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PARTIAL RESPONSE TRELLIS DECODER
FOR HIGH DEFINITION TELEVISION
(HDTV) SYSTEM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

The present 1invention relates to a partial response trellis

decoder for performing trellis coded modulation 1n a high
definition television (HDTV).

DISCUSSION OF THE RELATED ART

In general, a HDTV broadcasting method performs a
transmission at the same frequency as that of the National
Television System Committee (NTSC), 6 MHz. However,
unlike the NTSC, the HDTV broadcasting transmission 1s
performed digitally, allowing for a higher definition when
broadcasting and receiving, 1n relation to the width and
length of the screen.

The Grand Alliance of the U.S.A. has recently proposed
the eight vestigial sideband modulation (VSB) method as a
HDTYV transmission method. In the 8 VSB method, a symbol
composed of two bits 1s coded into three bits and 1s then
transmitted at eight levels. According to the eight VSB
method, after the 2 bit mput data is received, the upper bit
1s not coded 1n a Trellis encoder but the remaining lower bit
1s half convolutionally coded to form two bits, thereby
resulting 1n three bits total.

FIG. 1 1s a schematic diagram of the transmission side of
a general HDTYV, and FIG. 2 1s a schematic diagram of the
reception side of a general HDTV.

As shown 1n FIG. 1, the transmission side includes a data
randomizer 1 for performing an exclusive OR operation on
a video, audio and auxiliary signal which are input 1n the unit
of a byte, 1n a pseudo random sequence. The data random-
izer 1 then selects data randomly. A Reed-Solomon encoder
2 1s used for Reed-Solomon (RS) encoding the data output
by the randomizer 1 so as to supply an error correction
capability for any noise or other interference generated 1n a
channel. A data interleaver 3 1s used for interleaving the data
output by the R-S encoder 2. A Trellis encoder 4 Trellis
encodes the data output by the data mterleaver 3. A multi-
plexer 7 adds a segment synchronization signal 5 and a field
synchronization signal 6 to the signal output by the Trellis
encoder 4. A pilot inserter 8 adds a pilot, which allows for
efficient automatic frequency control (AFC), to the signal
output by the multiplexer 7. A VSB modulator 9 1s used for
modulating the signal output by the pilot inserter 8 with a
VSB, and a radio frequency up-converter 10 transmits the
signal from the VSB modulator 9.

As shown 1n FIG. 2, the reception side includes a tuner 11
for tuning a signal 1nput via an antennae, an IF filter and
synchronous detector 12 for demodulating the signal output
by the tuner 11 mto a band of 44 MHz, a sync and timing unit
13 for locating a symbol timing, a data segment synch and
a data field sync from the signal output by the IF filter and
synchronous detector 12, a NTSC rejection filter 14 for
NTSC rejection-filtering the signal output by the IF filter and
synchronous detector 12 1n case of a co-channel NTSC
interference, an equalizer 15 for removing a ghost from the
signal output by the NTSC rejection filter 14, a phase tracker
16 for correcting a phase error of the signal output by the
equalizer 15, a Trellis decoder 17 for Trellis decoding the
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2

signal output by the phase tracker 16 to detect data, a data
deinterleaver 18 for deinterleaving in order to separate a
burst error from the signal output by the Trellis decoder 17,
a R-S decoder 19 for R-S decoding the signal output by the
data deinterleaver 18, and a data derandomizer 20 for
derandomizing the signal output by the R-S decoder 19.

The operation of the transmission and reception sides of
a HDTV having the aforementioned configuration will be

described.

Data to be transmitted 1s randomized in data randomizer
1 by a pseudo random sequence and an exclusive OR
operation and 1s provided with an error correcting capability
for any noise or other interference generated 1n a channel by
being R-S encoded 1n R-S encoder 2 under the condition R-S
(208, 188) t=10. R-S encoding can correct all errors even if
a 20 byte redundance out of 188 bytes are added to generate
10 errors.

The data output by R-S encoder 2 1is interleaved so that 1f
burst error 1s generated 1n the data interleaver 3, horizontal
input data 1s read vertically for output 1n order to compensate
for the burst error.

The signal output by data interleaver 3 1s Trellis coding,
modulated 1n Trellis encoder 4. The data output by data
interleaver 3 outputs 2 bits to the Trellis encoder 4, the upper
bit 1s not coded and the lower bit 1s convolutionally coded
to form 2 bits, thereby outputting 3 bits total. The output data
1s Trellis coding modulated, that 1s, the data 1s mapped 1nto
8 levels having a high error correction capability.

The Trellis coded modulation (TCM) method, by which

the convolutionally coded signal 1s modulated, 1s a channel
coding method capable of obtaining a signal-to-nomse ratio
(SNR) more than about 3 dB without a loss of channel band
width. For this reason, the transmission and reception sides
for a HDTV adopt both the R-S coding method and the TCM
method.

The signal output by the Trellis encoder 4 1s supplemented
with the segment sync signal 5 and the field sync signal 6 1n
multiplexer 7 and 1s further supplemented with a pilot signal
in p1lot inserter 8 so that the reception side performs the AFC
ciiiciently.

The signal output by the pilot mserter 8 1s transmitted
through an antennae via VSB modulator 9 and RF
up-converter 10.

On the reception side, the processes are performed
inversely to the processes on the transmission side. The
signal input through the antennae 1s demodulated into an
intermediate frequency band of 44 MHz via the tuner 11, the
IF filter and the synchronous detector 12, and 1s then VSB
filtered. The frequency and phase of the signal 1s set with the
assistance of the pilot signal.

The signal output by the IF filter and synchronous detec-
tor 12 1s detected by the NTSC rejection filter 14 1n
accordance with the traming sequence of the data field sync.
If the signal has a co-channel NTSC interference, NTSC
rejection filtering 1s performed. If not, the NTSC f{iltering 1s
by-passed.

The ghost of the signal output by the NTSC rejection filter
14 1s removed by the equalizer i1s, and the phase error 1s

corrected 1 phase tracker 16 before input to the Trellis
decoder 17.

The signal output by the phase tracker 16 1s detected using,
the different Viterbi decoders for the case of using the NTSC
rejection filter 1n Trellis decoder 17 and the case of bypass-
ing the same. The signal 1s deinterleaved by the data
interleaver 18 in order to separate the burst error, and the
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error 1s then corrected by the R-S decoder 19. The reception
1s completed via data derandomizer 20.

The operation of the Trellis decoder 17 will be described
in more detail. In general, i1f the channel of a NTSC
broadcasting station 1s located mm an area adjacent to a
HDTYV broadcasting station, interference occurs. A NTSC
rejection filter 1s used to remove the channel NTSC inter-
ference.

FIG. 3 1s a detailed diagram showing the conventional
combination of a NTSC rejection filter 14 and a Trellis
decoder 17. FIG. 4 1s a detailed diagram showing the
combination of the conventional Trellis decoder 17 and the
data deinterleaver 18.

The NTSC rejection filter 14 includes a delay 22 and a
subtracter 23, as shown i1n FIG. 3. If the signal passes
through the N'TSC rejection filter 14, the signal also passes
through an & state partial response decoder 24. If the signal
does not pass through the NTSC rejection filter 14, the signal
passes through a 4 state optimal Trellis decoder 25.

FIG. 4 shows that the partial response decoder 24 1s
actually composed of 12 Trellis decoders 27 to 31. A first
Trellis decoder 27 receives and decodes the first, 13th, 25th,
3’7th,... symbols among the mnput signals. A second Trellis
decoder 28 receives and decodes the second, 14th, 26th,
38th,... symbols among the input signals. Similar decoding

occurs for 29, 30 and 31.

