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1 AN AUTOMATI C BROADCAST WAVE TUNI NG DEVI CE FOR RDS RECEI VER
This invention relates to an automatic broadcast  wave ‘tuni ng devi ce and,

nore particularly, to an auto- mati ¢ broadcagt wave tuni-ng deévice forra.
radio data system (hereinafter referred to as RDS) receiver to: recei.ve
RDS data wherein the radio receiver islcon- -trolled to.tune in a

br oadcast wave bearing-RDS data- transmitted by a broadcasting station.

As a well known radio service, a radio data system . (RDS)_iS”édnUDn I n-
Europe for provi, g R 0adeash MaNE wuavs HRANCS piiked FAdighs YRR /e
such RDS, i nforfa: Ve data 1 et ad gt 0 Droadca DT ogT ans ar e
transmtted simul taneously with the broadcast progranms in a nulti- pl ex
nodul ati on from broadtastPrgrsiani 6asehad, tapdn autemstyrn§rerecessadcast

waves, a desired broadcasé _Brogran1is sel ected by a broadcast wave
| i st ener basetRvE tuning device ancd, more particularly, to an auto-

matic broadcast wave tuning device for a radio data

system (hereinafter referred to as RDS) receiver to
receive RDS data wherein the radio receiver is con-

-trolled.to tune in a broadcast wave bearing-RDS deata-.

transmitted by a broadcesting station.

As 2 well known fadio service, a redio data system
(RDS) is common in Europe for providing broadcast wave
listeners with 2 radio service. In such RDS, informa-
tive datz relating to brcadcast programs are transmitted
simulteneously with the brocadcast programs in a multi-
Plex modulation from brosdcasting stations and, upon
receiving the broadcast waves, & desired broadcast
program is selected by a broadcast wave listener based
on demodulated data.

The RDS is a data system standardized in the
Europe Broedcasting Union (EBU), wherein the data relat-
ing to the broadcast such as broadcast programs and the
like are coded into a two phase Differential Phase Shift
Keying (DPSK) signal having a bit rate of 1187.5 bps,
and these coded data are transmitted by frequency-modu-
leting a sub-carrier in such that modulating a 57 KH:z

sub-carrier in accordance with a double-sideband cerrier



.on denodul at ed dat a. The RDS is a data system standardi zed in the
Eur ope Broadcasting Union (EBU), wherein the data rel at- ing to the
broadcast such as broadcast prograns and the | i ke are coded into a two
phase Differential Phase Shift Keyi ng (DPSK) signal having a bit rate of
1187.5 bps, and these coded data are transmtted by frequency-nodu-

| ating a sub-carrier in such that nodglating a 57 KHz sub-carrier in
accordance with a doubl e-si deband carrier

2 suppressi on anplitude nodul ation. In the RDS, the whole data
are transmtted as a unit which is called a group consisting of 104 bits.
One group i Rulppr GORS Sl 10ft JRUMJH peksi ahd each of  which consists of 26

bits. The data contained in each group are prescribed depending on their

| ocati ons, In the RDS, the whole data are transmitted as a
unit which is called a group consisting of 104 bits.
One group in turn consists of four blocks and each of
which consists of 26 bits. The data contained in each
group are prescribed depending on their locations,
whereby 16 bits of the first block always designate a
program identificetion code {(PI code), while in the
second block, first 5 bits designate a group-type code,
the next one bit designates a traffic-program identifi-
cation code (TP code), and the next succeeding 5 bits
designete 2 program type code (PTY ccde).

Further, the contents of the remaining are a
traffic ehnouncement identification code (TA code),
program service name data (PS data) such as broadcasting
station names, broadcasting network names and the like,
and a list of alternative frequencies data (AF data) for
identifying broadcasting network stations which broad-
cast the same program.

In a motor vehicle-mounted RDS receiver, it is
quite often to encounter with a poor reception while in
listening to a broadcast during a motor vehicle travel.
However, in the RDS broadcast, since the AF data of the
broadcasting stations within the same broadcasting
network, which stations are broadcasting the same broad-
cast program on different frequencies, are available as

described above, it is possible to tune in another



~whereby 16 bits of the first bl ock al ways designate a program
identification code (Pl code), while in the second block, first 5 bits
designate a group-type code, the next one bit designates a traffic-program
identifi- cation code (TP code), and the next succeeding 5 bits designate
a programtype code (PTY code). Further, the contents of the
remaining are a traffic announcenent identification code (TA code),
program servi ce nane data (PS data) such as broadcasting station nanes,
broadcastin netmorE nane§a%lo t he Ilke and a L ghagiternat{ve

frequenci es dgfgcfﬁ 158 DHGPT " v ngsbﬁ%%d%as?lng hetxwor k- st ati ons
whi ch broad-, qka%tavl g atrg;r rt%qr%m nal levé]h &, {10 0L+ ¥& K‘%@J‘ee nt ed RDS
t en tion

receiver, It qul to enc nter wt a poor rece ilein

"Ste”'”g th%chQQQQa%Rﬂ@HEHHIf%HEH(¥hé%”Hf”€héfﬁ?%%dcak@%ﬁgef in the
RDS broadcast, since the AF data of the broadcasting stations within the

sane broadcgqtaltrlg,_n ?ﬁ'te Wi, 1 Wi Stiat ise Aldh bngadepsdi 08 bersame broad-
cast programon different frequencies, are avail able as described above,
it is possibie o amelndte ifbradifing the same broadcast program.

