
;e3e2`/VVWt[[`0`6f`T` 2 7 AR 2uD4 DESCRIPTION SYNCHRONIZATION DETECTION
DEVICE 5 TECHNICAL FIELD The present invention relates to a synchronization
detection device for detecting a synchronization signal from an input
signal containing the synchronization signal, and more particularly to a
synchronization detection device provided in 10 a receiver that is
compliant with the US digital terrestrial broadcasting standard, or the
like. BACKGROUND ART FIG. 15 is a block diagram illustrating a
configuration of 15 a conventional synchronization detection device
provided in a digital broadcast receiver. A synchronization detection
device 100 illustrated in FIG. 15 includes a field synchronization
detection section l01, a pattern match section 102, a count section 103, a
backward guard level storage section l04, a forward 20 guard level storage
section 105, a synchronization determination section l06, and a
synchronization detection signal generation section 107. The
synchronization detection device 100 is provided in a digital demodulation
system of a receiver compliant with the US digital terrestrial broadcasting
standard. The VSB 25 (Vestigial Side Band) scheme is employed as the
modulation scheme 1   2 7 APB 2DG4 for the digital demodulation system. The
synchronization detection device 100 detects two kinds of synchronization
signals (a field synchronization signal and a segment synchronization
signal) from an input signal DT having a frame structure compliant 5 with
the ATSC (Advanced Television Systems Committee) standard, and outputs a
field synchronization detection signal FS and a segment synchronization
detection signal SS. In FIG. 15, the field synchronization detection
section 10l detects a field synchronization signal contained in the input
10 signal DT, and outputs the field synchronization detection signal FS.
Elements other than the field synchronization detection section 101
together form a segment synchronization detection section 109. The segment
synchronization detection section l09 has a synchronization backward guard
function and a 



15 synchronization forward guard function. The backward guard function
refers to a function of transitioning from a synchronization-unestablished
state to a synchronization established state when a pattern match operation
with a synchronization signal succeeds a predetermined number of times 20
(referred to as "backward guard level") consecutively in a
synchronization-unestablished state. The forward guard function refers to a
function of transitioning from a synchronization-established state to a
synchronization unestablished state when a pattern match operation with a
25 synchronization signal fails a predetermined number of times 2   s A?IZ
Q004 (referred to as "forward guard level") consecutively in a
synchronization-established state. The pattern match section 102 performs a
pattern match operation between the input signal DT and the segment 5
synchronization signal, and outputs a match result signal 202 indicating
success or failure of the match operation. The count section l03 uses a
counter provided therein to count the number of times a pattern match
operation with the segment synchronization signal succeeds consecutively in
a 10 synchronization-unestablished state, and the number of times a pattern
match operation with the segment synchronization signal fails consecutively
in a synchronization-established state. The backward guard level storage
section 104 stores a backward guard level 204 as described above, and the
forward guard level storage 15 section 105 stores a forward guard level 205
as described above. The synchronization determination section l06
determines whether it is a synchronization-established state or a
synchronization-unestablished state based on a count value 203 of the count
section l03, the backward guard level 204 and the 20 forward guard level
205. More specifically, the synchronization determination section 106
determines a transition to a synchronization-established state when the
count value 203 becomes equal to or greater than the backward guard level
204 in a synchronization-unestablished state, and determines a 25
transition to a synchronization-unestablished state when the 



3   ~ 7 ,~i'R 2~JOs count value 203 becomes equal to or greater than the
forward guard level 205 in a synchronization-established state. A
synchronization state signal 206 outputted from the synchronization
determination section l06 is supplied to the 5 count section l03 and the
synchronization detection signal generation section 107. The
synchronization detection signal generation section l07 outputs the segment
synchronization detection signal SS when it receives the match result
signal 202 (whether it indicates a 10 match success or a match failure) in
a synchronization established state. However, a VSB demodulation system
with the above-described conventional synchronization detection device
provided therein has the following problems. When some object exists near
the 15 antenna of a digital broadcast transceiver, a VSB demodulation
system receives both the original radio wave and a reflected wave that is
reflected off the object, whereby the image is not displayed at a11 on the
screen of the receiver. This phenomenon is called a "near-ghost" . When the
receiver receives a radio wave 20 such that a near-ghost occurs, the
segment synchronization pattern is disturbed (see FIG. 9) in the input
signal to the VSB demodulation system. Therefore, a pattern match operation
only for the upper one bit (sign bit) between the input signal and the
segment synchronization signal may result in a failure to properly 25
detect a synchronization signal or a detection of a 4   z z ~r~ zo~~t
synchronization signal at an erroneous timing. Moreover, the segment
synchronization detection signal SS outputted from the synchronization
detection device is inputted to a waveform equalization section that is
provided in a stage 5 subsequent to the synchronization detection device.
However, when the segment synchronization signal is detected at an
erroneous timing, the waveform equalization section can only function to
ensure a proper timing for the segment synchronization detection, and can
no longer perform its primary function of 10 removing a ghost caused by a
transmission path. 



Thus, it is an object of the present invention to provide a synchronization
detection device having a desirable synchronization detecting capability
and/or a desirable synchronization maintaining capability, and to provide a
VSB 15 demodulation system having a high near-ghost interference removing
capability. DISCLOSURE OF THE INVENTION To achieve the above objects, the
present invention has the 20 following aspects. A first aspect of the
present invention is directed to a synchronization detection device for
detecting a synchronization signal from an input signal containing the
synchronization signal, comprising: 25 a sampling section that receives a
clock signal and the 5   2 ~~ dt~'~ 2~3~4 input signal for sampling the
input signal at one of a plurality of sample points that are present within
one cycle of the clock signal; a pattern match section for checking whether
or not an 5 output signal of the sampling section contains the same signal
pattern as that of the synchronization signal with the same cycle as that
of the synchronization signal; a count section that receives a match result
from the pattern match section for counting the number of times a pattern
10 match operation succeeds consecutively in a synchronization
unestablished state and the number of times the pattern match operation
fails consecutively in a synchronization-established state; a backward
guard level storage section for storing a 15 synchronization backward guard
level; 



a forward guard level storage section for storing a synchronization forward
guard level; a synchronization determination section for determining
whether or not it is a synchronization-established state based 20 on the
count value of the count section, the backward guard level and the forward
guard level; and a synchronization detection signal generation section for
generating a synchronization detection signal at a timing point at which
the pattern match operation is performed by the pattern 25 match section in
a synchronization-established state, 6   "C ~~ nP~ rUO~r wherein the
sampling section switches sample points for sampling the input signal from
one to another in a synchronization-unestablished state. According to the
first aspect as described above, the sample 5 points for sampling the input
signal are switched from one to another in a synchronization-unestablished
state, and the detection of the synchronization signal is performed for the
sampled input signal. In this way, it is possible to detect the
synchronization signal with a high precision. Moreover, by 10 applying the
synchronization detection device to a VSB demodulation system, it is
possible to detect the segment synchronization signal with a high
precision, and to improve the near-ghost interference removing capability.
In a second aspect based on the first aspect, the sampling 15 section
includes: a clock multiplication section for multiplying the clock signal;
and a switchable sampling section for sampling the input signal at a
minimum interval at which the input signal changes by using 20 the
multiplied clock signal, while switching the sample points for sampling the
input signal among a plurality of timing points defined by the multiplied
clock signal in a synchronization unestablished state. According to the
second aspect as described above, the clock 25 signal is multiplied, and
the input signal is sampled by using 7 



