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(5T) Abstract

value is integrated by an integrator (17). The i d value is ¢

A receiver is provided which can perform normal reception even under strict environments such as multi-path environments. A
frequency offset detector (7) detects a frequency offset amount in accordance with a phase reference symbol. The detected frequency offset

d by a comparator (18) with a predetermined threshold value

range. If the integrated value cutput from the integrator is in the threshold value range, a frequency offset value amount detected by another
frequency offset detector (8) in accordance with a phase difference of a delay—detection output is selected by a switch circuit (10). If the
integrated value is not in the threshold value range, the frequency offset value detected by the frequency offset detector (7) is selected by
the switch circuit (10). In accordance with each selected frequency offset value, automatic frequency control of the receiver is performed.




g o DESCRIPTION
RECEIVER FOR DIGITAL AUDIO BROADCASTING SIGNAL

BACKGROUND OF THE INVENTION
1, Field of the Invention

The present invention relates to a receiver for receiving

digital audio broadcasting signals, and more particularly to a
receiver equipped with a demodulator for demodulating a signal
modulated through orthogonal frequency division multiplex
(hereinafter described also as OFDM).

> T - { the Relat At

EP-A-0 606941 and M. Lusie et al.: "Carrier Frequency
Aquistiton and Tracking for OFDM Systems", |[EEE Translation
on Communication, Vol.44 No.11, November 199¢ disclose a
conventional demodulator for demodulating a signal modulated
through OFDM. In such conventional demodulator shown in
Fig.2, an OFDM-modulated reception signal is supplied to an
input terminal, frequency-converted by a mixer 1, and A/D
converted by an A/D converter 2. The A/D converted reception
signal is converted into 1/Q data of a baseband by an l/Q
detector (orthogonal detector) 3, which 1/Q data is supplied to
a fast Fourier transform circuit (hereinafter described as an FFT
circuit) 4. The FFT circuit 4 Fourier-transforms and converts
the input time domain signal into a frequency domain signal.
An output from the FFT circuit 4 is supplied toa delay/detectian
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unit 6 and to 3 frequency offset detector 40. The
delay/detection unit 6 detects ‘the input signal through
one-symbol delay and outputs the demodulated data via an
output terminal.

The frequency offset detector 40 detects a frequency
offset amount in accordance with a phase reference symbol
contained in the input signal. The detected frequency
offset amount is D/A converted by a p/a converfer 41 and
supplied to a voltage controlled oscillator 9 which
functions as a local oscillator. 1In accordance with the
detected and D/a converted frequency offset amount, the
oscillation frequency of the voltage controlled oscillator
9 is controlled to correct a frequency shift, so that the
an output of the voltage controlled oscillator 9 with the
frequency shift being corrected, is supplied to the mixer
1 for.the frequency conversion.

The conventional receiver described above is, however,
associated with some problem that normal signal reception

may become unable under multi-path reception environments,

‘because of a large amount of a detected frequency offset.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
receiver capable of normal signal reception even under

Severe reception environments such as multi-path reception




A

10

15

20

25

WO 98/54875 PCT/JP98/02087

environments.

According to one aspect of the present invention, a
receiver with a demodulator which A/D converts a reception
signal, discrete-Fourier-transforms the A/D converted
signal, and delay-detects the discrete-Fourier-transformed
data, is provided which comprises: first frequency offset
detecting means for detecting a frequency offset value of
an input signal to the demodulator in accordaﬁce with a
phase reference symbol contained in the discrete-Fourier-
transformed data; second frequency offset detecting means
for detecting a frequency offset value of the input signal
to the demodulator in accordance with a phase difference of
the delay-detected signal; an integrator for integrating
the frequency offset value detected by the first frequency
offset detecting means; and selecting means for comparing
an output of the integrator with a predetermined first
range of threshold values, selecting the frequency offset
value detected by the second frequency offset detecting
means if the output of the integrator is in the first
threshold value range, and selecting the frequency offset
value detected by the first frequency offset detecting
means if the output of the integrator is not in the first
threshold value range, wherein automatic frequency control
is performed in accordance with the frequency offset value

selected by the selecting means.
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4.

According to the receiver, the frequency offset value detected by the first
frequency offset detecting means and integrated by the integrator is compared with the
first threshold value range. If an output of the integrator is in the first threshold value
range, the frequency offset value detected by the second frequency offset value detected
by the second frequency offset detecting means is selected, whereas if the output of the
integrator is not in the first threshold value range, the frequency offset value detected by
the first frequency offset detecting means is selected. In accordance with each selected
frequency offset value, the automatic frequency control is performed.

