SI GNAL QUALI TY ESTI MATI ON AND CONTROL SYSTEM

CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This
application is based upon and clains priority to U S.
Provi sional Application Serial No. 60/667, 969,
entitled "FM Signal Quality Estimation for BTSC Audio
Decoders, " filed April 4, 2005, attorney docket no.
56233-234, the entire content of whigh is
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This application relates to signal pr?cessinghand
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television signal is an exanple. As is well known, the
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%*Qﬂ%ﬂ?gﬁf)z‘ﬂ? CpﬁggLéﬁﬁSF?%ga[sum of the left and right
stereo signals (L+R), the difference between the |eft
and right stereo signals (L-R), and professional

bed QLpRbLOR RERFPED-ARP005] The SAP channel is usually
nore susceptible to noise than the L+R and L-R (which

[16063] yNbtal ihya fedotttdd isiyrtsheas wekb i svaaknessfin iimstigagth, can be
eft and right stereo  sigpals). This phenonenon,i
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detealeslo used for the nonaural signal). As is well
known, signals that are further away t he center

[6004] f Notaseary WesHDPaS éuthec%@wr&a%r“@%?g Kpgrampping (SAP)

T e e A
channel is frequency modulated on a 4.5 MHz audio carrier that is itself
frequency modulated as part of the complete television signal. This same audio
carrier is also often used to carry other channels of information, including the
sum of the left and right stereo signals (L+R), the difference between the left and

right stereo signals (L-R), and professional information (PROF).

[0005] The SAP channel is usually more susceptible to noise than the L+R and
L-R {(which are typically decoded in the television to form the left and right stereo
signals). This phenomenon is attributable to the fact that the SAP channel is
further away from the center of the 4.5 MHz carrier than either the L-R channel
or the L+R channel (which is also used for the monaural signal). As is well
known, signals that are further away from the center of a frequency modulated
carrier are usually more susceptible to noise interference than signals that are

closer to the center of that carrier.
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[0006] In sone cases, the SAP signal may not be
present or may be of insufficient signal strength for
acceptable listening quality. In other cases, the

noi se i nposed on the SAP signal may be of such
anplitude that it degrades the SAP signal to the
poi nt where it is unacceptable. [0007] Simlar and/or
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rhbeaural channel between enabling and disabimg selection of an SAP channel

by a user, and/or between playing and muting an SAP channel.

[0010] The SAP signal quality estimation system may be implemented with a

digital signal processing system.

[0011] A signal quality estimation .and control system may include a signal
strength determination system having an input configured to receive the signal
and an output configured to output information indicative of the strength of the
signal, a noise strength determination system having an input configured to
receive the signal and an output configured to output information indicative of the
strength of the noise in the signal, and a signal quality evaluation system. The

signal quality evaluation system may have an input configured to receive the
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signal quality evaluation system may have an i nput
configured to receive the -2 output of the signa
strength determ nati on system an input configured to
receive the output fromthe noise strength

determi nation system and an output configured to
output information indicative of the quality of the
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having an input configured to receive the output from the envelope extraction
system and an output configured to output information indicative of an average

of the output from the envelope extraction system.

[0014] The signal strength determination system may include a signal strength
indicator having an input configured to receive information based on the output
from the averaging system and an indicator configured fo indicate the strength of

the signal to a user.

[0015] A noise strength determination system may include an envelope
extraction system having an input configured to receive an FM signal and an
output configured to output information indicative of the magnitude of the

envelope of the FM signal. It may also have a first averaging system having an
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[0015] A noise strength determ nation system may

i ncl ude an envel ope extraction system having an input
configured to receive an FM signal and an out put
configured to output information indicative of the
magni tude of the envelope of the FMsignal. It may

al so have a first averagi ng system having an -3 input
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integrator. [0017] The noi se strength determ nation
Y9¥8m may i nclude a squaring system having an i nput
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ihfadis@aki ve of approximately the square of the output
fromthe subtracting systemto the input of the
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© SPPRAGANCHISNRBYSE ™ 'n an AM signal having an
ERE] 367l SR BaLAREL LRy SHAhalghise svengt
inticatdr eanid aufmeslittoenfigured to receive information based on the output
from the second averaging system and an indicator configured to indicate the
strength of the noise to a user.
[0019] A noise strength determination system for determining the strength of
noise in an AM signal having an envelope may include an extraction system
having an input configured to receive the AM signal and an output configured to
output information indicative of the magnitude of FM modulation on the AM
signal.
[0020] These, as well as other components, steps, features, objects, benefits,
and advantages, will now become clear from a review of the following detailed
description of illustrative embodiments, the accompanying drawings, and the

claims.



out put information indicative of the magnitude of FM
nmodul ation on the AM signal. [0020] These, as well as
ot her conponents, steps, features, objects, benefits,
and advantages, will now becone clear froma revi ew of
the followng detailed description of illustrative
enbodi nents, the acconpanyi ng draw ngs, and the
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@, in FIG 1, configured to operate with an FM
signal. [0023] FIG 3 is a block diagramof various =
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signal quality estimation system 101 may be confi gured
to receive a nodul ated signal 105 and to out put

i nformation indicative of the quality of the

nodul at ed signal 105. The nodul ated signal 105 may be

@ﬁ%ﬁ@%@éﬁﬂ%’bﬁt&ﬂm%%ﬁwé Eﬁg‘t&&,&%ﬂ@r i vatives
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dystdinde one or nore undesirabl e noi se conponents.
Speci fic exanpl es of the nodul ated signal 105 are
[@P2¢LisAeghbwinow Fig. 1 cibarégnal sivaliivt estimation and cophipbsystem may

I@P@ﬂ%]%@{ngﬂ%ﬁﬁ& YsfinbtiORE) QB 64 M P LighBY M sPstem 103.
[0028] The signal quality estimation system 101 may be configured to receive a
modulated signal 105 and to output information indicative of the quality of the
modulated signal 105, The modulated signal 105 may be any type of modulated
signal, including derivatives of modulated signals, such a modulated signals that
have been shifted in frequency through heterodyning or other techniques. The
modulated signal 105 may include one or more undesirable noise components.
Specific examples of the modulated signal 105 are discussed below in
connection with Figs. 2-4.

