc), lite dcn:clioil ol B ncw Uscl Ill lllc collllol splice. tile
upload of a change in state of at least one user in the contml
space leading to requests for other state data 10 of other
users before the apparatus 2 mal es any changes to a lichting
scene. Additionally or alternatively the state data 10 may be
commumcaled to thc apparatus 2 automatically by a device
dssocidlcd willi II User, ior cxalllplc d wcBI'able slide llloiu-
turing device or other mobile device conunumcanng state
data 10 to the appamtus penodically or upon the detection or
detemiinalion of a change of user state.

In one example the user detection method may use a
systeln similar to iBeacongl i.

In onc example, one or morc sensors arc located ui lixed
post/tons about thc lighnng control space. The sensors
periodically send out signals to establish lhc presence of any
neiv users and to see which existing users within the contiol
space are still there. A user's mobile device or v earable io
device runs softv are to look for such signals. The si rml
front the sensor, for example a sensor ID, may include
commumcanon instrucnons lbr the mobile or v,earablc to
commumcale with the apparatus 2, hence be able to subsc-
quenliy upload state data 10 to the apparatus 2. The appa- Si
ratus 2 in this exaniple niay be a central control unit, such
as a communications bridge. comprising communication

devices 28 to rcceivc thc lighnng control input dale 8 and thc
state data IU; a pmcessor 12 for generating the contml
signals and a lighting control output unit 7 for outputting the
control signals 6 to the light eniittin devices 4

Once a signai is established between the sensor/s and the
mobile device or wearable. the apparatus 2 may become
aware of)he new user I is: a) lhe mobile device uuualuig lhe
contact with the apparatus 2, or b) lhc sensor rcceivui a
cmnniunication back from lhe mobile/ivearable and then
folwarding details of the niobile or user front the sensor to
the appamnis 2

FIO 2 shows a schematic diagmm of a method 14 for
controlhn the light emitted from at least one hght emitting
device 4. The method 14 comprises thc steps ol'ccciving 16
light control uipul dale 8 associated with a lirsl user,
receiving 18 data associated ivith a physiological or cogni-
tive state of a second user; generating 21), using a processor
12, one or more control si nels 6 based upon the light
control input data 8 and the physiological or cognitive state
data 10: outputting 22 the one or more control si naia 6 to
the al least onc light emitting device 4. The method 14 is
prcfi:rably cxcculed by lhc apparatus 2 dcscribcd herein.

I'he lighting control apparatus 2 uses data 10 associated
with a physiological or cognitive state of one user and a
desired light control input data 8 originating from another
user to control the 0+t emitting device 4. This data may be
any of: rav: data from a monitonng device, inferred physi-
ological or cognitivc aisle dale using lhc rilw data miifior
other Ibita sources, or lnstorical data as descnbed below. If
the hght control input data 8 front a first user is set to
pmduce a lighting effect that is disagreeable with a second
(or further) user's mood or physiological state then the
apparatus 2 may modify the control si nels 6 sent to the light
emittin device/s 4 to take this into account. For example, a
request Is input lo thc apparatus 2 to luni thc lights on to I'ull

bnghtness. Thc physiological state data 10 howcvcr indi-
iuitcs Bilotllcr Uscl w illiill tlic sdilic roolil ls ill d slrcsscd slauv
1'he apparatus 2 therefore genemtes control signals 6 and
sends them to the light emittiim device 4 to output light at
full bnghtness but to emit a calming hue for the stressed
person (for example an amber-white colour).

Thc apparatus 2 or method 14 may, ui pnnciplc, bc used
in any number ol'sccnanos or locations includuig household
lighting, conuncrcial prmnises, hospitals and care homes.

Any of the lighting control apparatus 2 examples
described herein niay form part of a systeni I'he system inay
comprise one or nn&re light eniitting devices 4. The light
emittin devices 4 and apparatus 2 may have complemen-
taiy coilliltuillciuioll cqUipillclil 24 contigulcxi, ilt lcdsfi lol
smiduig signals Irom ihe apparatus 2 lo llm light enulluig
dcviccs 4. The lighting control output urut 7 may comprise
the communication equipmenl 24. Additionally or alterna-
tively the system may also comprise one or niore sensors
configured to detect the presence of a user within a lighting
control space. Additionally or alternatively the system may
also compose onc or more monitoring dcviccs 26 conligurod
to provxlc thc physiological or cognitive state data 10 lo thc
apparatus 2. Thc momtoruig dei Iccs 26 und apparatus 2 may
have compleinentary communication equipment 28 config;
ured, at least, for sendina signals fmm the monitoring,
devices 26 to the apparanls 2. Additionally or alternatively
the system may also comprise one or more input devices 30
conftgurcxl lo provide thc light control uiput data 8 lo lhe
apparatus 2. Thc input devices 30 and apparatus 2 may have
complmncntary conununicanon ixpiipmenl 28 conligurcd, al
least, fiir sending si nels fmm the input devices 31) to the
apparatus 2. As stated above, the communication equipment
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28 Ol Ihc apparatus 2 for communicating v,ilh Ihc monitor-
ing devices 26 may be the same as, or difi'erent to. the
communication equipnlent 28 of the apparatus 2 for cnnl-
municatiim with the input devices 30 Any nf the cnnlmu-
nication equipment/devices described herein may be con-
figured to both transmit and receive communicarion si nels.
An examples of such cquipmenl 24, 28 may be RF wireless
commumcalion devices such wirelcss lrmlsnutlers and
receivers.
I iahting ( ontrol Apparatus I i 1