2. ? AP 2.0G4 the multiplied clock signal. In this way, it is possible to
set a large number of sample points at regular intervals within one cycle
of the clock signal, and to improve the synchronization detecting
capability. 5 In a third aspect based on the first aspect, the sampling
section includes: a clock switching section for selectively outputting a
non-inverted signal of the clock signal or an inverted signal thereof,
while switching signals to be output between the 10. non-inverted signal of
the clock signal and the inverted signal thereof in a
synchronization-unestablished state; and a fixed sampling section for
sampling the input signal at a minimum interval at which the input signal.
changes by using an output signal of the clock switching section. 15
According to the third aspect as described above, the input signal is
sampled with the non-inverted signal of the clock signal or the inverted
signal thereof. In this way, it is possible to improve the synchronization
detecting capability with a simple configuration. 20 In a fourth aspect
based on the first aspect, the input signal is data having a frame
structure compliant with the ATSC standard, and the synchronization signal
is a segment synchronization signal compliant with the ATSC standard.
According to the fourth aspect as described above, it is 25 possible to
detect the segment synchronization signal with a high 8   /tr ~ 2~il~r
precision, and to provide a VSB demodulation system having a high
near-ghost interference removing capability. In a fifth aspect based on the
first aspect, quality information that indicates a quality of the input
signal is 5 supplied, so that if the quality of the input signal is higher
than a predetermined reference, the synchronization detection device
outputs the synchronization detection signal that is obtained by supplying
the input signal, instead of the output signal of the sampling section, to
the pattern match section. 10 According to the fifth aspect as described
above, one of two kinds of segment synchronization detection signals is
selectively output according to the quality of the input signal. In this
way, it is possible to detect the synchronization signal with a high
precision by using the sampled input when the quality 15 of the input
signal is low, while detecting the synchronization signal by using the
input signal, as it is, when the quality of the input signal is high. Thus,
it is possible to detect the 



synchronization signal according to the situation by switching the
synchronization detecting methods according to the quality 20 of the input
signal. Moreover, by applying the synchronization detection device to a VSB
demodulation system, it is possible to detect the segment synchronization
signal with a high precision, and to improve the near-ghost interference
removing capability. In a sixth aspect based on the fifth aspect, the input
signal 25 is data having a frame structure compliant with the ATSC
standard, 9   2 t iz~~ ~i~u~ the synchronization signal is a segment
synchronization signal compliant with the ATSC standard, and the quality
information indicates whether or not a near-ghost is occurring for the
input signal. 5 According to the sixth aspect as described above, it is
possible to detect the segment synchronization signal with a high
precision, and to provide a VSB demodulation system having a high
near-ghost interference removing capability. A seventh aspect is a
synchronization detection device for 10 detecting a synchronization signal
from an input signal containing the synchronization signal, comprising: a
pattern match section for checking whether or not the input signal contains
the same signal pattern as that of the synchronization signal with the same
cycle as that of the 15 synchronization signal; a count section that
receives a match result from the - pattern match section for counting the
number of times a pattern match operation succeeds consecutively in a
synchronization unestablished state and the number of times the pattern
match 20 operation fails consecutively in a synchronization-established
state; a backward guard level storage section for storing a synchronization
backward guard level; a forward guard level storage section for storing a
25 synchronization forward guard level; 10   2 i ~,~ R ~G~~ 



a synchronization determination section for determining whether or not it
is a synchronization-established state based on the count value of the
count section, the backward guard level and the forward guard level; and 5
a synchronization detection signal generation section for generating a
synchronization detection signal at a timing point at which the pattern
match operation is performed by the pattern match section in a
synchronization-established state, a shift amount control section that
receives quality 10 information that indicates a quality of a result of
processing the input signal using the synchronization detection signal for
obtaining a shift amount of the synchronization detection signal based on
the quality information; and a synchronization detection signal shifting
section for 15 shifting the synchronization detection signal in a time
direction according to the shift amount obtained by the shift amount
control section. According to the seventh aspect as described above, the
synchronization detection signal is outputted after being shifted 20 in the
time direction based on the quality information, and the shift amount of
the synchronization detection signal is determined so as to improve the
quality that is indicated by the quality information. In this way, it is
possible to detect the segment synchronization signal with a high
precision. Moreover, 25 by applying the synchronization detection device to
a .VSB 11   Z ~ ia~~ 2G04 demodulation system, it is possible to detect the
segment synchronization signal with a high precision, and to improve the
near-ghost interference removing capability. In an eighth aspect based on
.the seventh aspect, the shift 5 amount control section changes the shift
amount of the 



synchronization detection signal if the quality of the result of processing
.the input signal is lower than a predetermined reference. In a ninth
aspect based on the seventh aspect, the shift 10 amount control section
determines the shift amount of the synchronization detection signal so as
to optimize the quality of the result of processing the input signal.
According to the eighth and ninth aspects as described above, the shift
amount of the synchronization detection signal is 15 determined so as to
improve the quality that is indicated by the quality information. In this
way, it is possible to detect the segment synchronization signal with a
high precision. In a tenth aspect based on the ninth aspect, the input
signal is data having a frame structure compliant with the ATSC standard,
20 and the synchronization signal is a segment synchronization signal
compliant with the ATSC standard. In an eleventh aspect based on the tenth
aspect, the quality information is error rate information for a signal that
is obtained by performing a waveform equalization operation on the 25 input
signal using the synchronization detection signal. 12   z 7 ~~~ z~~~
According to the tenth and eleventh aspects as described above, it is
possible to detect the segment synchronization signal with a high
precision, and to provide a VSB demodulation system having a high
near-ghost interference removing capability. 5 A twelfth aspect is a
synchronization detection device for detecting a synchronization signal
from an input signal containing the synchronization signal, comprising: a
pattern match section for checking whether or not the input signal contains
the same signal pattern as that of the 10 synchronization signal with the
same cycle as that of the synchronization signal; a count section that
receives a match result from the 



pattern match section for counting the number of times a pattern match
operation succeeds consecutively in a synchronization 15 unestablished
state a backward guard level storage section for storing a synchronization
backward guard level; a long cycle synchronization detection section for
detecting a long cycle synchronization signal contained in the 20 input
signal with a cycle longer than the synchronization signal; a
synchronization determination section for determining a transition to a
synchronization-established state when a count value of the count section
becomes equal to or greater than the backward guard level and for
determining a transition to a 25 synchronization-unestablished state when a
synchronization 13   2 7 APR ;!0~4 detection operation fails in the long
cycle synchronization detection section; and a synchronization detection
signal generation section for generating a synchronization detection signal
at a timing point 5 at which the pattern match operation is performed by
the pattern match section in a synchronization-established state. According
to the twelfth aspect as described above, once the synchronization is
established, the state where the synchronization is established is
maintained unless the detection 10 of the long cycle synchronization signal
fails. In this way, it can be made unlikely for the segment
synchronization, once established, to be lost. In other words, it is
possible to improve the synchronization maintaining capability. Moreover,
by applying the synchronization detection device to a - VSB 15 demodulation
system, it is possible to improve the capability to maintain the segment
synchronization signal, and to improve the near-ghost interference removing
capability. In a thirteenth aspect based on the twelfth aspect, the input
signal is data having a frame structure compliant with the 20 ATSC
standard, the synchronization signal is a segment synchronization signal
compliant with the ATSC standard, and the long cycle synchronization signal
is a field synchronization signal compliant with the ATSC standard.
According to the thirteenth aspect as described above, the 25 segment
synchronization signal, once established, can be detected 14  