Preferably, the receiver further comprises comparing means for comparing a
predetermined second range of threshold values with the frequency offset value detected
by the first frequency offset detecting means; and loading means for loading a
predetermined value in the integrator if it is judged from a comparison by the comparing
means that the frequency offset value detected by the first frequency offset detecting
means is in the second threshold value range and if the selecting means selects the
frequency offset value detected by the first frequency offset detecting means.

In the case of the receiver provided with the loading means, if the frequency
offset value detected by the first frequency offset detecting means is in the second
threshold value range and the frequency offset value detected by the first frequency
detecting means is selected for automatic frequency control, then the frequency offset
value detected by the first frequency detecting means can be switched at once to the
frequency offset value detected by the second frequency detecting means. Therefore,
frequency switching can be avoided which may otherwise be caused by external
disturbances.

Preferably, the receiver further comprises comparing means for comparing a
predetermined third range of threshold values narrower than the second threshold value
range, with the frequency offset value detected by the first frequency offset detecting
means; and clearing means for clearing the integrator if it is judged from a comparison by

the comparing means that the frequency offset value detected by the first frequency offset

[RALIBE}03290.doc: mx]
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detecting means continues in the second threshold value range during a predetermined
period.

In the case of the receiver provided with the clearing means, automatic frequency

control can be maintained by the frequency offset value detected by the second frequency

5 offset detecting means, even if instantaneous noises are generated. Therefore, the

automatic frequency control will not be switched by

{R:ALIBE]03290.doc:mxi
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instantaneous noises to the frequency offset value detected

by the first frequency offset detecting means.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing the structure of the

main parts of a receiver according to an embodiment of the

present invention.

Fig. 2 is a block diagram showing the structure of the

main parts of a conventional receiver.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A receiver according to an embodiment of the present
invention will be described. Fig. 1 is a block diagram
showing the structure of +the main parts of a receiver
according to an embodiment of the invention.

In the receiver of this embodiment, a reception signal
is frequency-converted into an intermediate frequency
signal by a mixer 1 in cooperation with a voltage
controlled oscillator 9 functioning as a local oscillator.
The intermediate frequency signal is converted into a
digital signal by an A/D converter 2. The intermediate
frequency signal converted into a digital signal is
supplied to an I/Q0 detector (orthogonal detector) 3 which
converts the input signal into I/0 data of a baseband. The

output I/Q data is supplied to an FFT circuit 4.




10

15

20

25

WO 98/54875 PCT/JP98/02087

The FFT circuit 4 forms windows for the input data in
accordance with the number of points of FFT, and Fourier-
transforms the input data in the unit of window, to thereby
convert thé input time domain signal into a ffequency
domain signal. An output from the FFT circuit 4 is
supplied to a delay/detection unit 6 which outputs data
demodulated through delay-detection via an output terminal.
The output from the FFT circuit 4 is also supp'lied to a
frequency offset detector 7. The data demodulated through
delay-detection is also suppiied to a frequency offset
detector 8.

The frequency offset detector 7 detects a frequency
offset amount in accordance with a reference symbol
contained in the output from the FFT circuit, and outputs
the frequency offset amount data. The frequency offset
detector 8 detects a phase of the data demodulated through
delay-detection by the delay/detection unit 6 and supplied
therefrom, and calculates a difference between the detected
phase and the phase without the frequency offset to detect
a frequency offset amount.

The frequency offset amount data detected by the
frequency offset detector 7 is multiplied by k by a
coefficient multiplier 71 and supplied to a switch circui}
10. The frequency offset amount data detected by the

frequency offset detector 8 is multiplied by p (p<k) by a
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coefficient. multiplier 81 and supplied to the switch
circuit 10. The frequency offset amount data cutput from
the switch circuit 10 is integrated by an integratér 11.
BEn output of the integrator 11 is D/A converted by a D/A
converter 41 and supplied as a frequency control voltage to
the voltage controlled oscillator 9 +to control the
oscillation frequency thereof and correct a frequency
shift. BAn output of the voltage controlled oséillator 9
with the frequency shift being corrected is supplied to the
mixer 1 for the frequency conversion.