The signals are demultiplexed 1 a switch 26 in the unit of
12 symbols and are multiplexed again 1n another switch 32,
thereby deinterleaving data 1n the unit of 12 symbols to be
output.

However, since the conventional transmission and recep-
fion apparatus for a HDTV does not provide a specific and
detailed construction for the Trellis encoder and the Trellis

decoder, constructing the transmission and reception appa-
ratus for the HDTV 1s complicated.

SUMMARY OF THE INVENTION

To solve the above problem, 1t 1s an object of the present
invention to provide a partial response Trellis decoder
having a specific and detailed configuration.

Additional objects and advantages of the invention will be
set forth 1n part in the description which follows and in part
will be obvious from the description, or may be learned by
practice of the mvention. The objects and advantages of the
invention may be realized and attained by means of the
instrumentalities and combinations particularly pointed out
in the appended claims.

To achieve the objects and 1n accordance with the purpose
of the invention, as embodied and broadly described herein,
the partial response Trellis decoder for a HDTV according to
one embodiment of the present invention comprises: a
distance mapper for calculating first, second,- third and
fourth Euclidean distances between the input signal and a
reference value; a Viterbr decoder for Viterbi decoding the
first, second, third and fourth Euclidean distances calculated
by the distance mapper; a first delay for delaying and
outputting the Viterb1 decoded data for each FEuclidean
distance; a ruler selector for selecting a ruler type signal
based on the signals output by the first delay; and a slicer for
slicing the selected ruler type signal and the mput signal.

The partial response Trellis decoder for a high definition
television (HDTV) according to another embodiment com-
prises: a distance mapper for calculating first, second, third
and fourth Euclidean distances between the from input
signal and a reference value; a Viterbi decoder for Viterbi
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4

decoding the first, second, third and fourth Euclidean dis-
tances calculated by the distance mapper; a first delay means
for delaying and outputting the Viterbi decoded data for each
Euclidean distance; a ruler selector for selecting a ruler type
signal based on the signals output by the first delay means;
a hard decider for slicing and hard deciding the input signal;
and a multiplexer for selecting and outputting one of the

signals output by the hard decider.

The partial response Trellis decoder for a high definition
television (HDTV) according to still embodiment com-
prises: a distance mapper for calculating first, second, third
and fourth Euclidean distances between the from input
signal and a reference value; a hard decider for hard deciding
the input signal and for outputting the hard decision value;
and a Viterb1 decoder for Viterbi decoding the data output by
the distance mapper and said hard decider.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated 1n
and constitute a part of this specification illustrate embodi-
ments of the mvention and, together with the description,
serve to explain the objects, advantages and principles of the
invention. In the drawings,

FIG. 1 1s a schematic diagram of the transmission side of
a general HDTV;

FIG. 2 1s a schematic diagram of the reception side of a
general HDTV;

FIG. 3 1s a detailed schematic diagram showing the
conventional NTSC rejection filter combined with the Trel-
l1s decoder;

FIG. 4 1s a detailed schematic diagram showing the
combination of a conventional Trellis decoder and a data
deinterleaver;

FIG. 5 1s a schematic diagram of a general Trellis encoder;

FIG. 6 1s a schematic diagram of a Trellis decoder
according to the present 1nvention;

FIG. 7 1s a diagram for explaining the operation of the
TCM mapper shown 1n FIG. 5;

FIG. 8 1s a diagram for explaining the signal levels of the
post-comb filter shown 1n FIG. 6;

FIG. 9 1s a diagram for explaining the ruler type slicer
shown 1n FIG. 6;

FIG. 10 1s a schematic diagram of the partial response
Trellis decoder according to one embodiment of the present
mvention;

FIG. 11 1s a schematic diagram of the partial response
Trellis decoder according to another embodiment of the
present 1nvention;

FIG. 12 1s a detailed schematic diagram of the Viterbi
decoder shown 1n FIG. 11;

FIG. 13 1s a diagram for explaining the operation of the
Viterbi decoder shown 1n FIG. 12;

FIG. 14 1s a table defining the distances d,, d,, d, and d,
that are calculated by the distance mapper; and

FIG. 15 1s a table defining the ruler types selected by the
ruler selector.

DETAILED DESCRIPTION OF THE
INVENTION

As shown 1n FIG. 5, a general Trellis encoder includes a
precoder 33 for precoding the most significant bit output by
a data interleaver, a switch SW, for selecting the most
significant bit output by the data interleaver if there i1s no
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NTSC mterference and otherwise selecting the precoded
signal output by the precoder 33, a convolutional encoder 36
for convolutionally encoding the least significant bit output
by the data interleaver and outputting the same as two bits,
and a TCM mapper 37 for receiving a signal consisting of
the bit output by the switch SW, and the two bits output by
the convolutional encoder 36 and for outputting a corre-
sponding voltage level. The general Trellis encoder outputs
the most significant bit output by the data interleaver to the
TCM mapper 37 without encoding upon receiving the two
bit signal output by the data interleaver, and transforms the
least significant bit into a two bit signal via the convolutional
encoder 36 for output to the TCM mapper 37, which

performs a TCM mapping.

The precoder 33 includes a delay 33b for delaying the
signal received from the data interleaver by 12 symbols and
an adder 33a for adding the delayed signal and the signal
received from the data interleaver. The convolutional
encoder 36 includes a delay 36a for delaying the least
significant bit output by the data interleaver by 12 symbols,
a delay 36b for secondarily delaying the signal output by the
delay 36a by 12 symbols, a first exclusive OR gate 36c¢ for
performing an exclusive OR operation on the signal output
by the data interleaver (S,), the signal output by the delay
36a (S,) and the signal output by the delay 36b (S,) and for
outputting the resultant one bit signal EN, to the TCM
mapper 37, and a second exclusive OR gate 36d for per-
forming an exclusive OR operation on the signal S, and the
signal S, and for outputting the resultant one bit signal EN|,

to the TCM mapper 37.

As shown 1n FIG. 6, the Trellis decoder of this embodi-
ment mcludes a post-comb filter 38 for filtering a NTSC
broadcasting signal band when there 1s NTSC interference,
a partial response Trellis decoder 39 for decoding the signal
output by the post-comb filter 38, a precoder 40 for precod-
ing the signal output by the partial response Trellis decoder
39, a switch SW,, for selecting and outputting either the
signal output by the partial response Trellis decoder 39 or the
signal output by the precoder 40, a four state optimal Trellis
decoder 42 for use when there 1s no NTSC interference, a
postcoder 43 for postcoding the signal output by the four
state optimal Trellis decoder 42, a switch SW for selecting
and outputting either the signal output by the four state
optimal Trellis decoder 42 or the signal output by the
postcoder 43, and a switch SW , for selecting and outputting,
either the signal output by the switch SW,, partial response
Trellis decoder 39, or the signal output by the four state
optimal Trellis decoder 42 and switch SW, depending on
the presence or absence of NTSC iterference.

In the Trellis decoder shown 1n FIG. 3, if a NTSC
broadcasting station 1s located in an area adjacent to a
HDTYV broadcasting station, the same channel NTSC 1inter-
ference occurs. Therefore, 1n the embodiment shown 1n FIG.
6 the operation of the Trellis decoder 1s selectively deter-
mined depending on the presence or absence of a NTSC
broadcasting station of the same channel. Accordingly,
switch SW, selects between using a NTSC rejection filter 1f
there 1s NTSC interference and using an optimal Trellis
decoder 42 1f there 1s no NTSC interference. A four state
Viterb1 decoder 1s used as the optimal Trellis decoder 42 to
decode the IN1 and INO prior to being convolutionally

coded 1n the Trellis encoder and outputs the decoded signals
DEC, and DEC,.