- However, there has been & problem for causing

faulty operation of the RDS receiver depending on a

course of the motor vehicle such that the RDS receiver

mi

m

ht come acress a broadcesting station, out of but |
neighboring to the broadceasting network, having the AF
dztz allocated to the same frequency as that of the
broedcesting station within the broadcesting network, or
the RDS receiver might tune in a wrong program &s there
are so-celled non RDS broadcasting stations which are
not capaBle of trensmitting RDS date. This kind of
faulty operaticn often happens when the motor vehicle is
driven through meny countries in Europe along the bound-
aries.

Further, frong AT data may have been stored in a
memory due to unknown reason in a-duration of demodulat-
ing the received RDS data and this results in & problem
for causing improper selection in the automatic tuning
operation. A prior-art-type automatic tuning device is
disclosed, for example, in the patent application laid-
open No. JP-2-105713.

It is therefore an object of this invention to

elininate the problems encountered by prior-art-type RDS



3 broadcasting station within the sane broadcasting net- work having a
greater signal level, or a stronger elec- tric field strength, than that
of the broadcasting station presently tuned in based on the AF data stored
in a menory for chasing the same broadcast program - However, there
has been a problem for causing faulty %peration of the RDS receiver
depending on a course of the notor vehicle such that the RDS receiver

m gnt come across a broadcasting station, out of but neighboring to the
broadcasti ng fed ¥ &rs hawé Ngot peoPide dahaaakbreated bir@ adih@ tsamR ef r equency
as that of the broadcasting station within the broadcasting network, or
the FDS receiteting ghévideaebeing wapaglpr ogr preasntthege a RDS Fecedhlead non
RDS broadcasting stations which are not capable of transmtting RDS data.
This kind of ffeulfsubperapevatodbhen happens when the notor vehicle is
driven through many countries in Europe along the bound-

An automatic broadcast wave tuning device for a
RDS receiver embodying the present invention comprises
an alternative. frequencies data memory for storing at

least one or more lists of alternative frequencies data

(]

N
e

r

ing traznsmitted formerly by the broadcasting stations
in contact and a c?ntroller. It is characterized in that
the controller pfovides a control for setting a

frequency dividing ratio of a phase-locked loop in

such a wey &s:to enforce the RDS receiver back to re-
ceive thg former broadcast wave by setting a2 forbidden
flag for forbidding the receiving frequency from chang-
ing, within the same broadcasting network, under such
conditions as being unable to receive a network identi-
fication code but a2 receiving signal level of a broad-
cast wave within the same broadcasting network is sbove
a predetermined signal level; or to enforce the RDS
receiver back to receive the former, immediately earlier,
broadcast wave and setting the forbidden flag without
discriminating the receiving signal level to forbid the
RDS receiver from changing to receive & broadcast wave

of the station having the forbidden flag

when it is able to receive the broadcasting



aries. Further, wong AF data may have been stored in a nenory due
to unknown reason in a duration of denodulat- ing the received RDS data
and this results in a problem for causing inproper selection in the
automatic tuning operation. A prior-art-type automatic tuning device is
di scl osed, for exanple, in the patent application laid- open No.

JP-2-105713. It is therefore an object of this invention to
elinminate theesresketsicatdddnpdion Bpder ot ditt fiaides MRS coincide with
4 receivers and to provide an automatic broadcast wave tuning device

bei ng capabl 16t Brlevidift itRP af RS Yttt hetionrphresantiy édperantent.

An automati c broadcgst wave tuni ng. device for ) .
(¥%e controfﬁergﬁn accordance with this invention

néy(jeck,upmlinitumion of automatic tuning, program
identification codes of the broadcasting stations, which
ere designated by the stored list of slternative fre-.
quencies data, starting from the broadcasting station
presently in reception._.then.to others. Thus .if. the
program identification code is detected to be wrong, it
rust be either a wreong list of elternative freguencies
data is stored

or the stored liét'of alternative frequencies data must
be one &ssigned to & broadcasting station in another
broadgasting network, and a forbidden flag is set,
individually to respective data in the stored list of
alternative frequencies datsa.