The switeh circuit 10 is controlled by an output.from
a suwitch controller 15. 1In the switch controller 15, an
absolute value circuit 16 calculates an absolute value of
fhe frequency offset amount data detected by the frequency
offset detector 7. Bn output of the absolute value circuit
16 is integrated by an integer 17. &an integrated output
from the integer 17 is compared by a comparator 18 with a
third predetermined range of third threshold values (ref
3). If the output from the integrator 17 is outside of the
third threshold value range, the comparator 18 outputs a
high level signal in accordance with which the output from
the frequency offset detector 7 is supplied +to - the
integrator 11. On the other hand, if the output from the
integrator 17 is in the third threshold valuye range, the

Comparator 18 outputs a low level signal in accordance with
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which the output from the frequency offset detector 8 is
supplied to the integrator 11.

The integrator 17 for integrating an output of the
absolute value circuit 16 is constituted of: a coefficient
multiplier 171 for multiplying an output of the absolute
value circuit 16 by a coefficient a; an adder 172 which
uses as its one input the output from the coefficient
multipligr 171 and supplies an integrated value oﬁtput from
the integrator 17 to the comparator 18; a delay unit 173
for delaying an output of the adder 172 by a period of one
frame cycle; and a coefficient multiplier 174 for
multiélying an output of the delay unit 173 by a
coefficient (1-a) and supplying its output to the adder 172
as its other input. The coefficients a and (l-a) are used
for multiplication operations by the coefficient
multipliers 171 and 174, to provide a proper integration
coefficient not to overflow an output of the integrator 17.

Also in the switch controller 15, an output of the
absolute value circuit 16 is compared by a comparator 19
with a first predetermined range of threshold values (ref
1: e.g., + w/10 radian to -n/10 radian). If an output of
the absolute value circuit 16 is outside of the first
threshold value range, the comparator 19 outputs the high
level signal, whereas if'an output of the absolute value

circuit 16 is in the first threshold value range, ‘the
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comparator 19 outputs the low level signal. B logical sum
calculator 20 calculates a logical sum of an output of the
comparator 19 and an inverted output of the comparator 18.
Only when an output of the logical sum calculator 20 takes
the low level signal, a predetermined value n is loaded, as
a value one frame cycle before, via a suitch 21 to the
delay unit 173 in place of the value stored in the delay
unit 173.

Also in the switch controller 15, an output of the
absoiute value circuit 16 is compared by a comparator 22
with a second predetermined range of threshold values (ref
2: e.g., + n/50 radian to -mn/50 radian). If an output of
the absolute value circuit 16 is outside of the second
threshold value range, the comparator 22 outputs the high
level signal, whereas if an output of the absclute value
circuit 16 is in the second threshold value range, the
comparator 22 outputs the low level signal. An output of
the comparator 22 is delayed by a delay unit 23 by a period
of one frame cycle, and an output of the delay unit 23 is
further delayed by a delay unit 24 by a period of one frame
cycle. BAn output of the comparator 22 and outputs of the
delay units 23 and 24 are added together by an adder 25.
Only when an outpuf of the adder 25 takes the low level

signal, a value stored in the delay unit_173 is cleared by

a switch 26.

10
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The operation of the receiver of <this embodiment
constructed as above will be described by taking as an
example the case wherein the modulation method uses OFDM
(n/4-DOPSK) of the European specifications for digital
audio broadcasting signals.

In accordance with +the phase reference symbol
contained in an input signal, the frequency offset detector
7 detects a frequency offset amount and outputs
corresponding frequency offset amount data. The output
data of the frequency offset detector 7 is multiplied by
the coefficient k by the coefficient multiplier 71 .and
selectively output by the switeh circuit 10 to the
integrator 11. 1In accordance with the phase of the QPSK
symbol subjected to delay-detection by the delay/detection
unit 6, the frequency offset detector 8 detects a frequency
offset amount. The output data of the frequency offset
detector 8 is multiplied by the coefficient p by the
coefficient multiplier 81 and selectively output by the
switch cirecuit 10 to the integrator 11.

With delay-detection, a phase difference per 1.2 ms
(OFDM symbol length in a transmission mode) of each QPSK
symbol is detected. If there is a frequency shift, the
output of the delay/detection unit 6 contains a phase
offset corresponding to a frequency shift so that the

frequency offset amount can be calculated from the phase

11
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offset amount. By representing a real part, in an FIC
(fast information channel), of an output from the
delay/detection unit 6 by "Re" and by representing an
imaginary part thereof by "Im", the phase ¢(0))‘ can be
represented by "arc tan (AIm/Re)". AR phase angle error
Err(0) can be represented by Err(w) = Re’ - Im’ if Re'Im »
0 and by Err(w) = Im*> = Re’? if Re‘Im < 0.

