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present invention rel ates tJ‘NICAM (Near I nstantaneous
NUItlpIex) broadcasting and, nore particularly, to a digi
broadcasting :

'DIGITAL AUDIO BROADCAST RECEIVING APPARATUS

BACKGROUND OF THE INVENTION

Field of the Inventidn

The present invention relates to NICAM (Near
Instantaneous Compound Audio Multiplex) broadcasting
and, more particularly, to a digital audio broadcasting
receiving apparatus having a capability of automatically
switching between a NICAM audio signal and an analog
audio signal by means of the information represented by
a control bit contained in a NICAM siénal.

Description of Related Art
NICAM broadcasting, one of television audio multiplexing
schemes, is for multiplexing digital audio signals to be
ﬁransmitted. Especially, Europe has started to provide
thé service of NICAM broadcasting in addition to the
conventional teletext. It is therefore required in
Europe that the CATV (Cable Television) has the
multichannel receiving capability and, at the same time,
decode the digital audio signal of NICAM broadcasting
with good reproducibility. The European NICAM
broadcasting carries data at a transfer rate of 728
kbits/second.‘ The data includes a frame, two audio

channels (704 kbits), and indication data (11 kbits).
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Description of Related Art N CAM broadcasti ng, one of itel |

mul ti pl exi ng

schenes, is for multiplexing digital audio signals to be

transnitted. Especially, Europe has started to provide the service of
NI CAM broadcasting in addition to the conventional teletext. It is
therefore required in Europe that the CATV (Cabl e Tel evision) has the

NICAM broadcasting therefore can transmit up to three

- channels of different audio information including analog

audio (one channel).

Thus, NICAM broadcasting provides service with

analog audio and digital audio combined. A digital

broadcast receiving apparatus that receives NICAM

broadcasting needs to determine which audio signal is

being received to decode the received audio signal with

good reproducibility. To allow the. receiving apparatus

to make the determination, the NICAM signal contains

control bits for indicating in which state a particular

transmission is being made. The control bits include

Cco, Cl, C2, C3, and C4.. The control bit C4, a rééerve

audio switching flag, is assigned as an indication bit

for indicating a relationship between contents of. analog

audio and NICAM audio. Consequently, with the

conventional digital audio broadcast receiving

apparatus, it is determined whether to automatically

switch between NICAM audio and ‘analog audio based on the

information represented by the reserve audio switching

flag C4. USP 5,138,457 is art related to the present

publication.

Turning to the above-mentioned digital.audio

broadcast receiéing apparatus, the automatic switching .
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kbits/ second. The data includes a frame, two audio -ch
and indication data (11 kbits). '

is made also considering a case in which NICAM audio and
analog audio represent two different programs, thereby
making the switching.too late if the NICAM audio and
analog audio represent the same program. Since NICAM
audio is based on PCM (Pulse Code Modulation), switching-
that is too late worsens an errér rate, thereby
impairing listenability. To solve this problem, assume
that the switching be set to an earlier point. Such a
setting, however, makes analog audio be éutomatically
selected when a user wants NICAM audio evén if its sound
quality is less desirable when NICAM audio and analog
.audio represent separate programs. Each time the
automatic'selectiqn occurs, the user must make audio
switching manually. 1In addition, some receiving

apparatuses permit no manual switching.

SUMMARY OF THE INVENTION
It is therefore an object of the present
invention to provide a digital audio broadcast receiving
apparatus for reducing to a necessary minimﬁm the
frequency at which the usef makes switching between
NICAM audio and analog audio.
In carrying out the invention and according to a

first aspect thereof, there is provided a digital audio



" Ny CAM’ br oadcasti ng therefore can transmit up to three channel s of
di fferent audio information including anal og audio (9mgeskadnsnBieh Replaced

Thus,, Nl CAM br oadcasti ng provides service with anal.og taf7
audi o conbined. A digital broadcast receiving appar at’LJ gl
Nl CAM  broadcasting needs to deternine which audio sig -ﬁ

recei ved to decode the received audio signal with good reprodUC|b|I|ty To

all ow the receiving apparatus to nake the determ nation, the N CAM si gnal
cont ai ns

broadcast receiving apparatus having a controller for
changing switching points between NICAM audio and analog
audio according to a control bit representing audio
contents when a NICAM audio broadcast is received.

In carrying eut the invention and according to a
second aspect thereof, there is provided a digital audio
broadcast receiving apparatus wherein the above-
mentioned controller has an error rate changing device
for changing error rate values that provide a reference
'for determining a switching point between NICAM audio
and analog audio according to the content of the above-
mentioned control bit. |

_ In carrying out the invention and according to a

third aspect thereof, there is provided a digital.audio

. broadcast receiving apparatus wherein the above-
mentioned controller has a counting dufation changing
device for_changing a duration of counting errors that
provide a refefence for determining a switchiﬁg point
between NICAM audio and analog audio according to the
content of the above-mentioned control bit.

In carrying out the invention and according to a
feurth aspect thereof, there is provided a digital audio

broadcast receiving apparatus wherein the above-
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being made. The control bits include CO d, C2, C3, an GﬂwSEﬂﬂhgg&&

bit C4, a reserve audio switching flag, is aSS|gned as gn [ elm*d
for |nd|cat|ng a rel ationship between contents of anal og; =a

audi o. Consequently, with the conventional digital audi 0 broa

receiving apparatus, it is determ ned whether to automatically SMAtCh

bet ween NI CAM audi o and anal og audi o based on the information repreésented
by the reserve audio switching flag C4. USP 5,138,457 is art related to

the presentpentioned controller shuts off audio output when
switching between NICAM audio and analog audio.

The above and other objects, features and
advantages of the present invention will become more
apparent from the accompanying drawings, in which like
reference numerals are used to identify the same or

similar parts in several views.

BRIEF DESCRIPTION'OF THE DRAWINGS

Fig. 1 is a block diagram illustrating the
digital audio broadcast receiving apparatus practiced as
one preferred embodiment of the invention;

| | Figs. 2A and 2B are schematic diagrams

illustrating data configurations of NICAM signals;

Fig. 3 is a flowchart for changing threshold
values used in the embodiment of Fig. 1;
| Fig. 4 is a flowchart for changing a sampling
time used in the embodiment of Fig. 1; and

Figs. 5A and 5B are graphs for describing

threshold value changing timings used in the embodiment

of Fig. 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS



" publ i cati on. Turning to the above-nentioned digital audio
br cadcast receiving apparatus, the autonmatic smﬁtchingqhgsmwuﬂsBaijimai

3 is made al so considering a case in which N CAM audi audi o
represent two different programs, thereby nmaking the' s e if
thé NI.CAM audi o and f

This invention will be described in further
detail by way of example with reference to the
accompanying drawings.

Now, referring to Fig. 1, there is shown a
constitution of the digital audio broadcast receiving

:_apparatus practiced as one preferred embodiment of the
present invention. In the figure, reference numeral 1
indicates an antenna for receiving an RF signal
transmitted from a broadcasting station in a NICAM
‘broadcasting manner. The anteﬁna 1 sends the received
RF signal to a tuner 2. Based on a tuning data D1l
received f;om a microprocessor 5, fhe.tuner 2 selects
from the received RF signal a signal of a predetermined
channel and sends the selected signal to an intermediate
frequency amplifier (IF) 3. The intermediate frequency
amplifier 3 extracts a conventional FM audio signal S1
from the RF signal and, at the same time, extracts a
QPSK (Quadrature Phase Shift Keying) carrier S2 of a
digital audio signal to supply the S1 and S2 to a NICAM
decoder 4. The NICAM decoder 4 is composed of an
integrated circuit for extracting, based on a user-
written command, audio information from the NICAM
signal. In the present embodiment, a Phillips SAA7282

chip for the integrated circuit. In the present



~anal og audi o represent the sanme program Since NICAM audi o i s based on
PCM (Pul se Code Modul ation), switching that is too Iate wor sens

rate, .thereby inpairing listenability. To solve this mscﬂhéeemsg’a

the switching be set to an earlier point. Such a settl

anal og audio be automatically selected when a user man ev n
if its sound quality is |ess desirable when Nl CAM audi 0 a audlo
represent separate progranms. Each tinme the automatic selection occurs, the
user. nmust nmake audio sw tching nmanually. In addition, sone receiving

embodiment, the above-mentioned command is written by
means of the microprocessor 5. Based on the written
command, the NICAM decoder 4 decodes a digital audio
signal superimposed on the QPSK carrier S2, converts the
decoded digital audio signal to an analog signal by
means of a D/A converter incorporated fherein, and
outputs the L (Left) and the R (Right) outputs of the
analog signal to the outéide. At the same time, the
NICAM decodet 4 supplies a reserve audio switching flag
c4, oné of the control bits contained in the decoded
NICAM signal, and error information E to the
microﬁrocessor 5. Based on the reserve éudio switching
flag C4 and the error information E, the microprocessor
5 outputs the above-mentioned predetermined command CD
to control the NICAM decoder 4. _
- In what follows, the data configuration of the
NICAM signal (consisting of a 728-bit frame) will be
described with reference to Figs. 2A and 2B. Fig. 2 is
a schematic diagram illustrating the data configufation
of the NICAM signal (conéisting of a 728-bit frame).
Fig. 2A schematically shows a-data ¢onfiguration for
stereo audio, while Fig. 2B schematically shows a data
| configuration for monaural audio. Now, referring Eo |