,~ ii~~jGJ'f by being maintained, and it is possible to provide a VSB
demodulation system having a high near-ghost interference removing
capability. 5 BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a block diagram
illustrating a configuration of a synchronization detection device
according to a first embodiment of the present invention. FIG. 2 is a block
diagram illustrating a configuration of 10 a VSB demodulation system with a
synchronization detection device according to first to fifth embodiments of
the present invention provided therein. FIG. 3 is a block diagram
illustrating a configuration of a waveform equalization section of the VSB
demodulation system 15 illustrated in FIG. 2. FIG. 4 is a diagram
illustrating a format of data having a frame structure defined in the ATSC.
FIG. 5 is a diagram illustrating the details of a segment containing a
field synchronization signal defined in the ATSC_ 20 FIG. 6 is a diagram
illustrating the details of a segment containing data defined in the ATSC.
FIG. 7 is a diagram illustrating sample point groups of the synchronization
detection device according to the first embodiment of the present
invention. 25 FIG. 8 is a diagram illustrating an example of a segment 15
~ ? A( ~ 2~~4 synchronization signal that is inputted to a synchronization
detection device. FIG. 9 is a diagram illustrating how a segment
synchronization is detected by the synchronization detection 5 device
according to the first embodiment of the present invention. FIG. 10 is a
block diagram illustrating a configuration of a synchronization detection
device according to the second embodiment of the present invention. FIG. 11
is a diagram illustrating how a segment 10 synchronization is detected by
the synchronization detection device according to the second embodiment of
the present 



invention. FIG. 12 is a block diagram illustrating a configuration of a
synchronization detection device according to the third 15 embodiment of
the present invention. FIG. 23 is a block diagram illustrating a
configuration of a synchronization detection device according to the fourth
embodiment of the present invention. FIG. 14 is a block diagram
illustrating a configuration of 20 a synchronization detection device
according to the fifth embodiment of the present invention. FIG. 15 is a
block diagram illustrating a configuration of a conventional
synchronization detection device. 25 BEST MODE FOR CARRYING OUT THE
INVENTION 16   2 '~ ~"rc~ ?G~~`~ (FIRST EMBODIMENT) FIG. 1 is a block
diagram illustrating a configuration of a synchronization detection device
according to the first embodiment of the present invention. A
synchronization 5 detection device 110 illustrated in FIG. 1 includes the
field synchronization detection section 101, a clock multiplication section
l11, a switchable sampling section 112, the pattern match section 102, the
count section l03, the backward guard level storage section 104, the
forward guard level storage section 105, 10 the synchronization
determination section l06, and the synchronization detection signal
generation section I07. The synchronization detection device 110 is
characterized in that it samples the input signal with a multiplied clock,
and switches sample points for sampling the input signal from one to
another 15 in a synchronization-unestablishedstate, for detecting a segment
synchronization signal. Prior to describing the synchronization detection
device l10, a digital demodulation system with this device provided therein
will now be described. FIG. 2 is a block diagram 20 illustrating a
configuration of a VSB demodulation system with the synchronization
detection device l10 provided therein. The VSB demodulation system
illustrated in FIG. 2 includes a receiving antenna 10, a tuner 20, a down
converter 30, a digital demodulation section 40, and an error correction
section 50, and forms part 



25 of a receiver compliant with the ATSC standard, which is the US 17   z ~
A~~ z~o~ digital terrestrial broadcasting standard. Note that the US
digital terrestrial broadcasting standard is described in detail in "ATSC
Standard: Digital Television Standard, Revision B", Doc. R/B53, August
2001. 5 The elements of the VSB demodulation system operate as follows. The
receiving antenna 10 receives a VSB-modulated terrestrial broadcasting
radio wave. The tuner 20 selects a channel that the viewer wants to see.
The down converter 30 converts the frequency of the output of the tuner 20
into a 10 frequency band in which the digital demodulation section 40 can
operate normally. The digital demodulation section 40 VSB demodulates the
output of the down converter 30. The error correction section 50 corrects
an error that has occurred along the transmission path by using an error
correcting code. The 15 VSB-demodulated signal outputted from the error
correction section SO is converted into an audio-video signal by an MPEG
decoding section (not shown). The digital demodulation section 40 includes
an A/D converter 41, a gain control section 42, a digital detection 20
section 43, a clock reproduction section 44, a signal interpolation section
45, an NTSC interference removing section 46, the synchronization detection
device 110, a waveform equalization section 47, a phase noise removing
section 48, and a bit error rate measuring section 49. Among these
elements, the 25 synchronization detection device l10 is that illustrated
in FIG. 18   ~ ..~ ARR 2G0 1. The elements of the digital demodulation
section 40 operate as follows. The down converter 30, which is provided in
a stage 



preceding the digital demodulation section 40, outputs a baseband 5
VSB-modulated signal as an input signal DI. The A/D converter 41 converts
the input signal DI into digital data. The gain control section 42 obtains
a gain adjustment value GA based on the level of the digital data outputted
from the A/D converter 41. The gain adjustment value GA is supplied to the
tuner 20, 10 and is used for adjusting the amplitude of signals received by
the receiving antenna 10. The digital detection section 43 extracts the
baseband signal from the digital data outputted from the A/D converter 41,
while removing frequency errors. The clock reproduction section 15 44
detects a phase shift in the sampling clock in the A/D converter 41 based
on the signal detected by the digital detection section 43 to reproduce a
clock. The reproduced clock is supplied to the signal interpolation section
45 and the synchronization detection device 110. The signal interpolation
section 45 performs an 20 upsampling operation on the signal detected by
the digital detection section 43 by using the clock reproduced by the clock
reproduction section 44. By this process, the signal detected by the
digital detection section 43 is interpolated at a predetermined rate. The
NTSC interference removing section 46 25 detects the level of an NTSC
interference wave contained in the 19   2 ~ t~,~~~~ 2Cg4 signal, which has
been interpolated by the signal interpolation section 45, and removes the
interference wave by using a filter provided therein. The synchronization
detection device l10 uses a clock CK 5 supplied from the clock reproduction
section 44 for detecting a field synchronization signal and a segment
synchronization signal from the input signal DT, which has been
interpolated by the signal interpolation section 45, to output the field
synchronization detection signal FS and the segment synchronization
detection 10 signal SS. The two kinds of synchronization detection signals
outputted from the synchronization detection device 1l0 are used as
synchronization signals for the digital demodulation section 40 as a whole,
and are also supplied to the waveform equalization section 47. 15 The
waveform equalization section 47 detects a transmission path distortion
contained in the output signal of the NTSC interference removing section
46, and removes the distortion. More specifically, the waveform
equalization section 47 locates the field synchronization signal by using
the two kinds of 