The post-comb filter 38 and post coder 43 both include a
delay 38b and 43b for delaying the mmput value by 12
symbols and a subtracter 38a and 43a for obtaining the
difference between the nondelayed input signal and the
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signal output by the delay 38b. The precoder 40 includes an
adder 40a for adding the signals output by the partial
response Trellis decoder 39 and a delay 40b, for delaying the
signal output by the adder 40a by 12 symbols.

The operation of the Trellis encoder and decoder having,
the aforementioned configuration will now be described.

In the Trellis encoder, if two bit input 1s received, the most
significant bit IN; 1s 1mnput to the TCM mapper 37 as an
uncoded bit and the least significant bit 1s transformed into

two bits via the convolutional encoder 36 and 1s to then 1input
to the TCM mapper 37.

The switches SW,, SW, and SW, as shown 1 FIGS. 5
and 6 are all connected to a port P, 1n the embodiment
discussed below. The convolutional encoder 36 produces a
four state Trellis diagram, where EN, 1s obtained by per-
forming an exclusive OR operation on the signals S,, S, and
S, and EN, is obtained by performing an exclusive OR
operation on the signals S, and S,. The Euclidean distances
d,, d,, d, and d, obtained by the distance mapper 39a are

variable. Thus, the TCM mapper 37 receives three bits EN,,,
EN, and EN, and outputs the voltage level corresponding to
the respective cases, as shown in FIG. 7.

The signal magnitudes shown 1n FIG. 7 are not absolute
values but are relative values. For example, it the three bits

EN,, EN, and EN, are ‘011°, the voltage output 1s 3V,

The mapping method shown in FIG. 7 i1s variable.
However, the block diagram of the partial response Trellis
decoder does not change but the Euclidean distances d,, d,,
d, and d, obtained by the distance mapper 39a change.

As described above, the Trellis decoder according to the
present embodiment, may or may not require a NTSC
rejection filter. If a NTSC broadcasting station 1s 1n an arca
adjacent to a HDTV broadcasting station, switch SW,
selects the signal output by the NTSC rejection filter. If there
1s NTSC mterference, the switch SW, selects a point Q,, the
optimal Trellis decoder 42 decodes the two bit signal IN,
and IN, 1nput to the Trellis encoder by using the four state
Viterbi decoder and then outputs the decoded signal DEC,
and DEC,. The partial response Trellis decoder 39 decodes
an mput signal where the Trellis encoder of FIG. 5 and the
post-comb filter 38 are regarded as one encoder.

In order to filter the noise of the NTSC broadcasting
signal which may be loaded on an 8 level signal output by
the TCM mapper 37 of the Trellis encoder, a 15 level signal
1s output to the post-comb filter 38, as shown 1n FIG. 8. The
signal output by the partial response Trellis decoder 39 is
decoded 1nto the original data and is selected by the switch
SW, for output.

The partial response Trellis decoder 39 according to one
embodiment of the present invention includes a distance
mapper 39a, a Viterbi decoder 39b, delays 39c, 39d and 39e,
a ruler selector 391 and a slicer 39h. The slicer 39h performs
a slicing operation depending on the selected ruler types and
outputs the sliced results. The distance mapper 39a calcu-
lates Euclidean distances d,, d,, d, and d; using the signals
output by the post-comb filter 38 which removes NTSC
interference.

As shown 1n FIG. 14, the distance mapper 39a calculates
a first Euclidean distance d,, using the distance between the
input signal and the closest point among (0, 8, —=8). A second
Euclidean distance d, 1s calculated using the distance
between the input signal and the closest point among (2, 10,
-6, —14). A third Euclidean distance d, is calculated using
the distance between the input signal and the closest point
among (4, 12, -4, —12). A fourth Euclidean distance d; is
calculated using the distance between the input signal and
the closest point among (6, 14, -2, —10).
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The Viterbi decoder 31b, &8 state Viterbi-decodes the
Euclidean distances d,,, d,, d, and d, output by the distance

mapper 39a. The data output by the Viterbi decoder 39b 1s
delayed in three steps and 1s output to the ruler selector 391.

The delay means includes first delay 39c for delaying the
data output by the Viterbi decoder 39b by 12 symbols and for
outputting the delayed signal to the ruler selector 391, a
second delay 39d for delaying the data output by the first
delay 39c by 12 symbols and for outputting the delayed

signal to the ruler selector 391, and a third delay 39¢ for
delaying the data output by the second delay 39d by 12
symbols and for outputting the decoded signal DEC, ,
obtained by decoding the least significant bit IN, prior to
being convolutionally coded, to the switch SW, and to the
ruler selector 391.

The ruler selector 391 selects seven ruler types I, 11, 111, TV,
V, VI and VII depending on the signals output by the delay
means. As shown 1n FIG. 9, the ruler selector 391 selects a
ruler type based on a current state and a next state. The
selection of the ruler type 1s based on the following: ruler
type IV 1s selected if the signal output by the delay means
has a current state ‘000’ a next state ‘000,” a ruler type 1I 1s
selected 1f the signal output by the delay means has a current
state ‘000 and a next state ‘100, a ruler type V 1s selected
if the signal output by the delay means has a current state
‘100° and a next state “010,” a ruler type III 1s selected if the
signal output by the delay means has a current state ‘100
and a next state ‘110, a ruler type III 1s selected 1f the signal
output by the delay means has a current state ‘010" and a
next state ‘001,” a ruler type V 1s selected 1f the signal output
by the delay means has a current state ‘010 and a next state
‘101, a ruler type IV 1s selected 1f the signal output by the
delay means has a current state ‘110° and a next state ‘011,
a ruler type VI 1s selected if the signal output by the delay
means has a current state ‘110° and a next state ‘111,” a ruler
type VI 1s selected if the signal output by the delay means
has a current state ‘001" and a next state ‘000,” a ruler type
IV 1s selected if the signal output by the delay means has a
current state ‘001 and a next state ‘100,” a ruler type III 1s
selected if the signal output by the delay means has a current
state ‘101° and a next state ‘010,” a ruler type I 1s selected 1t
the signal output by the delay means has a current state ‘101°
and a next state ‘110,” a ruler type V 1s selected if the signal
output by the delay means has a current state ‘011” and a next
state ‘001, a ruler type VII 1s selected if the signal output by
the delay means has a current state ‘011° and a next state
‘101,” a ruler type II 1s selected 1f the signal output by the
delay means has a current state ‘111° and a next state ‘011,
and a ruler type IV 1s selected if the signal output by the
delay means has a current state ‘111" and a next state ‘111.

Referring back to FIG. 6 the delay 39g delays an input
signal for a constant time in order to synchronize the 1nput
signal with the ruler type selection of the ruler selector 391.

The shicer 39h slices the signal output by delay 39¢
depending on the ruler types selected by the ruler selector
391 and outputs the most significant bit IN, of the decoded
signal DEC,. As shown 1n FIG. 15, if the ruler type 1s I, the
slicer 39h outputs ‘1’ if the mput signal 1s close to —14 or 2
and ‘0’ 1f the 1nput signal 1s close to —6. If the rule type 1s
I1, the slicer 39h outputs ‘1’ if the 1input signal 1s close to —12
or 4 and ‘0’ if the mput signal 1s close to —4. If the ruler type
1s III, the slicer 39h outputs ‘1’ if the mput signal 1s close to
—10 or 6 and ‘0’ 1f the mput signal 1s close to 2. If the ruler
type 1s 1V, the slicer 39h outputs ‘1’ if the input signal is
close to =8 or 8 and ‘0’ 1f the 1nput signal 1s close to 0. If the
ruler type 1s V, the slicer 39h outputs ‘1’ if the input signal
1s close to —6 or 10 and ‘0’ 1if the input signal 1s close to 2.
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If the ruler type 1s VI, the slicer 39h outputs ‘1’ if the 1nput
signal 1s close to —4 or 12 and ‘0’ if the 1nput signal 1s close
to 4. If the ruler type 1s VII, the slicer 39h outputs ‘1’ if the
input signal 1s close to 14 or —2 and ‘0’ if the 1nput signal 1s
close to 6.