1he apparatus 2 may compose a lighting control conhgu-
rator that is used to design/configure a lighting scene or
scheme based on one or more pre-defined lighrin prin-
ciples. Thc lighting control conligurator may. ul principle,
opclillc ln onc or lllorc dlfiblc'ill way's 10 ploducc thc I

required li hting scene The principles may take any fnrnl
includin lighting rules and/or equations, and/nr computer
pmgrams v herein data is input and infnnnation about a
lighting scene is output. This data about the lighting scene
can then be used to generate the control SILBLBIS, or may be lo
thc control signals thcmsclvcs. Thc conligurator may dcter-
nnnc Ihe hghling sccnc based only upon input dale assoc&-
ated ivith one or more cognitive and/or physical states.
Additionally nr alternatively the configurator may use other
data inputs to determine output lighting scenes

The configurator may have a database of one or more
stored predefined lightin prmciples lvherein each lighring
prlllclplc Is ilssocl I lcd with dal I dssoclauxl v llh olu: ol nlorc
cogniiivc and/or physical slates. The prcdelincd hghling
principles and associated state data may be entered and Ic
stored by any suitable nlethod. One example of inputting the
data ti&r Ihe predefined lighting principle is a user selecting
one or more cogtitive and/or physical states nnd linking the
said states, or a combination of the states, to a set of one or
morc prc-dclined pnnciplcs. In another exiunple a user can &s

sclccl one or morc cogniuvc aixhor physical aisles and link
thC Sdld SuIICS, Or a Colnblllallon Ol lhC SIBICS. 10 Bll BCILOB Or
a particular scene An action could be any action in principle
including the initiation of a request fbr mnre user state data
or the delaying of the output of a particular lighting scene. dc

In another example. the confi urator may have access to one
or morc default behaviours which links known cognitivc or
physical slates lo suitable lighting scenes or behaviours.

lhc conligurator may compose separate proccssulg hard-
ware to Ihe processor 12 of the apparatus or may be a process
run by the processor 12 (for example by a sofnvare appli-
cation). Once the scene has been designed. the relevant
control signals to implement the scene are output from the
lighting control output unit 7. Thc scene may bc formed
using onc or a plurality of light sources 4. Thc llghl scenes
may bc static or dynamic (R&r example changulg in time
andior changing with respect to further data inputs provided
to the contigurator) lior exainpie a blue light scene may be
clmsen to help ener ize lethargic people or people with a
low degvree of arousal Warm colours may be used to relax &s

stressed people. Rcd hues may be used lo help to inspire
corn crsa1 ion ul a quwt enviroiuncnn Green and blue colours
may bc used to improve thc mood of someone lllal is
shoivina signs of depression In one example where state
data 10 from one user indicates the need for a lighting scene ic
change, the configumstor may use preferred lighting scenes
of other users. Tins could be. for example. if rhe scene Is
associated w ilb s llnl lilr BIB LC fills 10 d S lha I I LCClltlv I I Ci I VCd

at Ihc apparatus 2.
In mlother example. thc apparatus 2, over lime, may nol ss

be ahvays be the same device. i e a first set of components
nlay act as the apparatus 2 and then transfer the operation of

lighting control lo another sel of components. For example.
a user's mobiie device witlfin the control space may initially
bc the apparatus 2 and acl as a 'mobile lnib'lus mobile
device nlay also perti&rm sensing npemstions to detect other
user devices. Which mobile dcvicc acts as thc 1mb nmy bc
clx&sen in any suitable way. If a user is the first person to
enter into a room or other controlled lighting space then one
or more fixed devices in the room (such as light emitting,
devices 4 with communication equipment 24) may initiate a
conumuucation with lhe newly entered mobile device, once
the conununication is established that mobile becomes the
hub running a simple sofiwarc routine ul thc bacl ground
performing all nf the fiulctions nf the apparatus In another
example, when a new mobile device enters thc room, d

software application on the existin mobile can detect this
new mobile device and see if it*a in a better position to act
as the Inib, and transfer hub control nr keep lnlb control ivith
the same device. If the hub mobile device leaves the room
il may lransfbr control and lighlulg lustory data to Ihe other
mobile device (for example over normal mnbile phone
conumuucation channels) whml signals bclwcen thc onginal
mobile hub and the lighting devices 4 become weak
Light Control Data and Input Device

I'he hght control input data 8 cnmprises data associated
with thc control ol'thc onc or more light cmiuing devices 4
that are controllable through the hghting control apparatus 2,
such as but not limited to; data requestin hght emitting
devices 4 be turned on or off or emit at various illumination
intensity levels between zero and full bnghtness and data
rcqucslulg thc cnnssion of one or morc hucs of light.

The haft control input dsata 8 is input via an input device
30. Tlm input dcvicc 30 may bc associated with a user. such
as a person's mobile phone runnin light control software
Thc ulput dcvicc 30 may be conligurcd lo lransnut a user
identifier to the light contml apparatus 2 wherein the user
identifier contains infi&nnation associated with the identity
of the user who requested the light control input data 8 to be
sent to the apparatus 2. The user Identifier may comprise
liscr plolllc data ol comprlsc il rcfbrclu:L to B ilsc'I prolilc
(e g. stored in memory 32 of the apparatus 2) which may be
accessed by Ihc processor 12 ol'he apparatus 2 lo dctemunc
a rmlgc of allowable control of lla: lighting system by thai
user. 'I'he user pmfile may ti&r example comprise limitations
on locatinns lvhere the Lirst user can control the lighting,
limitations on the fiptt effects the first user Is allowed to set
v ith the light emitting devices. limitations on the type of
light enulting devices controllable by thc lirst user etc. Such
dale may bc used in Ihc process of gcncraung Ihe Onc or
more control signals 6 baslxl upon thc light control input
data 8, the data associated with a physiological or cognitive
state nf the second user and the profile date of the first user

