
1          DIGITAL AUDIO 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 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 signal.
Description of Related Art  NICAM broadcasting, one of television audio
multiplexing  schemes, is for multiplexing digital audio signals to be
transmitted. Especially, Europe has started to provide  the 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).                                     2 



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  CO, 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 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 receiving apparatus, the automatic switching
3    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 error
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 automatically  selected when a user wants NICAM audio even
if its sound  quality is less desirable when NICAM audio and analog  audio
represent separate programs. Each time the  automatic selection occurs, the
user must make audio  switching 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   



4   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 out 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 duration changing  device
for changing a duration of counting errors 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  fourth
aspect thereof, there is provided a digital audio  broadcast receiving
apparatus wherein the above-            



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
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
6            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 antenna 1 sends the received  RF signal to a tuner 2. Based on a tuning
data Dl  received from a microprocessor 5, the 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 Sl  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 Sl 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      



7    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 therein, 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 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 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
8   



(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 reserve 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, amounting to a total of 728
bits. Likewise,  one frame of monaural audio shown in Fig. 2B starts with
an FAW consisting of eight bits, followed by control  bits C consisting of
one frame flag bit CO, three  application control bits C1 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, ... (n+1)31, (n+1)32, in
this order,  amounting to a total of 728 bits.          In the
above-mentioned NICAM signal, a maximum  of two channels of audio
information can 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.                                    9
The combinatorial information is assigned to the control  bits C shown in
Figs. 2A and 2B. The information about  the relationship 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).
In  the digital audio 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 analog audio and  NICAM audio are transmitting two
different programs. In  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      



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 switching  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 threshold than  the
above-mentioned threshold 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
11   



of the operation for changing sampling 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. In the tuner  2, a signal of a
predetermine channel is extracted from  the RF signal according to the
tuning data Dl supplied  from the microprocessor 5. The extracted signal is
supplied to the intermediate frequency amplifier 3. In  



the intermediate frequency amplifier 3, the original FM  audio signal Sl is
extracted from the signal selected by  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 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.
12    Based on the flag C4 and the error information E, the  microprocessor
5 performs the following processing.          First, the threshold changing
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 "H", the  decision result of step S12 is
"YES" and the processing  proceeds to step S14. 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 step  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 S14 or 



S16, 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-       



13    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 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, 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 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                                   14    audio 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. In step S34, the microprocessor 5 sets an
error count read period (or sampling time) to T2. If  the flag C4 is found
"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
T1. It should be noted that T2 is greater than T1.          Next, when the
sampling time has been set in  step S34 or S36, the processing proceeds to
step S38. 



In step S38, the microprocessor 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  count the number of errors. Then, in step
S40, the  microprocessor 5 reads error count EO and in step S42,
determines whether the sampling time T has exceeded T1  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 the processing proceeds to step 44. In step S44,  the
microprocessor 5 adds the error count E0 read in 



step S40 to the.error count E.  Then, in step S46, the
15    microprocessor 5 adds loop processing time T0 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 T1 or  T2, the decision result in step S42 is "YES"
and the  processing 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      



16    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 Tl 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 (>Tl) 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  currently 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                                   17    



condition. It 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 mentioned 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  



degraded in sound quality remains listenable. Thus,  this novel setup
provides an advantage that the                                   18
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 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.     



19           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 changes and variations may be made
without departing from the spirit or scope of the  appended claims.        



20            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 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 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  l, 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
21      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 digital 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 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.
6. A television receiving apparatus as defined  in claim 1, wherein 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.    




