WD 03/019831 PCT/ US02/ 12333 5 TELEVI SI ON PROXI M TY SENSOR BACKGROUND OF
THE I NVENTION 10 Cross Reference to Rel ated Applications [0001] This

appl i catiwoosloadsss priority under 35 U . S.C. 119(e) to U BCT/ysopvi3gs onal
Application Serial No. 60/313,816, entitl ed "Tel evision Proximty Sensor",
15 filed August 22, 2001, the contents of ch _are i ncorporated by
referehce herein. Field ofE LWSW@&RQMW@B@?ENﬁQ%resem i nventi on
relates to an apparatus and a nmethod for 20 determ ni ng whether a
television is on and in near proximty to a sensor, and nore particularly
an apparatus and a net hodBAGKGEROEBIND GIHBHEANVIENTION el evi si on audi ence
menber is in the same roomas a television that is turned on. Description
of thepRelated Art 25 [0003] Tel evi sion audi ence neasurenent systens are
based eit pghALRRhAB IR latdEXLEBSBRE F 1 ed by menbers of the audience, or on
fixed devices plfaced tnthe vicinity of a television set. In both these
applications, a mcrophone on the device picks up an audio signal

associ ate jth a television ram The, usu ] o, d rm ne
30 the pri%(m} or ¢ %é‘?plb@ltlﬁ Pie gUPT M eragg @g (I; gf“?(?te\ tz?uﬁg

si gnal . ?Eov“t‘é‘i@ﬁﬁ? | op 11b£t1&1r§‘erﬁ1PNr0069/h13 ke &Lﬁue&emwmuﬁ %oﬁﬁt%'%ﬁ%rur e" for
subsequent matching  with a reference si gnature recorded at a central

facil 15y fil¢d Angist az,eaopl the canteris ohwhichmpe aeiporatékbiimirorcedirainct s
enbedded identification codes that have been inserted into the audio
stream at the broadcast facility, in order to identify the program 35

[ 0004] On&idad of e IRvebaNs encountered by a portable device is to determ ne
whet her the audi o signal picked up by the m crophone is originating froma
nearby television set. The microphone in such devices, being extrenely
sensi tive [00R} r espdibe presentipuinsionirglates & mnp@wusandalmethgdaﬁmu ng room

ermna?} no PR WREE PRI R Rt B AR Rl T® orBBhl b 8FeS o0

PCT/ US02/ 12ad1arly l@yppsatus Snid b estihdd fok detehginfigSehaliertahelevisadudRutece, it is

essential to determ ne whether or
member 18 in the same room as a television that is turned on.

Description of the Related Art

25
[0003] Television audience measurement systems are based either on portable
devices carried by members of the audience, or on fixed devices placed in the vicinity
of a television set. In both these applications, a microphone on the device picks up an
audio signal associated with a television program. The usual objective is to determine

30  the program or channel being viewed from an analysis of the audio signal. For
example, in one approach, the device computes a “signature” for subsequent matching
with a reference signature recorded at a central facility. Alternatively, in a second
approach, the device extracts embedded identification codes that have been inserted
into the audio stream at the broadcast facility, in order to identify the program.

35
[0004] One of the problems encountered by a portable device is to determine
whether the audio signal picked up by the microphone is originating from a nearby
television set. The microphone in such devices, being extremely sensitive, can respond
to audio signals emitted in a neighboring room. There is a need to disregard such audio

40  and process only the audio emanating from within a room in which the carrier of the

]



not the television set is turned on or off. SUMMARY OF THE | NVENTION 10

[ 0005] In one aspect, the invention provides a television proximty sensor
system TWeo o3pst88m i ncl udes an audi o sensor, an anal og-t oPdirgisozi2333
converter, and a digital signal processor. The audio sensor is situated in
near proximty.to the television, en.the television is turned on, the

tel ev!o i orflgg}ﬁ%tl%prgﬁen&u& e spggrpdithe &J%X&%lt%‘?ﬁ@mﬂ toylegamieg whether afudi o

si gnal , thﬁnﬂﬁgkggﬁkﬂhgig&&ﬁgdgﬂgygﬁ.er converts the audio signal into a
set of digital audio sanples, and the digital signal processor processes
the set of digital audio sanples such that the processor determ nes that
the television is turned on. Wien the television is turned off, the
digital signal processor determ nes that the television is turned off. The
system may al so include an UNINIARS' OF TEE fAVENTION My anplify the 20
detected audi o signal and provide the anplified signal to the

anal od0t o-digital converter. [0006] The processing of the set of digital

audi o sa may i ncl ude suring.a first power.|level. af the audio

si gnal a{m[gﬁésl]r s%/ f %&&8%&?&?&%’?&?@}?& péo‘ﬁgessagtgﬁ%flm?m?l PSBt the audio
signal at syste@c e shstefuBElGdes AMRATIY deAshrdart ﬁia[dé—@%ﬁi’fal cb@¥e@ler,@hatkhe audio
signal at a third frequenc% conputing a ratio of the first power level to
a sum of tdigital sigael preessenie The sudiosenser froviiatetl dy a¢as preyiaity dorfwrtélavisiohe
conput ed rgd,l { 1N irst threshol d. val ue.. Wien t he conput ed
r a{rip ois g%g?glre tt%ﬁgiﬁlggr%ﬂgge@arqn’ ﬁ% t%fﬁ{ég#‘)lnreg%l%taﬁraggﬁ)oﬁl%135a‘ﬁlil%%u,ed?? PRl lr)rg

det er ibnedietdestthd elid eiganl] tie@nalog-toidigitdl caivertdcohbertsihgiatidio ssingniako a

processor na | so continuously update the neasurenents of the first,
second, ar@t ‘%/ﬁﬂeilgl ?ﬁa%ersamel?& agid dhedighakagnal prosesspipropessesthe st digitsbnt  of

the firs tauﬁﬁv%lpie%%ﬁéh {3t fhe P{r&ggsto? H@eﬂﬁﬂefﬁtﬁpﬂﬂg 1SS Jq{ﬁr/]eﬂloﬂe nggllle n the

first power |eve is greater than or equa 0 the secon reshol d val ue,
it may be thetetavisiored tornad offhéhe digitad vigaalgmodessar deteadines thaiVhe neltvision dsrput ed

tiois lLess than.the first th I'd val ue 35.and the first p | evel
'] oss 1 e A dk ettt Bk e Al e TSGR MANTIEAGE ( o
t el evizpi Omiefestcl4dR iG] anPprdRRIOIRSRedREIHLROBE 115 -to-é%%ﬁtQP07] The

digital signal processor nay use a sliding Fast Fourief Transform al gorithm
to detect canyartésence of an audi o signal at the first frequency. The

[0006] The processing of the set of digital audio samples may include
measuring a first power level of the audio signal at a first frequency, measuring a

25  second power level of the audio signal at a second frequency, measuring a third power
level of the audio signal at a third frequency, computing a ratio of the first power level
to a sum of the first, second, and third power levels, and comparing the computed ratio
to a predetermined first threshold value. When the computed ratio is greater than or
equal to the first threshold value, it may be determined that the television is turned on.

30  The digital signal processor may also continuously update the measurements of the
first, second, and third power levels and compare the most recent measurement of the
first power level to a predetermined second threshold value. When the first power level
is greater than or equal to the second threshold value, it may be determined that the
television is turned on. When the computed ratio is less than the first threshold value

35  and the first power level is less than the second threshold value, it may be determined

that the television is turned off.



predeterm ned first threshold value may be substantially equal to 0.9, or
it may be substantially greater than or equal to 0.6. The first frequency
may be aswomsat®el with a horizontal scan fly-back transf@cwarsousse by t he
tel evision. The horizontal scan fly 10 back transfornmer may be associ ated

wth a_fr cy suhbstaptially equal to 15.75 kHz. _The second and third
frequenci iggﬁﬂy havgﬁﬁrcﬁﬂ'@'ﬁéﬁ?ﬁ gesspRtdndyesera idingdiast Fousier Transtogancy .