If there 1s noise and the signal output by the post-comb
filter 38 1s output as a 15 level signal, then exact values as
shown 1n FIG. 8, cannot be obtained. Values other than -14,
-12, -10,..., 10, 12, 14, may be obtained. Although the
values output by the post-comb filter 38 may be other than
those shown 1n FIG. 8, the partial response Trellis decoder
39 should decode the values. Therefore, even 1f the exact
values are not obtained due to the noise, the distance mapper
39a of the partial response Trellis decoder 39 obtains the
Euclidean distances d, d,, d, and d; 1n order to decode the
values.

If the signal output by the post-comb filter 38 1s 0.5 1n
magnitude, the Euclidean distances d,, d,, d, and d; are
obtained in the following manner.

As shown 1 FIG. 14, d , represents the distance between
the input signal and the closest point among (0, 8, -8).
Therefore, when the magnitude of the input signal 1s 0.5, the
signal 1s closest to 0, and the distance 1s 0.5. Also, since d,
represents the distance between the input signal and the
closest point among (2, 10, -6, —14), when the magnitude of
the 1nput signal 1s 0.5, the signal i1s closest to 2, and the
distance 1s 1.5. Similarly, the Euclidean distance d, 1s closest
to 4 and the distance 1s 3.5, and d; 1s closest to —2 and the
distance 1s 2.5. Therefore, the values of the Fuclidean
distances d,, d,, d, and d; are 0.5, 1.5, 3.5 and 2.5,

respectively.

The thus obtained values output by the distance mapper
39a are 1nput to the Viterbl decoder 39b for decoding. The
Euclidean distances to be used for each transition are one
among d,, d,, d, and d, and the used Euclidean distances d,,
d,, d, and d; are decoded by means of the 8-state Trellis
diagram shown 1n FIG. 9, to thereafter be output bit by bat.
The one output bit DEC, corresponds to the lower one bit
IN, among the two data bits input from the Trellis encoder.

The bit output by the Viterbi decoder 39b 1s output via
three sequential delays 39c¢, 39d and 39¢. The data each
delayed 1n the delays 39c¢, 39d and 39¢ form a current state
and the 1nputs of the delays 39c, 39d and 39¢ form a next
state, as shown 1 FIG. 9. The signals output by the delays
39c, 39d and 39¢ are mput to the ruler selector 391 as the
current state or next state. The path of the transitions are
performed 1n accordance with the Trellis diagram shown 1n
FIG. 9. FIG. 9 shows the transition from the current state
into the next state, solid lines represent that the next signal
1s 0, and dot lines represent that the next signal 1s 1.

The ruler selector 391 selects one of the ruler types 1, II,
III, IV, V, VI and VII based on the corresponding path. For
example, 1n the case of a transition from a current state (00

into a next state 100, the ruler selector 391 selects ruler type
I1.

The process for selecting the ruler type 1s performed by
the counter-operation of the Trellis encoder shown 1n FIG. §.
In the Trellis encoder, 1f the signals S, S, and S, are ‘000,
the output EN, of the exclusive OR gate 36¢ becomes ‘0’
and the output EN, of the exclusive OR gate 36d becomes
‘0°. If the output signal EN2 of the precoder 33 1s ‘0, the
mput of the TCM mapper 37 becomes ‘000 and the output
becomes 7V as shown i FIG. 7. If the mput signal IN|,
newly input to the convolutional encoder 361s ‘1,7 S, S, and
S, become ‘100,” the output EN, of the exclusive OR gate
36¢ 1s ‘1° and the output EN, of the exclusive OR gate 36d
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1s ‘1’ If the output signal EN, of the precoder 33 1s ‘0, the
output of the TCM mapper 37 1s 3V. In this example, since
the value of the delay 38b 1s 7V and the current mnput value
1s 3V, the output of the post-comb filter 38 1s —4V.

If the output signal EN, of the precoder 33 1s ‘1,” the
output of the TCM mapper 37 1s -5V. In this example, the
output of the post-comb filter 38 1s —12V. To review this
example, at the time of transition from the current state <000
into the next state ‘110° as shown 1n FIG. 9, if there 1s no
change 1n the value of the output signal EN, of the precoder
33, the output of the post-comb filter 38 1s —4V. If there 1s
a change m the value of the output signal EN, of the
precoder 33, 1.e., a change from ‘0’ mto ‘1’ or a change from
‘1’ into “0,” the output of the post-comb filter 38 becomes
—-12 or 4V, thereby selecting the ruler type II 1n FIG. 15 and
utilizing the difference value between the voltage —12V, 4V
and -4V to be mput when there 1s no error and the input
signal, after obtaining the Euclidean distance d, in FIG. 14.

If the output of the post-comb filter 38 1s applied to the
distance mapper 39a and at the same time 1s applied to the
slicer 39h via the delay 39¢, the slicer 39h slices the applied
values 1n accordance with the ruler type selected by the ruler
selector 391, as shown 1n FIG. 15, and outputs either ‘0’ or
‘1.

For example, 1f the signal output by the post-comb filter
38 1s 0.5 and the ruler selector 391 selects the ruler type 11,
the slicer 39h compares the input signal whose magnitude 1s
0.5 with the values associated with the selected ruler type.
The 1nput signals —12, —4 and 4 are associated with the ruler
type II. Here, since the input signal 1s 0.5, 4 1s the closest
value. Theretore, the slicer 39h outputs ‘1’ as decoded signal
DEC, to the TCM mapper 37. Similarly, the value of the
lower one bit IN, of the Trellis encoder 1s decoded via the
distance mapper 39a, Viterbi decoder 39b and delays 39c,
39d and 39¢ to then be output as a decoded value DEC,.

The path 1s known by setting the output signal and input
signal as the current state and next state, respectively, as
shown 1 FIG. 9. The ruler type 1s selected according to the
corresponding path by the ruler selector 39f. The 1nput
signals are compared to the values associated with the ruler
type selected by the ruler selector 391, in the slicer 39h, so
that the slicer 39h decodes one bit data corresponding to the
closest value as shown 1n FIG. 14, mto the data correspond-
ing to the upper one bit IN, of the Trellis encoder and
outputs the decoded data DEC,.

The switches SW,, SW,, and SW, shown 1n FIGS. § and
6 will now be described. If the precoder 33 1s by-passed 1n
the Trellis encoder, it 1s switched so that the precoder 40
precodes the signal output by the partial response Trellis
decoder 39 and the postcoder 43 1s by-passed, as shown 1n

FIG. 6.

Reversely, if the precoder 33 1s utilized by 1n the Trellis
encoder, 1t 1s switched so that the precoder 40 1s by-passed
and the signal output by the postcoder 43 1s output.

That 1s, the switch SW, does not select the precoder and
the switch SW; switches so as to select position P,, thereby
preventing an 1nCrease 1n €rrors.

FIG. 10 shows the partial response Trellis decoder accord-
ing to another embodiment of the present invention which
includes a distance mapper 49, a Viterbi decoder 50, delays
47, 51, 52 and 53, a ruler selector 54, a hard decider 46 and
a multiplexer 48. The signals are sliced with respect to all of
the selected ruler types and then selectively one of the sliced
results 1s output. The functions of the distance mapper 49,
Viterbi decoder 50, delays 47, 51, 52 and 353 and ruler

selector 54 are the same as those of the partial response
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Trellis decoder according to one embodiment of the present
invention shown in FIG. 6.