Further, if it is impossible to receive any of the
program identification codes, since it is hard to deter-
mine whether the broadcasting station is a non RDS
broadcasting station having no program identificetion
code or the broadcasting station is a RDS broadcasting
station but the broadcast wave from which is too weak to
recognize the program identification code, it is deter-
mined whether or not the receiving signal level is at or
above the predetermined signal level, and if it is,
the broadcasting station is considered to be a non RDS

broadcesting station and e forbidden flag



RDS recei ver enbodying the present invention conprises an

al ternativefrequencies data nenory for storing at |east one or nore lists
of alternative frequencies data being transmtted fornerly by the
broadcasting stations in contact andea controller. It is characterized in
that the controller provides a control for setting a frequency dividing
ratio of a phaget| eskedtlqop in such a way as:to enforce the RDS receiver
back to re- ceive the fornmer broadcast wave by setting a forbidden flag

for forbidding the meceirdimglfyr,edirsmcther oraxtharpratied 8% Hhe t he same
broadcasti ng network, under such conditions as being unable to receive a
net wor k i demtitomaftiicatiesepdddd e ensteitiidi%i i T8I a broad-
cast wave within the sane broadcasting network is above a predeterm ned

signal | eveldividing awtoic @t HheRDYaTRIQYG R T TREET VE the forner,
(i ST | m na IARgEAR baso AR GHaISa RUSh P POTH b IR HES e R r om
Che Tor bi dagh g inarand e VIR sfndl'Govers, 9t e SRR E e Gacast i ng
waves transmitted by all the broadcasting stations bearing
no forbidden flag.

The invention will be further described by way of
non-limitative example with reference to the accompanying
drawings, in which:-

Fig. 1 is a block diagram showing an automatic
broadcast wave tuning device for a RDS receiver embody-
ing the present invention; and

Fig. 2 is 2 flowchart showing operationel steps to
be implemented by the controller installed in the auto-

matic broadcast wave tuning device of Fig. 1.

A preferred embodiment of this invention will now
be described in detail by referring to the accompanying
drawings. Referring to Fig. 1, there is shown a block
diagram illustrating an automatic broadcast wave tuning
device for a RDS receiver to implement the automatic
tuning operation in accordance with the present inven-
tion.

In Fig. 1, an element 1 designates an antenna, FM
multiplex broadcest waves received by the antenna 1 are

fed to a front end 2 for selectively receiving & desired



5 network identification code but it fails to coincide with that of the
broadcasting station presently in contact. The controller in
accordance with this invention ny check, upon initiation of automatic
program identification codes of the broadcasting stations,

t uni ng,

are designated by the stored list of al‘ternative fre-

whi ch

guenci es dat a,

starting fromthe broadcasting station presently in reception then.to

ot hers. Thus if the programidentification code is detected to be

wong, it PoOeedpeskivaer oh aPoRf§lPrsecdobraprteprfitnéeStedd@®dnc@®d data is
stored or the stored list of alfernative frequencies data mst be one
assi gned tot%¢5?5§dﬁﬁ§tFﬁge§f§?iBﬁ°Fﬁ°§ﬁ6tH§V€ BPoSARYEL ARG AR RoA®  and a

f orbi dden fl a

list of

i s set i_ndi vi dual | to.,respective_data in the stored
al 1BPREPPOSaFF fHEREPBS T a4tE) =nd TeBEER RofTeopentsi o i mossi bl e

to receive gggcof thetogr?ggaggkdentifigation codes, since it is hard to

det er -

rimina ector)

The front end 2 is under the control of a phase-
locked loop {hereinafter referred to as PLL) circuit 6
including a programmable frequency divider (will be
described..in. detail hereinafter), a dividing ratio .of
which is controlled by a contrpller 10 for providing the
tuning operation.

A discrimingtqd output of the frequency discrimi-
nator 3 is fed to é multiplex (hereinafter referred to
es MPX) demodulator circuit 5 through & noise canceller
{hereinafter referred to as Nk) 4 for deriving a L
(left) channel signal and a R (right) channel signal
therefrom in case of a stereophonic broadcasting.

A RDS deta signal is extracted from the discrimi-
nated output of the frequency discriminator 3 by passing
through 2 57 KHz band-pass filter 8 and fed to a RDS
decoder 9 for decoding it into data readable by the
controller 10. The controller 10 contains an AF memory
11, wherein stored are obtained informative datea relat-
ing to the broadcasting stations in contact (aforesaid
data PI, AF, PS, TP, TA and the like).

Further, there is provided & level detector 7 for
detecting a received signal level (electric field

Strength level) based on the IF signal level fed from



.m ne whet her the broadcasting station is a non RDS broadcasting station
havi ng no programidentification code or the broadcasting station is a RDS
broadcasting station but the broadcast wave fromwhich is too weak to
recogni ze the programidentification code, it is deter- mned whether or
not the receiving signal level is at St above the predet erm ned signal

| evel , and if it is, the broadcasting station is considered to be a
non RDS broadcasting station and a forbidden flag