[0008] I n ARQhEro SRS preldiBe bMHERId: ' BRAY 3 for

determ ning 15 wcﬁet her Ie’amfi rest teﬁ&‘?gggﬂqg{ehgqlﬁ?a%]eﬁne gfnﬂé whi |l e

di sti ngui ghédegermigedffirstthraskold wabicomaystet substantimlkytdyeal tdé\d, oeft nstydde as a radi o
or a second,tel.eyision t. The us.ipncludes receiving ans for
recei ving SHstant 18&’%?6?5%&1’3?9%&?13*3@%?fffezﬁlﬁgfcf‘?ﬂélgﬁgy 8y EB??\?%IF‘PH?@HI the
recei ved ariz6ftaPdéth Oy Yabl BhndfOmeer $84d Bf thditdlEdigibnatHll RorSAMRI §Sm Mf-0cessi ng
means for processing the set of digital audio sanples, and 20 determ ni ng
means 1Por hagk frgnyiomees may hefassdeiated wobsdtequenay substantinllyequaldo herSkHe. fir st
tel evisiongset is tyrned.on. The apparatus may. al so incl.ude_ anplifying
means for nrhaer%:fci‘ yé}nﬁéhl{ﬂg%%egglie@ggg’gﬁgf B‘ﬁaﬁtﬁﬁg@ei FRITHIES ﬁ?ﬁbthﬁfr%‘?essi ng
means nmay fieabmde first neasuring neans for neasuring a first power |evel
of the audio signal at a first frequency, second neasuring neans for
measuring a second power |evel of the audio 25 signal at a second

frequency, qhrd ne ' S [ hir r. level of the
audi o si grlg?dgalt a t%ﬁ%{ab@?req %r%t@?%@%@f&%@%g%ém%%ugg% ﬁttepﬂléu% rati o of
the flbr stwiptheen firstelevisionaetsis mraéd bheviilerdistingaRtppdhe ARdtddvigsich gower

| evel s, and first  conparing neans for conparing the conputed ratio to a
pr edet er nitFRuR Ofier d¢vigas sudha %Iradl%r@éecwgf)w}ﬁ@ncﬁﬁpmwpﬁwsdm1§dfl§r eat er

t han or eq{e@kviﬁ%’nfegﬁs_ fok Ee%teiv‘ﬁlgﬁlsﬁﬁid% dﬁidﬁgp{lﬁﬁg&%@lﬁ%&ﬁﬁg RrbA%kARANS MRy

determne that The first te Isionset IS e processt ng neans
may al so ithetegdeedipuidng agliosigna té o setadidigitali awdid yaruplds tpravgsdifemeasastir ement s

of the first, secgnd third power | evels, and second conparing neans
f or comaypf?gﬁs?%g‘ﬁﬁgﬁgfnrdg%‘aﬁuﬁﬁﬁglﬂ?%ﬁéﬂé of the first power level to a
pr edeper MdaREemisREMBELs BF 8iAOhL FeskRlo¥ the pHRRsEE B &étérlﬁ{inm%’iﬁgelj dtﬁél Bibst! S

greater than or equal to the 35 second threshold val ue, et erm ni ng
means nay televisioniselds turagd ethellid anparatus| roay alsoimclude tmpdifiting mednsoor  When t he

first po Vi is |less, than the second threshold val ue an t he conput ed
ratio Psm%en g&ﬁ%F}hetrﬁ%e%ﬁ%raé]ta%lgtﬁug]soﬁw 'vglil%%r,oc?sﬁ]élgd’éffagf e ilﬂlfgu%j‘grﬁts marrs
det er mi ne nidagiiridd@ednis £t meSufivg 8ifs povet WvBIEst tBE hudissignal at a first

frequency, second measuring means for measuring a second power level of the audio

25  signal at a second frequency, third measuring means for measuring a third power level
of the audio signal at a third frequency, computing means for computing a ratio of the
first power level to a sum of the first, second, and third power levels, and first
comparing means for comparing the computed ratio to a predetermined first threshold
value. When the computed ratio is greater than or equal to the first threshold value, the,

30  determining means may determine that the first television set is turned on. The
processing means may also include updating means for continuously updating the
measurements of the first, second, and third power levels, and second comparing means
for comparing the most recent measurement of the first power level to a predetermined
second threshold value. When the first power level is greater than or equal to the

35  second threshold value, the determining means may determine that the first television
set is turned on. When the first power level is less than the second threshold value and
the computed ratio is less than the first threshold value, the determining means may
determine that the first television is turned off.
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WO 03/019831 PCT/ US02/12333 5 [0009] The processi ng neans may al so include
transformng neans for using a sliding Fast Fourier Transformalgorithmto
det ect a woesmemsal of an audio signal at the first frequemcy/USIHE333
predeterm ned first threshold value may be substantially equal to 0.9, or
it mayhe substantially than or equal to 0.6. The first frequency may be 10
associ dted with a horizontal scan fly-back transfornmer used by the first

tel evi si ongooope  hory b ki 5 - - i.at ed
wth o fraBlC cunceaRRarie Abat ey SK Y AERRRINCRE (RRE £ 7T
f requenci ebdmgyaktdioaripr Ecasrmiatgeditisp ac detget afpresentdel 4ni audio figieduethey. 15
[ 0010] In yet. anot her_.aspect, the inventi ovi des a  nmet hod of

det erm ni r‘%St faaetrey etpgff(gtﬁrglill}fﬁ %értt _e§f_“ﬁ§|" gy b$tﬁt_1tf?iléf_reqbﬁ‘ld${i mty.
The met hod).9, ¢ kusnd iBstadtiARSHAN of &gl 1610 m&@@h@@eﬂ%ﬂ pegnal .
converting the received anal 6g audio signal to a sel o |5|tal audi o
sanpl 9, pswewtesd wigh a herizantal stamiflyback trans@tirmesvsed/barghe firstl talsiision.aThe esul t
of the processi to,determ ne whet her the first. television set is turned
on and | n TOBPRRACRY BY0RER YeosTorBie i og Ay it A deducy ebXenially

anpl i fyi ngqtidieo 1898kyed ThaRadond Al dif SédiRAties 1A hidShe@iciRGESS N MaY

i nclude neasuring a first power level of the audio signal at a first

f r equency sp#aigs froo ghedirstlgeigngower | evel of the audio signal at a second
frequency, neasuring a third power |evel of the audio signal at a third
frequency, conputing a ratio of the first power level to a sumof the

first 15sedo0id] 25 aidyétunothepaspect, RVigvahtion pebvidusRahéthed bhest&aipidged ratio
to a predeterm ned first _threshold value. \Wen the corrg;’i_ed ratio is

great er t MEsthSF a &lerdsion getiis Bragd oy andrp @strgreximylyt (Jehe raethied weldestheon nay be
made t hat i S| Lol [ r ox| [0011]
The step SFPoebagas i ol i otk Bodah aublol thfoina

measur enentsst afdigited afidio stmpkequockssing thetset ofitligitalandioaumbkes, aiddisibgrpar i ng

the nost rece nmeasur.enent of the firs ower. |evel to a pyedeterm ned
second thf %sélﬁ&? #%P%Fé?lng%éﬁew&e pibpder %‘E%ﬁt t‘?lé‘(/‘él_Pn iSet 1§ fEBedeen LA or
equal 250 hBR [FEERRY. tﬂ"e‘%ﬁéﬁ%d’m‘éﬁhﬂ@ indudedfd a&g}?ifh@@iﬁﬁe Pé%ﬁie‘\}%éfi'e that the

tel evision set is turned on and in near proxi en t irst power
| evel is lngleg aidin sighel. Sdestap aflpreshohgimay inpduderdedsheng o fipsipever leatli 0 i s

| ess t han % e fi.rst thres ol[ val ue, a determ nation ri‘aé/ b? made, t hat t he
tel evi si offt 1 ahdio signal gka i EAUCBEY: SRR § second power level of the audio

signal at a second frequency, measuring a third power level of the audio signal at a

third frequency, computing a ratio of the first power level to a sum of the first, second,
25  and third power levels, and comparing the computed ratio to a predetermined first

threshold value. When the computed ratio is greater than or equal to the first threshold

value, a determination may be made that the television set is turned on and in near

proximity.

30 [0011] The step of processing may also include continuously updating the
measurements of the first, second, and third power levels, and comparing the most
recent measurement of the first power level to a predetermined second threshold value.
When the first power level is greater than or equal to the second threshold value, a
determination may be made that the television set is turned on and in near proximity.

35  When the first power level is less than the second threshold value and the computed
ratio is less than the first threshold value, a determination may be made that the

television is turned off or out of proximity.