20 synchronization detection signals 25 synchronization detection device
outputted from the 110, and controls the coefficients of a filter provided
therein according to a wave form equalization algorithm using the signal
pattern of the field synchronization signal. In addition, the waveform
equalization section 47 has a function of improving the waveform equalizing
20   2 ~ ~,p~ ~oa~ capability by using a signal pattern other than that of
the field synchronization signal. FIG. 3 is a block diagram illustrating a
detailed configuration of the waveform equalization section 47. The 5
waveform equalization section 47 illustrated in FIG. 3 includes a waveform
equalization filter 47l, a training control section 472, a blind control
section 473, and a coefficient updating section 474. The waveform
equalization filter 471 is a digital filter for removing a ghost caused by
a transmission path. The 10 training control section 472 and the blind
control section 473 each receive the two kinds of synchronization detection
signals outputted from the synchronization detection device 110. The
training control section 472 obtains tap coefficients of the waveform
equalization filter 471 based on these synchronization 15 detection signals
according to a waveform equalization algorithm using the signal pattern of
the field synchronization signal. The blind control section 473 obtains tap
coefficients of the wave form equalization filter 47l according to a
waveform equalization algorithm using a signal pattern other than that of
the field 20 synchronization signal. The coefficient updating section 474
sets the tap coefficients obtained by the training control section 472 or
the tap coefficients obtained by the blind control section 473 in the
waveform equalization filter 47l. As described above, the tap coefficients
of the waveform 25 equalization filter 471 are controlled according to the
signal 21   2 ~~ ~',P~ 2Q4 pattern of the field synchronization signal or a
signal pattern other than that of the field synchronization signal so as to
improve the waueform equalizing capability. In this way, 



the waveform equalization section 47 can remove a ghost caused by a
transmission path that is contained in the output signal of the NTSC
interference removing section 46. 5 The phase noise removing section 48
detects and removes a phase noise component contained in the output signal
of the waveform equalization section 47. An output signal DO obtained by
this process is outputted to the error correction section 50. When the
error correction section 50 detects an error in the output signal DO, the
error correction section SO outputs an error detection signal ER indicating
the error detection. 10 The bit error rate measuring section 49 obtains the
bit error rate of the output signal DO based on the error detection signal
ER. FIG. 4 is a diagram illustrating a format of data having a frame
structure defined in the ATSC standard. As illustrated in FIG. 4, in data
defined in the ATSC standard, one frame includes two fields, one field
includes 313 segments, and one segment includes 832 15 symbols ( symbol
rate is about 10.76 MHz). A 4-symbol-long segment synchronization signal is
provided at the beginning of each segment. Moreover, a 1segment-long field
synchronization signal is provided for every 313 segments. Data is
transmitted or received by using symbols that are contained neither in the
segment synchronization signal nor in the field 22   2 t E;~ a 204
synchronization signal. FIG.5 is a diagram illustrating the details of a
segment containing the field synchronization signal. FIG. 6 is a diagram
illustrating the details of a segment containing data. As 5 illustrated in
FIG. 5 and FIG. 6, in the 8-valued VSB scheme, the signal level of each
symbol may take any of eight values of 7, 5, 3 and l. Note however that the
signal level of a symbol that is contained in the segment synchronization
signal or the field synchronization signal (excluding the last 12 symbols)
may 10 only take one of two values of 5. The signal levels of the four
symbols contained in the segment synchronization signal are defined to be
in the sequence of +5, -5, -5, +5 from the beginning, as illustrated in
FIG. 5 and FIG. 6. An operation of the synchronization detection device 110
15 will now be described with reference to FIG. 1. The field
synchronization detection section 10l detects the field synchronization
signal contained in the input signal DT, and outputs the field
synchronization detection signal FS at the timing point at which the field
synchronization signal is 20 detected. Elements other than the field
synchronization detection section 10l together form a segment
synchronization detection section 119. The segment synchronization
detection section 119 has a synchronization backward guard function and a
25 synchronization forward guard function, and additionally has a 23   



2 ~~ ,APR ~0~4 clock multiplication function and a sample-point-switchable
sampling function. The pattern match section 102, the count section 103,
the backward guard level storage section 104, the forward guard level
storage section 105, the synchronization 5 determination section 106 and
the synchronization detection signal generation section 107 operate as
those of the segment synchronization detection section 109 in the
conventional synchronization detection device 100, except that the input
signal to the pattern match section l02 is a signal that is 10 outputted
from the switchable sampling section 112. The pattern match section 102
performs a pattern match operation between the output signal of the
switchable sampling section l12 and the segment synchronization signal, and
outputs the match result signal 202 indicating success or failure of the 15
match operation. More specifically, the pattern match section 102 checks
whether or not the output signal of the switchable sampling section 112
contains the same signal pattern as that of the segment synchronization
signal with the same cycle as that of the segment synchronization signal,
and outputs the match 20 result signal 202 indicating the check result. The
match result signal 202 is outputted with the same cycle as the segment
synchronization signal. While the signal pattern of the segment
synchronization signal is ideally the sequence of +5, -5, -5, +5 from the
beginning, 25 it is rare for the segment synchronization signal contained
in 24   2 r ~!'R 200 the input signal DT to take this ideal value.
Therefore, it is not possible to perform a practical segment
synchronization detection if a pattern match operation between the input
signal DT and the segment synchronization signal is performed with eight 5
levels (three bits) . In view of this, the pattern match section 102
performs a pattern match operation only on the upper one bit (sign bit) .
Note that a pattern match operation may be performed on a number of upper
bits depending on the application of the synchronization detection device
110. 10 The count section l03 includes a counter and a control circuit for
the counter. The count section 103 uses a counter provided therein to count
the number of times a pattern match operation with the segment
synchronization signal succeeds consecutively, and the number of times it
fails consecutively. 15 More specifically, the count section l03 receives
the match result signal 202 and the synchronization state signal 206, which
is outputted from the synchronization determination section 106. The
synchronization state signal 206 is a signal that indicates whether it is a
synchronization-established state or a 20 synchronization-unestablished
state. The count section 103 operates differently for each of the following
four cases. First, when receiving the match result signal 202 indicating a
match success in a synchronization unestablished state, the count section
103 updates the counter 25 by one. Second, when receiving the match result
signal 202 25  



L ~ ~ 1' i ~~Q~t indicating a match failure in a
synchronization-unestablished state, the count section 103 initializes the
counter. Third, when receiving the match result signal 202 indicating a
match failure in a synchronization-established state, the count section l03
5 updates the counter by one. Fourth, when receiving the match result
signal 202 indicating a match success in a synchronization-established
state, the count section 103 initializes the counter. Note that for
counting the number of times of success and the number of times of failure,
the count 10 section l03 may include two counters, or one counter that can
be switched between different modes for the two purposes. The backward
guard level storage section l04 stores the backward guard level 204 ( i e.
; the number of times a pattern match operation with a synchronization
signal needs to succeed 15 consecutively for a transition from a
synchronizationunestablished state to a synchronization-established state).
The forward guard level storage section l05 stores the forward guard level
205 (i.e., the number of times a pattern match operation with a
synchronization signal needs to fail 20 consecutively for a transition from
a synchronizationestablished state to a synchronization-unestablished
state). The guard levels stored in these storage sections may be either
variable or fixed. If a guard level is variable, the storage section is a
memory circuit, whereas if a guard level is fixed, 25 the storage section
is a circuit that outputs a fixed value. If 26   2 ~ A~'R 204 the backward
guard level 204 and the forward guard level 205 are the same value, the two
storage sections may be a single circuit. The synchronization determination
section 106 receives the count value 203 of the count section 103, the
backward guard level 5 204 stored in the backward guard level storage
section l04, and the forward guard level 205 stored in the forward guard
level storage section I05. The synchronization determination section 106
determines whether it is a synchronization-established state or a
synchronization-unestablished state based on these inputs, 10 and outputs
the synchronization state signal 206 indicating the determination result.
More specifically, the synchronization determination section l0,6
determines the initial state to be a synchronization-unestablished state.
The synchronization determination section 106 determines a transition to a
15 synchronization-established state when the count value 203 becomes equal
to or greater than the backward guard level 204 in a
synchronization-unestablished state. Moreover, the synchronization
determination section 106 determines a transition to a
synchronization-unestablished state when the 20 count value 203 becomes
equal to or greater than the forward guard level 205 in a
synchronization-established state. The synchronization detection signal
generation section l07 receives the match result signal 202 and the
synchronization state signal 206. The synchronization detection signal 25
generation section 107 outputs the segment synchronization 27   