In DQPSK modulation, a delay-detection output of one
symbol is represented by (n/4 + n-n/2 radian). For
example, if n = 0 (if a delay-detection output is in the
first quadrant) and there is no phase angle error, then the
phase angle of the délay-detection output is (n/4 radian)
and Im’ - Re? = 0. If there is a phase angle error, the
phase angle error or frequency shift error is a difference
(Im? - Re?). Therefore, the freqguency offset detected by
the frequency offset detector 8 is in a range of (n/8 to -
n/8 radian).

In the receiver of this embodiment, the absolute value
of frequency offset afnount data supplied from the frequency
offset detector 7 is calculated by the absolute value
circuit 16 whose output is integrated by the integrator 17.
If the integrated output is in the third threshold value
range (e.g., +n/8 to -n/8 radian), an output of the
comparator 18 causes the switch circuit 10 to select an

output of the frequency offset detector 8 to  thereby

12
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realize automatic frequency control. This state
corresponds to a locked state of automatic frequency
control.

If the output of the absolute value circuit 1
integrated by the integrator 17 js outside of the third
threshold value range, an output of the comparator 18
causes the switch circuit 10 to select an output of the
frequency offset detector 7 +to thereby realize automatic
frequency control. SpeAcificall'y, if the comparator 18
detects a frequency offset amount causing a large phase
angle error outside of the range (+n/8 to -n/8 radian), an
output of not the frequency offset detector 8 but the
frequency offset detector 7 is selected to perform
automatic frequency control.

Conversely, if the absolute value of the frequency
offset amount detected by the frequency offset detector 7
and integrated by the integrator 17 is in the third
threshold value range; an output of not the frequency
offset detector 7 but the frequency offset detector 8 is
selected. Specifically, if the comparator 18 detects a
frequency offset amount causing a phase angle error in the
range (+n/8 to -n/8 radian), an output of not the frequency
offset detector 7 but the frequency offset detector 8 is
selected to perform automatic frequency control.

As the output of the integrator 17 enters the third

13
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threshold value range, the switch circuit 10 changes its
output from the frequency offset detector 7 to that from
the frequency offset detector 8. In this case, only if the
output of the absolute value circuit 16 is in the first
threshold value range (+r/10 to -n/10 radian) and the
inverted output of the comparator 1B takes the low level
signal, i.e., the output data of +the frequency offset
detector 7 is selected by the switch circuit 10, then the
predetérmined value n is loaded in the delay unit 173 by
the switch 21.

This predetermined value n is set to such a small
value that when it is added even while the frequency offset
amount is small, an output of the frequency offset detector
B is selected at onece, and when it is added while the
frequency offset amount is large, an output of the
frequency offset detector 7 is remained to be selected. As
a result, even if this predetermined value n is loaded in
the delay unit 173 while the output of the absolute value
circuit enters the first threshold value range because of
a reduced frequency offset amount and while an output of
the frequency offset detector 7 is selected by the output
of the comparator 18, the output of the frequency offset
detector 8 is locked immediately by the switch circuit 10
and an output of the frequency offset detector 7 is

remained to be selected even if the predetermined value n

14
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is added because of an increased frequency offset amount.
In this manner, unstable switching to be otherwise caused
by external disturbance can be avoided.

The output of the frequency offset detector 7 is
multiplied by the coefficient k whereas the output of the
frequency offset detector 8 is multiplied by the
coefficient p (p < k), so that the substantial gain of the
frequency offset detector 7 is lowered. Hoﬁever, for
example, the output of the integrator 17 may
instantaneously increase under the conditions in excess of
a guard interval, a condition where an obstructive signal
reflected from a mountain enters and the gain of the
frequency offset detector 7 changes abruptly, or under
other conditions. In such a case, the switch circuit 19
selects instantaneously an output of the frequency offset
detector 7 and thereafter selects an output of the
frequency offset detector 8. Therefore, the lock state may
be released by the phase angle error caused by an addition
of the predetermined value n and obstructive signal, and
even if "the lock state is restored, an output of the
frequency offset detector 7 is selected again.

However, with the receiver of this embodiment, if an
output of the absolufe value circuit 16 continues to remain
in the second threshold value range during a period of

three frame cycles, an output of the adder 25 takes the low

15
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level signal so that the value stored in the delay unit 173
is cleared by the switch 26. Therefore, even if the phase
angle error increases instantaneously, since the delay unit
173 is cleared during the lock-in state, the lock-in state
will not be released and the voltage controlled oscillator
9 continues to be controlled in accordance with an output
of the frequency offset detector 8.