The input device 30 may be any device in principle
including a remote input device 30 spatially sepamted from
thc lightulg control apparatus 2 or an input device 301ocdtod
upon or witlun Ihc apparatus 2. Thc remote ulput device 30
may bc, bul is nol limited to, a mobile device capable of
receiving a user input request. processing the user input
request and outputting light contml input data 8 to the
lighting control apparanls 2. The mobile device may be, for
example a mobile pin&ne or mobile computer such as a tablet
or a laptop thai contains onc or morc computing clemenls
conligurcxl to cause lhc mobile device to I'unction. The
mobile device may also lrdi e d user data ulput lhcility (such
as a touch screen, keyboard nr other user interface) and
cmnnlunication appamtus 28 for transfernng light contml
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input data 8 to thc lighbng control apparatus 2. The rianotc
input device nlay also be configured to nm one or nlore
sofnvare apphcattons.

Another exanlple of a mnlote input device 30 is a static
input device configured to be fixable in one or more posi-
tions relative to the fighting control apparatus 2 and/or the
light emiuing dcvtccs 4. The static input device may be any
ol; but not limited to. a touch panel or light switch affixed 10

a supporting structure (such as a wall). An example of a hght
switch is a Philips I lue Tap Personal Wireless I ightlngk 10

Stu'lrt Switch
The abovementtoned mobile devices, lightiilg conrrol

appamstus 2 and optionally the input device 30 comprise one
or morc processors configured lo perfonu Ihc respeclivc
rixpnred opcmtious descnbcd hcrcul. Morc generally. Ilu:sc
devices may have any suitable computing elements includ-
ing, bm not limited to, hardware, software and/or firnnvare.
'I'he hardware. software and/or firnnvare may in principle be
of any type or take any configumtion suitable to perform the
computer processing requirements of the respective devices 10

and apparatus 2. Such computation elements may mcludc al
least one or morc daLi processors 12 mid at less! Oue
nlemory devices 32. I'he computation eleinents may hirther
include one or nlore controllers, one or nxlre peripheral
devices such as data input devices. display devices or
conlnuulication devices 24. 28. The memory elements 32
may be volatile or non-volatile memory devices used to
stoic clccllontc ilBIB Blul/01 cbccnonlc colupilb:I plogldlll
inslrucbons. Thc computer pmgram ulstruclions may arrive
via an electronlagnetic carrier signal or be copied from a so

physical entity such as a computer prngram product. a
non-volatile electromc memory device (e g fiash memory)
or a record medium such as a CD-ROM or Dv/D. Typically,
the processor(s) 12 is coupled to both I olatile memory and
non-I olalile memory 32. The compuier pmgram is typically ls
stored in the non-volable memory tmd is cxcculcd by the
processor(sj llslllg lllc vohnlbc lucnlory fol tcnlpurBrv slor-
age of data or data and instructions Examples of vnlatlle
nlemory include RAM. DRAM, Sl)RAM etc Eixamples of
non-volatile memory include ROM. PROM. EEPROM, do

flash memory. optical storage. magnetic stors e. etc The
terms 'memory', 'memory dcvicc* when used in tlus spcci-
flctnltllt ill t: 11th:lid ixl I 0 rcinc prllualllv' tl luclllui y conlprl s-

ing both non-volable memory mid volatile memory unless
the context imphes otherwise. although the terms may also
cover one or more volatile memories only„one or nmre
non-volatile memories only, or one or more volatile memo-
ries and one or more non-volatile memories.
Light Enuuing Dcwces

lite lighting control apparatus 2 is configured lo control 0

one or more light emitting devices 4. When lhe apparatus 2
controls more thaii one hght enlitting device 4 the devices 4
nlay form part of a light control network 1'he tenn "net-
vvork'* as used herein refers to any interconnection of two or
more devices 4 (including the lighting control apparatus 2) ss
Ihal facilitates llm lrmlsport of ulfomlslion (e.g. for device
control, data storage, dale exchange, clc.) belv,een any lwo
or more dcviccs 2, 4 and/Or mnong mulbple devices 2. 4
coupled to the nenvork. Networks suitable for interconnect-
ing nntltiple devices 2, 4 may include any netv ork topology io
and employ any suitable comnntnication protocol. Any one
connection benveen two devices 2, 4 may represenr a
dcxficatcd connection between Ihe lwo devices 2. 4. or
allenrdtiicly a nou-dedicated connection. In addition to
cdrryulg ulfonuauou inlcndcd for Ihe two dcvwes 2, 4, such ss
a null-dedicated cotlllcctlofl Illav cal'IV ulfollu;lllon not nec-
essarily intended for either of the two devices 2, 4 (e.g . an

open network connection). Networks of dcvtccs discussed
herein may employ one or more it ireless„v ire/cable, and/or
libre optic links lo Ihctlitab: infonnabon transport tluou h-
ollt thc nctv;ol'k.