[0029] The signal quality estimation system 101 may have a signal strength
determination system 109 to which the modulated signal 105 may be delivered.
The signal strength determination system 109 may output information indicative

of the strength of the modulated signal 105.

[0030] The signal quality estimation system 101 may have a noise strength
determination system 111 to which the modulated signal 105 may be delivered.
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determ nati on system 109 to which the nodul ated signa
105 may be delivered. The signal strength

determi nati on system 109 nay output informtion
indicative of the strength of the nodul ated signa
105. [0030] The signal quality estimation system 101
may have a noise strength determ nation systen1111 to
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system 111 does not exceed this predetermined noise strength maximum, the
signal quality evaluation system 119 may indicate to the signal control system
103 that the modulated signal 105 is acceptable. Otherwise, the signal quality
evaluation system 112 may indicate that the modulated signal 105 is not

acceptable.

[0034] The signal quality evaluation system 119 may instead compare the
output from the signal strength determination system 109 with the output from
the noise strength determination system 111 and communicate whether the

modulated signal 105 is acceptable or not acceptable based on this comparison.



eval uati on system 119 may i ndi cate that the nodul ated
signal 105 is not acceptable. [0034] The signa

qual ity evaluation system 119 may i nstead conpare the
output fromthe signal strength determ nation system
109 with the output from the noise strength

determ nation system 111 and conmuni cat e whet her the
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raraetln@l tsdbsseodulated signal 105. Any type of swﬁchmg functlon that is
related to the modulated signal 105 may be provided. Examples are discussed

below in connection with the discussion of Fia. 3.

[0038] Fic. 2 is a block diagram of the signal and noise strength determination
systems shown in FiG. 1, configured to operate with an FM signal. Although FIG.
2 will now be discussed in conjunction with FIG. 1, the systems that are
Hlustrated in FiIG. 2 may be used with systems other than the system shown in
Fi1G. 1. Similarly, the system shown in FiG. 1 may be implemented with systems

other than those shown in FIG. 2.

[0039] The signal strength determination system 109 shown in FiG. 1 may

include an envelope extraction system 201 and an averaging system 203,
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bel ow i n connection wth the discussion of FIG 3.
[0038] FIG 2 is a block diagram of the signal and
noi se strength determ nation systens shown in FIG 1,
configured to operate with an FM signal. Al though FIG
2 wll now be discussed in conjunction with FIG 1,
the systens that are illustrated in FIG 2 nay be
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representati on of an FMsignal 211, such as the
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rapiessnththeymegnitues of he enelppg bod 39 repeives\Eemdha @n\ogfope

system figure \
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aver signal strength of the FM signal 211, as
%P‘I‘é%&d by an average signal strength output 213.
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f;c@jatthg@uﬂw o) Igy%fagﬁﬁgg@y ﬁ@ew.% gtgfgfq? 8{ ihe subfracting
ég@%@{f%‘é&ﬁgﬁ?ﬁﬁéé&ﬂ Ak iﬁ&%{\{%\rﬂl\é% Q%vﬁtiontc%ﬁhg%veiope of

e average val ue of its envel ope.
the FM signal 211 from the average value of its envelope.

[0044] In an ideal system, the envelope of the FM signal 211 would not vary as
a function of time. In a real system, however, noise may be introduced thét
causes amplitude modulations of the FM signal 211. The output of the
subtracting system 205 may thus represent noise on the FM signal 211.

[0045] The squaring system 207 may be configured to receive the output from
the subtracting system 205 and to output information indicative of approximately
the square of the output from the subtracting system 205. Squaring the output
from the subtracting system 205 may eliminate errors that might otherwise be
introduced if both positive and negative variations in the output from the
subtracting system 205 are evaluated. Squaring the output also provides a more

linear representation of variations in the noise leve! in the FM signal 211. A
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[0044] In an ideal system the envel ope of the FM
signal 211 would not vary as a function of tine. In a
real system however, noise may be introduced that
causes anplitude nodul ati ons of the FM signal 211. The
out put of the subtracting system 205 may thus
represent noise on the FM signal 211. [0045] The

eI cotputarea aRscee el S gb T rpe s s Staging
S ﬁfaﬁ{ 985 nPdy B@ﬁ%éﬁﬁﬂd@a@ﬁfﬁ%"é IRt Rsvem 20y, square of

e out put fromthe subtracting system 205. Squaring

[O0YB 10 UtHY bverbE P dyReerf WO el DR figuesn R0Bvaraye the output
elimnate errors that m ght otherwi se be introduced

fiom s sryasiic systerak®TragiE periahet $mpoli enanbe RaY dYR L
oL R S B S TP R B By cisoussec

abeps &5 eohiaddtion with ey aadraging dystdhe03oi se level in the

FM signal 211. A -8 systemthat conputes the absol ute
[6Gd7]e Tfe ohipubot thet avaragingsystub 208cnan thusesresart dise average

B ARt SR Bl MR B AR A 18000
B e

sasteanethet ptduzst Y§res FMd caniiratregs.dy dit strstedisoons sEthe many
above in connection with the averagi ng é stem 203,

) CC : : 3
biresa]swiking ungtions thaienay, Be 5PYiged Py iamsErg! fRaYIrelRistem
1b8R5 £58™M the average noise strength, as reflected by
an average noi se strength output 215. [0048] FIG 3 is

[FodU10Gks BhRgbaBRrAdrotariin@fah ofl s i3, \a Sighalngidian
and ‘control systens that process SAP FMcarrier
esligadpe andicantiol systated0t ommy sceiveeaminy’ Fihgrsgensignal 303

C chi . : . _

o BBV b = 30Es Bl R SRR Rt AP SUuRRter

sighasainusixatatinatiiofigofe & Ge Signal Hagimbeing@rotessed, any other
estimation and control system 301 nay, receive a Sﬁ?