4 WD 03/019831 PCT/US02/12333 5 [0012] The step of processing nmay al so

i nclude the step of using a sliding Fast Fourier Transformalgorithmto
det ect a woesmmsel of an audi o signal at the first frequen®gI/UBI12333
predeterm ned first threshold val ue nmaybe substantially equal to 0.9, or

it may_be tantially greater than or_equal to 0.6. The first frequency
may be’ as@ lat ed WiPESteR Hf groceepamay alsa mqlydafhe ptep of peipg psliding&est by t he
tel evi si o [ | YssRAGK Ig associ ated
with a fr e&ﬁ%ﬁ%égsuf@sﬂta g@t‘aﬁgﬁz}lf@@%@%lﬁ%sg ORI ERI BY G 5208 & €

f r equenci deqnencyhdhe pprdetbemeredi fingdhresipdd valge nfaydm substarftiallyteqbaleéo 0ncy .

0013] In still .another.. ect, the inventio oyi des a net hod of
et ect | ng O ISTHE LR aatIDF by LR Gte: She Krhaatsmey ar |
di sti ngui sfdoeidangite hh%z&&él%&ér?ﬂ?—'ﬁa&@&ansfc{r&@} Qéeﬁﬁfg tHEWIGASop Bl @S a radio

or a second television set. The nethod includes t steps of neasuring a
first 1powderifenia|scaf flphackuttans{aimgn alayde associatest with edtegnency snbsimtiallyg  a

d I t di i t . f A d third
power 1 ovatialyf Y57 Rtz e 3piind he B e foiB GBS SGRRIEfhg 2 rati o of
the firstg s ftRy fe firt Reqtensym of the first, second, and third power

| evel s, making a first conparison of the ratio to a predeterm ned
threshold ratio value, and making a first determ nation of whether the

first tel eyi,Shon set | ) . I |t _of. the first .co ri son. The
first fr (‘g]dulé:llcy ishéé@%%?%?%ﬁgﬁc?’ﬁhgmﬁgﬁ|°zncpr{f) idegd g}?h}ol%ﬁf@ﬁ%gg?g ansf or mer
used by t kehefhier 8tfirst telbwsioaisetis arhed d)avisie cixtidgaishingMhe Brsf (cRIURHCILS have

pr edet er m_ned tgpa ings fromthe 25 first fre,q,uencz. The net hod may al so
i ncl ude t AOI%P Bg‘geafceaﬂlwg%a? 1adioqy aesgeand) television seh el methog gdirdes Bige| t o

set a thr I LS r t . i enment s
of the f1rop oEmckhihe AMSinokR: el GOR BB PAA K0 RS
conpar i som sefond powst levebafithé pudip dizhelcht aBecnd dragnénoyainde third pbwer levelt power

| evel to %&e t hr eshol d fi})irﬁgfgjaomer val ue, when .a first determ nation that
the first ot EIFGVFG LAY HBRCYofPTIRIHRE AN L BEHE ROt ISHEHRA on of
whet heg t Bemidrind itk k6bhd] A1 (BB pbwet 187AE Inino b Bird REMPIRDSG of oOn a
result of the second conparison. BRI EF DESCRI PTI ON OF THE DRAW 35
[0014] Fi gua predetenmined Hoegiokdt tatip Velws ansitrnaignga fiest ldottrroinatien of whetherg whet her
gr etsgln'? V: ﬂi/egfﬂrtsﬁ t%]r?f\:rl%lnosnl s% {seo% bAse 5‘19 a result 6 {heq{rgtxéo%l}a 'sc?rf . red 1rrs]tg to the

frequency is associated with a horizontal scan fly-back transformer used by the first

television set. The second and third frequencies have predetermined spacings from the
25  first frequency. The method may also include the steps of using a measured value of
the first power level to set a threshold first power value, continuously updating the
measurements of the first, second, and third power levels, and making a second
comparison of a most recently updated measurement value of the first power level to
the threshold first power value when a first determination that the first television set is
30 notonismade. A second determination of whether the first television set is turned on

is then made, based on a result of the second comparison.

BRIEF DESCRIPTION OF THE DRAWINGS

35
[0014] Figure 1 is a flowchart illustrating a method of determining whether a

television is considered on and in near proximity according to the present invention.



5 WD 03/019831 PCT/US02/ 12333 5 [0015] Figure 2 is a bl ock diagram show ng
a systemfor determ ning whether a television is considered on and in near
proxi m t ywamsotdng to the present invention. DETAI LED DESTRISPYI2388 OF THE
| NVENTI ON 10 [0016] The present invention is based on the detection of a

televisio play _device property to determ ne whether the television is
on. ? E i al F1gwe &vs & blogk diggram shawingaskiere fredetargping silethegp spl ays

contaln c [ yre tube.
COnt a1 1 CHBHLDR s LA RANELG e R LRGHA A clRIRE A6 AT IERLALA ©
scanning, emt a characteristic audio signal (e.g., transformer buzz). This
audi o signal perneates the vicinity of a television set. Vibrations of the
|l am nations wthin the transformer generate the audio. In a television
system operat i ng wi t hpEey HPSORsERISALK OFATRERVERNHBIN scan f1y- back
transforners emt a 15775 kKHz wave. € presence of this characteristic
frequébcy can be detected fromthe audlo S|gnal pi cked 20 up by the

m crophon is hi freguency.ton d.int ity .for iven

tel evi si OEOOSIH It t ipﬁ%#]l%b lé’nﬁ%l? (iﬂ%fl}eaf g flﬂ?8§6 1?/\‘%?11’%&3&14 as a
resul t, o@akyic@profbly QPEBiR FE6Her the ViSRS crrpqraréiaﬁqp@ ilﬂefe‘(/is%lpn set
can pi ck up the characteristic frequency. Either an anal og phase | ocked

| oop or aselp yiithdFatiedeRayolithed CR) alisplaye nontemmm)trybfahsqaenm@u elestraet ect
t hi 5 t CRT,
S L NS BT AL L 0 50 AT 20

Accor d5 ngbyrforas saangithg] emit hichaetesistic AR digwil (@p., trassfé@itribagy)! Thiy tel evi sion

and a m crophone or other appropriate_signal det ector, the term"in near
proxi mi t yaudig sizngl premesfsstheyieinity of Hteleyisiamies Véﬁﬁﬁl%d)f\m@clﬁmﬁ@uﬁh‘im cal
obstructi r vi si on and
t he det ectwgtr I%Il%r&éﬁ §fﬁ %P%%eraf)éutﬁg dlgppg%{éln%v?ﬁqn ?}?t net}(i}?gd‘gﬁﬂ)ﬁlot in the
sanme r oomNaig sterdard thhysrizoatal sd:mtﬂyuhmtckcmnsfsunbrs aﬁnt aal 5/\@5 kHz flager Ther

I , bet j and the.d tect hu t he c hone i
2l e {5 dBBEoRUE et st SRS PERGRaR foim RorRtiARGRbROht T8 i n
near po OXiyflby Yhe BRr&pHonk h?hf@lﬁélpﬁg’(?ﬁﬁc& fonB Bhs Qﬁk&i IrferdBY &5ta Jiten

characterlstlc audi o signal for el evision that is out of proximty.
When the talevigpherie I typigalindersdot penstrperthmblie walls,iand as haesuitsonljoel ng carried

by a nenb(ﬁlrlcr%{ohotn%%léc%ld?v lrisel sgxrﬁearggﬂl%tg % tel%%%l%rnns]e (Sarﬁlt;r1I p?ri( the cﬁgrg&enstﬂze

frequency. Either an analog phase locked loop or a digital Fast Fourier Transform
(“FFT”) can be used to detect this signal. Of course, other characteristic signals
25  emitted from a CRT, Liquid Crystal Display (LCD), or other display device may be

used.