Light cnullulg dcviccs 4 arc configurcxf to have Ihcir hghl
emission controlled by control sigttafs 6 (typically electrical
signals) sent from the lighting control apparatus 2. The light
emitting devices may comprise conlmuiucattoii appamltus 24
configured to receive the control signals 6 and maintain. or
alter, their current light emission ul accordance with Ihe
control signtals 6. Examples of communication apparatus 24
include, but arc nol linnb:d lo, devices supporting wirelcss
or wired commlulication channels such as wireless RE
colulltlllllCinlonS. 1111S ConuuulllCdlloll CqlilptllClll 24 111BV

alternatively be separate to but associated with the light
emittulg dei ice 4, for example a msdto receiver or transceiver
cmlnected to the light emitting device 4 1 he light emitting
device 4 and flatting control apparatus 2 may utilise any
suitable type of conununicabon protocol to scud and rixmvc
the control signals, such as ZISECC. Another example of the
conumuucation type bctw can llu: light emitting devices 4
and the lighting control apparatus 2 may be using Power-
Linc Conuuunicabon (PLC). Tile light cmittulg dcvicc 4

may be connected to intemledtate contml equipment that
reccivcs control signals 6 from the apparntus 2 and uses Ihe
control signals 6 to drive the li ht enutting device 4 'Ibis
intermediate control equipment may be physically coupled
to the light emitting device 4 or be remote fnlm (i.e
separated from) the light emittmg device 4

Thc hght mnilting deiiccs 4 may have onc or morc
sources of light emission. Examples of light emitting
dcviccs 4 ulcludc, bul arc nol linulcd to. room lights. light
bulbs, I.III) lights and light emission apparatus on mobile
devices such as optical displays. An example Ol' typical
light bulb contmlled by the li hting control apparatus 2 is a
v ireless LED light bulb containing a plumlity ofLED*a. The
plumllity of I,l il )s may all have substantially the same output
wavelength spectrum or may be a plurality of LED's
whcrcin at least two of lhe diferent LED's output ihffcrenl
v avelength spectral ranges. The light emitting device 4 mny
compnsc multiple light sources such as two tndcpcndcnl
light sources, for example a Philips 'I lue lieyond'amp
having an up-hghl nnd a down-light.

'I'he light einitting device 4 or plurality of light emitting,
devices 4 controlled by the lighting control apparatus 2 may
be controlled according to various ditferent light output
parameters such as vvavelen th range (corresponding to
changes ul luic). output light intensity and lime vanancc of
wavelength or light intensity (i.e. outputting livght in a pulsed
minuter). Thc hght cnnucd by the light emitting device 4
may comprise any wavelength range in principle, but typi-
cally will cover wavclcngth ranges ul the human visible
spectnim correspondin to photopic vision (i.e outputting
wavclcngllw or wavelength ranges bctwccn 390 lo 700 nm).

When multiple light emitting devices 4 are controlled by
the lightin control apparatus 2. each device 4 may be
cmltrolled to output a particular wavelength range and/or
intensity so that the combined light emission from all of the
colltrollcd devices 4 ls lallolixf to B specific lu:cd.
Data Associated With a Physiological or Co nitive State of
a User

Thc dale 10 associated with a physiological or cognitive
state nf a user may be mly data associated with one or more
physiological or cognitive states of the human body
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Phys&ological states may include, but arc not h&nitu! to
states of arousal, states or stages of sleep (for example sleep
onseu I31&M sleep and non l31!M sleep. light sleep, deep
sleep.).

Cognitive states may include. but are not limited to,
consciousness. unconsciousness and psychological states.
Psychologicdl states may include, but are not hm&ted to
status &11 strius.

1he data 10 may be data output from a monitoring device
that. in turn. can be used to determine a user's physiological &B

or co nitive state I'his may be termed 'raw'ata 'I'he nsw
data may indicate or provide a bio marker for a physiological
state front which a cognitive state may be subsequently
ih:tcrnuncil.

Additionally or altemativcly, ihe data 10 may bc thc
actual data detailing/descnbing a physiological or cognitive
state. 'I'his may also be referred to as 'inferred data'ne or
more pieces of raw data may be used to determine the
'inferred data*. The determmation of 'inigrred data'ay
also be determined by sources of data other tlmn raw data lo
from a momtorulg device, such as the tune of day the raw
gati& w'ds nlc&ISUI'Cd.

Physiological states nlay be, for exainple. those states
resulting from the operatiim of the human autonomic ner-
vous systenl Data 10 associated with a cognitive state may
be data indicating a particular mental state. mental activiries
and/or mental processes. The data 10 may be sent to the
lighthlg ella&rill BppBrdtils 2 with Bn uu!Icdtliu& ol'the ideality
ol thc iiscl'ssoc&B&cil with thc iIB&a 10.

Some co nitive and physiological states mav be associ- lo
ated ivith each other I'or example a physiological state of
arousal may lead to changes in skin conductance and
increased heartbeat. similar to a psychological stressed state.

The data 10 associated with these states mny be denved
from any suitable monitorulg equipmcnl such as sensor li
devices. Monitonng cquipmcnt may be located remote from
d uscn sUch Bs Bn nniignlg BppBIB&US (fol cxBU&pic SI visible
or I)3 can&era) that detects the pulse rate of a user or how lmt
the user is. Such nlonitoring equipnlent is typically located
upon a monitorin device 26 worn by a user, such as but not do

limited to a watch„a v aist band, ore smart clothiltg garment.
Thcsc sensors may ulclude onc or more combulat&ons ol; but
not lan&ted to, optical sensors, pulse rate molulors, blood
pn:ssulc alon&tora, Blot&on sensors (sUch Bs acccicronlcu:Is),
skin temperature sensors. bio-impedance sensors including
skin conductance sensors measuring galvanic skin response.

Examples of what sensors may measure include. but are
not limited to. the following. Accelerometers mny be used
for slump deum&ion and dc&ection of other physma1 actn &tice

such as physical exercise. Opucal sensors may be used to o

detix& thc level ol amb&cnt 1&ght or other phys&cal mcasurc-
nlents of a user such as heart mate 13io-iinpedance sensors
nlay be used for measuring heart rate. respiration, galvanic
skin response which in turn may be used for determining/
estimatin arousal level and/or mood. s.