The hard decider 46 slices and hard decides the input
signals 1n accordance with seven ruler types as shown in
FIG. 15 and as previously discussed 1n regard to slicer 39h.
In FIG. 10, h; (h, to h,) are the values output when the input
signals are sliced depending on the ith ruler type.

The delay 47 delays the signal output by the hard decider
46 for a constant time 1n order to synchronize the signal with
the ruler selector 54 and outputs the delayed signal to the
multiplexer 48.

The multiplexer 48 selects and outputs signals matching,
the ruler type selected by the ruler selector 54 among the
signals delayed by the delay means 47 while Viterb1 decod-
ng.

The operation of the partial response Trellis decoder
according to another embodiment of the present invention

having the aforementioned configuration will now be
described 1n detail.

As shown 1n FIG. 14, the Euclidean distances d,, d,, d,

and d; are obtained from the input signals from which the
NTSC interference has been removed 1n the distance mapper

49 and are Viterbi decoded in the Viterbi decoder 50.

The data output by the Viterbi decoder 50 1s delayed 1n
three steps through the delays 51, 52 and 53 and 1s output to
the ruler selector 54. The ruler selector 54 selects a ruler type
depending on the signals output by the delays 51, 52 and 53
as shown 1n FIG. 9.

The mput signals from which the NTSC interference has
been removed 1n the distance mapper 49 are sliced and are
hard decided 1n the hard decider 46, respectively, as shown
in FIG. 15. One of the signals output by the hard decider 46
1s selected depending the ruler type to then be output. The
lower one bit IN, of the Trellis encoder 1s decoded and
output as the decoded signal DEC, through the distance
mapper 49 and Viterbi decoder 50, and the upper one bit IN,
of the Trellis encoder 1s decoded and output as the decoded
signal DEC, through the hard decider 46, relay and multi-
plexer 48.

As shown 1 FIG. 11, the partial response Trellis decoder
according to still another embodiment of the present mnven-

tion includes a distance mapper 61, a hard decider 60 and a
Viterb1 decoder 62.

The distance mapper 61 calculates Euclidean distances d,,,
d,, d, and d; from the mput signals, as shown in FIG. 14 and
previously discussed 1n reference to other embodiments of
the present invention.

The hard decider 60 hard decides the signal output after
the NTSC 1nterference 1s removed and outputs hard decision
values h, to h,. The operation of the hard decider 60 1s the
same as discussed above with reference to hard decider 46

and as shown 1n FIG. 15.

As shown 1n FIG. 12, the Viterb1 decoder 62 1includes a
matrix calculator 63 for obtaining the difference between the
Euclidean distances d,, d,, d, and d; and the branches of the
respective states and then calculating the survival path and
the accumulative matrix value by adding the current differ-
ence value with the accumulative previous distance values,
an optimal path calculator 64 for obtaining the optimal path
within the view area from the accumulative matrix value
output by the matrix calculator 63, a path history calculator
65 for directly outputting the upper one bit value using hard
decision values h, to h, output by the hard decider 60, the
survival path output by the matrix calculator 63 and the
optimal path output by the optimal path calculator 64 and for
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outputting a signal for selecting the lower one bit, and a
look-up table 66 for outputting the lower one bit depending
on the selection signal output by the path history calculator

65. The Viterb1 decoder 62 Viterbi decodes the data output
by the distance mapper 61 and hard decider 60.

The operation of the partial response Trellis decoder
according to this latter embodiment of the present invention

having the aforementioned configuration will be described.

The distance mapper 61 calculates and outputs the Euclid-
can distances d,, d,, d, and d, depending on the signal
output after the NTSC interference 1s removed by a post-
comb filter. The upper one bit is compared with the previous
data depending on the input signal. The results of the
comparison as to whether they are same or different is
represented by the respective sets, I, 11, II1, IV, V, VI and VII.

The Euclidean distances d,, d,, d, and d; and the set
values hl to h7 of the hard decider 60 are Viterb1 decoded
by the Viterb1 decoder 62 resulting 1n the original two bits
I, and I, having been mnput to the Trellis encoder. The
operation of the Viterbi decoder 63 will be described.

The Euclidean distances d,, d,, d, and d, are used in
obtaining the difference between the Euclidean distances d,,
d,, d, and d, and the branches of the respective states 1n the
matrix calculator 63. The obtained values are added with the
previous distance values and output as the survival paths and
accumulative matrix values. The accumulative matrix values
of the matrix calculator 63 are used in obtaining the optimal
path within the view area i the optimal path calculator 64.

The outputs h, to h, of the hard decider 60, the survival
paths output by the matrix calculator 63 and the states of the
optimal paths are used 1n obtaining the values to be output
as the optimal path selected by the path history calculator 635.
The lower one bit I, having been mnput to the Trellis encoder
from the path history calculator 65 1s output by the lookup
table 66. The path history calculator 65 receives the outputs
h, to h, from the hard decider 60, the survival paths output
by the matrix calculator 63 and the states of the optimal path
calculator 64 and determines the values to be output as the
selected optimal path.

The path history calculator 65 includes a memory for
storing the values of h, to h, and the survival path, and a
circuit for tracing the memory and obtaining the outputs for
the optimal path. However, 1n view of the conceptual path
history calculator 65, as shown in FIG. 9, when the states of
S1 and S2 are the same as the current state, the relation
between the state change depending on the inputs I, and I,
and the outputs of the post-comb filter for that time can only
be constructed by eight states, and the hard decision infor-
mation and the distance information can be indicated in
accordance with the respective states.

In order to obtain the output of the optimal path from the
Trellis decoder, there should be a view area for a certain
period of time. As shown 1n FIG. 9, the sections of the view
area 1ncludes the information on the transition direction of
the respective states and the hard decision values due to the
transition.

For example, assuming that the sections of the view area
are sct as three, the optimal state output by the optimal path
calculator 1s ‘000°, and the survival path of the state ‘000’ 1s
the one marked with a dark line 1n FIG. 13, the path history
calculator 65 counter-traces the dark line and outputs the
information on this line within the section I. The hard
decision value of the dark lined path within the section I 1s
output as the value of the upper one bit I,, and the infor-
mation I, that the transition of the optimal path 1s from the
state ‘110’ 1nto ‘011’ 1s output as the value of the lower one
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bit I.. Therefore, 1n order to send the signal I', to the lookup
table 66, the lower one bit I, of the input value to the Trellis
encoder 1s output.

As described above, the partial response Trellis decoder
of the present invention, allows for the easy implementation

of a HDTV system.

The foregoing description of the preferred embodiments
of the mvention has been presented for purposes of 1llus-
tration and description. It 1s not intended to be exhaustive or
to limit the 1nvention to the precise form disclosed, and
modifications and variations are possible 1n light of the
above teachings or may be acquired from practice of the
invention. The embodiments were chosen and described 1n
order to explain the principles of the invention and its
practical application to enable one skilled 1n the art to utilize
the 1nvention 1n various embodiments and with various
modifications as are suited to the particular use contem-
plated. It 1s intended that the scope of the invention be
defined by the claims appended hereto, and their equiva-
lents.

What 1s claimed 1s:

1. A partial response Trellis decoder for a high definition
television (HDTV), said partial response Trellis decoder
receiving an input signal from which NTSC interference has
been removed and said partial response Trellis decoder
COmMPrises:

a distance mapper for calculating first, second, third and
fourth Euclidean distances between said input signal
and a reference value;

a Viterb1 decoder for Viterbi decoding said first, second,
third and fourth Euclidean distances calculated by said
distance mapper;

a first delay for delaying and outputting the Viterbi
decoded data for each Euclidean distance;

a ruler selector for selecting a ruler type signal based on
the signals output by said first delay; and

a slicer for slicing said selected ruler type signal and said

input signal.