[0017] Accordingly, as used in this patent application, as applied to a television
and a microphone or other appropriate signal detector, the term “in near proximity” is
30  defined as “within the same room and with no physical obstruction, such as a wall,
floor, or ceiling, between the television and the detector”, and the term “out of
proximity” is defined as “not in the same room and with a physical obstruction, such as
a wall, floor, or ceiling, between the television and the detector”. Thus, the microphone
is able to detect the characteristic audio signal for a television that is in near proximity,
35  but the microphone is not able to detect the characteristic audio signal for a television
that is out of proximity. When the microphone is attached to a portable device that is
being carried by a member of the television audience, determination of whether the
television is “in near proximity” or “out of proximity” becomes equivalent to a

6



television is "in near proximty" or "out of proximty" becones equival ent
to a 6 WO 03/019831 PCT/US02/ 12333 5 determ nation of whether the nmenber
of the t eWwewd®iwal audi ence carrying the portable device PETIUsSIYIMB3Zane
roomas a television that is turned on. [0018] If an FFT is used to detect
the signal, this can_be advantageousl enbodied_in the type of audi ence
measur emedetesyeton phwhgtherthe membgeef féﬁfﬁéﬂ%ﬂﬂ aydjercsreyiedheRartdled in t he
program si ygual 'y involves a spectral
anal ysis o dgaehmlgetectEaagﬁﬁggi§%Y%gﬁzﬁm&§$9§?he FFT anal ysis can be
easily extended to anal yze the frequency nei ghborhood around the

characteri st freque emtted b theteIeJS|o Based on spectral
power , thé&i@ised agg‘?rgﬁ%gl”ﬁ usﬁét%‘il%‘i it signakd ’6@?@3%3&%@?“5& a tel evision
si gnal or eH{bBEfed%’ﬁﬂgq%elifa{uQ%% mEBRr B &R S04G6m B wAltnAUi R ShiBRddesat the fly

back frequency of . can be nost conveniently detected by neans of
a "sl il@i ngbdésmpé detectedin the pofgrar eighals tThefatractem ofitbess todanushdlyei naf t er

f dt " SFFT" h i | ati ti | it
the- spect IO 5 AaPSS FFL AnTEA S REGP HEBH L A BURERAG [UHe MEderey hoogr
i nterest %@@aﬁ%‘t@nﬁe& ﬂﬁaﬂaﬁiz@tﬂ'lé/ﬁec?ﬁn&gﬁél 1sorhddd AOaRl tHE @heﬁ‘ﬁﬁfﬁ{stl@f t he

15.75 kHz signal. is noted in ex racting enbedded "active"
spectr al éxmu@mme@ed)by thedelevipien sefe ﬁas«?ct)@dspmtral ®wepghe pansel i g6

(entitled,”Bfoadcast Enc em a hod' d i ncorporated herein
by refer etli’g‘g;aSSl?ﬁ S e n&&??ﬁi?legs@ﬁﬁggw@te%{ q}?qa:afl 20] Referring to

Fi guresl a flow chart 100 illustrates a nmethod of determ ning whether a
television is turned on and in near proximty according to one enbodi nent

of the prdS®8 i nverdieoreseresradapiangioniggl picheflybaek fequenpiapiiarekHz

| t 13
oo or  oq o BEuERlboledef) SN ALHY BRAK Tl iERP B BRERM G BOPREE
audi o si giabrign T:daﬁﬁomnp(lﬂe@mhngtdrhefeﬂbcttmh‘GﬁETZDE&ich agém@lealenyatianphi f i ed by

an anplifier 210 and converted |nto a di stream b
anal og- t o SBREIOKFLY CaqmteF therspodienl peyerin aa”ce9 eﬁmﬁeuﬂaw%sai?e fequenSHput ed

usi ng éb he ofifibled!andc ngghte%é)fé@a‘iﬁr@ s §2H-as Tﬁ'éeab‘éblgtetﬁdwe? log 15050885 s0r 220

i ncl udes an i nternal ta nenory and an internal program nenory 230.
The prog rsmmaheltr(snmt@lahatgn@K‘ewtmg@nﬁléﬁdédatagbva”tspmtraau&ie kcbdeaof #mytype her

al gor | { ey used, 35y pLhe, Y08 558 Bl iA2P =Bl Mot o TR oA om0 92t &

i ncl udi n
and mcorporated herein by reference), the SFFT algorithm is employed.

25  [0020] Referring to Figure 1, a flow chart 100 illustrates a method of
determining whether a television is turned on and in near proximity according to one
embodiment of the present invention. Referring also to Figure 2, a hardware
implementation 200 of a television proximity sensor according to the preferred
embodiment of the present invention is shown. In step 105, the audio signal picked up

30 by the microphone 205 is generally amplified by an amplifier 210 and converted into a
digital stream by an analog-to-digital converter 215. Then, at step 110, an SFFT is
computed using the digital signal processor 220. The digital signal processor 220
includes an internal data memory 225 and an internal program memory 230. The
program memory 230 stores the SFFT algorithm, as well as any other algorithms used

35 by the processor 220. The data memory 225 stores data, including the results of
performing the SFFT at step 110. In order to compute the Fourier spectrum, a buffer

comprising N, =512 audio samples captured at a 48 kHz sampling rate may be used.



performng the SFFT at step 110. In order to conpute the Fourier spectrum
a buffer conprising NS = 512 audi o sanples captured at a 48 kHz sanpling
rate my weasesst 7 WO 03/019831 PCT/ US02/ 12333 5 The speatusat/1f3sequency
i ndi ces ("bins") ranging fromO to 255 represent frequencies in the range O

to 24 kHz. .The f bet t tral |
br ef or Sbl ;P APS T BETHOY FERIES QST B8R Fo (1o Gan Ry Rt Gequeneiors. ki)
COr I espoNQge rahfe @ td2 MKW iné ﬁ@&ﬁ%n@? Sepatdliod He%péeﬁaa g/a@&ﬁr %]dt&g hﬁe% i ronment,

such as a roomin a household, the spectral energ band is
extremnel yplr‘tfwahlryﬁﬁﬁﬂn Thehonizbatal $Gnping- fﬁfﬁludﬁby (.., d5.d6 kHz) cadsppmisa
relative ectral d fre uenc interest, the power in
bine 160, & Exrnh FRERIEE By bt aperdii e Rinent B pupomiBa ¢ he

det ect i on hefiseAblae theGpadtae E@ér%ﬁ | &e%gk!ﬂﬁ'b%n&@éléﬂre&ﬂ&’}ﬂio‘éﬁaﬂdh@ offBRsH&TeNt  Of
energy in different bins 0021] Unli ke the well-known Fast Fourier

Tr ansflBr mofwh? 6B. dwagssr tosohitia a r@]@'ﬁﬂzﬁ snestralpaegnitude of the fisiquencylof dukrestf audi o,

Fr equency & Bev TOBS 180T oIttt €l SRR BBttt S carpl es
are acqui detctidissfuthéihhfasteristes biiad wanklihtdidethaondadireaRtt sy iangl e (po
[J] are known for a frequency with index J for an audi o buffer currently 20

stored i ndfEepirser  these val ues represent the spectral values for the NS
audi o sanpl es currently in the buffer. If a newtinme domain sanple vNs_,
is inserted into the buffer to replace the earliest sanple vo , then the
new spéct [80214npl i t Wddika thd W¢ll-ancwp Ras&otrier Trdhsfofmrwhible competss thear e gi ven

D 1O 0 SR, ol b B,

ao [J] e JoPrR» 5}1%@ g&é%fg

girrpl it ude&gnd p#gé% gg&ll:{gssglgf tegg]i/eqfﬁr eaijbé%%%/ﬂv?ﬁw{lﬁanﬂ ’&tlﬁ?ﬁ’lﬁ%ﬁ audi o
buf f er cams hew eodip stiagles ertacguivel. yAssathg thay/spepit tantpgitide @{y ]Simd]gnaS@ect rum
according to Equation 1. The updated spectral power is P, = a; . Even if
all the apgetqvoé! ] arelknewn farpfrequedey wittl mﬂwséior\mraadmﬂmﬁeﬁbmryemlgt to 0, as
new data enters the

20  stored in the buffer, these values represent the spectral values for the N, audio samples

currently in the buffer. If a new time domain sample v v, 18 inserted into the buffer to

replace the earliest sample v, , then the new spectral amplitude a,[J]and phase ¢, /]

for the index J are given by the following equation (Equation 1):

i27rJJ ( (iZﬂJ(NS —1))} ( ( i27rJD
+ VN 4 eXp| —————— — VO €Xp| —
N, y N, N,

—i27]

4 [J]exp 2 [J] =4, [J]exp 2 [J]exp(—
25

=(ao[J]exp@,[J]+ vy, —Vv,)exp

S

Thus, the spectral amplitude and phase values at any frequency with index Jin an

30  audio buffer can be computed recursively merely by updating an existing spectrum
according to Equation 1. The updated spectral power is P, =a’. Bven if all the
spectral values (amplitude and phase) were initially set to 0, as new data enters the
buffer and old data gets discarded, the spectral values gradually change until they
correspond to the actual Fourier Transform spectral values for the data currently in the

8



buffer and ol d data gets discarded, the spectral values gradually change
until they correspond to the actual Fourier Transform spectral values for
t he dat a wormsemsBy in the 8 WD 03/019831 PCT/ US02/ 12333 ®Chafshy12333 n or der
to overcome certain instabilities that may arise during conputation,

mul tiplication of the incomng audio sanples by a stability factor usually
set to0°0. Syder Japrderdo gyareame sertain ipstabalitisy that mayiasise duoBRERMPUtAGN, be used.

