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ENRICHINIG AUDIO WITH LIGHTINO

CROSS-REFERENCE TO PRIOR
APPI ICA'I'IONS

1his application is the U.S. National Phase application
under 35 U.S.C 9 371 of International Application No.
P('7I,F2017/055907. filed on Mar. 14, 2017. which claims
the benefit of Eumpean Patent Application No. 161(i1674 3,

lit
liled on Mar. 22, 2016. These apphcatioiw are hcrcby
incorporated by reference herein.

TECHNICAI F]EI D

Audio devices may also be '*connected" For cxmnple, a

connected audio system may comprise midto devices (e..
spcakcrs) placed fitroughout thc miviroumcnt wluch are
sunilarly conncctcd mid controlled as in Ihc above lightulg
system exaiuple Audio devices are commonly connected to
a central control device such as a TV, and niay also be
connected to the internet, e.g. providing access to an internet
radio station.

It ts possible for users to combine li httng v ith audio such
as music to cnhancc thc overall aunosphere Plulips Huc
bulbs arc an example of coiuiectcd lighting dcvlccs, and
there are mobile applications available which use the mobile
device's microphone to listen to audio playing w:ithin an
envirolunent and control the bulbs based on the audio.

I'lite present disclosure relates to controlling lighting
dcviccs basixl ou audio.

BACKG ROI )ND

20
WO 2006/003(i24AI discloses a method for color extrac-

tion front video content. which can take into account meta
data. embedded in an audio-videostream, indicarive of a
hghthlg clh:ct

US 2014/122465AI discloses a method for a weighted .;
Idukulg itf IIIUSIC ltCIIIS basixl 011 a pClsollsi ltCBI CllaldC(CI-

istic and for providing a search result list ordered based on
Ihc rdul Iug.

WO 2008/068698AI discloses a method of facilitating
acconlpanymg ail ullage or video rendering lvith a concur- 10

rent controlled mnbient lighting, wherein the color selection
filr the ambient lighting is performed in dependence upon
scene lightin information associated with the image or
video.

WO 2006/084339A2 ihscloscs a method ol'llunuimting li
du CBVIIOIBBCI11 ltl Cooldlualtoll willi B Iucdla dtSpld)',
whcrcui a mapping bctwccn a visualization and a hghting
control system can be modified by a user

I ilectronic devices are becoming ever more connected. A
"connected" device refers to a device such as a user temii- do

nal. or honte or otfice appliance or the like that is connected
10 011C OI 1110IC 01ECI'UC11 ilCVICCS Vill il Witch:ss OI WIICd
coluuxuon In order allow morc possiblhtlcs filr control of
the del ice. For Instance, the device in question is often
connected to the one or more other devices as part of a wired
or wireless network, such as a Wi-lti. Kigl3ee or 13luetooth
network. The connection may for example allow control of
the device from one of the one or more other device~. e
from;m app /appltcattou) running on a user tcrnunal such as
a smart phone. tablet or laptop, and tor mdy allow for slxiring o

ol st:Iisitr Iulorulatloll 01 other ilatB bctwccll Ihc ik:vices ul
order to pnlvide more intelligent and/or distributed auto-
nlated control.

In recent years. the number of connected devices has
increased dmmattcally Lightin systems are part of tlus ls
mol cment tow ards a conncctcd infrastructure. Conventional
coluuxted lighting systems consist ol'ight sources which
can be controllnl through wall-mounted sv;Itches. dimmers
or more advanced control panels that have pre-progranuned
settin 1 and effects, or even from an app ninning on a user io
terminal such as a smart phone. tablet or laptop. For
example. this may allo~ user to create an ambience using a
wide rmlgc of coloured hghting, dimnung options and/or
dynamic clli:cts. In Ihc home cnvlronmenl. Bt lcasl oue
existing system also oil):rs consumers thc possibility lo Si
implement such a connected lighting solution through ret-
rofit bulbs that can fit into traditional light fittings

SUMMART

As outlltlcd ill;lbove. people cll)01't'catlflg licit 'ltiuo-
spheres where a /dynamic) light scene Is rendered based on
music Hov,ever. current iniplementations such as those
aviulablc litr thc Huc system arc based on rcudcnng light
elfccts by mlalyzing an audio sucam. Howcvcr, these prior
art systems are concerned with precisely aligning the light-
ing to the music and only use the actual waveform of the
midio as an input (e 8, via a microphone). A simple example
is the detection of the 'beat'n the music and creating light
pulses that are synchronized to this. Such 'harsh'ight
clfi:cts can bc countcrproductil c. For cxamplc, thc dc(ection
of beats ui an auiho signal is ill-suited to crcaung a lightulg
etfect to accompmiy some types of midio such as audio
books, or to creating a aeneral ovemll ambience that com-
pliments the feel. harmony. Cr melody of the nnisic mther
than necessarily emphasizing the beat of the music.

The present disclosure recogruzes that temporal align-
meul of midio and lighilng cilimts is not always imponant or
even dcsirablc. If the audio is, for cxiunple, an midio book
or a podcast lhcn it woukl be uiappropuate to apply bee(-
detection techniques to the audio and contml the hghting, to
synchronize with the beat iiven if the audio is music, in
general the light dynaniic does not have to be (exactly)
aligned with the nnisic to have a positive effect In both cases
of ahgncd or non-aligned dynamws the sclcctiou of suitable
colours plays an important role. Depmiduig on thc applica-
tion, difii:rent approaches can bc usixl, fitr cxmnple It is
known to use colours that are associated with the mood of
the song or using an album art. It may not always be clear
v hat property of the pLayed composition /any metadata
associated with it) to use to select these colours.