Fig. 2A, one frame of stereo audio starts with an FAW



' appardtuses permt no manual swi t chi ng. —_ SUMVARY OF THE

| NVENTI ON I't is therefore an object of the present invention to

provide a_digital audio broadcast receiving apparatus fEmSSMﬁMﬁNB&mR,lgkd l
{
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necessary mninmumthe frequency at which the user nakes
NI"CAM audi o and anal og audi o. In carrying out - th
according to a first aspect thereof, there is provided a

(Frame Alignment Word) consisting of eight bits,
followed by control bits C consisting of one frame flag
bit co0, three application control bits Cl1 through C3,
and one reserve audio switching flag C4, additional data
AD to be transmitted along with the audio signal, and
audio data al, Bl, «es A32, B32 of channels A and B, in
this order, amounting to a total of 728 bits. Likewise,
one frame of monaural audio shown in Fig. 2B starts with
an FAW consisting of eight bité, followed by control
bits C consisting of one frame flag bit CO, three
application control. bits Cl'Ehrough C3, and one reserve
audio switcﬁing flag C4, additional data AD to be
transmitted along with the audio signal, and'monauial
audio data nl, n2, ... (n+l)31l, (n+l)32, in this order,
amounting to a total of 728 bits.

In the above-mentioned NICAM signal, a maximum
of two channels of audio informatioh ¢an be transmitted.
The audio information is transmitted in one of the
following three combinations:

(1) Stereo audio signal;
(2) two independent monaural audio signals (so-called
dual mono); and

(3) monaural audio signal plus data.
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aspect thereof, there is provided a digital audio

The combinatorial information is assigned to the control
bits C shown in Figs. 2A and 2B. The information about
the rel#tionship with analog FM audio is also assigned
to the reserve audio switching flag C4. If analog audio
(FM) and NICAM audio represent the same program, the

reserve audio switching flag C4 is set to "H" (High); if

analog audio (FM) and NICAM audio represent two

different programs, the flag C4 is set to "L" (Low). 1In
the digital éudio broadcast.apparatus practiced as the
present embodiment of the invention, switching points
between analog audio and NICAM audio are changed based
on the information of the flag C4.

Namely, if the flag C4 is "H", ‘it indicates that
analog audio and NICAM audio are transmitting the same

program. In this case, NICAM audio, which is better in

sound quality is automatically selected. Conversely,_if'

the flag C4 is "L", it indicates that anaiog audio and
NICAM audio are transmitting two different programs. 1In
this case, analog audio, which is in synchronization
with video is automatically selected;

Further, when the reserve audio switching flag

C4 is "H", if the receiving condition worsens, NICAM

~audio, which is based on digital PCM, increases in noise

as compared with analog audio, thereby lowering

recei ving apparatus having a controller-ie+——€haﬂgrng‘—"‘—

swi'tchi ng poi nts between NI CAM audi o and anal og audi o accgr
control bit representing audio contents when a N CAM:a ?
recei ved. In carrying out the invention and acc “ﬂl\

1aced -

coq@



br oadcast recei ving apparatus wherein the above- nentioned controller has

ar error rate changing device . for changing error rate—vatues—that—provide

a reference for determning a switching point between, N CAM audi o nd
anal og audi o according to the content of the above- ﬁ: *bi
n in

In carrying out the invention and according to a third

there is provided a digital audio broadcast receiving | :
t he above- nmentioned controller has a counting duration changing device
for changing a duration of counting errors that

listenability. Therefore, when the error rate of NICAM
'audio, or PCM data, exceeds a predetermined threshold,
NICAM audio is automatically selected to analog audio.
On the contrary, if the flag C4 is "L" and the user
selects the audio not related to the currently displayed
video, namely, the user selects NICAM audio, it may be
taken that the user does not desire for the switching
from NICAM audio to analog audio to take élace even if
the currently selected NICAM audio méy be poor in
listenability becausé the user selects NICAM audio
intentionally. EHence, ﬁhe error rate of PCM data is
given a gteater allowapce and a larger threshold than
the above-mentioned threshbld'is set, thereby enabling
the switching to analog audio when the larger threshold
is exceeded.

Thus, in the present embodiment, the threshold
for determining the error rate of PCM data is changed or
a sampling time is changed to switch between the audio
schemes based on the reserve audio switching flag C4.

Operations of the present embodiment of the
above-mentioned constitution will be described below
with reference to Figs. 3 through 5. Fig. 3 is a
flowchart of the operation for changing threshold values

used in the present embodiment. Fig. 4 is a flowchart

_10_



provide a reference for determning a switching point between- M audlo
and *anal og audi o according to the content of the above- tloned control
bit. . . In carrying out the invention and according "

aspect thereof, there is provided a digital audio broadcas J
appar at us mherein t he above- _

of the operation for changing sampling time used in the
present embodiment. Fig. S5A illustrates a threshold
changing timing and Fig. 5B illustrates a sampling time
changing timing. . o

An RF signal based on.NICAM broadcasting
transmitted from a broadcasting station is received by
the antenna 1 to be sent to the tuner.2. In the tuner
2, a signal of a predetermine channel is extraéted from
the RF signal according to the tuning data D1 supplied
from the microprocessor 5.. The extracted signai is
supplied to the intermediate frequency amplifier 3. 1In
the intermediate frequency amplifier 3, the original FM
‘audio signal S1 is extracted from the signal selected byl
the tuner 2 and the QPSK carrier S2 of the digital audio
signal is also extracted from the same signal. Both the
extracted signals are sent to the NICAM decoder 4.
Based on the. command CD sent from the microprocessor 5,
the NICAM decoder 4 either decodes £he digital audio
signal superimposed on the QPSK carrier S2 or oﬁtputs
the analog audio signal. At this moment, the NICAM
decoder 4 supplies the reserve audio switching flag C4
of the control bits C contained in the NICAM signal as

well as the error information E to the microprocessor 5.

- 11 -



- mentioned controller shuts off audi o out put when sw tching—between N CAM-

audi o and anal og audi o. The above and ot her objects S 14
advant ages of the present invention will becone nore
acconpanyi ng drawi ngs, in which like reference nurreral s ﬁi@ﬁ Em 1
idéntify the same or simlar parts in several views. ==

DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a block dlagran1lllustrat1ng
the digital audi o broadcast receiving apparatus practiced as.

Based on the flag C4 and the érror information E, the.
microprocessor 5 performs the following processing.

First, the threshold changing operation will be
déscribed; In step S10, the microprocessor 5 reads the
content of the reserve audio switching flag C4. Then,
in step S12, the microprocessor 5 determines whether the
flag C4 is “H" or not. If the flag C4 is found "H", the
decision result of step S12 is "YES" and .the processing
pfoceeds to step-514.' In step S14, the microprocessor 5
sets the threshold to value A. On the other hand, if
the flag C4 is found "L", the decision result in step 12
is "NO" and the processing goes to step S16. In sEep
S16, the microprocessor 5 sets the threshold to B. It
should be noted that threshold B is greéter than
threshold A.

When the threshold has been set in step S14 or
516, the processing proceeds to step S18. 1In step S18,
the microprocessor S counts an error count for a certain
duration of time. Then, in step 520, the microprocessor
5_determines the error value counted in step S18 is
smaller than the threshold A or B set in step S14 or Sl6
respectively. If the error count is found sméller than
the threshold, the decision result in step S20 is "YES"

and NICAM audio is kep£ selected, upon which the above-

- 12 -



one preferred enbodi nent of the invention; Figs. 2A and 2B are —
schematic diagrans illustrating data conflguratlons of NI CAM si S|gnals
Fig. 3.is a flowhart for changing threshold values useﬁmsmwﬁ

of Fig

: Fig. 4 is a flowhart for changlng a
used in the enbodi nent of Fig. 1; and Fi gs.
e enbodlnent

1;

for describing threshold val ue changlng timngs used ln

Fig. 1.

mentioned processing terminates. If the error count is
found greater than the threshold, the decision result in
step S20 is "NO" and NICAM audio is switched to analog
audio, upon which the processing terminates.

