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A vestigial sideband/quadrature amplitude modulation (VSB/QAM) receiver, which receives both a VSB signal and a QAM signal,
and a method thereof are provided. The recelver has an analog-digital converter for A/D converting according to a frequency
higher than the symbol frequency of a received signal; an interpolator for calculating a signal value on the original symbol location
after a signal from the A/D converter Is applied; a carrier wave restoration unit for restoring a carrier wave by selectively using an
automatic frequency control (AFC) and a digital frequency phase locked loop (DFPLL) according to a VSB/QAM mode after a
sighal from the Interpolator i1s applied; a timing processor for receiving a signal from the carrier wave restoration unit, detecting a
timing error after making a symbol input time different according to a VSB/QAM mode, controlling the interpolator based on the
detected timing error, and generating a restored clock; and a VSB sorter for extracting a VSB receiving symbol. Therefore,
according to the recelver, by restoring a carrier wave with a restored symbol clock after restoring symbol timing in the front part of
the carrier wave restoration unit, a frequency having low symbol rate can be used, correction of the distortions in a carrier wave can
be quickly done, and requirement for additional hardware for receiving a VSB signal can be very smaller.
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Abstract

A vestigial sideband/quadrature amplitude modulation (VSB/QAM) receiver,
which receives both a VSB signal and a QAM signal, and a method thereof are
provided. The receiver has an analog-digital converter for A/D converting according
to a frequency higher than the symbol frequency of a received signal; an interpolator
for calculating a signal value on the original symbol location after a signal from the
A/D converter is applied; a carrier wave restoration unit for restoring a carrier wave
by selectively using an automatic frequency control (AFC) and a digital frequency
phase locked loop (DFPLL) according to a VSB/QAM mode after a signal from the
interpolator is applied; a timing processor for receiving a signal from the carrier
wave restoration unit, detecting a timing error after making a symbol input time
different according to a VSB/QAM mode, controlling the interpolator based on the
detected timing error, and generating a restored clock; and a VSB sorter for
extracting a VSB receiving symbol. Therefore, according to the receiver, by
restoring a carrier wave with a restored symbol clock after restoring symbol timing in
the front part of the carrier wave restoration unit, a frequency having low symbol rate
can be used, correction of the distortions in a carrier wave can be quickly done, and

requirement for additional hardware for receiving a VSB signal can be very smaller.
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VSB/QAM RECEIVER AND METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a digital broadcasting receiver, and more
particularly, to a vestigial sideband/quadrature amplitude modulation (VSB/QAM)
receiver, which receives both a VSB signal and a QAM signal so as to be used for
ground wave and cable transmission standards, and a method thereof.

2. Description of the Related Art

Recently, digital broadcasting services providing video and audio information
for multimedia services are commercialized globally. For the digital broadcasting, a
bit rate enough to transmit video and voice signals in a broadcasting channel having
a predetermined bandwidth should be secured. Digital broadcasting is provided via
satellite, ground wave, or cable, according to the transmission media. These
transmission media select different bandwidth and modulation methods, according
to their respective unigue characteristics. Particularly in cable and ground wave
digital broadcasting, since signals are transmitted through the same media as the
existing analog broadcasting, the frequency band is limited within UHF/VHF, and
due to the coexistence with the analog broadcasting, the bandwidth is defined the
same as the existing broadcasting. Therefore, to secure a high bit rate in the limited
bandwidth, multilayer level modulation methods such as quadrature amplitude
modulation (QAM) or a vestigial sideband (VSB) method are adopted. Like this, as
various digital broadcasting are provided through diverse transmission media, a
digital TV and a digital set-top-box, which are digital broadcasting receivers, should
receive both a QAM signal and a VSB signal. Since a VSB/QAM receiver does not
need a separate VSB receiver for a VSB signal, the hardware size is reduced.

FIG. 1 is an ordinary VSB/QAM receiver, which is disclosed in a document
[BroadCOM BCM3500 Specification, "QAM/NSB CATV/HDTV Receiver” 06/02/99].
The receiver of FIG. 1 has an analog-digital (A/D) converter 12, an automatic
frequency control (AFC) 13 for restoring a carrier v/ave, a mixer 14, and an

interpolator 15 for extracting the original symbol from the restored carrier wave. The
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receiver of FIG. 1 also has a matched filter 16 for filtering the restored carrier wave
and a timing processor 11 for restoring carrier wave/timing and controlling clocks.