To address the above-mentioned problems, thc present
disclosure teaches thc rcuicval ol'a sct of Images based on
values of me(ada(a llama as d means to select a complemen-
tary conlbination of colours for a light scene

According to one aspect disclosed herein. there is pnl-
vided a method of generatin a lightin effect based on
metadata of an audio stream„ the method comprisin steps
of. exlracting onc or more meuidnta itmus from Ihc midio
stream: retrieving a lira( sct ol onc or morc images based on
values ol the metadata Items. controlling a light source to
generate a lighting effect based on said first set of one or
ttlot'c itlulgcs

In embodiments. the method further compnses a step of:
ranking the metadata items from a highest ranked metadata
ilmn lo a lowest ranked me(ada(a itmu, and whcrcul said
retncvcd sct of images Is retrial cd based on thc value of a
highest ranked metadata itmu.

In embodiments. said tirst set of one or more images is
retrieved based on the hi hest ranked nietadata item, and the
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method I'urthcr composes steps of. delcrmimng a consis-
tency of the set of images retrieved based 1111 the highest
ranked nietadata item; and. on condition that said consis-
tency is less than a threshold consistency, retrieving a second
set of images based on the value of a second hi/test ranked
metadata item: wherein said controlled light source is con-
trolled to gcnerdtc the lighting cflbct based on saul second
scl til ilutigcs.

In embodiments, said set of one or more iinages is a set
of a phirahty of images and said consistency is at least an io

inter-image consistency
In embodiments, said consistency is at least on inrm-

iltlulgC COJISIStCIICv.

In cmboduneuts, thc method flinher comprises a step of,
on condition that Ihc dctemuncd consislency of lhc sel of I

images retueved based on the second highest ranked meta-
data is not greater than the threshold consistency, reducing
the threshold consistency, and, on condition that the con-
sistency of the set of ima es retrieved based on the highest
ranked metodata item is greater than the reduced tltresho)d, lo
controlluig Ihe hght source to generalc lhc lightuig eflccl
booed ou sdid lil'sa scl ol iluagcs.

In embodiments, the niethod further comprises a step of
identifying ivhether a dedicated lighting etTect associated
with the audio stream is stored in a memory: and. on
condition that a dedicated lighting efl'ect exists. controlling
the light source to genemte the dedicated lighring effect.

In mnbodimcnts, thc lighting cflbcl gmicralcd based on
said lirsl scl of one or more imo cs is subsequently stored
associated ivith the audio stream in the memory. So

In embodiments, the step of extmcting the metadata items
comprises extracting the nietadata items using audio finger-
printing.

In embodiment~„ the step of extracting the metadata items
comprises idcnufying thc auiho stream mtd retncvuig the ii
mcladata itcnw from a database based on Ihc idcntilicalion
Ol Iht: dudio slrCdlli.

In embodiments, the metadata iteins comprise at least one
ofartist name. album name, mood, genre, playlist, album art,
lyrics. and relevant words. So

In embodunents, the method further comprises sreps of
cxirocling picture mcladaui items frum lhc rclrievcd set of
images: and rctucvutg a subsequent set of uuages bases) on
Ihe picture mctadard items. and Ihe su:p of conlrollui thc
li ht source to generate the lighting effect based on the
subsequent set of images.

In embodiments, the step of retrieving o first set of one or
more images based on the metadata items comprises per-
fornung an online unagc search based on lhc mcladala items.

In emboduucuts, llm rmtkuig is perlormed based on a o

prefcrrcd ranking spccilicd by one or more users. For
example, one or more users of the user device. or one or
niore external users of the application who have previously
input o preferred mnlong which is stored by the applicarion
and accessible by a current user of the user device. 11

According to miothcr aspect disclosed herein. there is
provided a user device conligurcd to perlbrm a method of
gcncraluig a lighting cfli:ct based on meladala ol an audio
stream, the ntethod comprising steps of extracting one or
more metadata items from the midio streaint retrieving a hrst io
set of one or more images based on values of the metadata
itents; controlling a liJtt source to generate a lighting effect
based on said lirst sct of onc or more unagcs.

According to another aspect disclosed herein. there is
provided a computer program product for encratuig a Si

lighting etTect based on metadata of an audio stream. the
compmer program product comprising code embodied on a

computer-reitdablc storage medium. whcrcin the code is
configured to as when run on one or more pmcessing units
to pcrfiiun a method of gcncrdling a lighting cflbct based on
metadata of an audio stream, the ntethod composing steps
of. exlracling onc or more meuidnta itmus from Ihc midio
stream: retrieving a lirsl scl ol onc or morc images based on
values ol the metadato items. controlling a light source to
generate a lighting effect based on said first set of one or
tru11'c itu;lgcs

BRIEF DESCRIPTION OF THE DRAWINGS

'I'o assist understanding of the present disclosure and to
show how embodiments may be put into effect, reference is
made by way of example to the accompanying drawing in
v hich:

FICi 2 is a diagram shovtutg a system accordut lo
embodimcnm ol the present invention.