Thus, when the reserve audio switching flag C4
is "H", analog audio is selected at the threshold A that
does not degraﬁe NICAM audio much as shown in Fig. 5A.
When the flag C4 is "L", NICAM audio is kept selected
until the threshold B of the error rate that does not
degrade NICAM audio remarkably is reached as shown in
Fig. 5A. Consequently, if Ehg flag C4 is "L" and the
user selects the audio not related to fhe currently
displayed video, namely, the user selects NICAM audio,
it may be taken that the user does not desire for the
switching :rom NICAM audio to analog audio to take place
even if the currently selected NICAM audio may be poor
in listenability because the user selects NICAM audio
intentionally. When NICAM audio gets noisy 1ncrea51ngly
and the threshold B at which NICAM audio is hardly
listenable is exceeded, NICAM audio is switched to
analog audio.

Now, operations of changing sampling time will
be described with reference to Fig. 4. First, in step

S30, the microprocessor 5 reads the content of reserve

- 13 -~
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DETAILED DESCRI PTI ON OF THE PREFERRED ENBCDINENTS
6 This invention will be described in furt IThis Sheel{ag Béen Rypl

exanple with reference to the acconpanying draw ngs.
referring to Fig. 1, there is shown a

audio switching flag C4. Then, 'in step S32, the
microprocessbr 5 determines wﬁether the flag C4 is "H"
or not. If the flag C4 is found "H", the decision
result in step S32 is "YES" and the processing proceeds
to step S34. In step S34, the microprocessor 5 sets an
error count read period.(or sampling time) to T2. 1If
the flag C4 is found "L", the decision result in step
S§36 is "NO" and the processing proceeds to step 36. 1In
step 836, the microprocessor 5 sets the sampling time to
Tl. It should be noted that T2 is greater than Tl.

Next, when the saﬁpling time has been set in
sfep S34 or S36, the processing proceeds to step S38.
In step S38, the microprocessor 5 sets the sampling time
T to "0." The microprocessér 5 uses this sampling time
as a counter for counting a duration of time in which to
count the number of errors. Then, in step S40, the
microp:oéessor 5 reads error count E0 and in step S42,
determines whether the sampling time T has exceeded Tl
or T2. If the sampling_time T is found smaller than Tl
or T2, or the number of errors for the sampling time has
not been counted, the decision result in step 42 is "NO"
and thg.processing proceeds to step 44. 1In step S44,
the microprocessor 5 adds the error count E0 read in

step S40 to the error count E.. Then, in step S46, the

- 14 -~
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constitution of the di gital audi o broadcast receiving—apparatus practlced

as -one preferred enbodi nent of the

reference nuneral 1 indicates an antenna for receiving
transmtted froma broadcasting station-in a NICAM broa |
The antenna 1 sends the received RF signal to a tuner 2: n a tun

data D

sel ected signal to an internediate frequency anplifier (1F) 3. The
I ntermedi at G & eMENCYssor 5 adds loop processing time TO to the

sampling time T, upon which the processing goes back to

step S40. Subsequently, the microprocessor 5 .repeats

'steps.s40 through 846 until the sampling time T gets

larger than Tl or T2. As a resuit,_the error count E
contains a total number of errors encountered during Tl
or T2.

When the sampling time gets larger than Tl or
T2, the decision result in step S42 is "YES" and the
prooessing proceeds to step S48. -In step S48, the
microprocessor 5 determines whether the above-mentioned
error count E is smaller than the preset threshold or
not. If the error count E is found smaller the preset
threshold, the decision result in step S48 is "YES" and
the microprocessor 5 keeps NICAM audio as the audio to
be output, upon which the above-mentioned processing

terminates. If the error count E is found greater than

the preset threshold, the decision result in step S48 is

"NO" and the processing proceeds to step 50. In step
S50, the microcomputer 5 makes switching from NICAM

audio to analog audio, upon which the processing

‘terminates.

Thus, changing the error count sampling time

according to the "H" state of the reserve audio

- 15 -
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received froma mcroprocessor 5, the tuner 2 -selects fromthe
received RF signal a signal of a predeterm ned channel and sends the



anplif]er 3 extracts a conventional FM audio signal S

and,

extracting, based on a user- witten command, audio informat

Nl CAM signal. In the present enbodinent, a Phillips SAA7282 chip for the:

integrated circuit. In the present

switching flag C4 provides the same control operation as
that provided by changing the threshold values as
described earlier. Namely, when the flag C4 is "“H", the
sampling time is set to Tl (<T2) as shown in Fig. 5B
and, when the count of errors encountered during the
sampling time T1 exceeds the predetermined threshold,
switching is made from NICAM audio to analog audio. On
the other hand, when the flag C4 is "L", the sampling
time is set to T2 (>T1) as shown in Fig. 5B and, until
the count of errors encountered during the sampling time
T2 exceeds the predetermined threshold,'NICAM audio is
kept selected. Therefore, when the flag C4 is "L" and
the user selects the audio other than video contents,
namely the user selects NICAM audio, it may be taken
that the user does not desire for the switching from
NICAM audio to analog audio to take place even if the
cﬁrrently selected NICAM audio may be poor in
listenability because the user selects NICAM audio
intentionally. When NICAM audio gets noisy increasingly
to become hardly listenable, NICAM audio is switched to .
analog audio.

Thus, according to the present embodiment of the
invention, optimum audio output can always be selected

in accordance with the variation in broadcast receiving

-16_
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at the sane tine, extracts a QPSK (Quadrature Phase S ﬂflwggﬁéggﬁg_lmmd
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carrier S2 of a digital audio signal to supply the SI and
decoder 4. The NI CAM decoder 4 is conposed of an integrated Q‘
e
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decodes a . digital audio signal superinposed on the QPSK

converts the decoded digital audio signal to an anal og s oh
a D/A converter incorporated therein, and outputs the L (Left) and the R
(Right) outputs of the analog signal to the outside. At the sane tine, the

7 "enbodi ment, the above-nentioned conmand is wwitten e
m cr oprocessor 5. Based on the witten comand, the NI @'ﬂ @ep

condition. It will be apparent to those skilled in the
art that both the threshold and thg sampling time may be
changed to achieve the éame effect as menfioned above.
In this case, however, finer, subtler setting may be
made. It will also be apparent that NICAM audio many be
muted instead of changing the switching timing between
NICAM audio and analog audio according to the state of
the reserve audio switching flag C4 as in the above-
mentioned embodiment of the invention.

As described and according to the first aspect
of the invention, the digital audio broadcast receiving
apparatus has the controller for changing the point of
switching between NICAM audio and analog audio according

_to the content of the control bit that indicates audio
contents at receiving NICAM audio. In the novel setup,
if NICAM audio and analog audio represent the same |
program, switching is automatically made from NICAM
audio to analog audio having better sensitivity upon
degradation of NICAM audio sound quality due to a weak
electromagnetic field or the like; if NICAM audio and
analog audio represent two different programs, the
automatic switching is not made as far as NICAM audio
deéraded in sound quality remains listenable. Thus,

this novel setup provides an advantage that the

_17-



NI CAM decoder 4 supplies a reserve audio switching fla

E to the ,mcroprocessor 5. Based on the reserve eunhmBMwM{

C4, one._.of . the

cormtrol bits contained in the decoded NICANISlgn5F-7ﬁ%T?§Tzﬁ |nfornaY|on

and the error information E, the mcroprocessor 5 o
above-nenti oned predeternined command CD to control
In what follows, the data configuration of the NICA S|gnal
a 728-bit frame) will be described with reference to Figs. 2A and 2B.. Fig.

21is

a schematic diagramillustrating the data configuration

I

(consi sting of

frequency at which the user performs manual switching

between NICAM audio and analog audio is minimized

user convenience.

for

As described and according to the second aspect

of the invention, the controller of the digital audio

broadcast receiving apparatus has the error rate

changing device for changing the error rate that

provides reference for determining the switching point

between NICAM audio and analog audio according to

the

content of the control bit. Thus, this novel setup

provides an advantage that the frequency at which

the

user performs manual switching between NICAM audio and

analog audio is minimized for user convenience. -

As described and according to the third aspect

“of the invention, the controller of the digital audio

~broadcast receiving apparatus has the count time

changing device for changing the duration of counting -

.the number of errors that provides reference for

determining the switching point between NICAM audio and

analog audio according to the content of the control

bit. Thus, this novel setup up provides an advantage

that the frequency at which the user performs manual

switching between NICAM audio and analog audio is

minimized for user convenience.