Each of thc sensors outputs dani that ran be used to
dcternnnc or calculate a particular phys&ologlcal or cognitivc
state of a user. Multiple sensor data readmgs may bc used to
deternline an inferred state I or exainple. an active phys&-
oloaical state of a user may be determined using acceler- io
ometer signals indicating the person is currently moving in
addition to signals from a pulse mote monitor, which together
indicate that thc detixtcd movement is an cnergctw. fi&rm of
moi ament. A sleeping state ol' person mdy be dctermlncd
by data Ibom a pulse rate morutor an&L'or ml accelerometer si
indicating low user activity and a light sensor in proxunity
to the user md&cating a low light level. A state of the person

durmg ml awake period cml bc infi:rrcd from thc sloop
quality that can be measured by the wearable device if worn
dunng the night (i e. when sleep) A stressed state of a person
may be inferred using signals from any one or more of a
blood pressure monitor. a pulse monitor and a sensor moni-
toring galvanic skin response.

A slate, fi&r example a currmlt state, may bc also Infc&rcxl

at least from one or morc prcv&ous hwtonc lnfi:rrcd states of
a user and/or one or nlore previous raw data measurements
This previous data may also be termed historical data The
current state may be determined by exanlining a plurality of
raw data measurements wherein at least two of the raw data
measurements are taken at different times prior to the
dctcrnunation of the state. Additionally or Bltcrnauvcly, thc
ciirrcirt state nlav bc ilctcnnlncd by pl&lish&3'f plcvloUslv
deternnned states 'I'he inferred state can also be obtained
from other non-physiological data fmm other data sources

'I'ake, for example, a person ivho had a disrupted sleep
because (s)he a&soke many times and did not have enon/&
deep sleep. The points during the sleeping period where the
person aw okc could be dctcctcxl by a morutoring dev&cc such
as wearable morutonng dcvicc with acccleromctcrs. The
device could monitor movement of the person during the
sleep to ascertain when and hoiv long periods of physical
nxlvement occurred 'I'his raiv data ivould be stored in a
atoms e medium.

After the sleeping period, a device could determine that
thc person hiul a disrupted sleep by analyslng thc rilw data
collect&xi during the slccping period. This analysis could
compare any of the nunlber of dismptions, the duration of
the disruptions and the maanitude of disruptions (I e degree
of detected physical nlovement) 1 he analysis nlay even add
the sleep history of the last few days to determme whether
or not the person has recently had a good night's sleep. After
dctcrnuning thc nature/qualiiy of thc persons recent sloop,
the apparatus 2 or systmn nuiy react by actlvatulg a lightulg
scone or scheme Illat could help a person to awake Ihstcr or
to avoid sleep inenia (which for exanlple would oot be
necessary if the person had a good night sleep).

In tlus exampie. additional data from other sources may
be used to determine a disrupted night*s sleep, such as data
ind&catulg how late ulto thc evcnulg a local Tly was on unt&1.

data indlcatulg other no&ac producing acuvitlcs such as thc
opening of the I'ridge. or doors, or uses of the batluoom
multiple times in the night

'I'he data provided by the one or more sensors may be sent
directly to the li hting control apparatus 2 or may be
processed before being received by the hghtin control
apparatus 2. A user*a state may bc de&ennuied using thc
processor 12 of the apparatus 2 or by a remote dcv&cc such
as a wcarablc monitoring device 26, such as a watch. The
nxmitoring device 26 may comprise hardware and software
(sinlilar to that described elseivhere herein) to process the
sensor data and determine the user's physiolo ical or cog-
nitive state.

Mon&turing dcv&ces 26 mdy be conligurcd to interface and
conunulucatc with a mobile dcvicc, such as a user's mobile
phone. Thc monitoring dcviccs 26 may send sensor mea-
surement data to the mobile device, where&n the mobile
device processes the measured data, deternunes a user*a
physiologicai and/or cognitive state and„ in turn. transmits
the state data 10 to the lighting control apparatus 2. Such
data processing may be pcrfonncd us&ng onc or more
software pmgrams running on tlu: mob&lc dcvicc.

Thc apparatus 2 may continually or pcnodically send out
one or more broadcast signals to be received by local
nxmitoring devices 26 requestin them to send the latest
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physiolog&cal/cogn&uve data mid/or lo inslruc( lhc monitor-
ing devices 26 to niake the necessary physiological/cogiu-
tive measurements of a user and send the appropriate data to
the apparatus 2

Operation
The appamtus 2 may use rules regarding specific smtes of

a user Io gcncrate or adapt lhc control signals 6 scn! (o the
hglil cliiillilig dcVICCS 4.

Any of the ndes used by the processor 12 to generate the
control sianals 6 &nay take into account data concernina the I i&

size of the lighting control space. the light emitting dev&ce
4 positions and/or the proximity of the users wearing moni-
toring devices 26 to the liJlt emitting devices 4. Such data
may already bc access&blc to the apparatus 2 (fi&r example
being loaded onto a memory device 32) or may bc trans-
mitted to apparatus 2 when physiological or cognitive state
data 10 is transmitted to the apparan&s 2. 1&or example
'asleep'ata may be sent to the apparatus 2 along ivith a user
identifier and a user location. )f the processor identiTies the
location of the user as being outside of the 'effect'f the 10

light emitting dcv&ccs 4 (for example beuig oulsidc of the
control spdcc) il lllav lgnoli Ibis purl&cola& pl&vs&Clog&cBl or
cognitive state data 10

Ra&v measurement data may be used to directly determine
hoiv the input light request is to be moditied into a hght
output acceptable to those In the room. Either by hnvi&ig the
raw data used to select a particular nde or lighting scheme
or, for example, &n an cquat&on lhal rclalcs hghl output lo thc
input raw (or aggregated) data. One (ypc ol'ile may bc
known as 'constraimng cont&0'r 'constraint'ule. (:on- io
straint nlles may be implemented in a number of ivavs. Tlus
type 0 f nile lint&ts light control if a certain state or change of
state is detected.