2. The partial response Trellis decoder for a HDTV as
claimed in claim 1, further comprising a second delay for
delaying said input signal for a constant time 1n order to
synchronize the input of said mput signal to said slicer with
the 1nput of said ruler type signal to said slicer.

3. The partial response Trellis decoder for a HDTV as
claimed in claim 1, wherein said distance mapper obtains a
first Euclidean distance, by using the point closest among (0,
8, —8) to said input signal as said reference value, a second
Euclidean distance 1s calculated by using the point closest
among (2, 10, -6, —14) to said input signal as said reference
value, a third Euclidean distance 1s calculated by using the
closest point among (4, 12, -4, —12) to said input signal as
sald reference value, and a fourth Euclidean distance 1s
calculated by using the point closest among (6, 14, -2, —10)
to said input signal as said reference value.

4. The partial response Trellis decoder for a HDTV as
claimed 1n claim 1, wherein said first delay delays the data
output by said Viterbi decoder through three delays and
outputs a current state and a next state to said ruler selector.

5. The partial response Trellis decoder for a HDTV as
claimed in claim 4, wherein said first delay includes:

a single delay for delaying the data output by said Viterbi
decoder by 12 symbols and for outputting said single
delayed signal to said ruler selector;

a second delay for delaying the data output by said single
delay by 12 symbols and for outputting said second

delayed signal to said ruler selector; and
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a third delay for delaying the data output by said second
delay by 12 symbols and for outputting said third
delayed signal to said ruler selector.

6. The partial response Trellis decoder for a HDTV as
claimed 1n claim 1, wherein said ruler selector selects a first,
second, third, fourth, fifth, sixth or seventh ruler type I, II,
I1I, IV, V, VI or VII based on the signals output by said first
delay.

7. The partial response Trellis decoder for a HDTYV as

claimed 1n claim 4, wherein said ruler selector selects:

a fourth ruler type IV if the current state signal 1s (000)
and the next state signal i1s (000);

a second ruler type II if the current state signal is (000)
and the next state signal is (100);

a fifth ruler type V if the current state signal is (100) and
the next state signal is (010);

a third ruler type III if the current state signal 1s (100) and
the next state signal is (110);

a third ruler type III if the current state signal is (010) and
the next state signal is (001);

a fifth ruler type V if the current state signal is (010) and
the next state signal is (101);

a fourth ruler type IV if the current state signal is (110)
and the next state signal is (011);

a sixth ruler type VI if the current state signal is (110) and
the next state signal is (111);

a sixth ruler type VI if the current state signal is (001) and
the next state signal 1s (000);

a fourth ruler type IV if the current state signal 1s (001)
and the next state signal 1s (100);

a third ruler type III if the current state signal 1s (101) and
the next state signal is (010);

a first ruler type I if the current state signal is (101) and
the next state signal is (110);

a fifth ruler type V if the current state signal is (011) and
the next state signal is (001);

a seventh ruler type VII if the current state signal is (011)
and the next state signal is (101);

a second ruler type II if the current state signal is (111) and
the next state signal is (011); and

a fourth ruler type IV if the current state signal 1s (111) and
the next state signal is (111).
8. The partial response Trellis decoder for a HDTV as
claimed 1n claim 1, wherein:

if said selected ruler type 1s ruler type I, said slicer outputs
‘1’ 1f said mnput signal 1s close to =14 or 2 and ‘0’ 1f said
input signal 1s close to -6;

if said selected ruler type 1s ruler type 11, the slicer outputs
‘1’ 1f said mput signal 1s close to =12 or 4 and ‘0’ it said
input signal 1s close to -4;

if said selected ruler type 1s ruler type III, the slicer
outputs ‘1’ 1f said 1nput signal 1s close to =10 or 6 and
‘0’ if said input signal 1s close to -2;

if said selected ruler type 1s ruler type IV, the slicer

outputs ‘1’ if the input signal 1s close to —8 or 8 and ‘0’
if the input signal 1s close to 0;

if said selected ruler type 1s ruler type V, the slicer outputs
‘1’ 1f the mput signal 1s close to —6 or 10 and ‘0’ 1f the
input signal 1s close to 2;

if said selected ruler type i1s ruler type VI, the slicer
outputs ‘1’ if the mput signal 1s close to -4 or 12 and
‘O’ 1f the mput signal 1s close to 4; and

it the selected ruler type 1s ruler type VII, the slicer
outputs ‘1’ if the mput signal 1s close to 14 or -2 and
‘O’ if the mput signal 1s close to 6.
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9. A partial response Trellis decoder for a high definition
television (HDTV), said partial response Trellis decoder
receiving an input signal from which NTSC interference has
been removed and said partial Trellis decoder comprises:

a distance mapper for calculating first, second, third and
fourth Euclidean distances between said input signal
and a reference value;

a Viterb1 decoder for Viterbi decoding the first, second,
third and fourth Euclidean distances calculated by said
distance mapper;

a first delay means for delaying and outputting the Viterbi
decoded data for each Euclidean distance;

a ruler selector for selecting a ruler type signal based on
the signals output by said first delay means;

a hard decider for slicing and hard deciding said input

signal; and

a multiplexer for selecting and outputting one of the

signals output by said hard decider.

10. The partial response Trellis decoder for a HDTV as
claimed in claim 9, further comprising second delay means
for delaying the signal output from said hard decider for
synchronizing the outputs of said hard decider, with outputs
of said selected ruler type signal, the synchronized output of
the hard decider and said ruler type signal being input to said
multiplexer.

11. The partial response Trellis decoder for a HDTV as
claimed in claim 9, wherein said distance mapper obtains a
first Euclidean distance, by using the point closest among (0,
8, —8) to said input signal as said reference value, a second
Euclidean distance 1s calculated by using the point closest
among (2, 10, -6, —14) to said input signal as said reference
value, a third Euclidean distance 1s calculated by using the
point closest among (4, 12, -4, —12) to said input signal as
said reference value, and a fourth Euclidean distance is
calculated by using the point closest among (6, 14, -2, —10)
to said 1nput signal as said reference value.

12. The partial response Trellis decoder for a HDTV as
claimed 1n claim 9, wherein said first delay means delays the
data output by said Viterbi decoder through three delays and
outputs current state signal and a next state to said ruler
selector.

13. The partial response Trellis decoder for a HDTV as
claimed in claim 12, wherein said first delay means includes:

a single delay for delaying the data output by said Viterbi
decoder by 12 symbols and for outputting said single
delayed signal to said ruler selector;

a second delay for delaying the data output by said single
delay by 12 symbols and for outputting said second
delayed signal to said ruler selector; and

a third delay for delaying the data output by said second
delay by 12 symbols and for outputting said third
delayed signal to said ruler selector.

14. The partial response Trellis decoder for a HDTV as
claimed 1n claim 9, wherein said ruler selector selects a first,
second, third, fourth, fifth, sixth or seventh ruler type I, II,
III, IV, V, VI or VII based on the signals output by said first
delay means.