- 18 -



"of the NI CAM signal (consisting of a 728-bit frame). Fig. 2A schematically
shows. a data configuration for stereo audio, while Flg“ZB‘Scheﬁa%reaLL¥__

shows a data configuration for nonaural audio. Now, ref %ﬁb&g”_}ag

e L

As described and according to the fourth aspect
of the invention, the controller of the digital audio
broadcast receiving apparatus shuts off audio output
when switching between NICAM audio and analog audio
according to the content of the control bit. Thus, this
novel setup provides an advantage that the frequency at
which the user performs manual switching between NICAM
audio and analog audio is minimized for user
convenience.

While the preferred embodiments of the present
invention have been described using specific terms, such
deécription is for illustrative purposes only, and it is
to be understood that changes and variations may be made
withoﬁt departing from the spirit or scope of the

appended claims.
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" (Frame Alignnent Wbrd) consisting of eight bits, followed by control bits
C consisting of one franme flag bit CO three applicatioen—cont+rol—bits—c
through C3, and one reserve audio switching flag C4, additi : dﬁt%m“ﬁ
to be transmtted along with the audio signal, and auEW S S AT N
A32, B32 of channels A-and B, in this order, anopunting l ILTZ
bits. Likew se, one frame of nonaural audio shown in Fi it

an FAWconsisting of eight bits, followed by control bits C consisting of
one frame flag bit CO three application control bits Cl throughC3, 'and

one reserve What is claimed is:

1. A television receiving apparatus comprising:

a tuner for receiving a broadcast signal;

an intermediate frequency amplifier for
extracting a frequency-modulated audio signal and a
digital audio signal from an output signal of said
tuner;

a decoder for receiving said frequehcy-modulated
audio signal and said digital audio signal coming from
'said intermediate frequency amplifier and detecting a
control bit; and ' |

control means for changing a point at which said
frequency-modulated audio signal and said digital audio
signal are switched between according to the contents of
said control bit.

2. A television receiving apparatus as defined
in claim 1, wherein said control means includes error
rate changing means for changing an error rate-that
provides a reference for determining a point at which
said fregquency-modulated audio signal and said digital
audio signal are switched between according to the
contents of said control bit.

3. A television receiving apparatus as defined.

in claim 2, wherein said control means includes count-

R

N L



* audi o swi t chi ng flag C4, additional data AD to be traﬂﬁﬂiLng_along wi th
the audi o signal, and nonaural audio data nl, n2, . (n+1) 31,
this order, anounting to a total of 728 bits. TﬂlsrﬁhbdnﬂasBeenRe laced '-

above-nentioned NI CAM signal, a maxi num of two channels
informati on can be transmtted. The audio information | "ln
one of the following three conbinations: (1) Stereo au |o SI

two i ndependent nonaural audio signals (so-called dual nono); and

time changing means for changing a time for counting the
number of errors that provides a reference for'
detefmining a point at which said frequencytmodulated
audio signal and said digital audio éignal are switched
between according to the contents of said control bit.

4. A television receiving apparatus as-defined
in claim 3, wherein said control means tempprarily shuts
off audio output when switching between said frequency-
modulated audio signal and said digitél audio signal
according to the conténts of said control bit.

_ 5. A television receiving apparatus as defined
in claim 1, wherein said control means includes count
time changing means for changing a time for counting the
number of erfors'that provides a reference for
dete;mininé a point at which said frequenqy-modulated
audio signal and said digital audio signal are switched
between according to the contents of said control bit.

6. A television receiving apparatus as defined
in claim 1, wherein said control means temporarily shuts
off audio output when sw%tching between said frequency-
modulated audio signal and said digital audio signal

according to the contents of said control bit.

-
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£3) monaur al  audi o signal plus data.
The conbinatorial information is assigned to the control mﬁ%%E_EL§DQMD_Ln————
Figs..2A and 2B. The information about the relationship w anal og FM

audi o

audio is also assigned to the reserve audi o sw tching flaghg4Mwﬂh551i‘

SE——— | |

ABSTRACT OF THE DISCLOSURE

A digital audio broadcast receiving apparatus
that minimizes a frequency at which the user switches
between NICAM audio and analog audio. When a reserve
audio switching flag c4 is "H", it.indicates that analog
audio and NICAM audio represent the same program, in
which NICAM audio, which provides better sound quality,
is automatically selected. If a broadcast receiving
condition deteriorates, analog audio is automatically
selected.. Conversely, when the flag C4 is "L", it
indicates that NICAM audio éna analog audio represent
two different programs. In this case, analog audio- that

is in synchronization with video is automatically

selected. At this moment, it is possible that the user

ihtentionally selects NICAM audio, which is not related
to video, so that NICAM audio is not switched to analog
audio even if NICAM audio has some .noise. An audio
switching point is shifted by changing a threshold for
determining PCM data error rate or by changing a

sampling time.

- 22 - -
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(FM and NI CAM audi o represent the same program the reserve audio
switching flag G4 is set to "H' (Hgh); if analog audw
audi o.represent two different programs, the flag C4 i :

In, the digital audio broadcast apparatus practiced as shdaﬂ%g i
enbodi nent of the invention, switching points between, an Fﬁ“ ‘
NIl CAM audi o are changed based on the information of the m l
Nanely, if the flag C4 is "H', it indicates that anal og 0 and N CAM

audio are transmtting the sane program In this case, N CAM audi o, which
is better in '
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- sound qual ity is automatically sel ected. Conversel Y, .+ T Thid Sheet HhsRper Weplased
"L", it indicates that anal og audio and N CAM audio are WO--
different prograns. In this case, analog audio, which |s“||

- synchr oni zation with video i s automaticall y sel ected. her,

when the reserve audio switching flag C4 is "H', if the receivi ng

condi tion worsens, N CAM audio, which is based on digital P%l ncreases

in noise as conpared with anal og audi o, thereby lo
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- 10 - Ilstenablllty Therefore when the error rate of N @A&/Shml@s
data, exceeds a predeterm ned threshold, N CAM audio is ‘
sel ected to analog audio. On the contrary, if the flag

user selects the audio not-related to the currently displa e VI deo
nanely, the user selects NICAM audio, it may be taken that the user does
not desire for the swtching from N CAM audi o to anal og audi o tEr_ t ake

pl ace even if o =
o <
Q*ga_
©
X
~
. x
\ A ’,‘5 >?
= 0
= x
< 5
9 x
= ]
-+ . x
S N
x
o= 5 >‘Z L0
= 7 Ol u
< ) 1
(] ~
Q £
] ——
2 5
m < g
Q\ =
LI (ﬂ % :JF b~
©  H Z
° 5
L ™
& S
)
&)
—— N s
£ <
[ O
. o
®) O |
<
O O'\
= —
<
) — —
wn
_rt
o m
@
@)
O
S

3/6



thé currentl y selected NI CAM audi o may be poor in listenability because
t he user selects NICAM audio intentionally. Hence, the error rate of PCV—
data is given a greater allowance and a | arger threshol driidsaee: HistRen Re

I _l_ ;
above-nentioned threshold is set, thereby enabling the s aed
audi o when the larger threshold is exceeded. : ngm nt.'
enbodi nent, the threshold for determ ning the error rate

changed or a sanpling tinme is changed to switch between the audio schenes

based on the reserve audio switdQi nd f

CHANGING THRESHOLDS

( sTarT ) |

Y
READ BIT C4

S10 |

Si2

_ S|6
SET THRESHOLD A SET THRESHOLD B

sS4

S18 IoEAD ERROR COUNT

FOR CERTAIN TIME

S22

SWITCH TO ANALOG
AUDIO

— ]
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Qoer"alions of the present enbodi nent of the above-nentioned constitution

wi |1 be described below with reference to Figs. 3 through 5. Flg 3is a

flomchart of the operation for changing threshold val ue 816 t “Re 1a°°d
present enbodinent. Fig. 4 is a flowhart ““ll II

FI1G. 4

CHANGING SAMPLING TIME

C START )

>3O0 Reap BIT ca
$32
| | s36
>34 [SET ERROR COUNT | [SET ERROR COUNT
READ TIME T2 READ TIME T
B ]
38 : — |
T=0
TO: LOOP
| PROCESSING TIME
- 546
540 [ READ ERROR T= T+TO
COUNT. EO
| E = E+EO
S42 Sa4
N

T>TIOR T2 .

S50

SWITCH TO :
ANALOG AUDIO Y




of | the operation for changing sanpling tine used in the present )
enbodi ment . Fi g. S5Aillustrates a threshold changi ng t| m ng and Fi g 5B

illustrates a sanpling time changing timng. Eﬂ:smetﬁiweeb&W

on" Nl CAM broadcasting transmtted froma br oadcast i f bt atli

by the antenna 1 to be sent to the tuner 2. In the.-t ner

predeterm ne -channel is extracted from the RF si naI ccor |ng to
tuning data D supplied fromthe m croprocessor 5 The extracted SI gnal S

supplied to the internmedi ate frFuellcyGrrpl Sa 3. In

THRESHOLD CHANGING METHOD

AUDIO -
SWITCHING |
ANALOG
AUDIO f
NICAM
AUDIO |
|
I
THRESHOLD A\ ERROR RATE
(C4="H") THRESHOLD B
- (Ca="L™y .