The slidi : eSalgaMotdfalVd | .cient ns of
cal cul at | e Fpai8) SPE AR KL AB Ra RO R BIRD Bckot SLAREISP LTI
pr ecedi ng ahdl eheclisdariell saRBRk ®ylad@tbi 09930 'angy b gscdUTheitdis@rpte itsel f.
[0022] At step 120, in order to detect the presence of a television set

that is talgosdm providas acompmiationplly efficientimeans afivalculstiog € sppcttat t he

m crophone i s associ.at ed with tel evision set, the ratio =.168 is
conput ed 1&8?11)8%6@% ‘?JJIJI1 éeestonrélﬁ%iz\g Petiinbspr ‘ffég‘gltge PG SHIBY 'Pcalifhen a

tel eviigi 0 I ) this ratio has a value close to 1.0 because
P168 ;Q P%@%fck}grﬁhga&?g%ﬁ%@el evisionis in the off state, the ratio is
close to 0.333 because all three frequency bins have | ow power val ues. At

step 125, @qr tio threshaold such as Rrh = 0.95 can then be used to detect
the state 2% he t eldvied;IgR, Wearderdp detoeidhe prsencgipd g telgwgionsetdbafjisinct i on

with an " LYE- ' : - ' itk | ute
Vel e of LIBE! 3p SRARCRAC A, GREA pARLRTLRY o kbR TN
successful ly e,x_tract;&d may be usedp o set an additional reference value Ph
Both cardeleyisisnsetrthesatg I@nafng, PE%, > P hgomputed &1 cpeh bleclephaudio t he state
of the television set at a giVvé&h ifistalit of tine. If either of these
| nequabi t iigxkdby Y WhdnBRIedHsicH @Piskihel bnl fis r%% A ﬂﬂﬁe L ot
television is turned on and in near proximty. | ot mequaf)ltles 25 are
fal se, théeacase F.ep>P)+HA,, | Witet etehavisiuh i imthetdiBstite) thy kaioas close & t her
turned off or out of proximty. It is noted that the ratio threshold Rth
can be ch®s83a beepusealh fyreafpquspey hing havelowepdresrwabies.0Adstdp 125, fagatiexanpl e,

SR I B N N T R E T
adept v ThAsYE SRl LR Sh USROS BRI ol GEREEL 5

above2n sigdpthhd InPEN IS Salte BRPNOG A inthhi FHI@héh RPSTHRIIEI c&dd BRI NY”
effect that may occur if the audi o power exceeds the maxi mnum power all owed

by the aubedPduces§RilD extracted may be used to set an additional reference value P,. Both

conditions R, > R, and B > P, may be used to determine the state of the television

set at a given instant of time. If either of these inequalities is true, then at step 130 it is

determined that the television is turned on and in near proximity. If both inequalities
25  are false, then at step 140 it is determined that the television is either turned off or out

of proximity. It is noted that the ratio threshold R, can be chosen to be any appropriate

value between 0 and 1; for example, Ry, may be chosen as 0.6, 0.75, or 0.9.

[0023] The use of the ratio threshold as described above in step 125 has the

30  effect of providing an adaptive measure of the television audio spectrum at the
frequencies of interest. The use of the absolute power level of bin 168 as described
above in step 135 provides a method of mitigating a possible “clipping” effect that may
occur if the audio power exceeds the maximum power allowed by the automatic gain
control. For example, if a noise spike occurs due to a television program, it is possible

35  that the audio power will reach the maximum possible level, and thus the measurement



control. For exanple, if a noise spike occurs due to a television program
it is possible 35 that the audio power wll reach the maxi nrum possi bl e

| evel , arwotobososshe neasurenent 9 WD 03/019831 PCT/ US02/ P238302/%R365 t he
power Ievel will be cli pped at that maximumlevel. In such an instance, the
ratio may dr OE bel gw 0. 95, because the power levels in P160 and P164

have rﬁseﬁf theaisster iyshwal Ye elipped at that @émgbﬁnk velpds spghean igptance; fie gl of t he
t hreshol d e a television
set that #/%déﬁdrglgbelg 53%6 resﬁﬁtpg)w 502603%%3 ggﬁb@ efr;lldaptl ve to a
parti cul alpm}mlrmxmasalpasthalmdlsmplﬂ(ei DIespIietthﬂ tthe ubd of the ghreshdlRedlinePy;, t he
threshold c | i ed what ever. bi_n happens to sustain.th i, mum
power |ev§f1§bq?sotf1 dRectinn @fffﬁs%%me@f afelevigip a‘%}éﬁw ©Fngd A n%@ttﬁreﬁn%icm ly
15. 75 KHZ ya10kQ24h als'ab%aﬁ ?t?\;e'tﬁfﬁlpai'tmﬁhﬁrﬂaé‘\hﬁBh%d1§n§telﬁﬂﬁé3ﬂ%b@ﬁ 168. and P168
val ues covering a long erval ‘of time (typically on the order of

second§) Rstlexdhe thasdshbhir canéxe@ppiwd togvlidbevieh bingdrappasde sydtain theshaxinginon set

t hat has been rned on. .Ip suych equence, f a _major e entries
i cate BRSer (e o B0 neieBhotiiny b BEREESs ol e PRRHY 15 KE2 mde t ha
an active television set is present. Alternatively, an averaging of the
rati o and power values captured in the sequence can al so be used for

deci si on- f8024hg. Seengractisslrinpleddntation, €saquoncari Raatl| K, prlodumacspgct r al

energy at 15.75 kHz and aver zg]‘yng t he 20 observations over a |onger
i nterval redeng méerval of tige (ypieadlyicashe pltdyr Oﬂ@powsbtsrﬁémmr@dtf@rrdqtm@ngt aken

that tony bkt B EISARIT g In B Rl R IR o PR E st lenb il A2 1S
sof twar e eajbritgldf e, entxﬁdssandleﬁte gD Gles m&lvisﬁml%iat issmled ofi, eodazftswn &@rbecan be

vari ed based on the actual  instantaneous _gain setting 1[0025 An
al t er nat i Veadsdha 3n aghivefelexisian gt Hesssat: Aéte’fl@ﬂ@?/lb’s‘ilb%’ef%gﬂtgﬂ Beiradie andny ol ves

observi ng yalof ANBLAAbELS Bithe LAULAE L SRUBIGKPRE QLU IRIGH |Sevgapoc at ed

with the actu transition fromthe o state to t en a
t el evi si ostrapsfftotecan otcadimallcym[romcaspecaabeﬂesgypatﬁéﬁtkﬂ/z ansﬂravenhgmgthan audi o

pul se f ener noves throu h the 30 fre nc ect m I I i ke
Pashi af 1 COMAIES Ghor onag TervAEraRis Bielihig iy Ml acteboe
det ection tﬁienﬁﬁ't% abERAYRNRY pfe'séﬁ?;b%f @ﬁh%t(ﬁﬁatﬁrt}dlﬂ@oﬁﬁbp(%@@%mﬁﬁl?er tﬁa@' eV' si on

has been turned on. [0026]" The technique described above nay be applied to
t el evi si omaymuisnschange in the absolute value of B, . If the AGC is software controlled,

the reference value P, used for comparison can be varied based on the actual

instantaneous gain setting,

25
[0025] An alternative method of detecting whether a television is turned on
involves observing a transient effect in the frequency spectrum which is associated with
the actual transition from the off state to the on state. When a television has been in the
off state and is presently turned on, an audio pulse of energy moves through the

30 frequency spectrum in a “ripple”’-like fashion from 0 Hz up to the 15.75 kHz steady-
state frequency. Thus, a detection of the frequency ripple acts as an indicator that the

television has been turned on.