ill(i 2 is a schematic diagram showing a hghting device
ill(i 3 is a schematic diagram shoiving a user device
FICi 4 is a flowchart shovving a method according to

embodiments of the present invention.
FICi 5 is a flowchart showing another method according

to mnbodimenls of Ihc present invmiuon.
FICi 6 is o flowchorl showuig another method accorduig

to embodiments of the present invention

DETAILED DESCRIPTION OF EMBODIMENTS

'I'his invention comprises a method to ennch the playback
of midio with a (dynaniic) lighting scene by acquiring,
metadata items (labels, pictures. video clips) and derive light
control properties based on this. As used herein, the temt
"metodata items" is used to refer to the categories of
meladata and Ihc tenn *'values" ol mcladala (or "meuidola
values'*) is used ki rcfcr lo Ihc particular value of a meuidola
itmn associated with d particular pwcc of audio. For
exantple, "genre" metadata item for a particular piece of
midio could have a value of "jazz" or "blues" etc.

With the advent of connected coloured lighting, it became
easy for users to combine lightin with other types of media
such as music to enlrdncc thc overall atmosphere. Thc
Phihps Hue system is a notable cxamplc, aud has morc than
tcn applications (mobile apps) avmlablc that ui some way
nux niusic with dynamic colour lightmg (e.g I lue Party and
I lue Disco apps) Many of these apps cnidely analyse the
audio volume levels and adjust the li ht e)Tect based on
some mapping in order to afiyt a lighting effect with the
audio levels. HotS ever, thc presmtt invcnuou rccogniscs that
to cilllBticc lhc Btlllospiel c it Is not llcccs wii y 10 exact( v alt gll
the nnisic mtd lightmg. Indeed. in some situations llus nughl
even be counterproductive. Itor exmnple. lighting may be
poorly tempomlly aligned with the beat of a piece of music
ln this case wefl-desi@ted slow dynamic lights with selected
colours that are not synchronized with the music can be
lllorC ilpproplldtC 111 CSCdlillg d CORCI'util Bud plCBSillg Ovcldll

atmo sp herc.
Thc prcscnt invcnuon also rccognises that there nuiv nol

even be a discernible beat in a piece of music In this case
the beat detection method niay result in a dynamic lighting,
efl'ect vvluch does not appear synchronised with the music in
any way. An extreme example of this is when the audio the
user tt ishes to couch with lighting is some form ol'poken
word audio (e.g. mi audio book or a podcdsl).

Thc present invention proposes to denve light propcrlics
(e g. colors and/or patterns) based on the various metadata
itenis, whereby the values of metadata iteni(s) that yield a
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cohcreni result &n terms of lound colors mid pa&lama arc
selected as a basis for the li ht scene.

llus allows many advantages over the poor arl. For
example. )iahting to acconipany an m&dio bi x&k can then be
derived based ou &1m smnantic con&enl of thc slory itself.
'I'his allows for appropnate lighting to be determined to
enrich the story. For example, a children's fairyrale such as
*'I.ittle Red R&ding l)ood'* could be accompanied w&th a
"I'orest" figvtting scene.

I&illus can be real&zed using cx&sung streanung services
such as Spot&fy Spotify has a database with metadata
dssochitcd w&th a spec&fic conlposuion. plavhst, pcrlonncl,
album etc I ixamples are genre, mood. pksylist name. artist,
album ctc. Us&n th&s data thc hght control applied&ion can
extract nletadata associated w&th the currently playing snng,
rank it based on set predefined ndes and use ir as keywords
for search on sites like (ioogle imlge or Iilickr. Analyze the
results of the search (for example limiting to the firsr twenty
images) lbr the color pale&tc consistency. if results arc
consistent„use the ovemll color palette to render a dynamic
ligh& scene If rcsulu are no& cons&a&cnt usc Ihe second sc& of
nletadata as keywords, if none of the searches returned a
consistent results the system might reduce the number of
pictures it analyzes (e g only ten first) or ease the re&IU&re-

ment on required consistency.
Regarding the ranking of the metadata, any suitable

Iiinknlg nlilv bc Used. Whal IBnkulg schculc Is Bpploplliitc
nldy'ii&y floni User lo User Bnd floni ulslsncc 10 nisi&&ace hl
a simple case. a user may simply specify their preferences lo
regarding &vhich metadata parameters are the most important
(e . "always rank genre highest, if available" ) It is also
possible that multiple users share a streami&ig service. In
these cases. the user v ho created a playlist might ind&cate
thc '*prcfbrrcd" mc&ada(a rm&kung for a parncular son (Or the li
cntirc playlist). Tlus rm&kung cmi Ihen be used lor future
his&Bnccs of rcndcrulg thdt song.

Mmiy streaming services allow songs and,'or playlists to
be associated with specific purposes (e g "exercising" or
"relaxing" ). In these cases. the mlnking may also be based on do

the purpose of the song (or entire playlist). For example. in
such case thc same sct ol'euidaia can be pnont&zed
ihllcl'cntlv bdscd on thc dssoclaicd dcnvilv. E.g. when thc
pUIposc Is rchixhlg, thc svstcnl nuiv'ank lhc nlooil
metadata item highest, and when the purpose is "exerc&s-
ing". the system may rank the "artist*'etadata item highest.

FIG. 1 shows an environment 101 such as a room in which
both an example lightin system and an example audio
sv'steal drc prcscnt.