b elanpridieted gieap! BeY bebiosshey Nseeqrhiexasnpigs @?3@0 other

TG 1 Shye R 00 0 B0l o BASPE. 4

[dﬂngs'o]g REREFRS 96 FIEY, tRE BP FY Barriek sip@uBes egapb8Mprbeessed by

"be processed instead. Exanples of such other _
the pignabguality estimaedos isyatans 381 ewhidhciigy ¢ thelsawe as the signal

BRI SRR T BBEF R PO ceosed by

[0051] Blocks 303a — 303e illustrate a variety of different types of signal control
system that may be used. Each may serve as the signal control system 103
illustrated in FiG. 1. The actual system may have only one of these types of
control systems or, in some cases, another type or, in stili other cases, a plurality

of these types.
[0052] The SAP / stereo controf system 303a may be configured o switch a

receiver in which the system shown in FiG. 3 may be installed from outputting the
SAP channel to outputting the sterec channels. The SAP / stereo control system
303a may be configured to cause this switch to occur when the output from the

signal quality estimation system 301 indicates that the SAP FM carrier signal 303

is not of acceptable quality.



the signal quality estimati on system 301, which may be
the sane as the signal quality estimtion system 101
shown in FIGS. | and 2. [0051] Bl ocks 303a - 303e
illustrate a variety of different types of signal
control systemthat may be used. Each may serve as
the signal control system 103 illustrated in FIG 1.
The actual system

nl f th f
108521 S heucbihe (Bp Oh e cangoutaiod: S ARGee: mey g ety
sﬁz}fdﬂg"&@mﬁé GBS B8anfel b W@ hbial Skrdd@shriciPRBen [tﬂ@ﬁ%]se level

stereo control system 303a may be confi gured
drol/embignal strenoite i ther SAR Rilticehriehzigasisiisneskbam anninacceptable

b |l ed f
IevelnRBi gy duiptintodiy Frreo SRt Rk heh S b Bsrae Gnpnpes of
sti{g)l%rri%ﬁ; qRAMYT 8% 15y SteldB cRASRTRYe Q@uéiantes%éﬁgnw t@ﬁd%@ than

S svvltc to occur when the output fromthe
theBAR @hesnelnﬁheéﬁﬁ%ﬁr@m@oi@l sichtern B3 a may hﬂw@or% wred to

LB 5RO ek do D pRHBRESEL AT SRt wher

th@QﬁJtM@tf frdfﬂ)th@@tgh@ﬁt:;uﬁiﬁkl|eﬁttrr$Moh<§ysfem mon hediSafes that the SAP
channel to the normal stereo channels when the noise

Fdvaarriensianar3® igrhackdeassgpiabio dUABYSAP FM carri er

@Q%@%Tﬁ@%/{g?mes anﬂt&g%gfge% sﬂbgﬁg@? %g%r&\éér E{Ib? glmP{ar manner,
ShaPelaR | %ay%é@@é KRS St drity WA hIRBwE E 8 1S SAFasRalfel and

are usua ess sensitive to noise than the SAP
tbaammaauratrhrearsmm/%m@rrmemﬁaﬁtcrrtﬂnr@ygstlwméaa fEgn peore immune

confl red,to, cau th? recei ver to revert back to

ﬁtﬂr\q@pﬁyer&e&%@ngg AP channel when the out put

t . .

O TP TP e
hanaer @m:albﬂ thabibahayt e chbaOFdiedTbesvwBiah Uetwean tormet moHes,
Shie T ERRER e Sl B Bl .
§ﬁ5 eaﬂgn al%{ﬂ%h{){}’@ﬁ(ﬂ‘ eatimafian ¥95tenT DE1 MARHE &bnfigured to
channel is | e

even nore | mMmune to nol se
atipnt thiee favetseof mmmty, freosighesiHevalAming dtterrseted by the

%Eﬁe‘?ﬁ&g@:{?’rl@gﬁ ?:hﬁ 0I358/ :ff—“ﬁr;{';g%ogocotg:;qﬂ g{]{h%dsﬁﬁ\lg'%nﬁghto continue

teaiangRyel htheemideitERvel ﬁ@mgl isttarbeet&ABy ¢m@@mﬂ / stieh@o / mono
st ereo’ channel s, and the npnaural channel

eotesd isiaterm 309 ta refidle Geaecelyeatrmswieh fram tﬂ@ éfy\é’tfé}ﬁnne' to
RA5tRY Bfart Rl 1LGURE 1Rest level being interpreted by the SAP / stereo /
mono control system 303c¢ to require the receiver to switch from the stereo
channels to the monaural channel. As the signal improves, the SAP / stereo /
mono controf system 303¢ may be configured to cause the switching to revert to
the original setting.

[0056] Many receivers contain a user-operated control that enables the user to
switch between the normal stereo channels (or monaural channet) and the SAP
channel. The SAP selection disable systern 303d may be configured to disable
this user-operated control when the output from the signal quality and estimation
system 301 indicates that the quality of the SAP FM carrier signat 303 is
unacceptable. it may do so by causing this option {o be removed from the user’s

view or preventing it's actuation by the user. The disable control may be
- 10 -



output three levels of acceptability, the highest

| evel being interpreted by the SAP / stereo / nono
control system 303c to allow the SAP channel to
continue to be played, the mddle | evel being
interpreted by the SAP / stereo | nmono control system
303c to require the receiver to svmtch fromthe SAP
channel to the, stereo,channels he Iovvest vel

"BEIoYgLiancertpe QUSRI Hae SAP8 Sy ot S rlER cysfa o0
lﬁéﬁ%%@ tﬁgﬁﬂ;}et diBAdf the SAP MAeahHsidrial %‘0‘3}5 'égfarrpﬁﬁ;ddmable

stereo ann s to the nonaural channel

[B0STR! ThEBAY Bfute EBATSAR sterdtI0ROMAY bmmfgarﬁdm mute the
syst'em 303c tg be configured to cause the switc
f
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L(rﬁfcc@ptmlé alndcan metbvendistrhetigABne ehaauseptabild ndBzsdtion is again

sel ection di sable system 303d may be configured to
rgreiBfle this user- oper at ed control when t he out put