[0026] The technique described above may be applied to television systems
35  operating with standards other than the NTSC standard, whose horizontal scan fly-back
transformer frequency is actually 15.734 kHz. For example, the PAL standard has a

horizontal scan fly-back transformer frequency of 15.635 kHz. Line doublers can be

10



35 operating wth standards other than the NTSC standard, whose hori zontal
scan fly-back transforner frequency is actually 15.734 kHz. For exanpl e,
t he PAL swendar®3has a horizontal scan fly-back transfor mer/dsosmpisehcy of
15. 635 kHz. Line doublers can be 10 WD 03/019831 PCT/ US02/ 12333 5 used

with either the NISC standard or the PAL_standard. Theqtuse of a_line

doubl ef h&ged wih githes dhhe Y SEotadadpribel AL stndardy Theysaaf yimedeubley hage NTSC
case and I /1 b )i : @i (S| i ver al
o mat oy fhe AfbcSEddulin 1 Fllachd? fo sTU AR n EENAINC AR 18 31 S RHAARY P

26. 97 kHz theZHADQadeHDigRAl. tdlBvikidn;in@ddde@Sekdrizl; formddts #iat kieassasBtatPwithithe 33. 75

kHz; 44.96_kHz, 45.00 kHz; _62. , 67.4 ; 6./. Hz. In each
case, the %J&Ri’t’%gi%@q‘é%fﬂs'edsé ki—?zl, é%"é‘]%ﬁzb %pébéﬁ fgg%%&ﬁcﬁ}b%gﬁ%e fly- back
frequency .31 Us1z; 8972 RXBIBS 95 ki, 495 KHEZ4 53R W2, Ak, 167 43988 bAst ead of
the 48 kHz rate described above, then any format associated with a
fly-badbk fof SGudtr ynrath casg,dbedidigist@mpitl atayateitichisat lshstidosbledlohfiyque of
this inventiop. Int case of the.. 67. kHz .f ormat , the sanpl.i,n ate is
at Teast Do Rpgiene TGO RF Fampl: a5 R L PR R i wre el LIRS ot | bed
W th respest; hie dsbdibell abowy, GRANhY Yorami adsdeihRd with PRy bhek Reqfaty f6t

enbodi nent, it is to be understood that the invention is nhot limted to

t he di scl ezestdingtidditiremeay make ushel the trcheigye of this invepsieni dnthiegasq oftthtided t o
cover vari difications and equiyal angenents included within 20
the spiri tﬁﬁd&}s)zc%ﬁ%ato%het%@pgﬁﬁa %Ilesc#(?ﬁa%iqtr%g. or exanple, it is to be
under gsood that the 1invention is applicable to any audi o frequency that

can reliably be associated with the fact that a_television is actually on,
such as a[PRRTdr spi Vhide tepreseplipyantionhas besaslesarbed wibripspest torehiat & ect i on
of a VCR, I ol i j dem
connect o e EqrRRlefkab b8 it elchion KB nienE e & VB wIAHES] o n0

t el evi si oninwatier is. no? imied an Gichisclexed smbedinghtsh dioghe aontesry,dhd mvestivol id of Rt h

= 0.95 is .described above, the . ratio threshold Rd, nmaybe t,to,a | oner
val ue sucﬁntagffqé.te coyer ¢y argus medifigatiqns gy F%"Qﬁ@taér@flg%ﬂe Linelded withn e

scope »gf ttﬁ@%fiﬁ’ﬂ a{na%&tgso&ﬂ écﬁ\i(:: Bbehded aa'l%é f}%ﬁ eﬁnégggl]g,ltihﬁ 190 AA&Stto0d that the

interpretation so as onpass al I cations and equi val ent
st r uct ur esnemtion fsapplicairisto dhy andodByqueegIhatRan redBbby toa8aciated with the

fact that a television is actually on, such as a motor spin of a video-cassette recorder

(VCR), a tray ejection of a VCR, a motor spin of a digital video disk (DVD) player, a
modem connected to the television, or static electricity emitted by the television screen.
25  As another example, although a ratio threshold of R, = 0.95is described above, the

ratio threshold R, may be set to a lower value such as 0.8 or 0.75 without reducing

detection reliability. The scope of the following claims is to be accorded the broadest
interpretation so as to encompass all such modifications and equivalent structures and

functions.
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5 What is clainmed is: 1. Atelevision proximty sensor system conprising:
10 an audi o sensor disposed in a sane roomas a television, and configured
to detecwoasprmsaet erm ned audi o signal enmtted by the telPeTitsopm3dhen t he
television is on; an analog-to-digital converter in comrunication with the
audi o sensor, and configured to convert the detected audio signal into a
set of? di gital audio sanples; and a digital signal processor in

comuni cation with the anal og-to-digital converter, 15 and configured to
process the set of digital audio sanples to determine (i) that the

t el evi si oWhasistalaimed ion, and (ii) that the television is turned off. 2. The
sensor systemof claiml, further conprising an anplifier, the anplifier
being electrically coupled to the audio sensor, the anplifier being
configureg to Arggjek,{syonrggmmg,g@lﬁg&gg,g@}naé@ﬁ@ﬂggnal and to provide the
anplified signal to the anal 6g-to-digital converter. 3. The sensor system
of cl¥m1, WnememmOSﬂEOUdlgpQSadlmamrwm@wlsﬂ@%mwwtoto measur e
afirst p | ev of. t set. of di.gidt.al 0 .sa first 25

fr equencygv{e%e?%?(get%%e Mlop%%all efné glbyoq“egeﬁ%“%l% %Fn eate{eg FAUAPY sanpl es

at a second fpe §6-diFRaASddhGerfer i boHmpabetiod ﬁ%ﬁ'th@iudﬁ@&nﬁ&{ af digital
audi o sanpl es at ird freq uenCél 30 conpute a ratio of the first power

l evel to aor&imquﬂftowﬁ@verrﬁhgtdeteg@é@n oswpalmm@aet %émﬁal audjepasuples @pdr e t he
t ed t t h
combut od 1 at i o2 tifl BEEABHEERGEcddhEhic I RRR YL Al ARt RREL "

det er nj neaﬁdwdnﬂgh&:dtte Ipesdiess tha sd:tS)ftligimBﬁhdm sarﬁlﬁieslto debenmaen@pthaistiist em of
claim 3, wherein the digital signal processor rther configured to: 12

VO 03/019%%’15}1@175@3@271928"3@(ll?stlﬁbﬂi’ﬁtﬂﬁﬂ%lflfﬁlﬁéfét%fgt he measurements of the

first, second and third power

2. The sensor system of claim 1, further comprising an amplifier, the amplifier
being electrically coupled to the audio sensor, the amplifier being configured to amplify
20  the detected audio signal and to provide the amplified signal to the analog-to-digital

converter.
3. The sensor system of claim 1, wherein the digital signal processor is configured
to: measure a first power level of the set of digital audio samples at a first

25  frequency;
measure a second power level of the set of digital audio samples at a second
frequency;
measure a third power level of the set of digital audio samples at a third
frequency;
30 compute a ratio of the first power level to a sum of the first, second, and third
power levels;
compare the computed ratio to a predetermined first threshold value; and
when the computed ratio is greater than or equal to the first threshold value,
determine that the television is turned on.
35
4. The sensor system of claim 3, wherein the digital signal processor is further

configured to:

12



| evel s; conpare the nost recent neasurenment of the first power level to a
predeterm ned second threshold val ue; when the first power level is greater
t han or ewoaB/o1w3t he second threshold value, 10 determ neCrhsn2/14383
television is turned on; and when the conputed ratio is Iess than the first
t hreshqol d value and the first power level is |ess than the second

threshal d val ueONHBEQIShY ‘l‘f@afeﬁh? mepgureraenty pEihgdirstssacondhang rd powst  The
sensor systgip.of claim4, wherein the audio sensor is portable. 15 6. The
sensor system’of claim 3, wherein the digital signal processor is further
configured to tmmmresﬂheuhnoa;grdéamumﬁsumemnt dirthe &it powat lgoelitblam t o detect a
presence of n aucgla% Si aI Eﬁ first frequency. 20 7. The sensor

syst em of R?? dﬁﬁ etermned first threshold value is

equal to substaptdaht ¥ird p%weﬁlevéih@ gRas HandY %g @fhecskz@drﬂ‘ tﬁrelsl‘{éig Y&ihp, the

predeterm ned first threshold value is greater than or equa
subst dft i adelqmmeﬁthalzﬁegﬂeﬂhenmdosymdem of claim3, wherein the first

f ' tal | y- back t f d
by the 21 evi o giFn o comhsed g N BB Ao Rl Vil e BREPASH Zont a
scan f1y- biagdt i$ ey B HEREcordQhicBh A S8Rk MRSk dnatathta FGAHEBE ¥ tafkalort O
substantially 15.75 kHz. 11. The sensor systemof claim3, wherein the

second and third frequencies have predeterm ned spacings fromthe first

fr equency. 5. 35 C SEH?OI'%%SQ&I% ?f@m% W?{lfFI'ell‘]nﬁE au(\%ﬁgpéﬁ%ﬁe né{ EﬁdaUdl 0 SenS_OF i's

portable. "713. e sens em of i 0 sensor is
portallse. 13 WO 03/019831 PCT/ US02/ 12333 5 14. An apparatus for

determ ning whether a first television set is turned on, while

di sti ngui ﬁ. ng Hhesensar systemmiofgladn én whetelrs the digiiohsisna evoceasor iy@rbhers a radi o

or a seco %nﬁ%@g@ ¥d &ée%l@ﬁ{%%%sggo% %éﬁs!f'oimcﬁ g&qthﬁir 0%etccCy ?fegé O? ns for

receiving a predetermne i'0 signha acteristi e first
t el evi si oraudet sigei agthetirst frequency.