6 is set thefeetfGequency diAcnamtimgor Fromhderdexivepesaghah for the
automati c reception frequency tuning, the frequency dividing ratio of the
phase- | ocked elvedp deitrezitield ityy tdontlreold edld teotraber? t bs sehest fedetbest
broadcast station by discrimnating receiving signal |levels of the
broadcast wdneesantareltient €l by all the broadcasting stations bearing no
f or bi dden fl ag. The invention wll be further described by way of
In operation, FM multiplex broadcast waves re-
ceived by the antenna 1 are fed to the front end 2,
whereby a broadcast wave of a desired broadcasting
station is selected and applied to the freguency dis-
.criminator 3 after _being converted into the intermediate
frecuency.
A Ciscriminazted output of the fregquency discrimi-
nater 3 is fed to the MPX demodulator circuit 5 through
the NK 4, and which discriminated output is then decoded
for outputiing the L and R channel audio signals there-
from in case of the'stereophonic broadcasting.
Further, the discriminated output of the frequency
discriminator 3 is fed to the RDS decoder 9 through the
57 KHz band-pass filter 8, and thereby the discriminated
output is decoded into data readable by the controller
10. |
The controller 10 takes in the informative data
PI, AF, PS, TP, TA and the like, and stores the AF data
in the AF memory 11.
The level detector 7 detects a received signal
level (electric field strength level) based on the IF
signal level fed from the frequency discriminator 3, and

feeqs a detected resultant to the controller 10.

Operational steps to be implemented by the con-



non-limtative exanple with reference to the acconpanying draw ngs, in

whi ch: - Fig. 1 is a block diagram show ng an automati c broadcast
wave tuning device for a RDS receiver enbody- ing the present invention;
and Fig. 2 is a flowhart show ng operational steps to be

i npl emented by the controller instatled in the auto- matic broadcast wave
tuning device of Fig. 1. A preferred enbodi nent of this invention
will now be described in detail by referring to the acconpanying

drawi ngs. (Refi @& ing olr0 theJau domlNEr grg§¢§ggmaa\,ebl ock d(ijggircagm illustrating
an automati c broadcast wave tuning device for a RDS PEceiver to i mpl ement
t he aut onetfi Eigt univig loper a¢sanved agcos dancienwitbhthber psesent inven-

tion. In Fig. 1, an elenent 1 designates an antenna, FM nulti pl ex
br oadcast C\'Réx”/bss"r%’d’eil\?‘eglﬁ)y the antenna 1 are fed to a front end 2 for
sel ectively recﬁhy%%glgwg§§|{§gle 1 illustrates the data stored

in the AF memory 11.

. AF  frequency | forbidden flag j
‘VAF memory date storage area , Storage area ;
! Ne 1 {, l 0 ;
f Ny 7 iz ! 0
N 3 i3 ! 1 ;
No ¢ f o f |
1 !
. i f
i !
| |
Ne N f !
Table 1

In the table 1 a2bove, AF data lists are shown by
characters of fi1, fz2, f3 ... fu, whereby the AF data list
fi3, for example, is ezccompanied by a forbidden flag
It.is assumed that data representing more than one
broadcesting station are stored in the AF memory 11 at
an AF frequency data storage area shown in the table 1.

At step S1, the PI code of the broadcasting sta-
tion Presently tuned in is registered at the AF memory
11 contezined in the controller 10 as being fed through
the 57 Kiz band-pass filter 8 and the RDS decoder ¢, and
all that the discriminated output of the frequency

discrimi c .
Minator 3 is detected at the level detector 7 for



7 broadcast wave of an sel ected broadcasting station, and thereby the
sel ected broadcast wave is converted into an internmedi ate frequency (IF)
and fed to a frequency discrimnator (FM detector) 3. The front end
2 is under the control of a phase- |ocked |loop (hereinafter referred to as
PLL) circuit 6 including a programmble frequency divider (will be
described in. detail hereinafter), a diQiding ratio of whichis
controlled by a controller 10 for providing the tuning operation. A
di scrim nated output of the frequency discrim - nator 3 is fed to a

nul ti pl ex (h@eemaﬁ@er»thererspedetﬂos15@akafveéwé@mr@tfd‘rontuerrmtthes thr ough a
noi se canceller (hereinafter referred to as NK) 4 for rivin (left)
channel S|gn@?raﬁﬁdasREPPﬂgHFYeéhéﬁnéﬂsgl§ﬁ§PStFH€FePFom e Afa Wﬂ a

st er eophoni c_br padc A RDS data signal is extracted fromthe
discrim- nht eH”oEgﬁufogFrPﬂéeFréHUency di scrininator 3 by passing

t hrough a 57 KHz bg?gegass filter nd da% to.,a RDS

reglsterlng a at the AF memory 11 in
the controller 10, the program goes to step S2. At step
S2, one of the stored AF data with no forbidden flag is
selected and read from the AF memory 11, setting é
freaquency divisional ratio for the PLL circuit 6 based
orn the read out AT date, and then the front end 2 initi-
ates the tune-in operetion in accordance with the fre;
quency divisional ;atio being set for receiving the
broadcast wave of the AF station that corresponds to the
selected AF data.