[bhggiz ngs%f't ﬁﬁablpﬁlg%l ) a V@frt @Jﬁ%ﬁ%ﬁg@ﬁtg{ s:fllmeaff%% and control

SYsEHIAk tl?&:’prbﬁeéﬁ“éigﬁﬁlﬁtcﬁhéﬁthahtSAIIRBFNEH @aﬁf&r@gx@%&%@ ghown in
this option to be renoved fromthe user's

iﬁﬁeéeﬁghabqwalftssea@ﬂa‘a@n sndwpnirebsysems nmlrm!ts%ﬁétgnal quality

SR e R o BERNRY oD RRT S 0 B SR Bty
éé’di@ﬁaﬂd?ﬁswzéﬂnl‘tm stfoen BRARR. AMreh2ri er signal 303 is
agai n acceptable. [0057] The SAP nute control system

[Bgae] nitiie sy red nrnaghyrh&sdimaitmwy?temewgsmam Heorariguréd tnieceive

SO WhEa oo et STt are A AR SIS psa
AR F |

RA§0P SR AR TR I BealfRP SR oy i i

Qg estirpaiby edsteh PGB hnEldentrd! amx&toblrgcﬂmndiuagtimhmfelated to
various signal quality estim

contr ol
thranogla glgaa!gﬁaﬁs%gﬂa{@f)ntrﬁfaﬁy B A Givrieeeny e §58s 303
SBPQ@'tI’T’at 418 cﬁ%ﬂ)@ée& otk Gh o@nnéb&ﬂ@ﬂn ﬂéah Frbédtfled to control
tion an ntrol” systems may include a signal
mmh:mgfumibnaﬁnatmewemea@Iot thet partigulbe mﬁdum{?d signal that is
%g such ﬁs the signal quality estimation system
BYAd PFRGHSSPA FI GS. | and 2. [ 0059] The signal quality

e e T L ST
pgUHAtRdiS canidrsigiidaoBa. As is well known, this is the audio carrier
channel that is FM;modu!ated on the standard NTSC signal according to the
BTSC format. It includes the SAP channel that has been discussed above, as
well as other channels. In this embodiment, the signal control system 403 may
be configured to switch between stereo and monaural or between monaural and
mute

[0062] Another example of a modulated signal that may be processed is the
professional channel FM carrier signal 403b. As is well known, the professional
channel FM carrier is another one of the channels that comprise the 4.5 MHz FM
audio carrier in an NTSC signal. In this embodiment, the signal control system
403 may be configured to switch between the professional channel and mute.
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[0060] A signal control system 403 may receive the
output fromthe signal quality estimation system 401
and control a switching function that is related to
the nodul ated signal. The signal control system 403
may be any the types 303a -- 303e that are discussed
above in connecti on in FIG 3, nodified to control

IfPQﬁ?fh' Adinsrssariea atnaiseRiorE hat fiey Y bidtese s the
£ o?élan(alﬁa! ?M‘QB(HI% d%frnéif sﬂBﬁé&'cﬂt&d Al igRadll lrfoatn, Bl i9en audio

essed Is th M audi o carrier signal
desmel Ased i Esrdpaamevna@n brqasioaﬁts angae of éhae fgror Zweiton

G bR S AT eppo

SR bannrgn dtbado Aas nireiirsl] scbseedrabitveual ahannel B aad
ot her channels. In this enbodi nment , thﬁ sié;nal contr ol

iljrguahchesnabd or betwest pRYPbihass & RY LR st ereo

ARGeReA ek iarserse £ AJan AR pGRdnal WAy i cpgesed is the
S,psg%ﬁg%%ggglmw 2BERf faﬁﬁé%@haﬂ@@% %Mvétakﬁcmﬁ this is the

As is wel nown pr of essi onal

mmm malrn&“l\ttccmmonla/r used iantepaerasopart of thenblAhfarmet.dnithist

gﬁéiﬂﬁgrptt %?‘gn@ MT%M%UdI %%g %})nt?f: Cég@r}gmgg tcnqbetween

é‘t@?ed@b{d Beorathl GUsEdcbn rhvhd @Rl Bed waas. t he

prof essi onal channel and nute. -11 [0063] Another
a5 erether eresubletofd mbdulated sighahtigt beayplv@pmeded & the
t he Europea dual FM audi o c rr| r .si 403
JRnanassdui, dieresce caipasigna 4 @ﬁaz\%éﬁ V‘%@@‘d‘ %ﬂﬂﬁgﬂfé‘%{ﬁm
écﬂjrs%}’k‘cﬁ'ﬁ% ok EPM&\@?S BRtite Yhpd M2 5aUHEE @frier signal
In this enbodi nment, the signal control system
dfdemihy HéJdomhalgured to switch between stereo and
nonaural , or between bilingual channel B and

9066k g datotharammeenpla e heduletsr slapabinat Feaebe REpnessed is the

?ﬁ%?%@n%tﬂ’é?%e@ eF 208 25 uel R I e
Fddia0rd ahahee! shdgrahe408AM Asrmiat. inefhis &mbwdimel, $hd signal
eyl Sy SRS e el SRR SPgfEphact channes
£Othtalk, system 403 may be configured to switch between
stereo and nonaural or between nonaural and nute.

g%fr?] A&ﬂ%%&%x&?@%f@ RiodalatBgl dighte that ingiabe Phadessey is the
e processed is

FM gtereo radio signal 403g. As is well know, this is a signal that is commonly
used in FM radio. In this embodiment, the signal control system 403 may be

configured to switch between the stereo and monaural channels.

[0068] Another example of a modulated signal that may be processed is the
satellite FM audio transmission signal 403h. As is well known, this is a signal
commonly used in the transmission of FM audio by satellite. In this embodiment,
the signal control system 403 may be configured to switch between the monaural
channel and mute.