In the VSB/QAM receiver of FIG. 1 having this structure, the A/D converter 12
converts an analog signal to a digital signal with respect to a clock, which has a
predetermined frequency (usually 25MHz), generated in the timing processor 11.
The AFC 13 corrects frequency and phase distortions of a signal input to the mixer
14 with respect to a clock having a predetermined frequency generated in the timing
processor 11. The mixer 14 outputs the restored carrier wave to the interpolator 15.
The interpolator 15 extracts a symbol from a signal input with respect to a symbol
clock generated in the timing processor 11. The matched filter 16 filters symbois
extracted in the interpolator 15. The timing processor 11 generates a symbol clock
of which timing is restored and provides the symbol clock as a driving clock for the
interpolator 15 and the matched filter 16. That is, a clock used in A/D converting
and carrier wave restoration has a predetermined frequency regardless of the
symbol clock of which timing is restored. Here, a VSB signal Is regarded as an
offset QAM and the receiver has a QAM-type receiving structure as a whole.
However. since in the conventional VSB/QAM receiver, carrier wave restoring loop
is located in the front part of the timing restoration loop, a carrier wave Is restored by
the A/D converting clock and timing is restored by the symbol clock. Therefore,
since in the conventional VSB/QAM receiver A/D converting clock and symbol clock
are not synchronized, phase distortion can remain in a symbol and A/D conversion

rate is greater than twice the ordinary symbol clock, which gives disadvantages In

power consumption and IC design.

SUMMARY OF THE INVENTION

To solve the above problems, it is an object of the present invention to

provide a VSB/QAM receiver, in which by restoring symbol timing in the front part of
a carrier wave restoration loop for a signal, a symbol clock of which timing Is

restored can be used in restoring a carrier wave and as a result phase distortions In

a symbol is removed, and a method thereof.

To accomplish the above object of the present invention, there Is provided a

vestigial sideband/quadrature amplitude modulation (VSB/QAM) receiver having an

2
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analog-digital converter for converting a received analog signal into a digital signal
according to a clock having a predetermined frequency; an interpolator for restoring
symbol timing by interpolating in the original location of a symbol a digital signal
applied from the analog-digital converter according to the control of a timing
processor; a carrier wave restoration unit for restoring a carrier wave by correcting
the distortions Iin the frequency and phase of the symbol signal interpolated In the
interpolator according to a driving clock of the timing processor; a filter for matching
a symbol signal of which carrier wave is restored in the carrier wave restoration unit;
the timing processor for detecting a timing error in the filtered symbol signal,
controlling the interpolator based on the detected timing error, and generating the
driving clock; and a V3B sorter for outputting the symbol output from the filter, the
symbol of which carrier wave and timing are restored, without change, or outputting
the symbol after rearranging the symbol according to the VSB/QAM mode.

To accomplish another object of the present invention, there Is also provided
a method for receiving both a VSB signal and a QAM signal in a VSB/QAM receiver,
the method having the steps of (a) converting an analog signal into a digital signal
according to a predetermined clock; (b) extracting a symbol In the original symbol
location by interpolating the digital signal converted in the step (a); (c) restoring a
carrier wave by correcting the distortions in the frequency and phase of the symbol,
which is extracted in the step (b), according to a clock of which symbol timing Is
restored; (d) calculating a timing error based on the signal restored in the step (c),
restoring the symbol timing by controlling the interpolation location of the step (b)
according to the calculated timing error, and generating a clock of which timing is
restored; and (e) outputting a signal, of which symbol timing and carrier wave are

restored, without change, or outputting the signal after rearranging the signal,
according to a VSB/QAM mode.

BRIEF DESCRIPTION OF THE DRAWINGS

The above objects and advantages of the present invention will become more

apparent by describing in detail a preferred embodiment thereof with reference to

the attached drawings in which:
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FIG. 1 illustrates the structure of the conventional vestigial
sideband/quadrature amplitude modulation (VSB/QAM)

FIG. 2 illustrates a VSB/QAM receiver according to the present invention;

FIG. 3 is a detailed diagram of the timing processor of the receiver of FIG. 2;

FIG. 4 is a detailed diagram of the carrier wave restoration unit of the receiver
of FIG. 2;

FIG. 5 is a detailed diagram of the VSB sorter of the receiver of FIG. 2; and

FIG. 6 illustrates spectrum changes by signal rearrangement of the VSB
sorter of FIG. 5.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, embodiments of the present invention wiil be described in detall

with reference to the attached drawings. The present invention is not restricted to
the following embodiments, and many variations are possible within the spirt anad
scope of the present invention. The embodiments of the present invention are
provided in order to more completely explain the present invention to anyone skilled
in the art.