It is then determined, by comparison, at step S3
whether ér not & received signal level of the AF station
is greater than that of the former broadcasting station.
If it is not, the program goes to step S7, whereas, if
it is, it is then determined at step S4, after a prede-
termined period of time, whether or not the PI code of
the AF station is detectable. If it is not, the program
goes to step 59, whereas, if it is determined that the
FI code is detectable at step S4, it is then checked at
Step S5 whether or not the detected PI code coincides
with the PI code registered in the AF memory 11 at step

S1. 1If it is not, the program goes to step S6, whereas,

f it is, the program goes to step S8 for receiving the

3
roadcast wave from the AF station, in other words, the



decoder 9 for decoding it into data readable by the controller 10. The
controller 10 contains an AF nenory 11, wherein stored are obtained
informative data relat- 1ing to the broadcasting stations in contact
(aforesaid data PI, AF, PS, TP, TA anqlthe like). Further, there is
provided a |l evel detector 7 for detecting a received signal |evel

(electric field strength level) based on the IF signal level fed from

the frequency discrimnator 3. The received signal |evel detected by the

| evel detector 7 is then fed to the controller 10. I n operation, FM

mul tipl ex broadcast waves re-, ceived by th nt.en r e he front
end 2, V\herrélﬁ)?pg S oY1 czjsrtoav(\i/é:\?gﬁofwaé/edelssi rsedla‘b%}b%%g%é 'f’jlngh'”I sf%{rlg)%%] S

selected and apRLbed by WGNIBINNGY Uiy SI1d80A ohr 3 AlEfEn beT NG
converted i ‘S the i nt&rmedi ate

If it is determined at step S3 that the received
signal level of the AF station is not greater than that
of the former broadcasting station, or if it is deter-
mined at step S4 that the PI code of the AF station is
not detectable and that the received signal level of the
AF station is determined to be_less than a predetermined
signal level of Vp a1l step S99, the program goes to step
S7 for receiving_thp broadcast wave transmitted by the
former broadcastiﬁg station without setting the forbid-
den flag to the correspending AF data. That is a state
of awaiting for the next chance.

At step S9, if it is determined that the received
signal level of the AF station detected at the signal
level detector 7 is greater than the predetermined
signal level Vp, the program goes to step S6, set-
ting the forbidden flag to the corresponding AF data.

In like way, if it is determined at step S5 that
the PI code of the AF station is not the same as that of
the data stored in the AF memory 11, the program goes to
step S§6, writing the forbidden flag into the corre-
sponding forbidden flag storage area {(shown in the table
1) of the AF memory 11.

Upon implementation of step S6 as described above,
the program goes to step S7, whereby the RDS receiver is

brought back to tune in the former broadcasting station.



frequency. A discrimnated output of the frequency discrim- nator
3is fed to the MPX denodul ator circuit 5 through the NK 4, and which

di scrimnated output is then decoded for outputting the L and R channel
audio signals there- fromin case of the stereophonic broadcasting.
Further, the discrimnated output of the frequency discrimnator 3 is fed
to the RDS decoder 9 through the 57 KH band-pass filter 8, and thereby
the discrimnated output is decoded into data readable by the controller
10. The controller 10 takes in the informative data PlI, AF, PS, TP,

TA and the |ike,5¥E¥é¥é¥ﬁ§l§hetfg gﬁt@até”a&@@m nYBAR ¥nllsorbig- The
| evel detector 7 detects a received signal Ilevel (electric field strength

| evel ) basediean #wg R 15ignalohgvel véedefsotrlihenf trgUepeyadisaain nat or
3, and feeds a detected resultant to the controller 10. Oper ati ona
steps to be digy esergs2d tiyué her€vdnting the malfunction of the

automatic broadcast wave tuning device while in the

tuning operation.

In the embodiment described above, the received
signal level of the AF station has been compared one
after _another with the signal_.level of the broadcasting .
staticn presently in reception, however, the present
invention can be.u}ilized in such an automatic system
wherein a part of the whole frequencies that correspond
to the stored AF data in the AF memory 11 mayv be checked
successively for selecting the best broadcasting station
to tune in.

As it has been described above, in accordance with
this invention, the forbidden flag is provided not only
when it is determined that the received PI code is not
identical with the one being stored while the AF station
coincides with a RDS station in a different broadcasting
network, but when it is assumed that the AF station is a
non RDS station through the implementation of the opera-
tional step for determining whether or not the received
signal level of the AF station is at or above the prede-
termined signal level in case of not receiving the PI
code of the AF station. Therefore, it is possible to
prevent the RDS receiver from causing malfunction in the

operation against the RDS or non RDS broadcasting sta-



9 troller 10 of the automatic broadcast wave tuning device of Fig. 1
w Il be described by referring to the flow chart shown in Fig. 2.

The following table 1 illustrates the data stored in the AF nenory 11.

AF frequency forbi dden flag AF nenory date storage
area storage area No. 1

Table 1 In the table 1 above, AFl3ata lists are shown by characters
of flerr], fl[err], flerr] ... f[err], whereby the AF data |i st

tions.