[0069] A still further example of a modulated signal that may be processed is
the AM-modulated signal 403i. Such a signal may be used, for example, in
connection with AM radio or as the analog mono carrier in the NICAM-L. system.
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Japanese FM difference carrier signal 403e. As is well
known, this difference carrier fornms one of the
channel s on the Japanese 4.5 MHz FM carri er signal
under the EIAJ format. [0066] Anot her exanple of a
nmodul ated signal that may be processed is the analog
nmono FM carrier signal 403f. As is well known, this is
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%%&ar'@hbﬁt%@ TP St ol Ba AN Sl ce it G fhange, allof
tH@Bﬂ%—fr %PB\F}H Ty 1@@?9%%%@%& shitd B€have been
a nodu al

ated sign rocessed is
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it tmaly indudé fafsﬁgleaﬂtstifemgfh ﬁhmrmm&tlommjsemhrm ﬁhah:mpéeﬂ to a
201 that is shown_ in articul ar

signgh fregat infiyceé%rﬁ%ﬁl aglsié %%ﬁe&ludﬁ@n%@ sifgngth
o%?férrn%ﬁé %@ﬁé&%ﬁ?%ﬁ B i %o&&@ﬁ't@lérr%*sé QtrbRER MBickis FHY,

si gna and to output Tnformation indicative of

[DOP1EDRE & t ere h"ﬂ«‘s‘i@t‘n@hhﬁ@n epstche 50Ny e &he shmeaas the
perfect world, M signal woul d not display an

sénal gtrepgt! ﬁeﬁer@lna*fpacﬁy&ﬁw 109nennry keof §%QH@&I tYQﬁ‘ Similarly,
SIS, S PRt HATeRPASE I e gt

sticpth detehaiinationbyystemariinion gndyhiee mhgny dtlte tgpe FM on
the AM signal. Except for this change, all of the

[OON2) Ebms@mhsses@m\mdncatd?lm ard ﬁrwnmsa@;’rength ingicator 507
ma)rfrge any%pe of hdicator configured to communicate information about signal
strength or noise strength, respectively, to a user. Each may include a digital
display, one or more LED lights, an analog meter, any other type of indicating
device, and/or any combination of these devices. Although the system shown in
Fic. 5 is illustrated as having both a signal strength indicator 503 and a noise
strength indicator 507, alternate embodiments may include only one of these
indicators, such as only the signal strength indicator 503 (in which event the
noise strength determination system 505 and the noise strength indicator 507
may hot be needed) or the noise strength indicator 507 (in which event the signal
strength determination system 501 and the signal strength indicator 503 may not
be needed).



descri bed above. In this enbodi nent, the signal
control system 403 nay be configured to switch

bet ween t he nonaural channel and nute. [0070] FIG 5
is a block diagramof a signal and noise strength
indicator system It may include a signal strength
determ nation system 501 that is coupled to a signal
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0 a

shown in FIG_51is illustrated as having
rgpguiatedssigaaltherageomlions 50y bad@t ankdaise sush pesgthe rate of

ggpk};?tqqrzg%qzﬂzal ternate enbodi nents may include only
one 0 hese =" i'ndi cators, such as only the signal
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ascoaaaytde withl wedtkaovsOtEchnimyesdo g mese edghirio réeent
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the art. nor e .
: e‘? By ahe CH’_anf) ﬁt‘ﬁFﬁF éh%ﬂ??é@ ?\ﬁ’%‘??gﬁﬁ%ﬂ'tl?& may e%feCt'Ve’Y
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FbbEM HekoHIRAMOULAS-yi SifHale] PardchlarXanE) Bnlyife of the
trieeeohinoduladions ysedomir@de in the sighsle Véhere pogidessing a signal with

det er.mi natj on syste 1. and . the signal .qualit
kAR TR SpoElloty IR HB° A erdEAatdEngr ckample, the
R 1 ity Call alu BRHAS YRS 11PN IR B6IRRFSE ROt B fift€a signal
igital domain with a digital "signal = processing
upeeepiabig uniilihameryaareniirom sl noikasiienglttelsmogpation
sk/gtetnt?'ﬁ 1 yields a value that is in excess of the value caused by the less-

predominant type of modulation.

[0076] The componenis, steps, features, objects, benefits and advantages that
have been discussed are merely illustrative. None of them, nor the discussions
relating to them, are intended to limit the scope of protection in any way.
Numerous other embodiments are also contemplated, including embodiments
that have fewer, additional, and/or different components, steps, features, objects,
benefits and advantages. The components and steps may aiso be arranged and

ordered differently.
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enbodi nent, as well as in other enbodi nents, each
nodul at ed i nput signal that has been described nmay,
in fact, constitute periodic sanplings of the
referenced nodul ated signal. These sanplings may be
at any rate, such as at the rate of 384 KHz or 288
KHz. [0074] The averagi ng systens that have been
[ rgdan | I
O e Sodad ot Bhettiols IRGERY (ARG Eyahb il that now
fulh:a&u’ﬁm’rmmt)petm artendedtades astacan eer%tesaso[n@ﬁ%:]onsistent with
ain si. nals have thus-far been described
3 g gerRALF oe TG 21l S Beds S G s S rdraand
ity @aﬁnvgfen‘?@%tﬁﬁ'igotﬂat Ahe bébﬁ @@éted %‘#%Idsﬁ%ted is intended to

estimati on and control systens t hat have been
cadgse @ drsticaion reffamcctbmpogzentp stspe $eattres objedtxkenefit, advantage,

TR R S LR K BTty IR
D ST PP S

oemspbadlngrﬁrucmrgrrﬂid maaérlaieytrmi davatbeam dosetibed hhd thay

be. c g find a unacceptahl e upti
O S S TheoApieRe. A 9@93%%%{5?1 L&A aPEAses the
c%M%tsBHhé'rx%é é(?t%{l'ga‘% h%v%%e‘é% dd bba dndl tﬁéﬁ’%ﬁ%l&ﬁeﬁtgﬁhe ahsence
val ue cau ess- on1nant

ofriithdeqphrenes [nmm&] thﬁhﬁwec«dam rsenmishmm(iatmany ea:trem;mdmg
ﬁ'tgﬁ §¥eﬁ|ts an d advantages that have been