F1G. 5B

SAMPLING TIME CHANGING METHOD

SAMPLING
TIME

¥

ERROR
COUNT
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the internmediate frequency anplifier 3, the original FM audlo 5|gnal Sl is
extr.acted fromthe signal selected by the tuner 2 apg=th S2
of the digital audio signal is also extracted from1hne_§8iamE\8ﬂgT1§HEEB h
the extracted signals are sent to the NI CAM decoder Bgze ngg
commapd CD sent fromthe microprocesgor 5, 'the NI CA| Uaea ..... i-t-hef:
decodes the digital audio signal superinposed on the
outputs the anal og audio signal. At this monent, the NICAM decoder 4
supplies the reserve audio switching flag C4 of the control bits C

contained in the Mﬂﬂf'&%o BROADCAST RECEIVING APPARATUS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to NICAM (Near
‘Instantaneous Compound Audio Multiplex) broadcasting
and, more particularly, to a digitél audio broadcasting
receiving apparatus having a capability of automafically
switching between a NICAM audio signal and an analog
audio signal by means of the information represented by
a control bit contained in a NICAM signal.

Description of Related Art
NICAM broadcasting, one‘df television audio multiplexing
schemes, is for multiplexing digital audio signals to be
transmitted. Especially, Eﬁrope has started to provide
the service of NICAM broédcasting in addition to the
conventional teletext. It is therefore required in
Europe that the CATV (Cable Television) has the

" multichannel receiving capability and, at the same time,

decode the digital audio signal of NICAM broadcasting
with good reproducibility. The Eurbpean NICAM
broadcasting carries data at a transfer rate of 728
kbits/second. The data includes a frame, two audlo

channels (704 kbits), and 1nd1catlon data (11 kblts).



weld{ as the error information E to the. m croprocessor 5.

12. : Based on the flag C4 and the error information E, the n1cropr

5 perforns the foll ow ng processing. First, t

operation will be described. In step S10, the m cropr

content of the reserve audio switching flag C4. Then,
2

By
GEBOA 5%635% thel

17.006.19%.

Datg

NICAM broadcasting therefore can transmit up to three
channels of different audio information including analog
audio (one channel).

Thus, NICAM broadcasting provides service with
analog audio and digital audio combined. A digital
broadcast recéiving apparatus'that receives NICAM
broadcasting needs to determine which audio signal is
being received to decode the received audio signai'with
good reproducibility. To allow the_recei%ing épparatus
to make the determination, the NICAM signal contains
control bits for indicating in which state a particular
transmission is being made. The control bits include
Cd, Cl, C2, C3, and C4. The control bit C4, a reserve
audio switching flag, is assigned as an indication bit
for indicating a relationship between contents of analog
audio and NICAM audio. Consequently, with the
conventional digital audio broadcast receiving
apparatus, it is determined whether to automatically
switch between NICAM audio and analog audio based on the
information répresented by the reserve audio switching
flag C4. lUSP 5,138,457 is art related to the present
publication.

Turning to the above-mentioned digital audio

broadcast receiving apparatus, the automatic switching



in step S12, the m croprocessor 5 determ nes whether the

not. : If the flag C4 is found "H', the decision result o
"“YES'. and the processing proceeds to step S14. In step
m croprocessor 5 sets the threshold to value AA. On th
fl.ag C4 is found "L", the decision result in step 12 \i
processi ng goes to step S16. In step3 816 t he n1cropr =
threshold to B. It should be noted that threshold B is greater than
threshold A When the threshold has been set in step S14 or

'is made also considering a case in which NICAM audio and
analog audio represent two different prograﬁs, thereby
making the switching too late if the NICAM audio and
analog audio represent the same program. Since NICAM
audio is based on PCM'kPulse Code Modulation), switching
that is too late worsens an errbr rate, thereby
impairing listenability. To solve this problem, assume
that the switching be set to an earlier point. Sﬁch a
setting, however, makes analog audio be automafically
selected when a user wants NICAM audio even if its sound
quality is less desirable when NICAM audio and aﬁalég
audio represent separate programs. Each time the
automatic selection occu;s, the user must make audio
éwitching manually. In addition, some receiving

apparatuses permit no manual switching.

SUMMARY OF THE INVENTION
_ it is therefore an object of the present
invention to provide a digital audio broadcast receiving
- apparatus for reducing to a necessary minimum the
frequency at which the user makes switching between
NICAM audio and analog audio.
In carrying out the invention and according to a

first aspect thereof, there is provided a digital audio




S16, the processing proceeds to step S18. In step S18, the m croprocessor

5 counts an error count for a certain duration of ti - . . Q?Q
the m croprocessor 5 determnes the error val ue count REHLGCEME_QTQ;HE‘E-E- f
smal ler than the threshold A or B set in step S14 or S respeacty I199 Iff
the error count is found smaller than the threshold, thgﬂgeshsyonntﬁﬁuuig
in step S20 is "YES' and NICAM audio i's kept sel ected, upon—Wwhiith-t-he: .-
above-

broadcast receiving apparatus having a controller for
changing sﬁitching points between NICAM audio and analog
audid according to a control bit representing audio
contents when a NICAM audio bréadcast is received.

In carrying out the invention and according to a
second aspect thereof, there is provided a digital audio
broadéést receiving apparatus wherein the aboéé-
mentioned controller has an error rate changing device
for changing error rate values that provide a reférence
for determining a switching point between NICAM audio
and analog audio according to the content of the above-
mentioned control bit.

In carrying out the invention and according to a
third aspect thereof, there is provided a digital audio
broadcast receiving apparatus.whergin the above-
mentioned controller has a counting duration changing
devicé for changing a duration of counting errors that
provide a reference for determining a switching point
between NICAM audio and analog audié according to the
content of the above-mentioned control bit.

In carrying out the invention and according to a
fourth aspect thereof, there is provided a digital audio

broadcast receiving apparatus wherein the above-




-~ 13- nmentioned processing termnates. If the error count is found
great.er than the threshold, ‘the decision result in ste '
NI CAM audio is swtched to analog audio, upon which the qppepeE
t erm nat es. Thus, when the reserve audio switching {ifa
"H', analog audio is selected at the threshold A that

Nl CAM audi o nuch as shown in Fig. 5A.2 Wen the flag C4
is kept selected

O@?ﬁe noide re ‘-.
;jﬁ::&g;—;ﬁrg_cs—ﬁﬂeﬁ; o a.u =

mentioned.controller_shuts off audio output when
switching between NICAM.audio and analog audio.

The above and other objects, features and
advantages of the present invention will become more
apparent from the accompanying drawings, in which like
reference numerals are used to identify the same or

similar parts in several views.

BRIEF _l_)ESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram illustrating the
digital audio broadcast receiving apparatus practiced as
one preferred embodiment of the invention;

Figs. 2A and 2B.dte schematic diagrams
illustrating data configurations of NICAM signals;

Fig. 3 is a flowchart for changing threshold
value; used in_the embodiment of Fig. 1;

Fig. 4 is a flowchart for changing a sampling
time used in the embodiment of Fig. 1; and

Figs. 5A and 5B are graphs for describing

threshold value changing timings used in the embodiment

of Fig. 1.

DETAILED DESCRIPTION OF THE PREFEﬁRED EMBODIMENTS



until the threshold B of the error rate that does not degrade NICAM audio

remarkably is reached as shown in Fig. 5A. Consequently, if the flag C4 is
"L" and the wuser selects the audio not related to thejfc . yed
vi deo, nanely, the user selects NNICAM audio, it may b Fgﬁﬁﬂé% ENﬁ Egbﬁzﬁr
t
|

dges not desire for the switching from N CAM audio to aﬁﬁg‘ e
pl ace -even if the currently sel ected RI CAM audi o may ;

listenability because the user selects NICAM audio intentionally. Wen

NI CAM audi o gets noisy increasingly and the threshold B at which N CAM
audio is hardly

-----------------------------

This invention will be described in further
detail by way of example with reference to the
accompanying drawings.