Tile aud&o system &s shown comprismg Iwo spcakcrs 0

1020, 102b and au aud&0 contmller 103, but &i appreciated
that miy number of speakers may be present. As used herein,
the term "speaker" is understood to refer to any audio dev&ce
suitable for outputting a sound into the environment 101 As
known to those skilled in the art, the audio controller 103 &1

may bc a dcd&ca&ex) controller dcvicc (as shown ui FIG. 1)
but nuiy altemativcly bc integrated uito another device (such
ds d tclev&s&on) or integrated &nto onc of the speakers 102U,
102(x 'I'he audio contmller 103 is conununicatively coupled
to each of the speakers 102ii, ) 02)& using any appropriate io
wired or wireless teclulology (e.g. Bluetooth) such that the
audio controller 103 is able to control the speakers 102a,
102(»o outpu& sound &nto &1m room. Ano&hcr altemat&vc &s

for (hc audio controller 103 &o bc uucgrated into (hc user
device 107 In tlus case, thc user dcv&ce 107 may bcarnuigcd si
to comnninicate contml signals to the speakers ) 02ii, 1026
directly

Aud&o controller 103 is conunun&cat&vely coupled to a hub
)U6 such as a Wil&i hub In turn, the hub 106 is communi-
cat&vely coupled to a user device 107 operated by a user 108
I)ence, the user l(18 is able to control the speakers )02a,
102b by inputting conunands into the user device 107. The
user device 107 is able to conununicate with the hub 106 via
any appropna&c cununun&canon technology (t)p&callyWiFi
standards ul modern systems). and thc hub 106 &s sinularly
arranged to conununicate with the audio contmller l(0 via
any, possibly different. appropriate con&munication technol-
ogy (e g l)luetooth)

The lighting system is shown to comprise three lighting
devices 1040. 104(x 104c. and a brid e 105. Each of the
tlucc hghtulg dcv&ces 1040, 104(&, 104c &s able to commu-
n&ca&c with the bridge 105 via any appropnatc communica-
tion tecluiology (typically /iafiee standards in modern light-
ing systems) The ligiiting system of lil(i I &s shown ivith
a "hub-and-spoke** topology, but other topologies are pos-
sible For example, the ZigBCC protocol allows for devices
to be "chained" together. In &vhich case, a s)gna) may be
rou&ed lbom &hc bridge 105 to c.g. 1&ghung dcv&ce 104U v&d

e g. hgh&uig dcv&ce 104b.
I'he bridge 105 is communicatively coupled to the hub

106, typically via a direct wired connection As n&entioned
above, the hub 106 is communicatively coupled to the user
device 107 operated by the user 108. Hence, the user 108 is
able to control the figtting devices 1040. 1041&. 104c by
input&ing conuuands into the user deuce 107. The user
dcv&ce 107 is able to conuuunicd&c w&th tlm hub 106 v&a any
appropnate conununication technolo y (typically Wil'i stan-
dards in modern systenls)

It &s appreciated that the lighting system illustrated in I'l(i
1 &s only an example. Other possibilit&es are known to the
person skilled in the art. For example. the mob&le device 107
may conuuunicate directly (i.e. Uot v&a the lnib 106) w&th &he

bndgc 105, Or cvml ench of the lighting dev&ccs 104a, 104(&,

104c
As is known in the art, the hub 106 nlay provide a

cminection to a Wide Area Nenvork (WAN) such as an
internet 109. e.g. the Internet. The tern& "internet*'s used
herein to refer in general to any type of Wide Area Network.
Indeed, &hc pnnciples ol'he uivenuou may bc apphcd &o any
nc&work wluch allows thc lnib 106 to conn&mt w&th and
rc&rievc da&a from d database (as descnbcd &n morc dcia&l
below) such as a local net&vork. As the audio controller 103,
user device 107, and bridge 105 all each connected to the
hub 106. this means that the audio contmller 103, user
device 107. and bridge 105 each have access to the internet
109 and can therclbrc access liles and data s&ored on
da&abase 110 wluch may bc;m cxtcmal da&abase as providcx)
fi&r example by a tlnrd party. Note also Iha& the da&abase may
also be a local database stored on. filr exanlple. the audio
device 1(D or the user device IU7.

A controiler 112 as siulwn in FI(i. 1 runs on a processor
of the user device 107 (described later). The controller 112
is configured to perfi&rm thc steps accorduig to methods
d&scloscd hcrcin. including ai least cx&racting metada&a uem
values from an au&ho strenm. retncvu&g a lirst sct of onc or
more images based on the metadata iten& values, and con-
trollmg a light source to generate a light&ng effect based on
said first set of one or nlore in&ages. It is appreciated that the
controller 112 need not be implemented on the user device
107 Thc controller 112 may be only part&ally unplcmcntcx)
Ou thc user dcv&ce 107 and part&ally implemented on ano&her
processor o&hcr than &he processor of thc user dcv&cc 107,
e g. an external one or nlore pnlcessing units such as server
11) shown in Fl(i l. Alternatively, the controller l)2 may
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bc nnplemcntcd entirely externally from thc user device 107
such as entirely inlpleniented on server 111 Note also that
a server as referred to herein may refer to one or more server
units at one or more geographic sites

In operation, the arran ement shown in Flfrb I allows the
user to pLly music via the speakers 102O. 1026 and also to
create a lighting clli ct using thc lighting dcvwcs 104O, 104h,
104C. For cxmnplc, music lilcs stored on database 110 may
be streamed to the speakers 102a, 102b via the internet 109,
lnib 106, and user device 107 As another example. lighting in
effects stored on the user device 107 may be comnninicated
to the lighting devices by the user device 107 via the hub 106
and lighting budge 105.