S+ f%%éaa @EﬁéFagflllustratlve None of them nor
the discussions relating to them are intended to
limt the scope of protection in any way. Nunmerous

ot her enbodi ments are al so contenpl ated, including
enbodi nents that have fewer, additional, and/or

di fferent conponents, steps, features, objects,
benefits and advantages. The conponents and steps may
al so be arranged and ordered differently. -14 [0077]
In short, the scope of protection is limted solely by
the clains that now follow That scope is intended to
be as broad as is reasonably consistent with the

| anguage that is used in the clainms and to enconpass
all structural and functional equival ents. Nothing
that has been stated or illustrated is intended to
cause a dedication of any conponent, step, feature,

obj ect, benefit, advantage, or equivalent to the
public, regardless of whether it is recited in the

cl ai ns.
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[0078] The phrase "nmeans for" when used in a claim
enbraces the corresponding structure and materials
t hat have been described and their equival ents.
Simlarly, the phrase "step for" when used in a claim
enbraces the correspondi ng acts that have been
descri bed and their equival ents. The absence of these
hrases neans that the claimis not limted to any
Vﬁ%@k%@%onding structures, materials, or acts. -15 WE

CLAIM 1. Aﬁc%é&:@@??ggénrg%% riaYioR Hrdnasrizensyetdncionicontrolling

system f or AP si gnal havi ng noi se

ar€ SPPT sighAbhaving hgisa!l cauardising: estimati on system havi ng
an input configured to receive the SAP signal and an
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the outp the Sk 4 ] ved Sysdieand

‘f?.{ﬁ‘ié@n ’Egv‘.cta:‘:‘ﬁ? ﬁg bty 0Pt EREIRT S

and to pr tron relating to the

SAP signal. .2. ,The P sl ; Is "gﬁﬁ‘e"d 1

contr ol s?&%}ﬁ‘&?“@&%%ﬁf%q@é}@%?h ”ﬁ%é%s%lhg al ggnrt@Pécji)iIV(.a the
system i soagif faw 8 signslofialiy estvintiion egsibet ardto provide a
SAP channel 'and stereo channels, 3 ‘;[he SAP si gnal

qual ity eswitsinpdunetind ©AINGI0 BestAMSENa aim |

wherein the signal control systemis configured to i 1
cont ol sWinechAR gidsed auehtystimsnch REITa system of claim

| ch |, 4. . i gnal Lty el
BRI IS e T P AR A g an

SAENER NS ekdesbics Etinegir ed to control switching
etween enabling and disabling selection of an SAP

chanrel byrR §EP sigral LGy ARinsaRdnd vahtrdhsystem of claim 1
estimation an con(%rol systemof claiml wh

wéiegeial the aigna lcosirsk m’t@rg ig @ﬁﬂfi@t@,r,eéidotqgmgghgwgagh%g bteI‘P\Seen an
s ohen T SRE R Ml et on and contror

o4t at i ol ey SRERA A Brenraat i Ao SOFiral dstorm o sigim
WHRERSHNGg Sy oRifbl system is configured to control switching between
enabling and disabling selection of an SAP channel by a user.

5. The SAP signal quality estimation and control system of claim 1
wherein the signal contro! system is configured to control switching between
playing and muting an SAP channel,

B. The SAP signal quality estimation and control system of claim 1
wherein the signal quality estimation system is implemented with a digital signal

processing system.
7. A signal quality estimation and control system for controlling a
signal having noise comprising:

a signal strength determination system having an input configured
to receive the signal and an output configured to output information

indicative of the strength of the signal;
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7. A signal quality estimation and control systemfor
controlling a signal having noise conprising: a
signal strength determni nation system having an i nput
configured to receive the signal and an out put
configured to output information indicative of the
strength of the signal; -16 a noise strength

recel ve ¢ PGP Al SR OUeNa ekt ddrid 4ol Bt fefioured
i nfor mati qp rokdlf G/ siBaPand BR cipEHRgafed fo&UApiSiBformation

in the signal; a signal quality evaluation system

havi ng an imdipaﬁva:@fdg\egiﬁmth of theen@pe & theesigi@lput of

the signal strength determ nation system an input

confi gur edh signalemedlipeevdlaaton pystehr bavinga@nropgieconfigured to

t th det, 1 nat | te d t, ..
cont 1 gur edopeBaIpaL I o SRnREnBre Hte At pRiqTaystem, ar
qual ity Ofinﬁtﬁ}%ho?}'ﬁg[l?éd pReediethbiip@utaihé heletdirength

signal strength déterm nation system and the outgut
from t he niEternisaiiengysicderadrmauipuh cepigusad tasgtpit

signal contyraol st e avi ' '

Feaorve ¢ RO BAIR T ONG AEnE kIR B b Red Bndne
system an %dt?u%ﬁftﬁé sting$ wirbaginndetbrmeltion systeat and the

to the signal based on the output from ¢the signal

qual i ty evautpeifren thyspisa steenothsetergraatiojuaystem: and
estimation and control systemof claim?7 wherein the

out put of a hignai gprdtol gyallein pawingl aninpohceyfiused ite receive the

configured to t i nf or mat.i on i ndi ' f

whet her t r@t@?ﬁﬁ%ﬁ%éﬁgﬁ'ﬁ; quﬁtgcecvgg)q]agia%ggﬁgyﬁﬂga[nd to control a
accept abl eawi&hin@ﬁ;rﬁtigmélaqwg&ds the sighbnBadeaaomtith output from
control systemof claim8 wherein the output of .the

si gnal qudhesjorey aLahiyi rludlionesisi@mbased on a
conpari son between the output information fromthe )
si gndl. st rEmysigndequeality ratinatios psderantiphgysfem of claim 7 wherein

redet er m ned. si gnal,..str noth h ]
180 BRGNS PisPaliaied HARENGn SRR Contlied i optpu,
iSfoverieh hditaecosftwidthet tHdsighbDaediity bedddaptshialotaiot on
systemis based on a conparison between the out put

gopeptatd@i on from the noi se strength deternination

system ) _
9. The signal quality estimation and control system of claim 8 wherein

the output of the signal quality evaluation system is based on a comparison
between the output information from the signal strength determination system

and a predetermined signal strength threshold.