d 7 ,MFR 2004 detection signal SS when it receives the match result signal
202 in a synchronization-established state. Note that in a
synchronization-established state, the synchronization detection signal
generation section 107 outputs the segment 5 synchronization detection
signal SS of course when it receives the match result signal 202 indicating
a match success, but also when it receives the match result signal 202
indicating a match failure. Moreover, the segment synchronization detection
signal SS may be, for example, a signal that is held at the value 0 (or 10
value 1) for a 1-symbol-long period of time at the timing point at which
the beginning of the segment synchronization signal is detected, or a
signal that is held at the value 0 (or value 1) for a 4-symbol-long period
of time corresponding to the length of the segment synchronization signal.
15 In the synchronization detection device 110, although the input signal
DT is inputted in synchronization with the clock CK, the synchronization
may be shifted forward or backward depending on the condition of the input
signal DT. Moreover, the cycle of the clock CK is the same as the cycle of
the input signal DT or 20 is an integer multiple thereof (two-fold,
four-fold, etc.). In consideration of the temporal relationship between the
clock CK and the input signal DT as described above, it is necessary to
provide some mechanism in order to properly detect the segment
synchronization signal. 25 In view of this, the synchronization detection
device 110 28   2 p AfR ?_Q~4 includes, as its characteristic elements, the
clock multiplication section l11 and the switchable sampling section 112.
The clock CK reproduced by the clock reproduction section 44 is supplied to
the clock multiplication section 111. The clock 5 multiplication section
11l multiplies the clock CK by an integer of two or more. The multiplied
clock is supplied to the switchable sampling section 112 a The switchable
sampling section 112 samples the input signal DT using the multiplied
clock. In this process, the 10 switchable sampling section 1l2 switches the
sample points for sampling the input signal DT from one to another while
the synchronization state signal 206 is indicating a
synchronization-unestablished state: The details of this process are as
follows. 15 Assume the cycle of the clock CK is T, the clock multiplication
section l11 multiplies the clock CK by N, and the switchable sampling
section 112 samples the input signal DT at the rising edge of the
multiplied clock. With the time point of a rising edge of the multiplied
clock being a reference, a group 



20 of time points that are each spaced apart from that time point by an
integer multiple of the cycle T is defined as a first sample point group.
Next, a group of time points that are delayed by time T/N from the
respective time points included in the first sample point group is defined
as a second sample point group. Next, 25 a group of time points that are
delayed by time T/N further from 29   2 l APR 2'u4 5 to N`" sample point
groups, and samples the input signal DT at the time points included in the
selected sample point group. The switchable sampling section 1l2 switches
the selection of a sample point group to another at intervals of a
predetermined time S while The switchable sampling section l12 selects one
of the first  the respective time points included in the second sample
point group is defined as a third sample point group. Similarly, fourth to
N`" sample point groups are defined (see FIG. 7). the synchronization state
signal 206 is indicating a 10 synchronization-unestablished state. For
example, if the 15 20 25 synchronization state signal 206 does not change
to a synchronization-established state after the passage of the
predetermined time S with the first sample point group being selected, the
switchable sampling section 112 selects the second sample point group.
Then, if the synchronization state signal 206 does not change to a
synchronization-established state after the passage of another
predetermined time S, the switchable sampling section 112 selects the third
sample point group. Similarly, if the synchronization state signal 206 does
not change to a synchronization-established state after the passage of the
predetermined time S, the switchable sampling section 112 sequentially
selects the fourth to N~" sample point groups, and thereafter repeats
selecting the first to N` sample point groups sequentially. A period of
time that is longer than a one-segment period multiplied by the backward
guard level 204 is used as the 30    time S. The sequence in which the
sample point groups are selected by the switchable sampling section l12 is
arbitrary. For example, when the clock multiplication section 11l
multiplies the clock 5 CK eight-fold, the switchable sampling section 112
may sequentially select the first to eighth sample point groups, as 



in the example described above. Alternatively, the switchable sampling
section 112 may select, as the next sample point group, a sample point
group that is temporarily distant from the 10 currently-selected sample
point group to give a sequence such as first, fifth, third, seventh,
second, sixth, fourth, eighth. Effects of the synchronization detection
device 1l0 will be described with reference to FIG. 8 and FIG. 9. FIG. 8 is
a diagram illustrating an example of a segment synchronization 15 signal
that is inputted to the synchronization detection device 1l0. An open
circle in FIG. 8 denotes a digital value of the signal amplitude when the
input signal DT is sampled with a proper clock. These ideal values of the
four symbols are in the sequence of +5, -5, -5, +5 from the beginning. When
a segment synchronization 20 signal having such a signal pattern is input,
the segment synchronization signal can be detected properly even with a
conventional synchronization detection device. However, it is generally
rare that a segment synchronization signal having an ideal signal pattern
is input, 25 for reasons such as a distortion caused by a transmission
path, 31   2 T ~';~i2 2~a~ a frequency error of the tuner, and thermal
noise. For example, as illustrated in FIG. 9, in a case where a ghost wave
(broken line) that is delayed by 1/4 cycle from an ideal wave (solid line)
is present, the synchronization detection device 1l0 receives a 5 combined
wave (thick line) having a larger amplitude than that of the ideal wave and
a delayed phase therefrom. It is assumed below that the synchronization
detection device 110 multiplies the clock CK two-fold and samples the input
signal DT at the rising edge of the two-fold clock. Moreover, 10 for the
clock obtained by multiplying the clock CK two-fold, a group of time points
corresponding to the rising edges of the clock CK is defined as a first
sample point group, and a group of time points corresponding to the falling
edges of the clock CK is defined as a second sample point group. 15 When
the combined wave illustrated in FIG. 9 is sampled at the time points
included in the first sample point group, the upper one bits (sign bits) of
the samples are in the sequence of pos, x, neg, x from the beginning. Note
that the symbol x represents a state where the signal amplitude is close to
zero and cannot 20 be determined to be either positive or negative. On the
other hand, when the same combined wave is sampled at the time points
included in the second sample point group, the sign bits are in the
sequence of pos, neg, neg, pos from the beginning. Moreover, since the
signal pattern of the segment synchronization signal 25 is the sequence of
+5, -5, -5, +5 from the beginning, the sign 32   z ~~~ ~~~~ bits of this
pattern are in the sequence of pos, neg, neg, pos 



from the beginning. Therefore, when the combined wave illustrated in FIG. 9
is input, it is not possible to detect. the segment synchronization 5
signal by sampling the combined wave at the rising edge of the original
clock CK, but it is possible to properly detect the segment synchronization
signal by sampling the input signal at one of the rising edges of the
two-fold clock. As described above, the synchronization detection device 10
110 has a clock multiplication function and a sample-point switchable
sampling function. Therefore, if the synchronization detection device 110
fails to detect the segment synchronization signal by using the first
sample point group, it switches the sample points to the second sample
point group to detect the 15 segment synchronization signal. Thus, with the
synchronization detection device 110, it is possible to detect the segment
synchronization signal with a high precision even when receiving a signal
such that a near-ghost occurs. As illustrated above, the synchronization
detection device 20 according to the present embodiment is characterized in
that it multiplies the clock signal, samples the input signal with the
multiplied clock, and switches the sampling points for sampling the input
signal from one to another in a synchronization unestablished state.
Therefore, with the synchronization 25 detection device, it is possible to
detect the segment 33   2 7 ASR 204 synchronization signal with a high
precision. Moreover, by using the synchronization detection device, it is
possible to provide a VSB demodulation system having a high near-ghost
interference removing capability. 5 (SECOND EMBODIMENT) FIG. 10 is a block
diagram illustrating a configuration of a synchronization detection device
according to the second embodiment of the present invention. A
synchronization detection device 120 illustrated in FIG. 10 includes the
field 10 synchronization detection section 10l, a clock switching section
12l, a fixed sampling section l22, the pattern match section 102, the count
section l03, the backward guard level storage section 