20 7. The sensor system of claim 3, wherein the predetermined first threshold value is

equal to substantially 0.9.

8. The sensor system of claim 3, wherein the predetermined first threshold value is
greater than or equal to substantially 0.6.

25
9. The sensor system of claim 3, wherein the first frequency is associated with a

horizontal scan fly-back transformer used by the television.

10.  The sensor system of claim 9, wherein the horizontal scan fly-back transformer

30  is associated with a frequency equal to substantially 15.75 kHz.

11.  The sensor system of claim 3, wherein the second and third frequencies have

predetermined spacings from the first frequency.
35 12.  The sensor system of claim 3, wherein the audio sensor is portable.
13.  The sensor system of claim 1, wherein the audio sensor is portable.
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10 digitizing neans for converting the received anal og audio signal to a
set of digital audio sanples; processing neans for processing the set of
di gital awoiososmapl es; and determ ning neans for using aPC#dishr/12383 t he

processing to determne that the first television set is turned on when

the prqcessed set of digital audio s | es_exceeds a 15 predeterm ned
t hr egh§l d. 145, ‘%Héppéﬁ‘ﬁ%\?fi’(r 3@38?1%‘}3’&?"%%9{3 finst ftekéflfs@%ﬁ?b%sl tgmed opwhild yi ng
means for @ffiighiskingdhe hifte 855y &4 RAPbAG: AHEO sOAY rmaBr lecdl®

apparatus of claim14, erein the processing neans conpri ses:

measur i ng teleuisonfset, thesapparaiusgormpiisingt power | evel of the audio signal at a
first frequencl,' second megosurigg meang for. measyring.a second power |evel
of the audio sigHAI™egieans LLLTHRg RTPERIGHINSE apqipg audie sightl ng means for
neasur i ng chatabiefigtiPONRE fik® Y&visibn boiderisgdi® signal at a third frequency;
conputing nmeans for conmputing a ratio of the first power |evel to a sum of
the flOrst, secHgitizingmeranhfor¢opusatng thevedeivedzmalogiangdio signapturd segofreans f or

conparing { ratio to a predetermned 30 first threshold val ue,
wherein mﬁ%§E¥%§ﬁ§§%§§F%u ratio is greater than or equal to the first

threshol d val ygocéstifig BRuEY fok PideessIRARS sétofaRifal AUiEshrhSledl@h@r M ne that the
first television set 1s turned on. 35 17. The apparatus of claim 16,

wherei n the prcleEs@inpe mearsior using aresalof theswecessing tmdeétergnine that the dirst

pover | ovar ey HRATE S SubiEa T BRI Sulos) A5uai Sheig sBBRES BBt ng. reans
f or cdfpargredptarineadahteshicidéent nmeasurenent of the first power level to a

predet erm ned second threshold val ue, wherein when the first power level is
greater than or equal to the second threshold value, the determ ning neans

I's configused thedphaiafis ¢ clalifl 4! Ak dodtprising amplifying means for amplifying

the received analog audio signal.

20 16.  The apparatus of claim 14, wherein the processing means comprises:
first measuring means for measuring a first power level of the audio signal at a
first frequency;
second measuring means for measuring a second power level of the audio signal
at a second frequency;
25 third measuring means for measuring a third power level of the audio signal at a
third frequency;
computing means for computing a ratio of the first power level to a sum of the
first, second, and third power levels; and
first comparing means for comparing the computed ratio to a predetermined
30 first threshold value,
wherein when the computed ratio is greater than or equal to the first threshold
value, the determining means is configured to determine that the first television set is

turned on.

35
17. The apparatus of claim 16, wherein the processing means further comprises:
updating means for continuously updating the measurements of the first,

second, and third power levels; and
14



television set is turned on; and 10 when the first power level is |less than
the second threshold value and the conputed ratio is less than the first

t hr eshol dwoaBuoes3t he determi ning nmeans is configured to aewrarsn?/m33i hat the
first television is turned off. 18. The apparatus of claim 17, wherein the

receiving neans is portable. 15 19. The a&garatus of claim 16, the
processi ng mearSCns QONERIIRE MAPS fof GompRERE g mRshEpCREAREsTISMeRteiflc a sl i di ng

Fast Four it gha SR B 2LORKkhifibd Scafl BflshBia piggence of an audio signal

at the first Trequency. e apparatus of claim 16, wherein the
pr edet er mi ned fwhstintwheashofidt palveadeid is ggatat thiao os edpsd tnthe aédond0. 9. 21. The

apparatus of claim 16 erein the predetermned first threshold value is
greater th‘%‘?sﬁ?ﬁé{ﬁ 1“119321@{}6@9%? SP§/°?5¥%“%°%?@“’?W@%6@£@US of claim
16, wher ei @b Rnfsef Bltuhb@aeney i s associated with a horizontal scan
fly-back transforner used by the first television. 23. The apparatus of

cl ai m1®2, wher evientthe find powenleuns! is teasithiah yheosecdnd theasbéldrvatme and the30
associated with .reque |, .o substantjally 15.75 kHz. 24. The
appar at us. iR tahd SEHIEn B b RuRp SR b e Rink neE s have
predet er m gy oiRatd A&Emhine Mat hR frkttslevisioRdy 8RFd of8S 25. The apparatus of
claim 16, wherein the receiving neans is portable. 26. The apparatus of

claim 14, wherein the receiving neans is portable. 15 WO 03/019831
PCT/ US02/ 12333 5 t f er.m ni ng-whet her. L evision set is
Tha 1 T Bkl 7 REC LR B R PR Bk € oo

turned on and inn proxi
recei visng an anal og audi o signal corresponding to a transforner signal of

the television set; converting the received analog audi o, signal to a set
of digital 19audiHlesa@?ﬁﬁna@@;ofcwngéo@@wwgﬂ%@ewfua CIOFIPEIgINEaudi o sanpl es;

and using t?angﬁﬂﬂh{g lﬂéanl%qgr &ﬁﬁfﬁ%@%@ﬂ&&&%@%ﬁ&&%ﬂ %t £VI si on

set is turne on an N near- prox
presence of an audio signal at the first frequency.

20  20.  The apparatus of claim 16, wherein the predetermined first threshold value is
equal to substantially 0.9.

21.  The apparatus of claim 16, wherein the predetermined first threshold value is
greater than or equal to substantially 0.6.

25
22.  The apparatus of claim 16, wherein the first frequency is associated with a

horizontal scan fly-back transformer used by the first television.

23.  The apparatus of claim 22, wherein the horizontal scan fly-back transformer is

30  associated with a frequency equal to substantially 15.75 kHz.

!

24.  The apparatus of claim 16, wherein the second and third frequencies have

predetermined spacings from the first frequency.
35 25.  The apparatus of claim 16, wherein the receiving means is portable.
26. The apparatus of claim 14, wherein the receiving means is portable.