FIG. 2 illustrates a VSB/QAM receiver according to the present invention.
The receiver of FIG. 2 has an oscillator (OSC) 21 for generating a clock having a
predetermined frequency (f,), an A/D converter 22 for converting a received analog
signal into a digital signal with respect to a clock having the predetermined
frequency (f,), and an in-phase/quadrature (1/Q) signal generating unit 23 for
outputting a digital signal in a complex form. Also, unlike the conventional receiver
of FIG. 1, the receiver of FIG. 2 has an interpolator 24 on the front part of a carrier
wave restoration unit 26 for compensating the frequency and phase of a digital
signal. A matched filter 27 filters a signal output from the carrier wave restoration
unit 26. A timing processor 25, which is connected to the matched filter 27, controls
the interpolator 24, and provides a symbol clock, of which timing is restored, to each
block as a driving clock. A VSB sorter 28, which is connected to the matched fiiter
27 re-sorts an input VSB signal. The detailed structure of the timing processor 25

is shown in FIG. 3. and the detailed structure of the carrier wave restoration unit 26

Is shown in FIG. 4.
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The QAM/VSB receiver of the present invention is implemented by basically
adopting a full digital reception method. That is, using a clock having a
predetermined frequency (f,), generated by the oscillator 21 itself, a received analog
signal is converted into a digital form. Here, the clock frequency (f,) being used Is

higher than the transmitted symbol frequency. QAM and VSB methods for cable

Table 1

and ground wave digital broadcasting have various bandwidths and transmission
symbol rates as the following table 1:
Annex B

Annex A | Annex B Annex C | Annex D
(64 QAM) | (64 QAM) | (256 QAM)

)
Bandvidth oMz

Symbol 6.88695 | 5.05694 5.36054 5.30973 | 10.76224
Rate Msps Msps Msps Msps Msps
26.97035 |38.81070 | 29.35970 | 19.28951Mbps

38.08081
Mbps Mbps Mbps Mbps (8VSB)

Information

Bit Rate

38.57902Mbps

(16VSB)

As this, the recelver needs a structure in which carrier waves and timing for

these modes can be smoothly restored. Therefore, the receiver of the present
invention is constructed considering a method for restoring a carrier wave and
timing, both being interlocked to each other, QAM/VSB mode change and
processing method.

Referring to FIG. 2, a signal, which is converted into a digital form through the
A/D converter 22, is input to the I/Q signal generating unit. The I/Q signal
generating unit 23 outputs the input digital signal in a complex form of in-phase (l)
axis data and quadrature (Q) axis data, with respect to a clock having oscillation
frequency (f,) of the oscillator 21. The digital signal in the complex form is input to

the carrier wave restoration unit 26 through the interpolator 24. The carrier wave
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restoration unit 26 corrects the frequency and phase distortion of the input digital
signal and restores the carrier wave. This will be explained later referring to FIG. 4.
The signal output from the carrier wave restoration unit 26 is fed back to the timing
processor 25 through the matched filter 27. The timing processor 25 calculates a
timing errors to restore timing and generates a location signal which indicates the
optimal symbol location. More specifically, referring to FIG. 3, the timing processor
25 processes a VSB signal as a QAM signal. That is, if a VSB signal Is
demodulated based on a central frequency as a QAM, the VSB signal can be
regarded as an offset QAM having a 5.38MHz symbol rate. Therefore, the timing
processor 25 can restore timing regardless of QAM or VSB mode. However, since
an offset of a half symbol cycle (T/2) occurs between the | axis symbol and the Q
axis symbol in the VSB signal processed as the offset QAM, this offset should be
corrected. Therefore, the timing processor 25 delays either of the | axis symbol and
the Q axis symbol, which are input, by a half symbol cycle (1/2). The | axis symbol
output from the matched filter 27 is input to a timing error detector 33. Also, the Q
axis symbol is input to a delay 31 and at the same time to a multiplexor 32. The
delay 31 delays the input Q axis symbol by a half symbol cycle (1/2) and outputs the
symbol to the multiplexor 32. The muiltiplexor 32 selects the Q axis symbol, which is
currently input, and the Q axis symbol, which is delayed by a half symbol cycle (1/2),
according to the VSB/QAM mode, to output to the timing error detector 33. The
multiplexor 32 selects the Q axis symbol, which is delayed by a half symbol cycle
(T/2), if the mode is a VSB mode, and selects the Q axis symbol, which is currently
input, if the mode is a QAM mode. The timing error detector 33 receives the | axis
symbol and the Q axis symbol, which is selected by the multiplexor 32, determines
the timing state, and detects a timing error, which indicates whether the current
location of the symbol is before or after the optimal location of the symbol in time.
The timing error detected by the timing error detector 33 is applied to a loop filter 34
and the loop filter 34 generates a control voltage. A control and clock generator 35
generates variable oscillation frequency clocks with respect to the control voltage
generated in the loop filter 34 and controls the offset of the interpolator 24. Here,
since the symbol rate of a VSB signal is twice higher than that of a QAM signal, the