10.  The signal quality estimation and control system of claim 8 wherein
the output of the signal quality evaluation system is based on a comparison
between the output information from the noise strength determination system

and a predetermined noise strength maximum.

11.  The signal quality estimation and control system of claim 8 wherein
the output of the signal quality evaluation system is based on a comparison
between the output information from the signal strength determination system

and the output information from the noise strength determination system.
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and a predeterm ned noi se strength maxi num 11. The
signal quality estimation and control system of claim
8 wherein the output of the signal quality eval uation
systemis based on a conparison between the out put
information fromthe signal strength determ nation
system and the output information fromthe noise

strength determ nation syste -17 12, The ,signal, .
qual i?%» esﬁ'@rﬁt@”éhqléﬂ&y@éﬁ‘ﬂ"@gbn?&‘gt%’rﬂt swtgrrﬁpﬁg{atmﬂ

WG the &mﬁgm isst%‘iwbén B &S tRe LRAR ibrrhBfon from the
infor e

out put tion fromt signal strength )
slgtarstienagih detesynaiiont systére tothpautrutinformealioniromdie noise

t.he nois strength determ natiqn system a . .
Hrengll SRR G T Tsor BB PTD el gp olseyratio
t}l{l{gsfgkgnal gquality estimation and control system of
claim12 wherein the output of the signal quality

eval ugi | onTﬁé!%{gE@ baifty BRURAREA R ContFREPShF B claim 12

bet ween t he ou rmation fromthe signal
whehythe odigueohiheadigoal qisityeavalngtien pysidet israismbased on a

[ l, h. 14, T [ I i ' ' d
stibauron hetae et et en Ao e sEBRL Tt ®ngt n
@&Eﬁﬁmﬁﬁ%!sﬁr@téﬁ%@ brlotlasinedBigHRY Slrepgthext ract i on

system having an 1 nput configured to receive an FM

si gnal 4 and OISk tRY lsysichh Bf Birh Pwherein
i ndi CJ<1:I i veT@’? s@?%gﬁ?%\s‘t g%g@qt%@ g‘?ﬁ@?’o%‘é of the FM
thiegrighal sirethgéin dateemiiition spstranmdladesrg an i nput

configured to receive the output fromthe envel ope

ext r act i onagypivempansktartionspstem hanhggur eput configued to
i nformati on indicatjve of an avera t pu

f th t
fromthe efRféNGpRN EM pigeal end §VSQLQE%& gﬁ%f'%ﬁ@ %u%‘ﬁtﬁfﬂ
quality estiatdion ARR6080F He ﬁ?é@&ﬁnaéfofﬂﬁ@éméépe of the FM

wherei n the averagi ng system i nc es an integrator.
16. The signakl,gudl ity estimati on and control system
of claim7 wherein: the inputs to the signal strength
det er m nat hpvepsjiegsastdnt hevingairsiapat cemfigiuned to receive the
determination systemare configured to recei VCF an
output from the envelope eXiraction system and an output
configured to output information indicative of an average of the

output from the envelope exiraction system.

15.  The signal quality estimation and control system of claim 14

wherein the averaging system includes an integrator,

16.  The signal quality estimation and confrol system of claim 7

wherein:

the inputs to the signal strength determination system and the
noise strength determination system are configured {o receive an
SAPR signal;

the output from the signal strength determination system is
configured to output information indicative of the strength of the
SAP signat,
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SAP signal; the output fromthe signal strength
determ nation systemis configured to output
informati on indicative of the strength of the SAP
signal; -18 the output fromthe noise strength
determi nation systemis configured to output
information indicative of the strength of the noise

in the SAP, signal.;. and the. si I n : LS :
confi gur eoth?&%%‘ﬁttffw qtée Qwspﬁ?eﬁgtﬁﬁg#%ﬂ:g%%ﬁ%ﬁ%lﬁds

to the SARg{fgifdd toldutplihRicineitRin indrbtivy oétitd stedngih of the
and control systemof claim7 wherein the signal

strength detied in e BOHR sdgraleddnd the noi se strength

determ nation systemare each inplenmented with a

di gi tal sitheaigmalecais! syptayds ennfig@edAomsingel §tsmélshing

determ natj on,.system for,.d m.ning the strength of

noi se in a‘JHnﬁﬂﬁ’ f‘ﬂﬂ{ﬁg ﬁ)atl eﬁ%%r’f"@ﬁr}el ope conpri sing:

an enyvel ope extraction system havin n.i nput . .

conf i Hlr ed! % Signatgyaisy @ﬁﬁmﬁwgiaﬁﬁa&ﬁm s %eab%ﬂﬁ’m 7 wherein
g bR 538 the Mok btyendth deiéminat

tﬁ%gﬁé’ﬁ ggl%gpﬂnt ﬁé’ﬂeﬂ‘rﬂne\t:bﬂ s‘%if'@ﬂtﬁ agiﬂ thB Hofs biyéndt delrmination

e envel ope’o he FM signal; a first

systzragiragashsrpiemheantedgvitmaidigial signal prreessindosywséerdi ve

the output fromthe envel ope extraction system and an

out put8, coAfrioie sterigh@éteuiinatidrosysitioforidetiroatingahesirength
an average of the  output fromthe envel ope extraction
Ffyntienn ah Siiheicast ha\gngw%}ﬁeﬂ% RYTRASINGp Ut

configured to receive the output fromthe envel ope

ext ract i onaR gevelppextirion s¥gRMm havied andnprkeifigsiredh o
output fro [ t :