Now, feferring to Fig. 1, there is shown a
constitution of the digital audio broadcast receiving

~apparatus practiced as one preferred embodiment of.the
present invention. In the figure, reference numeral 1
indicates an antenna for receiving an RF signal
transmitted from a broadcasting station in a NICAM
broadcasting manner. The antenna 1 sends the received
RF signal to a tuner 2. Based on a tuning data D1
received f;om a microprocessor 5, fhe tuner 2 selects
from the received RF sigﬂhl a signal of a predetermined
channel and sends the selected signal to an intermediate
frequency amplifief (IF) 3. The intermediate frequency
amplifier 3 extracts a conventional FM audio signal S1
from the RF sigﬁal and, at the same time, extracts a
QPSK (Quadrature Phase Shift Keying) carrier S2 of a
digital audio signal to supply the S1 and S2 to a NICAM
decoder 4. The NICAM decoder 4 is composed of an

_integrated cirpuit for extracting, based oﬁ a user-
written command, audio information from the NICAM
signal. 1In the present embodiment, a Phillips SAA7282

chip for the integrated circuit. 1In the present



listenable is exceeded, NI CAM audio is switched to anal og audi o.

Now, ;operations of changing sanpling time will be described with re nce
to Fig. 4. First, in step S30, the mcroprocessor 5 I. sey Wf
reserve 14 audi g i
Then, i:n step S32, the 7\ a7 NG WRH %

. .
.........

embodiment, the abéve—mentioned command is written by
means of the microprocessor 5. Based on the written
command, the NICAM decoder 4 decodes a digital audio
signal superimposed on the QPSK carrier S2, converts the
decoded digital éudio signal to an analog signal by
means of a D/A converter incorporated fherein,.and
outputs the L (Left) and the R (Right) outputs of the
analog signal to the outside. At the same time, the
NICAM decoder 4 supplies a reserve audio switching flag
C4, one of the control bits contained in the decoded
NICAM signal, and error information E to the
microprocessor 5.  Based on the reserve audio switching
flag C4 and the error ipformation E, the microprocessor
5 outputs the above-mentioned predetermined command CD
to control.the NICAM decoder 4.

_ In what follows, the data configuration of the
NICAM signal (consisting of a 728-bit frame) will-be
described with reference to Figs. 2A and 2B. Fig. 2 is
a schematic diagram illustrating the data configuration
of the NICAM signal (consisting of a 728-bit frame).
Fig. 2A schematically shows a data configuration for
stereo audio, while Fig. 2B schematically shows a data
configuration for monaural audio. Now, referring to

Fig. 2A, one frame of stereo audio starts with an FAW




. microprocessor 5 determnines whether the flag C4 is "H' or not. If the flag
C4is found "H', the decision result in step S32 is "YES" and the

processi ng proceeds to step S34. In step S34, the m[preprocess F=5—s6 =3 an
error count read period (or sanpling tine) to T2. If ﬁEéLﬁﬁaﬁEEHSHﬁEFo!nd
"L", the decision result in step S36 js "NO' and thg proQQS$Mﬁg“ﬁﬁocee{s
to step 36. In step S36, the nicroprd%essor 5 sets tjhBaampl-i.ng.t.i-me..t )

T1. It should be noted that T2 is greater than TI1. Next; —wher—t he

sanpling time has been set in step S34 or S36, the processing proceeds to

step 538 (Frame Alignment Word) consisting of eight bits,
followed.by control bits C consisting of one frame flag
bit co, three application control bits Cl through C3,
and one reserVve audio switching flag C4, additional data
AD to be transmitted along with the audio signal, and
audio data Al, Bl, ... A32, B32 of channels A and B, in
this order, amounéing to a total of 728 bits. Likewise,
one frame of monaural audio shown in Fig. 2B starfs with
an FAW consisting of eight bits, followed by éontrol
bits C consisting of one frame flag bit C0, three
application control bits Cl through C3, and one reserve
audio switching flag C4, additional data AD to be
transmitted along with the audio signal, and monaural
audio data nl, n2, ... (ﬁ+1)31, (n+1)32, in this order;
ambunting to a total of 728 bits.

In the above-mentioned NICAM signal, a maximum

of two channels of audio information cén be transmitted.
The audio information is transmitted in one of the
following three combinations:
(1) Stereo audio signal;
(2) two independent monaural audio signals (so-called

dual mono); and

(3) monaural audio signal plus data.



In.step S38, the microprocessor 5 sets the sanpling tine[
m croprdcessor 5 uses this sanpling tine as a counter fg
duration of tinme in which to count the nunber of errors
S40, the mcroprocessor 5 reads error count EO and in s
determ nes whet her the sanpling tine has exceeded T1 or T T—tfe
sanpling tine T is found smaller than“TI or T2, or the nunber of errors
for the sanpling tine has not been counted, the decision result in step 42
is "NO'" and the processing proceeds to step 44. In step S44, the

m croprocessor 5 adds the error count EO read in
The combinatorial information is assigned to the control

bits C shown in Figs., 2A and 2B. Thé information about
the relationship with analog FM audio is also assignéd
to the reserve audio switching flag C4. If analog audio
(FM) and NICAM audio represeht the same program, the
reserve audio switching flag C4 is set to "H" (High); if
analog audio (FM) and NICAM audio represent two
different programs, the flag C4 is set to "L" (Lowj. In
the digital audio broadcast apparatus practiced as the
present embodiment of the in&ention; switching points
between analog audio and NICAM audioc are changed based
on the information of the flag C4.

Namely, if the ﬁi%g-c4 is "H", it indicates that
analog audio and NICAM audio are transmitting the same
program. In this case,'NICAM audio, which is better in
sound quality is automatically selected. Conversely, if
the flag C4 is "L", it indicates that analog audio and
NICAM audio are transmitting two different programs. Iﬁ
this case, analog audio, which is in synchronization
with video is automatically selected. _

Further, when the reserve audio switching flag
C4 is "B", if the receiving condition worsens, NICAM
audio, which is based on digital PCM, increases in noise

as compared with analog audio, thereﬁy lowering



step S40 to the.error count E. Then, in step S46, the
15 . mtroprocessor 5 adds |oop processing time TO to

T, upon which the processing goes back to step S40. S aEﬁUﬁﬁE g |
m croprocessor 5 repeats steps.S40 through S46 until tihe saﬁbv %Q ......
o DALE teeeresesmrerrent

10

listenability. Therefore, when the error rate of NICAM
audio, or PCM data, exceeds a predetermined threshold,
NICAM audio is automatically selected to analog audio.
On the contrary, if the flag C4 is "L" and the user
selects the audio not related to the currently displayed
video, namely, the user selects NICAM audio, it may be
taken that the user does not desire for the sw1tch1ng
from NICAM audio to analog audio to take place even if
the currently selected NICAM audio may be poor in
listenability because the user selects NICAM audio
intentionally. Hence, the error rate of PCM‘data is
given a greater allowance and a larger threshoid‘than
the above-mentioned threéhold.is set, thereby enabling
the switching to analog'audio when the larger threshold
is exceeded.

Thus, in the present embodiment, the threshold
for determining the error rate of PCM data is changed 6r
a sampling time is changed to switch between the audio
schemes based on the reserve audio switching flag Cc4.

Operations of the present embodiment of the
above-mentioned constitution will be described below
with reference to Figs. 3 through 5. Fig. 3 is a
flowchart of the operation for changing threshold values

used in the present embodiment. Fig. 4 is a flowchart




“larger than Tl or T2. As a result, the error count E contains a total
nunber of "errors encountered during Tl or T2. _ ""ﬁe '
time gets larger than T1 or T2, the decision result i ;
and the processing proceeds to step S48. In step $48, ok ,
5.determ nes whether the above-nentiongd error count snajler than UL

preset threshold or not. If the error count Eis founo #45::&ﬂg~presgﬁ
threshold, the decision result in step S48 |s "YES' and the microprocesSsor.
5 keeps NICAM audio as the audio to

of the operation for changing sampllng time used in the

present embodiment. Fig. 5A illustrates a threshold
changing timing and Fig. 5B illustrates a sampling time
changing timing. |

An RF signal based on NICAM broadcasting
transmitted from a broadcasting station is received by
the antenna 1 to be sent to the tuner 2. 1In the tunef
2, a signal of a predetermine channel is extraéte& from
the RF siénal according to the tuning data D1 supplied
from the microprocessor 5. The extracted signal is
supplied to the intermediate frequency amplifier 3. 1In
the intermediate frequency amplifier 3, the original FM
audio signal S1 is extr?c%ed from the signal selected by
the tunerlz and the QPSK carrier S2 of the digital audio
signal is also extracted from the same signal. Both the
extracted signgls are sent to the NICAM decoder 4.
Based on the command CD sent from the microprocessor 5,
the NICAM decoder 4 either decodes the digital audio
signal superimposed on the QPSK carrier S2 or outputs
the analog audio signal. At this moment, the NICAM
decoder 4 supplies.the reserve audio switching flag C4
of the control bits C contained in the NICAM signal as

well as the error information E to the microprocessor 5.