l04, the forward guard level storage section 105, the synchronization
determination section l06, and the 15 synchronization detection signal
generation section l07. The synchronization detection device 120 is
characterized in that it selects one of a non-inverted signal of a clock
and an inverted signal thereof, and samples an input signal by using the
selected signal, for detecting a segment synchronization signal. 20
Elements of the present embodiment that are the same as those of the first
embodiment are denoted by the same reference numerals and will not be
described below. The synchronization detection device l20 is provided in a
VSB demodulation system, as is the synchronization detection 25 device 1l0
according to the first embodiment. Thus, the 34   c ~ ~P~ zaa~
synchronization detection device 120 is used in place of the
synchronization detection device 110 in the VSB demodulation system
illustrated in FIG. 2. In FIG. 10, elements other than the field
synchronization 5 detection section 101 together form a segment
synchronization detection section 129. The clock switching section l21 and
the fixed sampling section l22 are elements that are characteristic of the
synchronization detection device 120. The clock CK reproduced by the clock
reproduction section 10 44 is supplied to the clock switching section 121.
The clock switching section 12l selectively outputs one of the non-inverted
signal of the clock CK and the inverted signal thereof based on the
synchronization state signal 206. The fixed sampling section 122 samples
the input signal DT by using the output signal of the 15 clock switching
section 12l. The clock switching method of the clock switching section 121
is similar to the sample point switching method of the synchronization
detection device 110 according to the first embodiment. Specifically, if
the synchronization state signal 20 206 does not change to a
synchronization-established state after the passage of the predetermined
time S while the clock switching section l21 is outputting the non-inverted
signal of the clock 



CK, the clock switching section 12l switches the signal to be outputted to
the inverted signal of the clock CK. Moreover, if 25 the synchronization
state signal 206 does not change to a 35   2. i APR 2~7~4
synchronization-established state after the passage of the predetermined
time S while the clock switching section 12l is outputting the inverted
signal of the clock CK, the clock switching section 121 switches the signal
to be outputted to the 5 non-inverted signal of the clock CK. The effects
of the synchronization detection device 120 are the same as those of the
synchronization detection device 110 according to the first embodiment.
FIG. 11 again illustrates the same segment synchronization signal as that
illustrated in FIG. 10 9. Compare FIG. 9 with FIG. 11, and associate the
group of time points at the rising edges of the non-inverted signal of the
clock CK with the first sample point group, and the group of time points at
the rising edges of the inverted signal of the clock CK with the second
sample point group. This readily leads to a conclusion 15 that the
synchronization detection device 120 can detect the segment synchronization
signal from the combined wave illustrated in FIG. 11. As illustrated above,
the synchronization detection device according to the present embodiment is
characterized in that it 20 selects one of the non-inverted signal of the
clock and the inverted signal thereof, and samples the input signal by
using the selected signal. Therefore, with the synchronization detection
device, it is possible to detect the segment synchronization signal with a
high precision. Moreover, by using 25 the synchronization detection device,
it is possible to provide 36   2'~? Af'r`; 2Q4 a VSB demodulation system
having a high near-ghost interference removing capability. (THIRD
EMBODIMENT) FIG. 12 is a block diagram illustrating a configuration of 5 a
synchronization detection device according to the third embodiment of the
present invention. A synchronization detection device 130 illustrated in
FIG. 12 includes the field synchronization detection section l01, a first
segment synchronization detection section 139a, a second segment 10
synchronization detection section 139b, and a selector I31. The
synchronization detection device 130 is characterized in that it includes
two kinds of segment synchronization detection sections, and selectively
outputs one of two kinds of segment synchronization detection signals
according to whether or not a 



15 near-ghost is occurring. Elements of the present embodiment that are the
same as those of the first embodiment are denoted by the same reference
numerals and will not be described below. The synchronization detection
device 130 is provided in a VSB demodulation system, as is the
synchronization detection 20 device 110 according to the first embodiment.
Thus; the synchronization detection device 130 is used in place of the
synchronization detection device 110 in the VSB demodulation system
illustrated in FIG. 2. Note however that in the present embodiment, a
switch signal SW that indicates whether or not a 25 near-ghost is occurring
for the input signal is supplied from the 37   ~~ Af'~ u'~~4 waveform
equalization section 47 to the synchronization detection device l30. The
switch signal SW is an example of quality information that indicates the
quality of the input signal DT. The first segment synchronization detection
section 139a 5 includes the clock multiplication section 111, the
switchable sampling section l12, a pattern match section 102a, a count
section 103a, a backward guard level storage section 104a, a forward guard
level storage section 105a, a synchronization determination section 106a,
and a synchronization detection 10 signal generation section 107a. The
first segment synchronization detection section 139a performs the same
operation as the segment synchronization detection section 1l9 of the
synchronization detection device 1l0 according to the first embodiment to
output a first segment synchronization detection 15 signal 207a. The second
segment synchronization detection section 139b includes a pattern match
section 102b, a count section 103b, a backward guard level storage section
104b, a forward guard level storage section 105b, a synchronization
determination section 20 106b, and a synchronization detection signal
generation section 107b. The second segment synchronization detection
section 139b performs the same operation as the segment synchronization
detection section 109 of the conventional synchronization detection device
100 to output a second segment synchronization 