15. The partial response Trellis decoder for a HDTV as
claimed 1n claim 12, wherein said ruler selector selects:

a fourth ruler type IV if the current state signal 1s (000)
and the next state signal is (000);

a second ruler type II if the current state signal 1s (000)
and the next state signal is (100);

a fifth ruler type V if the current state signal is (100) and
the next state signal is (010);
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a third ruler type III if the current state signal 1s (100) and
the next state signal is (110);

a third ruler type III if the current state signal 1s (010) and
the next state signal is (001);

a fifth ruler type V if the current state signal is (010) and
the next state signal is (101);

a fourth ruler type IV if the current state signal is (110)
and the next state signal is (011);

a sixth ruler type VI if the current state signal is (110) and
the next state signal is (111);

a sixth ruler type VI if the current state signal is (001) and
the next state signal is (000);

a fourth ruler type IV if the current state signal 1s (001)
and the next state signal is (100);

a third ruler type III if the current state signal 1s (101) and
the next state signal 1s (010);

a first ruler type I if the current state signal 1s (101) and
the next state signal is (110);

a fifth ruler type V if the current state signal is (011) and
the next state signal is (001);

a seventh ruler type VII if the current state signal 1s (011)
and the next state signal is (101);

a second ruler type II if the current state signal is (111) and
the next state signal is (011); and

a fourth ruler type IV if the current state signal is (111) and
the next state signal is (111).

16. The partial response Trellis decoder for a HDTV as
claimed 1n claim 9, wherein:

if said selected ruler type 1s ruler type I, said hard decider
outputs ‘1’ 1f said 1nput signal 1s close to =14 or 2 and
‘0’ if said input signal 1s close to —6;

if said selected ruler type 1s ruler type II, the hard decider
outputs ‘1’ 1f said signal 1s close to =12 or 4 and ‘0’ 1t
said 1nput signal 1s close to —4;

if said selected ruler type 1s ruler type 111, the hard decider
outputs ‘1’ if said input signal 1s close to =10 or 6 and
‘0’ 1f said 1nput signal 1s close to -2;

if said selected ruler type 1s ruler type IV, the hard decider
outputs ‘1’ 1f the 1mnput signal 1s close to -8 or 8 and ‘0’
if the input signal 1s close to 0;

if said selected ruler type 1s ruler type V, the hard decider
outputs ‘1’ if the mput signal 1s close to -6 or 10 and
‘O’ if the mput signal 1s close to 2;

if said selected ruler type 1s ruler type VI, the hard decider
outputs ‘1’ if the mput signal 1s close to -4 or 12 and
‘O’ 1f the mput signal 1s close to 4; and

if the selected ruler 1s ruler type VII, the hard decider
outputs ‘1’ if the mput signal 1s close to 14 or -2 and
‘O’ if the mput signal 1s close to 6.

17. A partial response Trellis decoder for a high definition
television (HDTV), said partial response Trellis decoder
receiving an 1nput signal from which NTSC interferences
have been removed and said partial Trellis decoder com-
PIISES:

a distance mapper for calculating first, second, third and

fourth Euclidean distances between said input signal
and a reference value;

a hard decider for hard deciding said imnput signal and for
outputting the hard decision value; and

a Viterbi decoder for Viterbi decoding the data output by
said distance mapper and said hard decider.
18. The partial response Trellis decoder for a HDTV as
claimed 1n claim 17, wherein said Viterbi decoder com-
PI1SEs:
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a matrix calculator for obtaining the difference between
the Euclidean distances output by said distance mapper
and branches of the respective states and for calculating,
a survival path and an accumulative matrix value by
adding the difference value with an accumulative pre-
vious distance value;

an optional path calculator for obtaining the optimal path
within a view area from the accumulative matrix value
output by said matrix calculator;

a path history calculator for directly outputting the upper
one bit value of the output by said hard decider, the
survival path output by the matrix calculator, and the
optimal path output by the optimal path calculator, and
for outputting a signal for selecting the lower one bit;
and

a look-up table for outputting the lower one bit depending
on the selection signal output by the path history
calculator.

19. The partial response Trellis decoder for a HDTV as
claimed 1n claim 17, wherein said distance mapper obtains
a first Euclidean distance, by using the point closest among
(0, 8, -8) to said input signal as said reference value, a
second Euclidean distance 1s calculated by using the point
closest among (2, 10, -6, —14) to said input signal as said
reference value, a third Euclidean distance 1s calculated by
using the point closest among (4, 12, -4, —12) to said input
signal as said reference value, and a fourth Euclidean
distance 1s calculated by using the point closest among (6,
14, -2, —10) to said input signal as said reference value.

20. The partial response Trellis decoder for a HDTV as
claimed 1n claim 17, wherein:

if a selected ruler type 1s ruler type I, said hard decider
outputs ‘1’ 1f said 1nput signal 1s close to =14 or 2 and
‘0’ if said input signal 1s close to —6;

if said selected ruler type 1s ruler type II, the hard decider
outputs ‘1’ 1f said 1nput signal 1s close to =12 or 4 and
‘0’ if said input signal 1s close to —4;

if said selected ruler type 1s ruler type III, the hard decider
outputs ‘1’ 1f said 1nput signal 1s close to =10 or 6 and
‘O’ it said input signal 1s close to -2;

if said selected ruler type 1s ruler type IV, the hard decider
outputs ‘1’ if the mnput signal 1s close to -8 or 8 and ‘0’
if the input signal 1s close to 0;

if said selected ruler type 1s ruler type V, the hard decider
outputs ‘1’ if the mput signal 1s close to -6 or 10 and
‘0’ if the 1mnput signal 1s close to 2;

if said selected ruler type 1s ruler type VI, the hard decider
outputs ‘1’ if the mnput signal 1s close to -4 or 12 and
‘O’ if the mput signal 1s close to 4; and

if the selected ruler type 1s ruler type VII, the hard decider
outputs ‘1’ if the mput signal 1s close to 14 or -2 and
‘O’ it the mput signal 1s close to 6.

21. A digital television system comprising:

a decoder receiving an input signal and comprising a first
Trellis decoder unit and a second Trellis decoder unit;

a switch coupled to the first and second Trellis decoder
units, the switch selecting the first Trellis decoder unit
when the input signal contains an NISC signal and the
switch selecting the second Trellis decoder unit when
the input signal does not contain an NISC signal;

a filter coupled to the first Trellis decoder unit, the filter
removing the NISC signal from the input signal and
outputting a filtered signal to the first Trellis decoder
unit;

the first Trellis decoder unit comprising:
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a distance mapper receiving the filtered signal from the
filter;

a Viterbi decoder coupled to the distance mapper;

a first delay unit coupled to the Viterbi decoder;

a ruler selector coupled to the first delay unit; and

a slicer coupled to the ruler selector; and

the second Trellis decoder unit comprising a third
decoder, the third decoder including a second delay
unit and an adder coupled to the second delay unit.

22. The digital television system according to claim 21,
wherein the filter comprises:

a third delay unit receiving an NTSC included signal and
producing a delayed NTSC included signal; and

a subtractor subtracting the NTSC included signal from

the delayed NTSC included signal.

23. The digital television system according to claim 21,
wherein the second Trellis decoder unit includes a four state
optimal Trellis decoder.

24. A digital television system comprising:

an encoder unit Comprising.

a first encoder receiving a first input signal including:
an adder receiving the first input signal and outpui-

fing a first encoded signal; and
a first delay unit coupled to the adder;

a second encoder receiving a second input signal and
outputiing second and third encoded signals;

a mapper receiving the first, second, and third encoded
signals from the first and second encoders, respec-
ftvely;

a decoder unit including a first Trellis decoder unit and a
second Trellis decoder unit, the decoder unit compris-
ing:

a switch coupled to the first and second Trellis decoder
units, the switch selecting the first ITrellis decoder unit
when the tnput signal contains an NISC signal and the
switch selecting the second Trellis decoder unit when
the input signal does not contain an NISC signal;

a filter coupled to the first Trellis decoder unit, the filter
removing the NISC signal from the input signal and
outputiing a filtered signal to the first Trellis decoder
unit;

the first Trellis decoder unit comprising.

a distance mapper receiving the filtered signal from the
filter;

a Viterbi decoder coupled to the distance mapper;

a second delay unit coupled to the Viterbi decoder;

a ruler selector coupled to the second delay unit; and

a slicer coupled to the ruler selector; and

the second Trellis decoder unit comprising a third
decoder, the third decoder including a third delay unit
and a subtractor coupled to the third delay unit.
25. The digital television system according to claim 24,
wherein the filter comprises:

a fourth delay unit receiving an NTSC included signal and
producing a delayed NTSC included signal; and

a subtractor adding the NISC included signal to the
delayed NTSC included signal.