It is to be understood by those skilled in the art
that the foregoing descriptions releste only to preferred
embodiment of the invention and that various changes and
modifications may be made in the invention without

departing from the spirit and scope thereof.



f3, for exanple, is acconpanied by a forbidden flag It is assuned that
data representing nore than one broadcasting station are stored in the AF
menory 11 at an AF frequency data storage area shown in the table

At step SI, the PI code of the broadcasting sta- tion Presentlﬁ tuned in

is registered at the AF nenory 11 cont ai ned in theRmMuﬂmLm" m& bei ng
fed through the 57 KHz band-pass filter 8 and the al

that the discrimnated output of the frequency di scri’mi fat or i's detect ed
at the level detector 7 for 10

deriving the received signal |evel therefihgmsand the derived signal |eve
Is also registered at the AF nenory 1171n the controller 10. Af ter

registering the data gh hh€omktiBNBr¥addatt whhe €QALHE! BBV idB. rbheapr ogram
goes to step S2. At step S2, one of the stored AF data with no forbidden
flag is radio data system (RDS) receiver comprising:

a front end unit (2) for receiving a RDS broadcast
wave carrying a list of alternative frequencies data (AF)
and a program identification code (PI) of a group of
broadcasting stations, which belong to the same
broadcasting network, by tuning in a broadcasting station
within the same broadcasting network:

a phase—19cked loop (PLL) circuit (6) for
performing the fune—in operation of the front end unit (2)
by varying a frequency dividing ratio thereof;

a frequency discriminator (3) for discriminating a
frequency modulated (FM) signal output of the front end
unit (2); '

~a multiplex demodulator circuit (5) for outputting
an audio signal by demodulating a discriminated output of
the frequency discriminator (3);

a level detector (7) for detecting a received
signal level by accepting the discriminated output of the
frequency discriminator (3);

a RDS decoder (9) for decoding the discriminated
output of the frequency discriminator (3) into prescribed

readable data;

This Sheet Has Been Replaced

AT




sel ected and read fromthe AF nenory 11, setting a frequency divisional
ratio for the PLL circuit 6 based on the read out AF data, and then the

front end 2 initi- ates the tune-in operation in a ﬂ M“m fre-
gquency divisional ratio being set for receiving thecﬁm ngmﬂ f the
AF station that corresponds to the seleggted AF data.» ¢ t Mt Fs then
determ ned, by conparison, at step S3 et her or not a received signal

| evel of the AF station is greater than that of the fornmer brp?dcasting "
ifon. If it i t : t te reas, i s, |
;Stsat Ihgg det er Irnt nlazl gfggtgggg%gg?tggr ggggﬁg‘ogies?é?h nggggff“?glargf (hﬁl)ha t
whet h h . code, of F. Lon Ls:det N :
the program bobeforifdntad Prpdrafc 1abfitipieat 68 BERETUPT) bakkita Py

code is detectRbl Br8hasheR wivel brisehbed clRekednat angtep S5 whether or
not the detected PI code coincides wth the Pl code registered in the AF

menory 11 at step Sla kbnkbkolseRO{104heoRheatam €8eshkOphheR-PBckvher eas,

if it is, the programgoes to step S8 for receiving the "broadcast wave

fromthe AF siatpoQPLLh otfibeunitornds, the level detector (7) and the RDS
decoder (9) for controlling the frequency dividing ratio of
the phase-locked loop (PLL) circuit (6) by receiving a
detected éutput of the level detector (7) and a decoded
ocutput of the RDS decoder (9), characterized in that

control is performed such that it is determined

whether or not thé program identification code (PI) of an
alternative station is readable based on the detected
output of the level detector (7), when it is determined
that the program identification code (PI) is unreadable but
a received signal-level of the broadcast wave of the
broadcasting station within the same broadcasting network
is at or above a predetermined signal level, the frequency
dividing ratio of the phase-locked loop (PLL) circuit (6)
is so cqntrolled as to tune in the former broadcast wave
and a forbidden flag is set to the corresponding frequency
of the alternative station for forbidding the next tune—in
to that station, whereas when it is determined that the
program identification code (PI) is readable but the
readable program identification code (PI) is not identical
with that of the broadcast wave presently tuned in, the

frequency dividing ratio of the phase-locked loop (PLL)
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reception of broadcast wave is sw tched fron1the forner br oadcasti ng
station to a newWwy selected AF station. Is determ ned at step

S3 that the received signal |evel of the AF statlo t han
that of the fornmer broadcasting station, or if it n“)ﬂla“m “n“ Emat step
S4 that the PI code of the AF station isgnot detectable and"hat the

received signal level of the AF station is determned to be-less than a
predeterm ned signal |evel of VD at step S9, the programgoes to step S7

for recelvingg RPEu?Eoﬁg?a hE?BZTEEtGQ Pﬁoﬁ@ed1§8E§REnQEgﬂ§C§St'”9

station wi thout setti en flaj to the correspon g AF dat a.

That is a StaiévleOQWQhE'QQcEQbethlgﬁéﬁ QPQRCQhe detectBl LepuBdorl f it
is determ ned that the received signal level of the AF station detected at

the signal |eudel 1debectieteétby 4763t 8c thBapetlienptedet:aeminedhesicoialer
| evel V[err], the program goes to step S6, set -
broadcast wave and a forbidden flag is set to the fregquency
of the alternative station to prevent switching to that

station carrying the forbidden flat in the next switching

operation within the same broadcasting network.

2. An automatic broadcast wave tuning device as
defined in claim 1, further including a band-pass filter
(8) interposed between the frequency discriminator (2) and

the RDS decoder (9).