For example, light intensity cannot be set over 10% if the
slate 'ashxp's dc(ected. To implement Ih&s rulc Ihc appa- ii
ratus 2 may bc in&nally conligurablc Io output one or more
control signdls wnhul B firsl control s&+181 I J&lgc, slich Bs II

signal range instn&cting light emitting, devices 4 to output
intensities between 0-1(X)% of the maximum achievable
brightness. The appamstus then determines a second control JO

signai range based upon the data 10 associated w&th a
physiolog&cal or cogn&uvc state of Ihc user. For cxmnplc &f

the slate 'asleep's rccc&vcd, the second (mod&lied) control
sigruil range that the control s&goals arc conslrmncd lo &s thc
portioii 01 the (irst control signal range between 0-)(P/v of J
possible liaht intensity

When a particular rule is implemented. the apparatus 2
may reLate the li ht contml data 8 to the output control
signals 6 ui a number ol'ays including modil'y Ihc onc or
morc 1&ght control &nput data values 8 to correspond to a 0

I Blue in the second control s&gnal range. For exlunple, when
an intensity constrain&ng rule is in etfect. a light input contml
value 8 of 100% intens&ty may be modified to an output
control signal 6 of 10% intensity whilst a figdtt input control
value 8 of 26% intensity may correspond to an out control s.
sigruil of 2.sg/o u&tens&ly. )n Ih&s manner, Ihe user inpulling
the 1&ghl control data 8 may therefore still conlrol thc
I ariab&lily ol'he h J&l&ng but only to an extent mccptable to
the physiolo ical or cognit&ve state of another user in the
same environment This nde may use one or more scaling io
factors to change (up or down) the light control input data 8
into scaled output control data 6 used to drive the li hts One
constraint rule may bc a 'capped* nile where Ihe rmigc of an
output 1&ghl intens&ly &s )united. For example, uilcns&ty &s

hliiitcd frolii 0-10% ui case soli&i'olli's asleep . Any hghl Si

intensity value above 10% is automatically capped to 10%.
Another example could be if someone is studying and the

ph)'Biological slate 01 iiclivc el&gag&xi ls nn:asti&Oil, Ihi'll Illc
light output range is liniited benveen 80-100'%alues kiwer
than 80% are capped at 80"/s 'I he colour range may also be
constrained. Constraints may be stacked and combined to
make ad& anced li hting scenes.

Another constraining rule could be a fixed or 'Static'de
whcrcby: values cannot bc changed &f a state &s detected or
a change in state is dc(ected. For example. il'n 'active
engaged'tate is inferred; the colour of the hght cannot be
changed and is fixed at a colour tempenature, for example
6000K

For a group of lamps outputtin a combined light scene,
the overs)i scene may be constmsined rather than sin le
ind&valuiil ligll( soiilccs.

in princ&pic thc h@II control input data 8 rccc&ved by thc
apparatus 2 may be associated with a particular desired light
output state (ivhich n&ay be related to any number of light
output variables such as brightness and colour). The iuiles
invoked by the apparatus 2 niay lead to this request: not
be&n output, bein output because the request was within an
acccptablc range of 1&ghl output states, or output by havuig
the rcqucslcx) l&ghluig output slate mod&lied to bc in accor-
dance with the rule (for example heing scaled up or down or
capped).

I&1 one example. the apparatus 2 niay only perniit light
control input data 8 to be accepted (or passed through) into
a control signal 6 &vien those input data requests are within
thc acceptable hghluig reg&mcs dicta(cx) by thc physiolog&cal
or cogn&tive slate data 10. For example, a huc constrai&ung
nile of 'no red* is in effect because physiological or cogni-
tive state data 10 has been received indicating that a person
is in an aggnsvated state and should not see red light
Another person submits lightin contml input data 8 into the
apparatus 2 requestin that red. blue and green hues are
output in difii:rent areas ol'he room. Thc apparatus 2 then
only pcmiits output control signals 6 caus&ng thc green and
blue hucs lo bc cnntled.

Another type of nde may be known as 'defmilt states'his

type of rule uses a predetermined light setting (tiir
example a setting made by a user) if a ce&tain state is
detected and/or v:hen a change of state &s detected. For
cxiunplc, if a change ol'late Is dc(ected from i&wake lo
aslccp, then a prcdclermincd bchav&our &s act&vatixk e.g..
dun lights to 10'/o.