FIG. 2 illustrated a lighting device 104 accordulg to thc
prcscnt im cntion. Thc lighting device 104 compnscs a h ht I

source 201. a driver 202, a lighting controller 203, a lighting
communications interface 204 and optionally a memory
205

FIG. 3 dlustmtes a user device 107 accordiilg to the
present invention. The user device 107 comprises a user lo
intcrfdcc (UI) 301, a processor 302. a memory 303, a
commumcauons ultcrl'acc 304 and opuonally a nucroplxlne
305 and a user device speaker 306.

1hc processor 302 may comprise one or more processing
units In any case. the controller 112 may run on the
processor 302 or, as described above, partially or wholly on
one or nlore pmcessors external from the user device 107
such as seller 111.

Audio data such as music (iles may bc stored on database
110, memory 303 of the user device 107, or a memory of the lc
audio controller 103 Another possible source of audio data
IS B lion-tmIISI(oly Storage IIICdlllin Si!Ch 'iB B (lib lil ivhiCh
case the audio controller 103 may comprise a CD player
configured to read the CD. Yet another possibility is for the
audio controller to compnsc a radio frcipmncy rcceivcr li
conligurcd to detixt radio waves and thus play nnisic
tllrough the spcukcrs 102o. 102b as wc)i known in thc art.
Radio stations that can also broadcast the inetadata related to
the song that is playing or about to be played If the user
device 107 comprises a user device speaker 306. it is also do

understood that the nuisic may be played through user
dcvicc speaker 306.

Music liles and other auiho data arc gmlcrally associated
with "me(ada(a". For example, the mctaddta of a particular
music file mi ht include artist. song title, album, genre,
mood etc. 'I he present invention proposes to select a lmht
efi'ect based on the metadata of an audio strewn.

In simple embodiments. items of metadata associated
with audio playing theenviroiunent 101 arc dctcrnnnu! by
thc controller 112. Then an image search (e.g. a Google o

image search) ls pcrformcd by thc controller 112 based on
the metadata. I'he resulting images are then used by the
controller 112 to determine lighting settings for the lighting
devices 104„e.g, by hue/brivghtness/saturation. Note that an
image search (i.e. querying a database for relevant images) 11

is not necessary in ull mnboduncnts. Instead, a sct ol'unages
associated III(h u parucular mctadata item may already bc
stored in memory (either locally ai the user device 107 or
remotely) and therefore the controller 112 can retrieve the
set of inm es directly, without having to perform a full ic
image search.

The metadata may comprise a set of values of metadata
i(max, in which case thc unagc search may be pcrformcd
based on only one of thc metadata items. Hence, an optional
step of ranking Ihc me(ada(a itcnw foun a lu heal riuikcd si
(most relevant) to lowest winked (least relevant) may be
performed by the controller 112 to allow the image search to

bc perfomied on Ihc most re)el ant me(ada(a ltmn lirst. There
is then also another optional additional step of the controller
112 checking that the resulting images based on the first
search are acceptable (e.. if the colours are consistent
v ithin the images or between the images) If the images are
not acceptable. a second search can be perfomled by the
controller 112 based on thc second higlmst rmikcd mcuidaia
ilmn. Tlus process can then be repas(cd by tlm controller 112
until an acceptable set of images is obtained

Note that if no such set is found. the controller 112 can
repeat the pmcess starting again at the highest ranked
metadata item but with a less stringent level of acceptability
for the images. For example. by increasing the range ofwhat
is considcrcd "consistent", or by analysing li:wer images
from lhc search results.

lii(iS. 4-6 depict the various steps of methods according,
to embodiments of the present invention and as perforined
by processor 302 on the user device I U7 In the descriptions
of FIGS. 4-6. it is assunled that a "rav '* audio signal. i.e, a
sound wavefilrm. of a piece of audio such as a son or other
plccc of Illuslc Is rccctvix! Iilld th;it this wavclonll Is Bila-
IyxcxI ill oldcl to dcllic nlctildatd ltcnl viilucs silch iis thc
title, artist, mood, etc of the sona I lowever, it Is appreciated
that the audio sig)tal could be received partly or entirely
pmcessed. e g the pmcessor 3U2 could receive the metadata
items directly. In these cases it is not necessary for the
processor to perfilnn a step of "getting the metadata*'eparate

fiom recmving thc audio signul. Thc received midio
Slgllill illld/ill pill tly'r Cll(IIC)V plilCcssixl IIIC(again 1(CIBS dIC

herein referred to generally as information about audio
playback Another alternative is for the contmller 112 to
extract the metadata items for a particular piece of midio by
querying a database (e.g, exteuial database 110, or a data-
base stored on local memory 303 That is, the controller 112
may dctcrmine only onc met;Blate item (e.g. the song title,
or another me(ada(a 1(em sullicicnt to idcntilv thc particular
audio truck) or an identification ol'hc audio. The controller
112 can then extract the metadata items (the full set of
metadata items associated lvith that particular midio) from
the database.