“be output, upon which the above-nmentioned processing terminates. If the
error count E is found greater than the preset threshold 5

result in step S48 is "NO' and the processing proceeds tolshemAatEmENT SHERT
S50, the microconputer 5 makes switching from Nl CAM audi offt o afﬁ'ﬁ@ agghp,
upon whi ch the processing termnates. 12 Thus, changi pge?. £.5) EL

count sanpling tinme according to the "H' state of the res

Based on the flag C4 and the errof information E, the
microprocessdf 5 performs the following processing.

First, the threshold changiné operation will be
described. In step S10, the microprocessor 5 reads the
content of the reserve audio switching flag_c4. Then,
in step S12, the microprocessor 5 determines whether the
flag C4 is "H" or not. If the flag C4 is found "E", the
decision result of step S12 is "YES" and the processing
proceeds to step Sl4. 1In step S1l4, the microprocessor 5.
sets the threshold to value A. On the other hand, if
the flag C4 is found "L“,.the decision result in step 12
is "NO" and the processing goes to step S16. 1In sEep
S16, the microprocessor 5*sets the threshold to B. It
should be noted that threshold B is greater than
threshold A.

When the'threshold has been set in step S1l4 or
516, the processing proceeds to step S18. In step. S18,
the microprocessor 5 counts an error count for a certain
duration of time. Then, in step S20, the microprocessor
5 determines the error value counted in step S18 is
smaller than the threshold A or B set in step S14 or S16
respectively. If the error count is found smaller than
the threshold, the decision result in step S20 is "YES"

and NICAM audio is kept selected, upon which the above-




16 - smjtching flag C4 proVidés the same control operation as thaf'
provi ded by changing the threshold val ues as desc | Nanel y,

when the flag C4 is "H', the sanpling tinme is set tﬁtﬁﬂg{ggng. in
Fig. 5B and, when the count of errors encountered durlngggﬂggl '/g
ti.me Tl exceeds t he predeterm ned thregghold, sw ti¢Dagg..] e fromiNl CAM

..................

m
audio to anal og audio. On the other hand, when t ;f5~*LI:;$he

sanpl i ng

mentioned processing terminates. If the error count is
found greater than the threshold, the decision result in
step S20 is "NO" and NICAM audio is switched to analog
audio, upon which the processing terminates.

Tﬁﬁs, when the reserve audio switching flag C4
is vg", analog audio is selected at the threshold A that
does not degrade NICAM audio much as shown in Fig. 5A.
When the flag C4 is "L", NICAM audio is kept selected
until the threshold B of the error rate that does not
degrade NICAM audio remarkably is reached as shown in
Fig. 5A. Consequently, if the flag C4 is "L" and the
user selects the audio not related to the currently
displayed video, namelyi ‘the user selects NICAM audio,
it may be taken that the user does not desire for the
switching from NICAM audio to analog audio to take‘place
even.if the cu;rehtly selected NICAM audio may be poor
in listenability because the user selects NICAM audio
intentionally. When NICAM audio gets noisy increasingly
and the threshold B at which NICAM audio is hardly
listenable is exceeded, NICAM audio is switched to
analog.audio.

Now, operations of changing sampling time will
be described with reference to Fig. 4. First, in step

S30, the microprocessor 5 reads the content of reserve -



time is set to T2 (>TI) as shown ih Fig. 5B and, until the count of errors

encountered during the sanpling time T2 exceeds the predeterm ned

threshold, NICAM audio is kept sel ected. Therefof S
"L" and the user selects the audio other than v|degErcqnkeritsSSHERBNElIY the
user selects NICAM audio, it may be tgken that tlje user,gdo desire
for the switching from N CAM audio to anal og aud ODﬁgafbieﬁgﬁgﬁgpején | f
the currently selected NI CAM audi o may be poor i HsterabiFT Yy betause
the user selects NICAM audio intentionally. Wien N CAM audi o gets noi sy

increasinggxdio switching flag C4. Then, in step S32, the
microprocessor 5 determines whether the flag C4 is "H"
or not. If the flag C4 is found "H", the decision
result in step S32 is “YES" and the processing proceeds
to step S34. 1In step S34, the microprocessor 5 sets an
error count read period.(or sampling time) to T2, If
the flag'c4 is fbund "L", the decision result in step
S36 is "NO" and the processing proceeds to step 36. In
step S36, the microprocessor 5 sets the sampling time to
Tl. It should be noted.that TZ is greater than Tl.
Next, when the sampling time has been set in
stgp S34 or S36, the processing proceeds to step S38.
In step SBé, the microp{dbessor 5 sets the sampling time
T to "0." The microprocessor 5 uses this sampling time
as a counter for counting a duration of time in which to
coun§ the number of errors. Then, in step S40, the
microprocessor 5 reads error count E0 and in step 842,
determines whether the sampling time T has exceeded Tl
or T2, 1If the sampling time T is found smaller than Tl
or T2, or the number of errors for the sampling time has
not been couﬁted, the decision result in step 42 is "NO"
and th; processing proceeds to step 44. 1In step S44,
the microprocessor 5 adds the error count E0 read in

step S40 to the error count E. Then, in step 546, the



to becone'hardly Iistenable, NI'CAM audio i s switched to ahalog audi o.
i i Frm audi o

Thus,. according to the present enbodi nent of th TRV eTt Ot —Opt M
out put can always be selected in accordance w thRERBAYBMENT SOIEETn|
br oadcast recei vi ng o 17 AUG 1995
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microprocessor 5 adds loop processing time TO to the :
sampling time T, upon.which the processing goes back to
step S40. Subsequently, the microprocessor 5 repeats
steps .S40 through S46 until the sampling time T gets
larger than Tl or T2. As a result, the error count E
contains a total number of errors encountered during Tl
or T2.

When the sampling time gets larger than TI1 or
T2, the decision result in step S42 is "YES" and the

- processing proceéds to step S48. In step 548, the

microprocessor 5 detérmines whether the above-mentioned
error coung E is smaller than the preset threshold or
not. If the error count E is found smaller the preset
threshold, the decision result in step S48 is "YES" and
the microprocessor 5 keeps NICAM audio as the audio to
be output, upon which the above-mentioned processing
terminates. If the error count E is found greater- than
the preset threshold, the decision result in step S48 is
"NO" and the processing proceeds to step 50. 1In step
5§50, the microcomputer 5 makes switching from NICAM
audio to analog audio, upon which the processing
terminates.

Thus, changing the error count sampling time

according to the "H" state of the reserve audio



condition. It will be apparent to t hose skllled in the art that both the

t hreshol d” and t he sanpllng time may be changed to achieve t
as nmentioned above.! In this case, however, finer, su
made. It will also be apparent that N CAM audi o nany b
changi ng the switching timng between, /Nl CAM audi o and
according to the state of the reserve audi o sw tchinglif :
above- nentioned enbodi ment of the invention. As descrlbed and
according to the first aspect of the invention, the digital audio

broadcast LgeeLyiAg flag C4 provides the same control operation as

that provided by changing the threshold values as
deécribed earlier. Namely, when the flag C4 is l.'I-I", the
sampling time is set to Tl (<T2) as shown in Fig. 5B
and, when the count of erroré encountered during the
sampling time Tl exceeds the pnedetermined threshold,
switching is made from NICAM audio to analog audio. On
the other hand, when the flag C4 is "L", the sampling
time is set to T2 (>T1l) as shown in Fig. 5B and, until
the count of errors encountered during the sampling time’
T2 exceeds the predetermined threshdld, NICAM audio is
kept selected. Therefore, when the flag C4 is "L“.ana
the user selects the aud;S other than video contents,
namely the user selects NICAM audio, it may.be taken
that the user does not desire for the switching from
NICAM audio to_analog audio to take place even if the
currently selecged-NICAM audio may be poor in
listenability because_the user selects NICAM audio
intentionally. When NICAM audio gets noisy increasingly
to become hardly listenable, NICAM audio is switched to
analog audio, ‘

Thus, according to the present embodiment of the
invention, optimum audio output'can always be selected

in accordance with the variation in broadcast receiving



" apparatus has the controller f or changlng the point of switching bet ween
NI GAM audi o and anal og audi o according to the content ‘
that indicates audio contents at receiving N CAM audi of| REFtdHe WoVEBHEET |
setup, if N CAM audi o and anal og audi o represent the sgne pr!)g?rﬂm 1995
switchirng is automatical ly made from N,CAM audio to angl B audi-e--havi-ng-
better sensitivity upon degradation of N CAM audi o sou arTty due to a
weak electromagnetic field or the like; if N CAM audi o and anal og audio
represent two different prograns, the automatic switching is not nade as

far as NI CAMAiidn, Tt will be apparent to those skilled in the

art that both the threshold and the sampling time may be
changed to achieve the same effect as menfiéned abo&e.
In this case, however, finer, subtler setting may be
made. It will also be apparent that NICAM audlo many be
muted 1nstead of changing the switching timing between
NICAM audio and analog audio according to the state of
tﬁe reserve audio switching flag C4 as in the above-
mentioned embodiment of the invention.