When opensting using this rule, the apparatus 2 is con-
figured to select a predetemii ned cont m 1 signal 6 based upon
the data 10 associated with a physiological or co nitive state
of a user and output said predetermined control signal 6 to
the l&ght emit(&ng dcvwe 4. 1/sing a predetcnnu&ed control
s&gnal assoc&alex) v ilh a phys&Clog&cdl or cogml&vc stale
allows a user lo make sure Ihal a known 1&ghtuig cffi:it &s

output when he or she is in a particular mood or state of
act&vity I'his can be particularly important for those who are
very sensitive to changes in lighting effects and want to
know that only a specific lighting condit&on is output when
they arc ui a part&cular physiolog&cal or cogn&tive state. For
cxiunplc, a user mny know thai he or shc always needs
coil&pi:Ic diilkilcss whcll slccpulg, so Illc prcih:Icrnlulix!
control signal may be to have zero light intensity when he or
she &s in this state

The pre-determined infiirmation may be held upon a
memory device 32 &vithin the apparatus 2 or may be trans-
nutlcd Io lhc apparalus 2 (rom another storage device. The
prc-dctcnn&ncd &nformauon may be &npul by thc user or may
bc gcncratcd by theappardlus 2 (for example gcncraun Ihc
default state by examining the lighting scheme history of the
user).
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FIG. 3 shows an cxamplc ol'a lighun control apparatus

2. The apparatus 2 comprises a processor 12. memory 32, a
conununlcallun deva:c 24 foi scndhig ciinnol sl nals to II

netivork of light emitting devices 4 and a communication
dcvicc 28 for rccciving daLi Irom mulliplc rcmolc devices
26. 30.

The rentote devices 26. 30 shown in this example include
two ivearable monitonng devices 26, each scorn by a dif-
ferent user and an input device 30 for sending light control

I it
input data 8 lo thc upparalus 2. The input devwe 30 In tlus
example is a ivall mounted li ht switch allowing a user to
rcxfucst difli rent hghting schemes. FIG. 5 shov, s a schmnatic
of a mom depicting this situation where the apparatus 2 Is

locaicd on the fioor and wirclessly in conunumcalion wilh
the ivall switch 30, two light emitting devices 4 (a tirst lantp
on a piece of furniture and a second overhead lamp on the
ceiling) and two wrist worn monitoring devices 26 (one
worn by a person 34 standing up, the other by a person 36
asleep on a sofa). Another user 38 Is entering lhc hghling 10

request onto the v all mounted switch 30.
lhc apparatus 2 rcccivcs physiological slate data 2 0 from

two users 34. 36 wearing the monitoring devices 26. 1 he
wearable monitoring devices 26 send user identifiers aloag
with the physiological data 10. 'I he processor l2 analyses
both sets of physiological data 10 and detemiines that a
constraining control nile of 'liJtt intensity only up to 5%*

should bc unplcmcntcxf bccausc Hie dale 10 from Onc
moniloruig dcvicc 26 Indicates one user 34 to bc scuse and
aivake, whilst the CLsta 10 front the other iniooitoring device 10

26 indicates that user 36 is asleep. 'I'he third user 38 enters
a request for IOO'N»intensity greco light using the wall
mounted switch 30. The processor 1 2 then generates control
signals 6 to send to the network of light emittin devices 4
to emit grenz hght at 5% ol'he maximum possible bnght- Is
ness.

In an allcrnauvc cxamplc, lhc user 38 inpullmg the light
control data 8 ntay use a device 30 with a user interface. such
as a mobile phone with a dispLsy screen. Upon determiniag
the use of the constrairung rule of 'light intensity up to 5%', so
the apparatus 2 sends information back to the mobile device
lo display ufibnnation lo the tlurd user 38 thai hght can Only
bc scl to a bnghtness ol'p to 5% duc lo another person 36
in the same room being ashwp.

lq(i 4 shows another exaniple of a lighting contml
apparatus 2 similar to the example of I'l(i 3 1'he example
in FI(f. 4 also shows a further mobile li ht emitting device
40 controllable by the appamstus 2. This mobile light emit-
ung device 40 nuiy be a user's mobile phone. The apparatus
2 in llus cxmnplc rixogniscs liat thc light cnuuuig device 40 0

is a mobile phone through one or morc commuiucations
betiveen the apparatus 2 and the phone 40 and adapts the
control signals 6 to take into account the mobile device's
limited ability to output high intensity light. Within the same
scenario as described in FIG. 3, the apparatus 2 also sends 11

control signal 6 lo this mobile device 40 to only output
grcmi display screen hghl of 50% of tolal uilensily thai thc
phone c;m nominally output

It ivill be appreciated that the term "coinprising," does not
exclude other elements or steps and that the indetinite article io
"a" or "an*'oes not exclude a plumslity. A single processor
may fulfil the functions of sevemsl items recited in the
clauns. Thc merc fact that cerLiin measures are rocitu! In
mutually difli:rent dcpcndcnt clainw does nol uidmale thai a
combuiation of thcsc measures cannot bc used to mi advan- ss
tage Any reference signs in the claims should not be
construed as lintiting the scope of the claims.

Although claims hai e been Ibnnulated ut llus apphcation
to particular combinations of features, it should be under-
stood that the scope of the disclosure of the present invention
also includes any novel features or any novel combinations
of features disclosed herein either explicitly or implicitly or
any generalisation thereof, Ivhether or not it relates to the
same Invention as presently claimed ui miy clauu and
whcllmr or not il nungalcs any Or all of lhc same technical
pmblems as does the parent invention I'he applicants
hereby give notice that neiv claims may be forniulated to
such features anilior conibinations of features during the
prosecution of the present application or of any fhrther
application derived therefrom.