Additionally. the infomiation about audio playback may
rclatc to midio wluch is currently playulg witlun thc cnvi-
ronmcnt 101 through speal era 102a, 102b, but may also in
some cmboduncnts reli:r to "plaiuled" midio which is not yet
playing within the environment IU I

In one embodiment, as sholvn in lq(i 4, the method
be ins at step S401 when an audio signal ls identified. If the
audio is stored on memory 303 of the user device 107 and/or
being played by spcakcr 306 of tlu: user device 107, then thc
user dcvicc 107 may already have ulcntilicd thc audio sl nal.
For cxamplc. (herc may be a coiulectlon established with an
midio playback app ivhich runs on the sante device (the user
device 107) as the lighting contml app If not, the processor
302 may receive information about audio playback via either
the communications interface 304 or the microphone 305.
For example, music played by speakers 102o. 1026 or cvcn
a live pcrfomiancc mdy bc iden(iliad by the processor 302
using microphone 305.

Next, in step S402, metadata items associated with the
identified audio sig)tal are acquired As described above. the
metaiLlta items may already be known to the processor 302,
or at least directly derivable e.g by extractin the metadata
itmns I'rom thc audio player (c g. Iphonc, Spotil'y). Appli-
cations like ITuncs or Sonos app that play music stores)
locally can also bc used. If not, thc processor 302 cmi usc
knowll audio fingerprinting teclmologies to acquire them
lior instance, similar to a Soundhound app, the user may
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luivc a "L&gh(HOuntf'pp cnabhng thc processor 302 to
automatically identify a song or music track and acquire the
correspondin metaiLsta items. 'I'his may involve analyzing
the audio signal and denv&ng metadata items directly, or by
identifyin the particuLar audio track itself (e.g, by title) and
then retrieving the corresponding metadata items from a
database (e.g local memory 303 or an ex(emal database
such Bs da(abase 110 over thc in(cmc( 109).

Next. in step 5403, after having identified the aud&o the
pmcessor 302 uses the n&etadata items to retrieve a set of &o

images. e.o by retriev&ng a set of images lvhich has previ-
ously been stored os relating to a po&ticulor memdoto item,
or by performing an image search. The processor 302 moy
bc coniigured (o usc thc mc(ada(a item corrcspondm (0 a
dcfaul( onc ol'he metada(a items such Bs '*mood" 10 re(ncvc
the set of images l&or example. the user device (07 may
store in memory 303 a set of images tagged with a "rock"
genre In this case the set of m&ages can be retrieved directly
front nlemory 303 w&thout bavin to perfomi an image
search as described belo~. 20

When the sct ofunagcs &s rc(ncvcd using an image search,
thc &nuigc search may bc a search usuig an Onli&m search
engine such as Cioogle image search using communications
interface 304 to access (ioogle services over the internet
109. or may be a local image search perfor&ned by searching
images stored locally on memory 303 of the user device. In
this context a "search*'efers to identifyi&ig inm es from
withm a database of images wluch are rois&cd to (hc par-
ncular me(ada(a i(em. Note Iha( (he mc(adala ilmns may
include albunl art. i e in&ages directly associated with the &o

audio ln this case, the album art may be used as the bas&s

filr determine light properties. or may be included along v ith
the search results described above.

Either way. in step S404. prominent colors and/or patterns
arc then derived from thc search results, mid Ibis color li
pal ci(c &s used I or genera tulg 1&gh( cllecls. Thc Ii&UUU Budges
arc analysed for prom&ncnt colours and pancrns. a&xl the
nletadata item or items that y&eld the most consistent results
are selected as a basis to render a light scene.

In the Last step S405, the lighting devices are controlled in so
accordance with the found lighting properties.

FIG. 4 also shows Bn optional s(cp& S406 applicable when
the gmleratcd h ht&ng sccnc &s a dynamic scmles ui which
Ihe hghting propert&es are varied over Iunc. In tlmsc cases,
the pmcessor. at step )4U6, derives temporal aspects of the
audio track such as mput on the phasing, rhythm or beat of
the audio track. and uses these to make proper lichting
transitions. The dynamics of the lighting scene moy also be
ad(us(cd to the dynam&cs mid temporal properl&cs of the
audio. o

FIG. 5 shows onc pose&blc cxtcns&on (0 thc method of
l&ICi. 4. At step 550(. after the metadata items have been
acquired, a search for available lighting scenes or scripts &s

performed. I.e, the processor 302 checks if there is already
a dedicated lig&ht&n scene available which is associated v.ith &1

the audio s&gnal. Th&s can be done via a global web search,
by querying dcdhca(cd l&gh( sccnc services, or by liiiikulg Ilp
whether a 1&gh( scene has been generated earlier by thc
systenl I'or example, the lighting scene generated at step
)4((5 to acco&lipany a particular piece of music may be st!

stored in memory (e.. memory 303). Tl»s is advonmgcous
because then„at a later time. if that some piece of music &s

idcntilicd then the processor. a( step S502, ran simply recall
thc kgb(tug sct:nc Iron& Bleu&cry Ialhcl (h'ln pcrfonllulg II

new image search S403. si
Another possible extension to the metlx&d of l&ICI. 4 &s

sholvn in I'I(i 6 In this en&bodiment, image searches are

pcrfomlcd for the indiv&dual metadata items (c.g thc song
title, album, artist name, genre. prominent keywords in the
lyrics corresponding to a particular song) in turn in order to
identify an acceptable set of iml es from which to select
light properties. Reasons for which o particular set of images
may imt be acceptable include at least poor Inter-image
cons&stcncy, and/or poor ultra-unagc consistency (doser&bcd(

iu more detail belov:).
In order to facilitate these images searches, the metadata

iten&a are first ranked at step S6UI fmm a highest ranked to
a lov est ranked. 1'here are many possibilit&es regarding the
ranking, and it may be generic or specific. An example of a
genenc criterion is: if the midio is a nuisic composition and
nol a soundscapc, (hcn *'ariis( usmc" m&ght bc Ihc highcsl
ranked wlulc "gcnrc" might bc thc lowest. Au cxtunple of a
specific criterion is: fora particular art&st the highest ranking
metadata item can be a "mood" metadata item of the
compos&tion &vhile the "artist nmne" could be the lowest