25 detection signal 207b. 38   f 4~~, ?~~~ The selector 131 receives the
first segment synchronization detection signal 207a, the second segment
synchronization detection signal 207b, and the switch signal SW. The
selector 131 selects a signal to be output for each of the following two
cases. When the waveform equalization section 47 detects the occurrence of
a near 5 10 ghost, the wavefonn equalization section 47 outputs the switch
signal SW that indicates the occurrence of a near-ghost. In this case, the
selector 13l outputs the first segment synchronization detection signal
207a as the segment synchronization detection signal SS. Therefore, the
waveform equalization section 47 locates the field synchronization signal
with reference to the segment synchronization detection signal detected by
the synchronization detection device 110 according to the first embodiment,
and improves the waveform equalizing capability according to a waveform
equalization algorithm using the signal pattern of the field
synchronization signal. On the other hand, when the waveform equalization
section 47 does not detect the 15 occurrence of a near-ghost, the wavefonn
equalization section 47 outputs the switch signal SW that indicates absence
of a near-ghost. In this case, the selector 131 outputs the second segment
synchronization detection signal 207b as the segment synchronization
detection signal SS. Therefore, the wavefonn equalization section 47
locates the field synchronization signal with reference to the segment 39
~~~ ~~V~ synchronization detection signal detected by the conventional
synchronization detection device 100, and improves the waveform equalizing
capability according to a waveform equalization algorithm using the signal
pattern of the field synchronization 5 signal. As illustrated above, the
synchronization detection device according to the present embodiment is
characterized in that it selectively outputs one of two kinds of segment
synchronization detection signals according to whether or not a near-ghost
is 



10 occurring. Therefore, with the synchronization detection device, it is
possible to detect the segment synchronization signal with a high
precision. by using a multiplied clock when a near-ghost is occurring, and
to detect the segment synchronization signal by the conventional method
when a near-ghost is not occurring. 15 Thus, it is possible to detect the
segment synchronization signal according to the situation by switching the
synchronization detecting methods according to whether or not a near-ghost
is occurring. Moreover, by using the synchronization detection device, it
is possible to provide a VSB demodulation system having 20 a high
near-ghost interference removing capability. Note that while the segment
synchronization detection section l19 of the synchronization detection
device 1l0 according to the first embodiment is used as the first segment
synchronization detection section 139a in the synchronization 25 detection
device 130, the segment synchronization detection 40   2 i ~;i'~ 2Q4
section l29 of the synchronization detection device l20 according to the
second embodiment may alternatively be used. Moreover, while two kinds of
segment synchronization detection sections are provided in the
synchronization detection 5 device 130, one segment synchronization
detection section having two functions that can be switched by the switch
signal SW may alternatively be provided. Specifically, the following three
variations are possible. A first variation is a synchronization detection
device based on the synchronization detection device 10 110 according to
the first embodiment, wherein the switchable sampling section l12 does not
switch sample points when a near-ghost is not occurring. A second variation
is a synchronization detection device based on the synchronization
detection device l20 according to the second embodiment, wherein 15 the
clock switching section 121 does not switch signals to be output when a
near-ghost is not occurring. A third variation is a synchronization
detection device based on the synchronization detection device 110, l20
according to the first or second embodiment, wherein a selector is provided
for switching the input 20 signal for the pattern match section l02 between
the output signal from the preceding stage and the input signal DT
according to the switch signal SW. The synchronization detection devices
according to these variations a11 output the same segment synchronization
detection 25 signal as that when the input signal DT is supplied to the
pattern 41 



~ij~ ~~ match section 102, if a near-ghost is not occurring. Therefore,
these synchronization detection devices provide the same effects as those
of the synchronization detection device l30. (FOURTH EMBODIMENT) 5 FIG. 13
is a block diagram illustrating a configuration of a synchronization
detection device according to the fourth embodiment of the present
invention. A synchronization detection device 140 illustrated in FIG. 13
includes the field synchronization detection section 101, the pattern match
section 10 l02, the count section l03, the backward guard level storage
section 104, the forward guard level storage section 105, the
synchronization determination section l06, the synchronization detection
signal generation section 107, a shift amount control section 142, and a
synchronization detection signal shifting 15 section 142. The
synchronization detection device 140 is characterized in that the
synchronization detection device 140 outputs the segment synchronization
detection signal after shifting it in the time direction based on the error
rate, which is inputted to the synchronization detection device l40. 20
Elements of the present embodiment that are the same as those of the first
embodiment are denoted by the same reference numerals and will not be
described below. The synchronization detection device 140 is provided in a
VSB demodulation system, as is the synchronization detection 25 device 110
according to the first embodiment. Thus, the 42   2 7 AFB ~~p4
synchronization detection device 140 is used in place of the
synchronization detection device 110 in the VSB demodulation system
illustrated in FIG. 2. Note however that in the present embodiment, a bit
error rate RT for the output signal DO is supplied 5 from the bit error
rate measuring section 49 to the synchronization detection device 140. The
error rate RT is an example of quality information that indicates the
quality of the result of processing an input signal using the segment
synchronization detection signal SS. 10 In FIG. 13, elements other than the
field synchronization 



detection section l01 of the synchronization detection device 140 together
form a segment synchronization detection section 149. The shift amount
control section 14l and the synchronization detection signal shifting
section 142 are elements that are 15 characteristic of the synchronization
detection device 140. The shift amount control section 141 receives the
error rate RT from the bit error rate measuring section 49. The shift
amount control section 141 determines a shift amount 241 for the
synchronization detection signal shifting section 142 based on 20 the error
rate RT. The synchronization detection signal shifting section l42 receives
a segment synchronization detection signal 207 generated by the
synchronization detection signal generation section 107, and the shift
amount 24l determined by the shift amount control section l41. The
synchronization detection 25 signal shifting section 142 shifts the segment
synchronization 43   ~ 7 A~'R 20Q~r detection signal 207 forward or
backward in the time direction by the shift amount 24l, and outputs the
result as the segment synchronization detection signal SS. The shift amount
control section 14l determines the shift 5 amount 241 as follows, for
example. As a first example, the shift amount control section l41 may
receive the error rate RT at intervals of a predetermined period of time,
and maintain the current shift amount 241 if the error rate RT is less than
or equal to a predetermined value X, while changing the shift amount 241 10
by a predetermined method if the error rate RT exceeds the predetermined
value X. Alternatively, as a second example, the shift amount control
section 14l may sequentially select shift amounts that are available for
selection, obtain the error rate after the passage of a predetermined
period of time for each shift 15 amount, and select the shift amount for
which the obtained error rate is smallest as the new shift amount 241. As
illustrated above, the synchronization detection device according to the
present embodiment is characterized in that the synchronization detection
device outputs the segment 20 synchronization detection signal after
shifting it in the time 



direction based on the error rate, which is inputted to the synchronization
detection device, and determines the shift amount of the segment
synchronization detection signal so as to decrease the error rate obtained
by the bit error rate measuring section 25 49. Therefore, with the
synchronization detection device, it is 44   ~ ~? ~'~~R ~~~4 possible to
detect the segment synchronization signal with a high precision. Moreover,
by using the synchronization detection device, it is possible to provide a
VSB demodulation system having a high near-ghost interference removing
capability. 5 (FIFTH EMBODIMENT) FIG. 14 is a block diagram illustrating a
configuration of a synchronization detection device according to the fifth
embodiment of the present invention. A synchronization detection device l50
illustrated in FIG. 14 includes the field 10 synchronization detection
section 101, the pattern match section 102, a count section 151, the
backward guard level storage section 104, a synchronization determination
section 152, and the synchronization detection signal generation section
107. The synchronization detection device 150 is characterized in that 15
once the segment synchronization is established, it maintains the state
where the segment synchronization is established unless the field
synchronization detection fails. Elements of the present embodiment that
are the same as those of the first embodiment are denoted by the same
reference numerals and will not be described 20 below. A synchronization
detection device l50 is provided in a VSB demodulation system, as is the
synchronization detection device l10 according to the first embodiment.
Thus, the synchronization detection device l50 is used in place of the
synchronization 25 detection device 110 in the VSB demodulation system
illustrated 45  



v ~~R ~aa~ in FIG. 2. In FIG. 14, elements other than the field
synchronization detection section 101 together form a segment
synchronization detection section 159. The count section 15l and the 5
synchronization determination section 152 are elements that are
characteristic of the synchronization detection device l50. Moreover,
another characteristic of the synchronization detection device 150 is that
it does not include a forward guard level storage section. 10 The count