confi gur ed%cgh%u@\éafr@i% ort%a?iag{rl%?tﬁggggﬁlé}gggﬁ tOHt ut

di f f er enceinfdreiatieanntioaticebptite fmagntodke cétheetmpmope of the FM
extraction systemand the output fromthe first

aver agi ng %‘Qé?’ém and a second averagi ng system havi ng

an input configured to receive information_ that is
based on tASIBRYSARIING SHFiEHe NaVBOrALINPHE CeNigRf to receive the

output from the envelope exiraction system and an output
configured to output information indicative of an average of the

output from the envelope extraction system;

a subtracting system having an input configured to receive the
output from the envelope extraction system, an input configured to
receive the output from the averaging system, and an output
configured to output information indicative of the difference
between the output from the envelope extraction system and the

output from the first averaging system, and

a second averaging system having an input configured to receive
information that is based on the ouiput from the subtracting system
and an output configured to output information indicative of an
average of the information that is based on the output from the

subtracting system.

19.  The noise strength determination system of claim 18 wherein the
first and second averaging systems each inciude an integrator.
-19 -



and an out put configured to output information

i ndicative of an average of the information that is
based on the output fromthe subtracting system 19.
The noise strength determ nation systemof claim18
wherein the first and second averagi ng systens each
i nclude an integrator. -19 20. The noise strength

Squardthy SV BRERSYEG LSe BHRE OB e R of SR, Lo Le?
£ cacti
%ngﬁ?r?éfgwggsqugﬁgg}s&g%ﬁ HQ?!@?%H PYUS ¥SHRINraa do st thidf output

‘ver information indicative of _
fepnitoa isohtretng sesteouancanbuting coofipuredftogtalivaeinformation

erlF hAd ke o e e PE e ek fr R asing vstem
té%ﬁémlﬁqu%ébé&&ﬁi bydraBRig sye®rar i sing a noi se

stre i ndi cat or having an i nput configured to

receiye iffoLpRLI é%rénga% @Q’g?@ri]ﬁél%noévsﬁ’éﬁw dtcaams he further

second ‘averagi ng syst&€m an I ndi‘cator configured
domprislng at eoitd etrengibrigticatsfr heatvingnan st coafigdred tozgceive

R T SRt e S e
iﬁH*&%E&f&dﬁ%H?ﬁEQHﬁ%éﬁa #acdrerddiP o MRNhedeb bhuser.

Igita processing system 23. A noise strength

det er 4 nat Tﬁ%@ﬁ@gﬁgﬁgﬁg dg@rﬁﬁﬁgtmrf‘%{stt&% StreRBERin e first

noi se’ T n an ving an envel ope conpri sing:
and satorat hvemgigstiaterhadndgharsubpating systeguaisdead

e G Bl 100 B0 Befont ovred Lo
o S B IS 7Y Bl Oy renot
%ﬁl}fogg%m 26 R B, SR/l bngamligured to

I nf or m cative of an average of the
out put frommt - ' - . AM
yst om having AR ERbhrR Y 56 Thaf Aol A6 [dhcove the
out put fr osighheak bhactpidreosyigtend teeoutpopinforomatongodisdtive of
to receive the output H’\fgm t h[s aver a%iﬁnlglgﬁg/.st m and
an out put B¥nRgOiede PhFMomeRHIatioR T g A9 cat i ve
of the difference between the output, .
a first averaging system having an input configured to receive the
output from the extraction system and an output configured to
output information indicative of an average of the output from the

extraction system;

a subtracting system having an input configured to receive the
output from the extraction system, an input configured to receive
the output from the averaging system, and an ouiput configured to
output information indicative of the difference between the output
from the extraction system and the output from the first averaging

system; and

a second averaging system having an input configured to receive
information that is based on the output from the subtraciing system
and an output configured to output information indicative of an

average of the output from the subfracting system.
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fromthe extraction systemand the output fromthe
first averaging system and a second averagi ng system
havi ng an i nput configured to receive infornation
that is based on the output fromthe subtracting
system and an output configured to output information
i ndicative of an average of the output fromthe

et e nar o e A A B Bhan
extraction_ s mhav an_input, confi
FRYSPbma A

recei ve tH! p%gﬁ racliprLSyss w%ﬁgur ec{é:gn{;gured to

output i %@é%tthew @@In@ﬁéha@anutp@teodm@nrémﬁombut he
envel ope of the FM signal; and an avergfgl ng sy

havi ng an :nﬁpmatlcanmdlgahmpfttberre@@mwet ethe@nof@lmpef@fdhe FM
t he envel 843 X Xtraction system and an out put

configure R ﬁ?@ i nformati on indicative of an

average of the output frqomthe envel.o e extr

system 253" FRRTABNIGHIGHAR f%@’f‘l‘ﬂ%’gt OPHgTEE gr[ecelvethe

system of Ghlifrdsh tﬁé@h‘i}éro peCOIRIckiSh g seng bafan output
control system having an | nput configured to receive

the out Suzorffugumct neoutpyt @@rmt@y@nlémami ot anfa«;gtﬁr:g&ﬁof the
to provide ctiq a to the
Si ggal lﬂ?ﬂﬁ qb?%ﬁ‘é{? @CHSB&&/&P@?W ‘nati on

syste aLm 24 further ris g

otr er%% -ﬁaﬁ 3 %Jenﬁww%ﬁef%ﬁum%ﬁwsdmﬁa Gigjm 24 further
JdoRGSisIgy a'é?é@é;%htr%ﬂsméﬁ%@th B8 n@;b\!it%ﬂnf@[xﬁ&ﬂ ﬂoh%oeuve the
aver aging system and "an i ndi ca confi gur ed

duiptilideaere tha@veraging system ame cgntmmedtt@ rovidea, Swmung function

relating to the FM signal.

26.  The FM signal strength determination system of claim 24 further
comprising a signal strength indicator having an input configured fo receive
information based on the output from the averaging system and an indicator

configured to indicate the strength of the signal to a user.
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