Thc uivcnlion claimed Is:
I A lighting control apparatus fiir contmlling hght emit-

ted fmm at least one light emitting device using one or more
control signals;

the apparatus comprising:
a lighting input receiving device for receiving light con-

trol input datu associated with a first user, lhc light
control uipul data beuig a hghting rcqucsl input for
controlling a lighting efiect light eniitted from the at
least one light emit linc device;

a user data receiving device for receiving data associated
v ith a physiological or cognitive state of a second user;

a processor for genemsting the one or more control signals
based upon lhc hatt control utput data and thc data
associated with thc physiological or cogiutivc slate OI

the second user;
a 1iglltiilg ciulti'01 output iini t confIgut'cd to otttpilt thc onc

or more control signals.
2 An apparatus as clainted in cLaim f, wherein the at least

one light emittin device is located within a lighting space:
Ihe apparatus being conligured lo rcccive dale inihcaluig

thc picacncc of lhc six'Ond ilscr wilful lhc hghlulg
space, and,

the processor being conhgured to genemste the one or
more control si nals fiirther based on the indicating
data.

3 An apparatus as clainted in claim I wherein;
lhc light control Input data Is assoctatcxf with a Iirsl hghl

output slate Irom thc al least onc light cmitluig device.
lhc onc or morc control signals areassocialcd with a

second light output state fmm the at least one light
eniitting device; the first hght output state being dif-
ferent from the second light output state.

4 An apparatus as claimed in cLaim I wherein
Ihe at least one light emitting device Is configured lo

output a plurahty of difli:rent hght output slates:
Ihe light control input data corresponding lo a hght output

state ivithin a first range of hght output states; aod.
the processor is conficured to genemste the one or more

controi signals to correspond to one or more light
output states within a second range of light output
slates, lhc second hght output stule range being difli:r-
eal from lhc first hghi output slate range,

lhc processor bcmg configurcd lo.
ntodify the light control input data to correspond to a light

output state ivithin the second light output state mange;

and,
generate the one or more control signals using the modi-

fied light control input dale, or,
gcnclalc lhc onc or niorc control slgntils ilsuig lhc hghl

control Input data only d the hghl control uipul dma
corresponds to a light output state within the second
light output state mnge
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5. An apparatus as clatmivi ul claim 1. v,herein thc
processor is configured to:

select prtxlctcrmincd control Inl'onnallon basml upon the
data associated ivith the physiological or cognitive state
ol'he second user, and,

gcncrale thc one or morc contml signals usulg lhc selected
prcdclcrnlltlixl cotllrol lnfornuilioll.

6 An apparatus, as claimed in cLsim 1 wherein the
pmcessnr is configured to

access a predetermined set of control information based
upon the data associated with the physiolo ical or
cognitivc slate ol'he second user, and,

select control information lrom lhc prcdclcrnuncd sel
based on thc light control Input data, and,

generate the one or more contml signals using the selected
control information

7. An appamtus as claimed in claim 1 wherein the lighting
control output unit is confi ured to output one or more
c0111101 signals 10 a hghnng collnol nclwolk colnprlshlg II

plurality ol light cmitung dcvlccs, wherein lhc plurality of ln

light mnilting devices uicludcs Ibc at les el one light erailling
device

8 A system comprising a lighting control apparanis as
claimed in claim 1. the system further compri s ill 8 n n

earn hie

device conligured to:
be worn on the second user, and,
monitor a physiological or cogiulivc stale of the second

it set, iuld,
output the data associated with the physiological or cng-

nitive state of the second user to the user data receiving
device.

9. A system as claimed m claim 8. further comprising a
li ht control input device configured to:

rcceivc an input rcqucst from lhc lirsl user, lhe rcvtucsl
associated with thc hghl control mpul data;

ouqnit the light contml input data to the lighting input
receivin device

10. A system as claimed in claim 8 further comprising the
at least one light emitting device.

11. A method for controlling li ht emitted from at least 10

one lighi emitting device usuig onc or more conlrol stgtials,
thc method compnsing thc steps ol; in any order.

receiving light control input data associated with a hrst
user. the light control input data being a lighting request
input for controlling a lighting eflect littdtt emitted from ss

the at least one li ht emitting device;
receiving data associated with a physiological or cogni-

tli 0 slate ol a second ilscl.

generating, using a processor. onc or morc control signals
bascvl upon lhe light control input data and thc physi-
ological or cognitive state data,

outputting the one or more contml signals to the at least
one light emittin device.

12. A method as clainled in claim 11, wherein the at least
one light emitting device is located within a lighting space;
the method further comprisin the steps of:

receiving data inibcalulg thc presence of the second user
within lbe lighting space, and,

genensting the nne or more control sigttnls further based
on the indicating data

13. A method as clainled in claim 11 w hereui:
the light control input data is associated with a first light

output state from the at least one light emitting device;
the one or more control signals arc nssocuited with a

second light oulpui slate from thc al least onc light
emitting device; the firrt light output state being dif-
ferent fmm the second light nutput state

14. A method as claimed in cLaim 11 wherein the least one
light emitting device is configured to output a plurality of
difi'erent light output states and the light control mput data
corresponds lo a light output slate within a lirsl range of thc
plurality of dillcrcnl bghl output states, Ihe method com-
prising the steps nf

genensting the one or more cnntml signals to correspond
to one or more light output states within a second mange
of the plurality of difierent hght output states; the
second light output state mange bein difi'erent from the
first light output slate range:

and
(Ii nlodifying the liglit control input data to correspond to

a light nutput state within the second light output state
range and generating the one or more control signals
using the modified light control input data;

01;

(It) gCIICIilllllg lhC OIIC tir 1110IC Cotllrol slgllalS US111 lhC

light Colltrol hlpUI ilutil only'l lbc light Connol hlpUI
data corresponds to a light output state within the
second light nutput state range

15. A method as clainled in claun 11 funher comprisin
the steps of:

selecting predetermined control information based upon
thc dale associated w ilb Ihc physiological or cognitive
slate of lhc second user; and,

generating the one or more control sigttnls using the
selected predeterlnined contn11 infornlation.

t t t t
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