section 151 includes a counter and a control circuit for the counter. The
count section l51 differs from the count section 103 according to the first
to fourth embodiments in that it does not count the number of times a
pattern match operation with the segment synchronization signal fails 15
consecutively. Otherwise, the count section 151 is the same as the count
section 103. The synchronization determination section 152 receives the
field synchronization detection signal FS outputted from the field
synchronization detection section l01, in addition to a 20 count value 25I
from the count section 15l and the backward guard level 204. The
synchronization determination section 152 determines whether it is a
synchronization-established state or a synchronization-unestablished state
based on these inputs, and outputs a synchronization state signal 252
indicating the 25 determination result. More specifically, the
synchronization 46   r AFR 2DDk determination section l52 determines the
initial state to be a synchronization-unestablished state. The
synchronization determination section l52 determines a transition to a
synchronization-established state when the count value 203 5 becomes equal
to or greater than the backward guard level 204 in a
synchronization-unestablished state. Moreover, the synchronization
determination section l52 determines a transition to a
synchronization-unestablished state when the field synchronization
detection section 101 fails to detect the 10 field synchronization signal
in a synchronization-established state. The synchronization determination
section 152 determines that the field synchronization detection section 101
has failed 



to detect the field synchronization signal when the synchronization
determination section 152 detects that the field 15 synchronization
detection signal FS is not being input with a predetermined cycle, for
example. In this way, in the synchronization determination section 152, the
forward guard level is infinite, and the state where the segment
synchronization is established is maintained unless the field
synchronization 20 detection fails. As illustrated above, in the
synchronization detection device according to the present embodiment, once
the segment synchronization is established, the state where the segment
synchronization is established is maintained unless the detection 25 of the
field synchronization signal fails. Therefore, with the 47   2 ~ ~PF, 2Q04
synchronization detection device, the segment synchronization, once
established, is unlikely to be lost. In other words, the synchronization
detection device has a high synchronization maintaining capability.
Moreover, by using the synchronization 5 detection device, it is possible
to provide a VSB demodulation system having a high near-ghost interference
removing capability. INDUSTRIAL APPLICABILITY As described above, the
synchronization detection device 10 according to the present invention is
superior in terms of synchronization detecting capability and
synchronization maintaining capability, and the synchronization detection
device, when provided in a VSB demodulation system, makes it possible to
properly perform synchronization detection and waveform 15 equalization
even when a near-ghost occurs to disturb the synchronization signal
contained in the received signal. 48   2 ~ APR 2Q04 CLAIMS 1. A
synchronization detection device for detecting a 



synchronization signal from an input signal containing the synchronization
signal, comprising: a sampling section that receives a clock signal and the
5 input signal for sampling the input signal at one of a plurality of
sample points that are present within one cycle of the clock signal; a
pattern match section for checking whether or not an output signal of the
sampling section contains the same signal 10 pattern as that of the
synchronization signal with the same cycle as that of the synchronization
signal; a count section that receives a match result from the pattern match
section for counting the number of times a pattern match operation succeeds
consecutively in a synchronization 15 unestablished state and the number of
times the pattern match operation fails consecutively in a
synchronization-established state; a backward guard level storage section
for storing a synchronization backward guard level; 20 a forward guard
level storage section for storing a synchronization forward guard level; a
synchronization determination section for determining whether or not it is
a synchronization-established state based 49   2 ~ f3P!? L7g~t on the count
value of the count section, the backward guard level 25 and the forward
guard level; and a synchronization detection signal generation section for
generating a synchronization detection signal at a timing point at which
the pattern match operation is performed by the pattern match section in a
synchronization-established state, 30 wherein the sampling section switches
sample points for 



sampling the input signal from one to another in a
synchronization-unestablished state. 2. The synchronization detection
device according to claim 1, wherein the sampling section includes: a clock
multiplication section for multiplying the clock signal; and 5 a switchable
sampling section for sampling the input signal at a minimum interval at
which the input signal changes by using the multiplied clock signal, while
switching the sample points for sampling the input signal among a plurality
of timing points defined by the multiplied clock signal in a
synchronization 10 unestablished state. 3. The synchronization detection
device according to claim 1, wherein the sampling section includes: a clock
switching section for selectively outputting a non-inverted signal of the
clock signal or an inverted signal 50   1 ~ ~.~~ 2004 5 thereof, while
switching signals to be output between the non-inverted signal of the clock
signal and the inverted signal thereof in a synchronization-unestablished
state; and a fixed sampling section for sampling the input signal at a
minimum interval at which the input signal changes by using an 10 output
signal of the clock switching section. 4. The synchronization detection
device according to claim l, wherein the input signal is data having a
frame structure compliant with the ATSC standard, and the synchronization
signal is a segment synchronization signal compliant with the ATSC 5
standard. 5. The synchronization detection device according to claim l,
wherein quality information that indicates a quality of the input signal is
supplied, so that if the quality of the input signal is higher than a
predetermined reference, the 5 synchronization detection device outputs the
synchronization 



detection signal that is obtained by supplying the input signal, instead of
the output signal of the sampling section, to the pattern match section. 6.
The synchronization detection device according to claim 5, wherein the
input signal is data having a frame structure compliant with the ATSC
standard, the synchronization signal is 51   2 7 ANA; 20t74 a segment
synchronization signal compliant with the ATSC standard, 5 and the quality
information indicates whether or not a near-ghost is occurring for the
input signal. 7. A synchronization detection device for detecting a
synchronization signal from an input signal containing the synchronization
signal, comprising: a pattern match section for checking whether or not the
5 input signal contains the same signal pattern as that of the
synchronization signal with the same cycle as that of the synchronization
signal; a count section that receives a match result from the pattern match
section for counting the number of times a pattern 10 match operation
succeeds consecutively in a synchronization unestablished state and the
number of times the pattern match operation fails consecutively in a
synchronization-established state; a backward guard level storage section
for storing a 15 synchronization backward guard level; a forward guard
level storage section for storing a synchronization forward guard level; a
synchronization determination section for determining whether or not it is
a synchronization-established state based 



20 on the count value of the count section, the backward guard level and
the forward guard level; and 52   ~ ? AFR 209 a synchronization detection
signal generation section for generating a synchronization detection signal
at a timing point at which the pattern match operation is performed by the
pattern 25 match section in a synchronization-established state, a shift
amount control section that receives quality information that indicates a
quality of a result of processing the input signal using the
synchronization detection signal for obtaining a shift amount of the
synchronization detection signal 30 based on the quality information; and a
synchronization detection signal shifting section for shifting the
synchronization detection signal in a time direction according to the shift
amount obtained by the shift amount control section. 8. The synchronization
detection device according to claim 7, wherein the shift amount control
section changes the shift amount of the synchronization detection signal if
the quality of the result of processing the input signal is lower than 5 a
predetermined reference. 9. The synchronization detection device according
to claim 7, wherein the shift amount control section determines the shift
amount of the synchronization detection signal so as to optimize the
quality of the result of processing the input signal 53   t f~'f R 2v~k 10.
The synchronization detection device according to claim 9, wherein the
input signal is data having a frame structure compliant with the ATSC
standard, and the 



synchronization signal is a segment synchronization signal 5 compliant with
the ATSC standard. 11. The synchronization detection device according to
claim 10, wherein the quality information is error rate information for a
signal that is obtained by performing a waveform equalization operation on
the input signal using 10 the synchronization detection signal. 54   2 r
~~i~ ~ooY SYNCHRONIZATION DETECTION APPARATUS ABSTRACT An input signal DT
contains a segment synchronization signal compliant with the ATSC standard.
A clock 5 multiplication section 111 multiplies a clock CK. A switchable
sampling section 112 selects a sample point from among a plurality of
timing points that are defined by the multiplied clock, and samples the
input signal DT at the selected sample point. Moreover, the switchable
sampling 10 section 112 switches sample points from one to another in a
synchronization-unestablished state. Once the segment synchronization is
established, a synchronization detection device may maintain a
synchronization-established state until the field synchronization detection
fails, or the 15 synchronization detection device may output a
synchronization detection signal after shifting it in the time direction
based on a bit error rate RT of the input signal. 20 Figure 1 55
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