The ranking of the metadato can also be a part of the user
configuration. where the user for example mivght indicate
thai &f a value corrcsponduig (o a '*mood" metada(a &(em &s

aviulablc, always rmd it the lnghcst. Th&s way "mood" w&ll

be used for the image search for the approp nate color palette
first before trying any other values of metadata items

I'he ranking may also be cloud-sourced (e g. based on a
ranking input by an external pa&ty, possibly another user).
For exompie. a particuLar piece of audio may have already
biuu associated w i(h a prcfcrrcd ranking of mc(adata &tcms

by m&other user. In (lus case. thc prc-dclincd ranking can bc
retrieved by the controller 112 via the network 109 for use
in nmnking the values of the metadata items

Sinnlarly. the external user may spec&fy a preferred rank-
in of metadata items filr one or more pieces of audio (e.g.
a playlist). In such a case. the contmller 112 can use this
prc-spccificd Iiillkulg ni tirdcr (0 lank (hc rc(ru:vis! Bleu'Idtila
&Icnls.

Thc prc-ranked mctadata items may also bc predelincd by
an application (e g. Spotify) or application developer rather
than a user (e g. a user of the application)

Other possibilities regarding mnlong of metadata (such as
purpose of the audio, pLsylist„creating user etc.) were given
above

Once rank&ah thc unagc scorch ol'tep S403 is pcrforntcxl
i(eriitivcl)'orknlg th&OUgh Iht: ranked nu:&BUS(B ncnls vBI-

ues from highest to lo&vest. as descnbed below
At step S602. the set of ima es resulting from the image

search performed based on the lughest ranked metadata item
value is anaiyzed for consistency. For example, the set moy
bc a»alyzed to scc &f thcrc &s a large vane(&on of colors
bc(wivn the images (in(er-image conan(cucy) and/or if there
&s ii IBIge variafion ol colo&a withal (hc uuagcs (ul(ra-ullage
cmisistency). Another possibility is to identify cok&rs present
in album art (if available). and then reject image search
results ivhich are not consistent with the album art colors.

As used herein, the term "consistency" is used to refer to
dc(crnuning a s&milari(y or venation, wluch may be either
across one image Ur between muluplc nua gas. For example.
B sel ol snlglc-colon& BI&ages w'&ll have B high ul(ra-uutl c
consistency but nlay have a low mter-in&age consistency if
the colors vary from one image to the next ('onversely, a set
of ro&nbow ima es will have a low intra-image consistency
but may have a lugh inter-inloge consistency, this is because
thc viillat&on Of colors Bcloss (hc nudge &s klrgc (&.i, Iidl
spectrum) bu( (hc unages arc all very s&miler. The cons&s-
tcnclcs nla)'c dc(clnuncd Usulg cross- Bnd I&U(0-colzcla-
tions as known in the art. or by the use of colour histograms
A colour histogranl is a representation of the distribution of
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colors in an &mage. Hence, thc wid&h an uuagc's color
histogmm may be used as a measure of the intra-&mage
consistency. ('Olor histograms of multiple images may be
compared to deterniine the inter-image consistency.

At step S603. the consistency of the set of images &s

compared to a "threshold consistency'* (potentially separate
inter- and intra-unagc tlucshold cons&s&cnc&csfi If lhc con-
sis&ency is grca&cr &han the tlucshold consrstcncy, then those
images may be deemed to be "consistent enough". and tlnis
the method proceeds to step S404 as before. If, however, &o

there is a lar e variat&on across/within the images or the
images were othe&wise found not consistenr. then the
metluld reverts to step S403 and perfi&nus a new image
search based on lhc second lughesl mnkcd mc&adala &&em.

Agmn. S&CT&s S602 and S603 arc pcrfol&nixf to check for
consistency and the next highest metadata item i ~ used if the
image results are not above the threshold consistency

It will be appreciated that the above embodiments have
been described only by way of exiunPI.

For instance. to improve the results of the method, based lo
on thc audio nu:tada&a, &hc lyrics of a song cmi be searched
and analyzed For the mos& frcqucntly occurruig rclcvm&t
words (i e. filtering out irrelevant tvords such as "and" "or"
and give higher relevance scores to nouns and adject&vesf,
image searches are performed. 'I'he results of these image
search are then further used to select relevant figtt-proper-
ties input based on consistency scores as described in the
method above.

Ano&her cxtcns&on ol lhc method would bc lo use thc
audio nletadata to perfi&rnl a first image search and then use &o

the metadata of (a subset of the images to perform a second
image search to get impmved results 'I'he results of tlus
second ima e search are then further used to select relevant
light-properties input based on consistency scores as
descubcd in thc me&bod above. ls

In yct mlothcr cxtens&on, a hgluing knowlcdgcbasc or
ligh& clfect scrv&cc m&ght be prov&dixf wluch enables d&rcctly
acquiring light effects and hghting programs based on
specihc labels and keywords I'or the shou and mid-tenn it
is assumed that an ima e search can be used as an intern&e- do

diate step. such that li ht properties such as colors and
piluc&11 can bc dcuvcd Iron& lh&s.