3. An automatic broadcast wave tuning device as
defined in claim 1 or 2, further including a noise
canceller (4) interposed between the frequency

discriminator (3) and the multiplex demodulator circuit

(5) .

4. An automatic broadcast wave tuning device as
defined in claim 1, 2 or 3 wherein said alternative
frequencies data memory (11) is contained in the controller

(10).
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ting the forbidden flag to the correspondi ng AF data. In Iike way,

if it is determned at step S5 that the PI code of the AF station is not

the sane as that of the data stored in the AF nmenory 11, the ﬁrg([ﬁam goes
M

to step S6, witing the forbidden flag into the m“tmm:ﬂ lum
1.
C L *

forbidden flag storage area (shown in the table 1) ofil
Upon i npl enmentation of step S6 as descrli ed above, the program goes to
step S7, whereby the RDS receiver is brought back to tune in the forner
broadcasting station. _ 12

Accordi ngly, Phe AF danaaateowmsdsyibrgadsastomaive- tuddmd (G&y ifid 12sno | onger
be selected i the gperational step of S2, thus preventing the mal function
of the autonaf"if&nﬁfio&&cgsltal\%\}e funiPn@rdév WbErfiin S5/ eRNGHLYS

oper ati on. )
P frequencies data memory (11) has an AF data storage area
for storing AF data and a forbidden flag storage area for

storing forbidden flags.

6. An RDS receiver including an automatic broadcast

wave tuning device according to any one of the preceding

claims.
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In the enbodi ment descri bed above, the received signal |evel of the AF
station has been conpared one after another with the signal |evel of the
broadcasting station presently in reception, however, the present
invention can be utilized in such an automatic system wherein a part or
the whol e frequencies that correspond to the stored AF data in the AF
menory 11 may be checked successively ¥or selecting the best broadcasting
station to tune in. As it has been described above, in accordance
with this invention, the forbidden fl&85fBABTovi ded not only when it is
det erm ned t haiy aceived P i i.dent.i with the_one being
stored while t eh?%op 5 ;k=- E-GRR R0 BEEELYE
broadcasting network, but when it is assuned that the AF station is non
RDS station through the inplenentation of the opera- tional step for
determ ni ng whether or not the received signal |evel of the AF station is
at or above the prede- termned signal |evel in case of not receiving the
Pl  code of tRe AF station. Therefore, it is possible to prevent the RDS
recei ver from Cal&itRFerdir FTOEIGH Sitn Waye  topend iday krmi et & RPRDS or non
RDS broadcast i.ng

e§L%} comprises a controller to enforce the RDS
receiver to receive the former broadcast wave by setting
a forbidden flag under such coﬁditions as being unable
to receive a program identification code but a receiving
signel level of the brosdcest wave within the same
broadcasting ne;work is above a predetermined signal -.
level, or in case of being able to receive the program
identification code but failing to meet up with that of
the broadcasting station presenﬁly in contact. Hence,
from the next automatic receiving frequency tuning,
provided is a control for setting & frequency divisional
ratio of the phase-locked loop circuit in order to
select the best broadcast station of the all by discrim-
inating reception signal levels of the broadcast waves
transmitted by all the-broadcasting stations bearing no

forbidden flag.

Figure 1



13 tions. It is to be understood by those skilled in the art that
the foregoing descriptions relate only to preferred enbodinent of the

i nvention and that various changes and nodifications may be nmade in the

i nvention without departing fromthe spirit and scope thereof.

14 What is clainmed is: 1. An automatic broadcast wave tuning device
for a radio data system (RDS) recei vkt conpri sing:
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a front end unit for receiving a RDS broadcast wave carrying a list of
alternative frequencies data (AF) and a programidentification code (Pl)
of a group of broadcasting stations, which belong to the sane
broadcasting network, by tuning in a broadcasting station within the sane
br oadcasti ng net work; a phase-1l ocked |l oop (PLL) circuit for
performng the tune-in operation of the front end unit by varying a
frequency divisional ratio thereofj,; a frequency discrimnator for
discrimnating a frequency nodul ated (FM signal output of the front end
unit; a nmultiplex denodul ator circuit for outputting an audio signal
by denodul ating a discrimnated output of the frequency discrim nator

a level detector for detecting a received signal |evel by accepting the

di scrim nated output of the frequency discrimnator;
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15 a RDS decoder for decoding the discrimnated output of the
frequency discrimnator into prescrl bed readabl e data; an alternative

frequenci es (AF) data ng the program:i dentification code
(PI') carried by the bmmmu mmml sently tuned in; and . a _
controll er connected to*the phade-Isocked | oop (PLt) ci-rcuit,. 't.hevH evel_ ir
detector and the RDS decoder for controlling the frequency divisional '
ratio of the phase-|ocked |oop (PLL) cycuit by receiving an detected

out put of the level detector and a decoded output of the RDS decoder,

whereby the control is performed such that it is .determ ned whet hg {,p not
t he program }.gﬁ:ll']tlgl %t My Gpde (Pl) is readabl.e based on the def ed !
out put of evel et ector, when it is determ ned that the pr ogram