clock has the same frequency as the symbol rate or a frequency, which is 1/4 of the

6
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symbol rate, with respect to the VSB and QAM signals. A clock of which symbol
timing Is restored In the timing processor 25 Is provided to each block as a driving
clock.

Referring again to FIG. 2, the interpolator 24 interpolates the complex form
digital signal, which is input with respect to the clock having osciilation frequency (f,)
of the oscillator 21, in the original symbol location according to the control of the
timing processor 25, and outputs a digital signal of which timing is restored. Like
this, since the digital signal output from the interpolator 24 is input again to the
carrier wave restoration unit 26 to form a feedback loop, the restoration of symbol
timing and the restoration of carrier wave are interlocked to each other, and
therefore, a phase distortion is removed. The timing processor 25 provides the
restored symbol clock, which has a frequency the same as the symbol rate of the
VSB signal, to the carrier wave restoration unit 26, the matched filter 27, and the
VVSB sorter 28, as a driving clock, and at the same time provides restored symbol
clocks to blocks (not shown) of the back part.

Meanwhile, since a pilot-tone for restoring a carrier wave iIs included in a VSB
signal, the structure for restoring a carrier wave in a VSB signal is different from that
of a QAM. Also, since to commonly use the timing restoration means a VSB is

regarded as an offset QAM, in a VSB signal output from the interpolator 24, a pilot-

tone is in the about 2.69MHz bandwidth, not around a low frequency bandwidth.

Therefore, after the pilot-tone 1s moved to a low frequency bandwidth, the distortion
of the frequency and phase of the carrier wave is calculated. This will now be

explained in detail referring to FIG. 4.

Referring to FIG. 4, symbols restored through the interpolator 24 are input to
the AFC 42 and VSB 43 through the mixer 41. If the symbols of which timing is

restored are QAM signals, the AFC 42 calculates the distortions of the frequency
and phase, and outputs values corrected for the calculated distortions to the
multiplexor 45. If the outputs of the mixer 41 are VSB signals, the VSB sorter 43 re-
sorts symbols. Then, a digital frequency and phase locked loop (DFPLL) 44
calculates the distortions of the frequency and phase from the re-sorted symbols,
and outputs values corrected for the calculated distortions to the muitiplexor 45.

The DFPLL 44 i1s a carrier wave restoration device based on digital signal

/
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processing. The multiplexor 45 selects each signal output from the AFC 42 and the
DFPLL 44 according to the VSB/QAM mode and outputs the signal to the numerically
controlled oscillator (NCO) 46. That is, the multiplexor 45 selects a signal output from
the AFC 42 if the current mode is QAM, and selects a signal output from the DFPLL 44
if the current mode is VSB; and by doing so, adjusts the NCO 46. The mixer 41
multiplies a signal output from the interpolator 24 by a signal output from the NCO 46 to
compensate tor the distortions of the frequency and phase. A symbol of which carrier
wave is restored is input to the matched filter 27. Here. the carrier wave IS restored by a
symbol clock restored in the timing processor 25. Therefore, since the frequency in

obtained by rearranging the | axis by selecting one of an | axis symbol, a -I axis symbol,
a QQ axis symbol, and a -Q axis Symbol in order according to counting of the counter (not
shown), and a Q' axis symbol, which is obtained by rearranging the Q axis by selecting
one of a Q axis symbol, a -Q axis symbol, an | axis symbol, and a - axis symbol, in
order according to counting of the counter (not shown), and outputs a restored VSR

signal. As shown in FIG. 6, the frequency in which a pilot-tone exists is moved to 1/4 of
a symbol clock by the rearrangement of a VSB sighal. |
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What I1s claimed Is:

1. A vestigial sideband/quadrature amphtude modulation (VSB/QAM)
recelver comprising:

an analog-digital converter for converting a received analog signal into a
digital signal according to a clock having a predetermined frequency;

an interpolator for restoring symbol timing by interpoiating in the original
location of a symbol a digital signal applied from the analog-digital converter
according to the control of a timing processor;

a carrier wave restoration unit for restoring a carrier wave by correcting
the distortions in the frequency and phase of the symbol signal interpolated in the
interpolator according to a driving clock of the timing processor;

a filter for matching a symbol signal of which carrier wave Is restored in the
carrier wave restoration unit;

the timing processor for detecting a timing error in the filtered symbol signal,
controlling the interpolator based on the detected timing error, and generating the
driving clock; and

a VSB sorter for outputting the symbol output from the filter, the symbol of
which carrier wave and timing are restored, without change, or outputting the symbol

after rearranging the symbol according to the VSB/QAM mode.

2. The VSB/QAM receiver of claim 1, wherein the timing processor delays

either of an | axis symbol and a Q axis symbol according to a VSB/QAM mode by a

half symbol cycle to make a signal input time different.

3. The VSB/QAM receiver of claim 2, wherein the timing processor
COMPprises:

a delay for delaying a Q axis symbol output from the filter by a half symbol
cycle;

a multiplexor for selecting the Q axis symbol delayed in the delay if a signal is
a VSB signal, and selecting a Q axis symbol if a signal is a QAM signal;

a timing error detector for receiving an | axis symbol output from the filter and

a Q axis symbol selected in the multiplexor, and detecting a timing error;

9
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3 loop filter for generating a control voltage after a timing error detected in the
timing error detector is applied; and
a control and clock generating unit for generating a control signal for removing

the offset of the interpolator and a symbol clock, of which timing is restored, according
to the control voltage of the loop filter.

- 4. The VSB/QAM receiver of claim 1, wherein the carrier wave restoration
unit 'comprises:
an numerically controlled oscillator (NCO);
a mixer for compensating the distortions of the frequency and phase by
multiplying the signal output from the interpolator by a signal output from the NCO;
an automatic frequency control (AFC) for calculating the distortions of the
frequency and phase from a signal output from the mixer and generating a correction
value for the calculated distortion; ,
a VSB sorter for rearranging a symbol output from the mixer;
a digital frequency phase locked loop (DFPLL) for calculating the distortions of
the frequency and phase in the symbol rearranged in the VSB sorter, and .
generating a correction value for the calculated distortion; and
a multiplexor for controlling the frequency of the NCO, by selecting a signal

output from the AFC if a signal is QAM, and selecting a signal output from the DFPLL if a

signal is VSB.

3. The VSB/QAM receiver of claim 1, wherein the VSB sorter moves
a frequency, in which a pilot-tone exists, by 1/4 of a symbol clock, by
rearranging signals in a demodulated VSB signail.

0. The VSB/QAM receiver of claim 1, wherein the VSB sorter
comprises:

an inverter for invérting each of an | axis symbol and a Q axis symbol
output from the filter; and

a multiple;<or for outputting rearranged |’ axis symbol and Q' axis symbol
after selecting an | axis symbol, a Q axis symbol, and an | axis symbol and a Q
axis symbol, both of which are invert‘ed by the im/erter, in a predetermined order.

10
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7. A method for receiving both a VSB signal and a QAM signal in a
VSB/QAM receiver, the method comprising the steps of:

(a) converting an analog signal into a digital signal according to a
predetermined clock;

(b) extracting a symbol in the original symbol location by interpolating the
digital signal converted in the step (a);

(C) restoring a carrier wave by correcting the distortions in the frequency and
phase of the symbol, which is extracted in the step (b), according to a clock of which
symbol timing is restored,;

(d) calculating a timing error based on the signal restored in the step (c),
restoring the symbol timing by controlling the interpolation location of the step (b)
according to the calculated timing error, and generating a clock of which timing is
restored: and

(e) outputting a signal, of which symbol timing and carrier wave are restored,
without change, or outputting the signal after rearranging the signal, according to a
VSB/QAM mode.

RIDOUT & MAYBEE LLP
Toronto, Canada

Patent Agents
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