Other taunt&ons to the &hsclosed embodiments can bc
undcrs&ood mid cffi:ctcd by those siollcd in thc art &n

practicing the claimed invent&on. from a study of the drav-
ings. &he disclosure, and the appended claims In the claims,
the word "compnsin *'oes not exclude other elements or
steps, and the indefinite art&cle "a*'r "an" does not exclude
a plurality. A su&gle processor or o&her un&1 may fulfil the
funcnons of several &tcms rcc&&cd in &he clmms. The mere o

Iacl Ihdt cc&'laul nlcBSUrcs d&c rccl&cd hi alan&&lily'lific&'cnt
dependent claims does not indicate that a combinat&on of
these measures cannot be used to advantage. A computer
program may be stored and/or distributed on a suitable
medium, such as an optical stomsge medium or a solid-state &s

med&um supplied &ogethcr w i&h or as par& of o&hcr lrirdw are,
but may also bc &hstubuted in o&her fonna such as via thc
Interne& or other wired or w&rclcss lelcconmiunicdlion sys-
tenls Any reference signs m the claims six&uld not be
construed as hmitmg the scope so

The invention cLaimed is:
f. A method of generating a lighting effect based on

mc&adata ol an au&ho stream, &he melhod composing steps
ol:

exudctuig one or morc mctadaui i&cms from the mid&o Ss

stree&n, wherei&i the &netadata iten&a comprise one or
more of: artist. song. title, album. genre and mood;

rilnkulg tile nlc&dial&I 1&ca&s fronl a h&ghcst ranked n&c&a-

data item to a lo&vest msnked metadata item according to
B &ilnkulg schcnltu

retrieving a first se& of one or nlore in&ages based on the
value of thc highcs& ranked mctadata &&cm:

deternlining a color palette cons&stency of the set of
images retrieved based on the h&ghest ranked metadata
ItCilu

if said color palette consistency meets or exceeds a
thrcsht&lil color palt:uc cons&stcncf', connollhlg B hghl
source to enerate a lightin efi'ect based on a color
pale&&e dcuved from smd Iirst sct of onc or morc
images; and else

&f smd color palcuc consis&cncy &s less than a tlucshold
color palette consistency, retrieving a second set of
images based on the value of a second highest ranked
metadata item according to said ranking and controlling
a light source to enerate a fig&it&n effect based on a
color palettc dcnvcd Ibom sa&d second sct of one or
more image~.

2 Thc method of clmm 1, whcrc&n said sc& of oue or more
in&ages is a set of a plurality of in&ages and said consistency
is at least an inter-image consistency

3 'I'he method of claim I, where&n said cons&stency is at
least an intra-image consistency

4 The method of claim 2, further comprisin a step of. on
condi&ion that the dcternnncd cons&stency of thc sc& of
images rctricvcd based on thc second highest ranked meta-
data &s not greater than the threshold cons&stency, reducing,
the tlueshold consistency: and. on condition that the con-
sistency of the set of in&ages retrieved based on the highest
ranked metadata item is greater than the reduced threshold,
controllin the light source to genemste the liJ&ting efiect
based on sard Iirst set of inuigcs.

5 Thc method accorduig to clmm I, wherein the ligh&ulg
effect gcncrated bascsl on saul lirst and/or second sct of one
or more images is subsequently stored assoc&ated with the
respective audio strewn in the nlemory

6 The method according to cLaim 5. filrther comprising a
step of identifying whether a ded&cated li ht&ng efiect asso-
c&a&cd wi&h the aud&o s&ream is stored &n a memory, mid, on
condi&ion that a dctfica&cd lighting cffi:ct cx&sts, controllulg
thc ligh& source to gcneratc the ded&cated 1&ghting cfli:ct.

7 I'he method of claim l. &vherein the step of extracting,
the metadata items comprises extracting the metadata items
using audio fingerprinting.

8 The method of clainl f. wherein the step of extractin
the mctada&a &&erne comprises idenufy&ng the audio atro&&u

and rctrwving thc metada&a &terna from a database bascxf on
the &dmltilicd&ion ol'he audio stre&un.

0 'I'he method of claim 1. where&n said ranking is
performed based on a preferred ranking specihed by one or
more users.

10. The method of cLaim f, h&rther comprising steps of
cxlracluig piclurc room&dard items Irom Ihc rc&ueved scl of
images: and rc&rievuig a substxfncnt sc& ol'uages based on
thc plct&lrc nlcnldi&ta uc&1&s, w'hc&cul wiuf s&cp ol conlrolhng
the light source to generate the hghting effect is based on the
subsequent set of images.

I f . The method of claim 2. where&n the step of retrievin
a first set ofone or more images based on the metadata items
comprises pcrformmg dn onlule image souci based on &he

metadata i&erne.

12. A user dcv&cc compusulg a controller. thc controller
bcmf configured to perfoun the method according to claim
I
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13. A computer program product lor cncraung a hghting
effect based on metadata of an mtdio stream. the computer
pmgram product compristng code embodied on a computer-
readable storage ntedium, wherein the code is contigured to
as when run on one or more processing units to perform the
method of any of claim 1.
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