15



28. The nmethod of claim 27, further conprising the step of anplifying the
received 15 analog audio signal. 29. The nethod of claim 27, wherein the
step of pwoma®sisBy conprises: neasuring a first power | ewelr/ush2/14383 audi o
signal at a first frequency; neasuring a second pomer | evel of the audio

si gnal at second frequenc sur| a third power vel of the audio
si gnal Sa th.ftaleﬁr@cﬁ% t?y%lm%wg%ﬁﬁrr?gteg%t%tqﬁtﬁrmﬁﬁé%a@ﬂnmr level to
a sum of ‘ﬁm”“ % pewer |evels; conparing the conputed
ratio to pre erntne first t res gfd val ue; and when the conputed
ratio is great arccetvlagamanaéqglallldlo signblecoftiesmindingrte shensforratnsignal 86the '

determ ni 3‘% that the television set is turned on and in near proximty. 30.
The net hod®'§¥SIOPSFm 29, wherein the step of processing further conprises:

continuously updatdriifig tﬂé%m%a@%&o%tgﬂam | tét%fdlg%pm@o saifles; hi rd
power levels; 30 conparing the nost recent neasurenent of the first power

| evel 100 a prem@qeeﬂmﬂweé@fbbmltahdle%mp&smdue when the first power

| evel is greater.than to.t e cond t.hreshol d. val ue eterm ni ng
that the el oviibrgn ufll o Blorkina !B RHERIN RS A5S Siadteet i ne
first powesh dn@¥€hedrprdGaistyt han the second threshold value and the 35
conputed ratio is |less than the first threshold value, determning that the
first television is turned off or out of prOX|mty 16 WO 03/019831

PCT/ US02/ 12333 1y n;féth d. QFCI% E’P %%IQIILGI'%{) ﬁg]?)gans gf J}nlgslt%m?tﬁ lf‘e% IP{&? cei ving

an anal og "audi o S|gna correspao

t el evilsi oransleg aadiopBignaks detectlng the anal og audlo signal using a
portabl e detecting device. 32. The method of claim?29, the step of
processing further conprising the step of 10 using a sliding Fast Fourier

froquency aa. EEa a2 g oo s e Tirst
t hreshol d val uen¢asuriggja fitst powsilbselaitheadudyo Gg@al a Hfirst frequency;
measuring a second power level of the audio signal at a second frequency;
20 measuring a third power level of the audio signal at a third frequency;
computing a ratio of the first power level to a sum of the first, second, and third
power levels;
comparing the computed ratio to a predetermined first threshold value; and

when the computed ratio is greater than or equal to the first threshold value,

25  determining that the television set is turned on and in near proximity.

30.  The method of claim 29, wherein the step of processing further comprises:
continuously updating the measurements of the first, second, and third power
levels;
30 comparing the most recent measurement of the first power level to a
predetermined second threshold value;
when the first power level is greater than or equal to the second threshold value,
determining that the television set is turned on and in near proximity; and
when the first power level is less than the second threshold value and the
35  computed ratio is less than the first threshold value, determining that the first television

1s turned off or out of proximity.

16



34. The nethod of claim29, wherein the predetermned first threshold val ue
is greater than or equal to substantially 0.6. 35. The nethod of claim 29,
wher ei n twe oBiorss1 f requency i s associated with a 20 hori POmIED2/s233h
fly-back transforner used by the television set. 36. The nethod of claim
35, whereipn the_horizontal scan fly-back trapsformer is  assqgciated with a
frequency ﬂquaﬁ}fec}ng B@Pgﬁlﬁ}%ﬁpwli@?l?éhﬂiﬁl? obusceying pranglegppdiostengl ai m 29,
wherein_t erResaRthARY b foflntt EAUEBE1RSCIAURY B SASERENAGToRAET oS from
the first frequencﬁ 38. T{?e rret%g% oPﬁcfg?lm 55 5 re%%&%?ﬁégmgt?%% of

recei vi ng amlogrativgignaliising a goethble detectirggpdrvilieng to a transfornmer signal of
the television set conprises detecting the 30 anal og audi o signal using a
portabl e detecting device. 39. The nmethod of claim27, wherein the step of

recei ving @ ann{eqaetﬁu@lbpclaingggglthe 6tep bﬁﬁeﬁiﬁ%ﬂe&oﬂpﬁ’i@ﬁﬁ%ﬁ%éf gnal of

the tel evision set conprises detecting e analog audio sign sing a

port abl0e dwsing shidingiEast Eeuri@ I ragfonm algotithuh tofdethet @ ptesengewtien hedio aighal st
t el evi si on, eetﬁrits éurned on, while distinguishing the first television set
from ot her Vi ée% C58% as a radio or a second television set, the method
conprising the steps of 17 WD 03/019831 PCT/ US02/ 12333 5 neasuring a first
power |evel of an audio signal at a first frequenc%, ht he first frequency

B

bei ng assc®i at ekhodpethodohelpiny dhtveiereis dhe pregetpanined Hrshtreshatskvalussd by t he

first te'eﬁ%l%%ﬂbs?ﬁﬁfaﬂﬂ??f“” ng a second power |evel of the audio signal
at a secon requency and"a third power |level of the audio signal at a

t hi rd 16r equency, the second and third 10 frequenci es havi ng predeterm ned

spacings fromthe firs requency; conputing a ratio of the first power
level to a”‘lsumﬂ%‘3 éoé P%%lﬁlﬁl %%d’ﬁifée,mém’opr?‘li\‘?q?@m%ﬂféfé threshaldsvaluedRi ng a

first comarii&QRaPbr éqtagl t'b%hi)ﬁaﬁtﬁllgo% edeterm ned threshold ratio val ue;

and 15 making a first determ nation of whether the first television set is
turned on based on a result of the first conparison.

35.  The method of claim 29, wherein the first frequency is associated with a

20  horizontal scan fly-back transformer used by the television set.

36. The method of claim 35, wherein the horizontal scan fly-back transformer is

associated with a frequency equal to substantially 15.75 kHz.

25 37.  Themethod of claim 29, wherein the second and third frequencies have

predetermined spacings from the first frequency.

38. The method of claim 29, wherein the step of receiving an analog audio signal
corresponding to a transformer signal of the television set comprises detecting the

30  analog audio signal using a portable detecting device.

39.  The method of claim 27, wherein the step of receiving an aﬁalog audio signal
corresponding to a transformer signal of the television set comprises detecting the
analog audio signal using a portable detecting device.

35
40. A method of detecting whether a first television set is turned on, while
distinguishing the first television set from other devices such as a radio or a second
television set, the method comprising the steps of:

17



41. The nethod of claim40, farther conprising the steps of: using a
nmeasured value of the first power level to set a threshold first power 20
val ue; cowoDidoms3l y updati ng the nmeasurenents of the firsPCTaSopm333 and
third power I|evels; and when a first determ' nation that the first

television set is not turned on is nad a_ second conpari son of a
nost récently dB%PéP%B?rﬁé%BPWﬁ’b‘ﬁYel\Piﬁﬁé“‘BP Sl%lg‘ﬁéirﬁ‘iﬁ%qu%wfﬁfé\/el to the

threshol d dd ﬁéﬁcyp&g@asgéélgt@dw%% ﬁ\gnbgae%ggsz%skﬁ%ﬁa O%éc?@,efﬁ% et her

the first te evrsi set I's turne on a res second
conpar i soneledizgion g net hod of cl ai m41, wherein the step of measuring a

first power level of an 30 audio si | at.a.first frequency co | ses
detecting the dOCASHRS @ﬁ%?Pn@ugPWSr lﬁved%&l?"{ﬂﬂ”glo Hgralat 2 ?@Oﬁ‘gﬁﬁﬂ;‘éncﬁgﬂ fhe
met hod of tﬁiré‘gmvéxolevé’l’%? B dhdld\§ Rl GPa @ﬁrd%ﬁb‘ﬂdy“&e%eédﬂdsahdm%r | evel of an
audi o si gnal first frequency conprises detécting the audi o signal
usi ng 18 pdraqubaes 1@Finggiredatémyneafiespaciegs @m the first frequency;
computing a ratio of the first power level to a sum of the first, second, and third
power levels;
making a first comparison of the ratio to a predetermined threshold ratio value;
and
15 making a first determination of whether the first television set is turned on

based on a result of the first comparison.

41.  The method of claim 40, further comprising the steps of:
using a measured value of the first power level to set a threshold first power
20 value;
continuously updating the measurements of the first, second, and third power
levels; and
when a first determination that the first television set is not turned on is made,
making a second comparison of a most recently updated measurement value of
25  the first power level to the threshold first power value; and
making a second determination of whether the first television set is turned on

based on a result of the second comparison.

42.  The method of claim 41, wherein the step of measuring a first power level of an
30  audio signal at a first frequency comprises detecting the audio signal using a portable

detecting device.
43.  The method of claim 40, wherein the step of measuring a first power level of an

audio signal at a first frequency comprises detecting the audio signal using a portable

35  detecting device.
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