|dent|f|cat|oncde( |su readabl e.but_a _recegived si yel _of the
br oadcast wave o?l‘th Rt d%ro (%c?sl%nwave %urﬁm?hggv ?TE% OF a

br oadcasti ng
rYadio data system (RDS) receiver comprising:

a front end unit for receiving a RDS broadcast wave
carrying a list of alternative frequencies data (AF) and
a program identification code (PI) of a group of
broadcasting stations, which belong to the same
broadcasting network, by tuning in a Dbroadcasting
station within the same broadcasting network;

a phase-locked loop (PLL) circuit for performing
the tune-in operation of the front end unit by varying a
frequency divisional ratio thereof;

a frequency discriminator for discriminating a
frequency modulated (FM) signal output of the front end
unit;

a multiplex demodulator circuit for outputting an
audio signal by demodulating a discriminated output of
the frequency discriminator;

a level detector for detecting a received signal
level by accepting the discriminated output of the

frequency discriminator;

REPLACEMENT SHEET

23 JuL 1999




network is at or above a predeterm ned signal |evel, the frequency

di vi sional

wave by setting a forbidden flag to the corresponding

rati o of the phase-|ocked | oop

16 (PLL) circuit is so controlled as to tune in the f m br oadcast

forbidding the next tune-in to the broadcast wave of the

LT

station within the same broadcasting network carrying the forbi ddeh ¥I ag,
whereas when it is determined that the ogram identification code (Pl) is
readabl e but the readable programidentification code (Pl) is not
Identical wwth that of the broadcast wave presently tuned in, the
frequency identi fACQPFogeeb&ég 202! deRblandf e aquam]rla%@%d (PLL)
circuit is so contro ou |scr|mnat|ng a level of the received
si gnal fron]ggethéﬂf}ééﬁéﬁ%¥Fﬁnsé§1%{§%é§¥e£nggt Crl% readJﬁTL”n
data;

an alternative frequencies (AF) data memory for
storing the program identification code (PI) carried by
the broadcast wave presently tuned in; and

a controller connected to the phase-locked loop
(PLL) circuit, the level detector and the RDS decoder
for controlling the frequency divisional ratio of the
phase-locked loop (PLL) circuit by receiving an detected
output of the level detector and a decoded output of the
RDS decoder,

whereby the control is performed such that it is
determined whether or not the program identification
code (PI) is readable based on the detected output of
the 1level detector, when it 1is determined that the
program identification code (PI) is unreadable but a
received signal 1level of the broadcast wave of the
broadcasting station within the same broadcasting
network is at or above a predetermined signal level, the

frequency divisional ratio of the phase-locked 1loop
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to tune in the fornmer broadcast wave by setting the forbidden flag to the
correspondi ng frequency and so as to not switch to the broadcast wave of
t he broadcasting station carrying the forbidden flag in the next

switching operation within the sane br oadcast | t
17 2. An automatic broadcast wave tuning dev”mmiwﬂ mu H"ln claim
1, further including a band-pass filter interposed betfween tthesfrequency

di scrim nator and the RDS decoder. 3. An automatic broadcast wave
tuning device as defined in claim1, further including a noise canceler
I nt er posed between the frequency discrimnator and the nultiplex

denodul ator @ifUidircuit i4- sANcBHLEBRLEE RiOadrasindeyg tHEI RErAgYi ce as

broadcast wave by setting a forbidden £flag to the
corresponding frequency for forbidding the next tune-in
to the broadcast wave of the broadcasting station within
the same broadcasting network carrying the forbidden
flag, whereas when it is determined that the program
identification code (PI) is readable but the readable
program identification code (PI) is not identical with
that of the broadcast wave presently tuned in, the
frequency identification divisional ratio of the phase-
locked 1loop (PLL) circuit is so controlled, without
discriminating a level of the received signal from the
detected output of the level detector, so as to return
to tune in the former broadcast wave by setting the
forbidden flag to the corresponding frequency and so as
to not switch to the broadcast wave of the broadcasting
station carrying the forbidden flag in the next
switching operation within the same  broadcasting

network.
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defined in claiml1, wherein said alternative frequencies data nenory is
contairned in the controller. 5. An autonmatic broadcast wave tuning
device as defined in claim1l1, wherein said alternative frequenci es data

menory has an AF data storage area for storing AF Tﬂlﬂl‘ﬂ“ﬁil“““ﬂlmlﬁden
flag storage area for storing forbidden flags.
REPLACEMENT SHEET L

17

2. An automatic broadcast wave tuning device as
defined in claim 1, further including a band-pass filter
interposed between the frequency discriminator and the
RDS decoder.

3. An automatic broadcast wave tuning device as
defined in claim 1, further including a noise canceler
interposed between the frequency discriminator and the
multiplex demodulator circuit.

4. An automatic broadcast wave tuning device as
defined in claim 1, wherein said alternative frequencies
data memory 1is contained in the controller.

5. An automatic broadcast wave tuning device as
defined in claim 1, wherein said alternative frequencies
data memory has an AF data storage area for storing AF
data and a forbidden flag storage area for storing

forbidden flags.
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