As described and according to the first aspect
of the invention, the digital audio broadcast receiving
apparatus has the controller for changing the point of
switching between NICAM audio and analog audio according
to the content of the control bit that indicates audio
contents at receiving NICAM audio. In the novel setup,
if NICAM audio and analog audio represent the same
program, switching is automatically made from NICAM
audio to analog audio having better sensitivity upon
degradation of NICAM audio sound quality due to a weak
electromagnetic field or the like; if NICAM audio and
analog audio represént two different ptograms, the
automatic switching is not made as far as NICAM audio
degraded in sound gquality remains listenable. Thus,

this novel setup provides an advantage that the



- degraded in sound quality remains |istenable. Thus, this novel setup
provi des an advantage that the 18

frequency at which the user perfornms manual swi t chi ng lbaEﬁggﬁk
and anal og audio is mnimzed for wuser convenience.
and according to the second aspect 18 ) Date

frequency at which the uéer performs manual switching
between NICAM audio and analog audio is minimized for
user convenience.

As described and according to the second aspect
of the inVention, the controller of the digital audio
broadcast receiving apparatus has the error rate
changing device for changing the error rate that
provides reference for determining the switching ﬁoint
.between NICAM audio and analog audio according to the
content of the control bit. Thus, this novel setup
provides an advantage that the frequency at which the
user pérforms manual switching between NICAM audio and
analog audio is minimizgd for user convenience.

As described and according to the third aspect
of the invention, the .controller of the digital audio
broa@cast receiving apparatus has the count time
changing device for changing the duration of counting
the number of errors that provides reference for
determining the switching point between NICAM audio and
analog audio according to the content of the control
bit. Thus, this novel setup up provides.an advantage
that the frequency at which the user performs manual

switching between NICAM audio and analog audio is

minimized for user convenience.



‘of the inyention, the controller of the di gi t al audi o broadcast_receivi

apparatus has the error rate changing device for changi ,Leraghﬂ&ﬁgyr
that provides reference for determ ning the sw tching pd "g'“ fgthM'
audi o and anal og audi o according to the content of the cnqg§o _________________
this novel setup provides an advantage that the frequend WA Ch-the

user perfornms manual sw tching between 1% caM audi o and anal og audio is
m nim zed for user conveni ence. As descri bed and according to the
third aspect of the invention, the controller of the digital audio

As described and according to the fourth aspect
of the invention, the controller of.the digital audio
broadcast receiving apparatus shuts off audio output
when switching_between NICAM audio and analog audio
according to the content of the control bit. Thus, this
novel setup provides an advantage that the frequency at
which the user performs manual switching between NICAM
audio and analog audio is minimized for user
convenience.

While the preferred embodiments of the present
invention have been described using specific terms, such
description is for illustrative purposes only, and it is
to be understood that cpahges and variations may be made
without departing from the spirit or scope of the

appended claims.



“broadcast receiVing appar at us has the count tine changi ng devi ce for
changi ng ‘'t he duration of counting the nunber of errors that provides

reference for determning the swtching point between N CAM|aueh;dctntkyt sHEET
anal og audi o according to the content of the control -bit. Thils, this novel
sefup up provides an advantage that t frequency at which th@é@g_r._1'_7__AUB__.1995_

perfornms manual sw tching between NI audi o and anal og audita
m nim zed for user conveni ence.

What is claimed is:

1. A television receiving apparatus comprising:

a tuner for receiving a broadcast signal;

an intermediate frequency amplifier for
extracting a frequency-modﬁlated audio signal and a
digital audio signal from an output signal of said
tuner;

a decoder for receiving said frequency-modulated
audio signal and said digital audio signal coming from
said intermediate frequency amplifier and detecting a
control bit; and

control means for changing a point at which said
frequency-modulated audip‘signal and said digital audio
signal are switched between according to the contents of
said control bit.

. 2. A television receiving apparatus as defined
in claim 1, wherein said control means includes error
rate changing means for changing an error rate that
provides a reference for determining.a point at which
said frequency-modulated audio signal and said digital
audio signal are switched between according to the
contents of said control bit.

3. A television receiving apparatus as defined

in claim 2, wherein said control means includes count

S
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S 19 As described and accordlng to.the fourth smqup
i nvention, the controller of the digital audio broadc@ast 8§ﬁ4v1ff SHEET
apparatus shuts off audio output when switching betweem:N Ahﬁil‘lBSSand'
anal og audio according to the content of the control btterhg§~ s S

nevel setup provides an advantage thatlthe frequency at which tH@'user
perfornms manual sw tching between N CAM

time changing means.for changing a time for counting the
number of errors that provides a reference for
determining a point at which said frequency-modulated
audio signal and said digital audio signal are switched
between according to the contents of said control bit.

4. A television receiving apparatus as defined
in claim 3, wherein said control means temporarily shuts
off audio output when switching between said frequency-
modulated audio signal and said digiéal audio signal
according to the contents of said control bit.

‘5. A television receiving apparatus as defined
in claim 1, wherein said control means includes count
time changing means for changing a time for counting the
number of errors that p;ovides a reference for
determining a point at which said frequencyémodulated
audio signal and said digital audio signal are switched’
between accord1ng to the contents of said control bit.

6. A television receiving apparatus as defined
in claim 1, wﬁerein’said control means temporarily shuts
off audio output when switching between said frequency-
modulated audio signal and said digital audio signal

according to the contents of said control bit.

* c L M s *



audi o and anal og audio is mninmzed for user. convenience. - =hite

the preferred enbodi ments of the present invention have been |dBSELAGEBHENT SHEET
usi.ng specific terns, such descriptionis for illustrative pyrposey

and it is to be understood that changes and variations may b gr%ld p%'lﬂ.%
W t hout departing fromthe spirit or scgge of the appended clarme—= -

DIGITAL AUDIO BROADCAST RECEIVING APPARATUS

ABSTRACT OF THE DISCLOSURE

A digital audio broadcast receiving apparatus
that minimizes a frequency at which the user switches
between NICAM audio and analog audio. When a reserve
audio switching flag C4 is "“H", if indicates that analog
audio and NICAM audio represent the same program, in
which NICAM audio, which provides better sound quality,
is automatically selected. If a broadcast reégiving
condit;on deteriorates, analog audio is automatically
éelected. Conversely, when the flag C4 is "L", it-
indicates that NICAM audio and analog audio represent
two different programs. " In this case, analog audio that
is in synchronization with video is automatically
Selectgd. At this moment, it fs possible that the user
intentionally selects NICAM audio, which is not related
to video, so that NICAM audio is not switched to analog
audio even if NICAM audio has some noise. An audio
switch;ng point.is shifted by changing a threshold for
determining PCM data error rate or by changing a

sampling time.
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20 What s clained is: 1. Atelevision receiving
a tuner for receiving a broadcast si gnal
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said internediate frequency anplifier and detecting.a control bit; and _
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audi o signal are switched between according to the contents of s
control  hit. 3. Atelevision receiving apparatus Faet——tn
claim 2, wherein said control neans includes count REPLATEMENT SHEET
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-determ ning a point at which said frequency-nodul ated audio signal and
said.digital audio signal are switched between according
of saitl control bit. - 4. Atelevision receiving ap aqgnm@ﬂaﬁNTSHEET 1
defined in claim3, wherein said control means tenporarily.shu}3 pQbf WS !
audi o out put when switching between saigyef requency- nodul dtpsieaudi-e--si-gnal’” |
and said digital audio signal according to the contents o ' e

bit. 5. Atelevision receiving apparatus as defined in claiml,

wherein said control neans includ cdu ti changi ng neans for changi ng
atinme for counting the F 1rG 5

CHANGING THRESHOLDS
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READ BIT C4

S10

S22

, 1 ___Sle
SET THRESHOLD A SET THRESHOLD B

Si4

>18 READ ERROR COUNT
FOR CERTAIN TIME

] S22

SWITCH TO ANALOG
AUDIO




number of errors that provides a reference for determni
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whi ch sai'd frequency-rodul ated audio signal and said digjt o Si gnal
are switched between according to the contents of said c q._t,rol "ti tAUS.. 1995...
6. A television receiving apparatus as defined in claim 'ﬁﬁﬁﬁ """ S i

control neans tenporarily shuts off augig output when swtching between
said frequency- nodul ated audi o signal and said digital audio signal

according to the contents of sai d['_Conlr(Gbi t4
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