Furthermore, the second threshold value range is set
narrower than the first threshold value range. Therefore,
the time when the comparator 22 takes the low level signal
is sufficiently later than the time when the comparator 19
takes the low level signal. 1In addition, the delay unit
173 is cleared if the low level signal of the comparator 22
continues during the period of three frame cycles.
Accordingly, the delay unit 173 is cleared only when the
control of the voltage controlled oscillator 9 by the
output of the frequency offset detector 7 completely
changes to the control of the voltage controlled oscillator
9 by the output of the frequency offset detector 8.

B With the receiver of this embodiment, therefore, after
the oscillation frequency of the voltage controlled
oscillator 9 is once controlled and locked in to the
reception frequency in accordance with the frequency offset
amount supplied from the frequency offset detector 8, the

control by the frequency offset detector 8 is not performed

16




10

15

20

WO 98/54875 : PCT/JP98/02087

and a stable broadcasting reception is possible, the
control by the frequency offset detector 8 having a
possibility of erroneous detection of a frequency offset
amount caused by multi-paths.

The absolute value circuit 16 may be omitted, but use
of this circuit reduces erroneous detection of a frequehcy
offset amount. Whether the low level signal of the
comparator 22 continues during the period of three frame
cycles and the delay unit 173 is to be cleared, may be
detected by using a counter. a change in the transmission
mode of digital audio broadcasting signals can be dealt
with by changing the coefficients 2 and (l-a) of the
coefficient multipliers 171 and 174. The above functions
of the receiver of this embodiment may be realized by using
a digital signal processor or the like.

As described so far, the receiver of the invention is
advantageous in that it can perform normal broadcasting
signal reception even under strict reception environments

such as multi-path reception environments.

17
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The claims defining the invention are as follows:

1. A receiver comprising:
a demodulator having an A/D converter for converting a reception analog signal
5 to adigital signal, an I/Q detector for deriving I/Q data from the digital signal, a discrete-
Fourier-transformer for discrete-Fourier-transforming the derived I/Q data, and a delay-
detector for detecting the discrete-Fourier-transformed data,
first frequency offset detecting means for detecting a frequency offset value of an
input signal to the demodulator in accordance with a phase reference symbol contained in
. 10 the discrete-Fourier-transformed data;

second frequency offset detecting means for detecting a frequency offset value of

. the input signal to the demodulator in accordance with a phase difference of the delay-
detected signal;

an integrator for integrating the frequency offset value detected by said first

15 frequency offset detecting means; and
. selecting means for comparing an output of said integrator with a predetermined
::;:: first range of threshold values, selecting the frequency offset value detected by said

second frequency offset detecting means if the output of said integrator is in the first

threshold value range, and selecting the frequency offset value detected by said first

20 frequency offset detecting means if the output of said integrator is not in the first
threshold value range,

wherein automatic frequency control is performed in accordance with the

frequency offset value selected by said selecting means.

25 2 A receiver according to claim 1, further comprising:
comparing means for comparing a predetermined second range of threshold

values with the frequency offset value detected by said first frequency offset detecting

means; and

[RALIBE]03290.doc:mx|
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loading means for loading a predetermined value in the integrator if it is judged
from a comparison by said comparing means that the frequency offset value detected by
said first frequency offset detecting means is in the second threshold value range and if
said selecting means selects the frequency offset value detected by said first frequency

5 offset detecting means.

3. A receiver according to claim 1, further comprising:
comparing means for comparing a predetermined third range of threshold values
narrower than the second threshold value range, with the frequency offset value detected
10 by said first frequency offset detecting means; and
clearing means for clearing the integrator if it is judgéd from a comparison by

said comparing means that the frequency offset value detected by the first frequency

offset detecting means continues in the second threshold value range during a

predetermined period.

wver, 4, A receiver according to claim 1, further comprising:

an absolute value circuit for calculating an absolute value of the frequency offset
value detected by said first frequency offset detecting means, wherein an output of said
absolute value circuit is supplied to the integrator in place of the frequency offset value

20  detected by said first frequency offset detecting means.

5. A receiver according to claim 2 or 3, further comprising:
an absolute value circuit for calculating an absolute value of the frequency offset
value detected by said first frequency offset detecting means, wherein an output of said
25 absolute value circuit is supplied to said comparing means in place of the frequency offset

value detected by said first frequency offset detecting means.

[RALIBEJ03290.doc:mx|
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A receiver substantially as described herein with reference to Fig. 1.
DATED this seventeenth Day of July, 2001
Kabushiki Kaishi Kenwood

Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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