20. The digital television system according to claim 24,
wherein the second Trellis decoder unit includes a four state
optimal Trellis decoder

27. The digital television system according to claim 24,
wherein the second encoder includes:

a fourth delay unit receiving the second input signal;
a fifth delay unit coupled to the fourth delay unit;

a first exclusive OR gate coupled to the fourth and fifth
delay units; and
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a second exclusive OR gate coupled to the fifth delay unit.
28. A digital television system comprising:

a decoder receiving an input signal and comprising a first
Trellis decoder unit and a second Trellis decoder unit;

a switch coupled to the first and second Trellis decoder
units, the switch selecting the first Trellis decoder unit
when the input signal contains an NISC signal and the
switch selecting the second Trellis decoder unit when
the input signal does not contain an NISC signal;

a filter coupled to the first Trellis decoder unit, the filter
removing the NISC signal from the input signal and
outputting a filtered signal to the first Trellis decoder
Unit,

the first Trellis decoder unit comprising:

a distance mapper receiving the filtered signal from the
filter;

a Viterbi decoder coupled to the distance mapper;

a hard decider coupled to the Viterbr decoder; and

the second Trellis decoder unit comprising a third
decoder, the third decoder including a delay unit and
an adder coupled to the delayed unit.
29. The digital television system according to claim 28,
wherein the filter comprises:

a second delay unit recetving an NISC included signal
and producing a delayed NTSC ncluded signal; and

an adder adding the NISC included signal to the delayed
NTSC included signal
30. The digital television system according to claim 28,
wherein the second Trellis decoder unit includes a four state
optimal Trellis decoder.
31. A digital television system comprising:

an encoder unit comprising:

a first encoder receiving a first input signal including:
an adder receiving the first input signal and outpuii-

ling a first encoded signal; and
a first delay unit coupled to the adder;

a second encoder receiving a second input signal and
outputting second and third encoded signals;

a mapper receiving the first, second, and third encoded
signals from the first and second encoders, respec-
ftvely;

a decoder unit including a first Trellis decoder unit and a
second Trellis decoder unit, the decoder unit compris-
ing:

a switch coupled to the first and second Trellis decoder
units, the switch selecting the first Trellis decoder unit
when the input signal contains an NISC signal and the
switch selecting the second Trellis decoder unit when
the imput signal does not contain an NISC signal;

a filter coupled to the first Trellis decoder unit, the filter
removing the NISC signal from the input signal and
outputting a filtered signal to the first Trellis decoder
unilt,

the first Trellis decoder unit comprising:

a distance mapper receiving the filtered signal from the
filter;

a Viterbi decoder coupled to the distance mapper;

a slicer coupled to the Viterbi decoder; and

the second ITrellis decoder unit comprising a third

decoder, the third decoder including a second delay

unit and a subtractor coupled to the second delay unit.

32. The digital television system according to claim 31,
wherein the filter comprises:

a third delay unit receiving an NTSC included signal and
producing a delayed NISC included signal; and
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a subtractor subtracting the NTSC included signal from
the delayed NTSC included signal.
33. The digital television system according to claim 31,
wherein the second Trellis decoder unit includes a four state
optimal Trellis decoder

34. The digital television system according to claim 31,
wherein the second encoder includes:

a third delay unit receiving the second input signal;
a fourth delay unit coupled to the third delay unit;

a first exclusive OR gate coupled to the third and fourth
delay units; and

a second exclusive OR gate coupled to the fourth delay
unilt.
35. A digital television system comprising:

a Trellis decoder receiving an encoded signal comprising:
a distance mapper receiving the encoded signal;
a Viterbi decoder coupled to the distance mapper;
a slicer coupled to the Viterbr decoder; and

a second decoder coupled to the ITrellis decoder, the
second decoder mcluding a delay unit and an adder
coupled to the delay unit.

36. The digital television system according to claim 35,
wherein the Trellis decoder includes a four state optimal
Trellis decoder.

37. A digital television signal comprising:

an encoder unit Comprising.

a first encoder receiving a first input signal including:

an adder receiving the first input signal and outpui-
ling a first encoded signal; and

a first delay unit coupled to the adder;

a second encoder receiving a second input signal and
outputiing second and third encoded signals;

a mapper receiving the first, second, and third encoded
signals from the first and second encoders, respec-
ftvely;

a Trellis decoder receiving an encoded signal from the
encoder unit comprising.
a distance mapper receiving the encoded signal;
a Viterbi decoder coupled to the distance mapper;
a slicer coupled to the Viterbi decoder; and

a second decoder coupled to the Trellis decoder, the
second decoder including a second delay unit and an
adder coupled to the second delay unit.

38. The digital television system according to claim 37,
wherein the Trellis decoder includes a four state optimal
Trellis decoder:

39. The digital television system according to claim 37,
wherein the second encoder includes:

a third delay unit receiving the second input signal;
a fourth delay unit coupled to the third delay unit;

a first exclusive OR gate coupled to the third and fourth
delay units; and

a second exclusive OR gate coupled to the fourth delay
Unit.

40. A digital television system having an encoder unit, the
encoder comprising:

a first encoder receiving a first input signal mncluding:
an adder receiving the first input signal and outputiing
an first encoded signal; and
a delay unit coupled to the adder;

a second encoder receiving a second input signal and
outputting second and third encoded signals; and

a mapper receiving the first, second, and third encoded
signals from the first and second encoders, respectively.
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41. The digital television system according to claim 40,
wherein the second encoder includes:

a second delay unit receiving the second input signal;
a third delay unit coupled to the second delay unit;

a first exclusive OR gate coupled to the second and third
delay units; and

a second exclusive OR gate coupled to the third delay
unit.

42. A method for decoding an input signal for a digital
television system, the method comprising the steps of:

Trellis decoding the input signal, the decoding step com-

prising the steps of.

receiving the input signal and mapping the input signal
fo produce a mapped signal for determining a dis-
tance error in the input signal;

slicing the input signal; and

Viterbi decoding the mapped signal and the sliced input
signal and outputting a Viterbi decoded signal;

delaying the Viterbi decoded signal;, and

adding the Viterbi decoded signal and the delayed Viterbi
decoded signal.
43. A method for encoding a signal for a digital television
system, the method comprising the steps of:

receiving a first input signal and adding the first input
signal to a feedback signal to produce an added signal,
the added signal including a first encoded signal; and

delaying the added signal to produce the feedback signal,
the feedback signal including the added signal,;

receiving a second input signal and outpuiting second and
third encoded signals; and

mapping the first, second, and third encoded signals.
44. A method for operafing a digital television system, the
method comprising the steps of:

receiving a first input signal and adding the first input
signal to a feedback signal to produce an added signal,
the added signal including a first encoded signal; and

delaying the added signal to produce the feedback signal,
the feedback signal including the added signal;

receiving a second input signal and outputiing second and
third encoded signals;

mapping the first, second, and third encoded signals and
producing a transmission signal;

Trellis decoding the transmission signal, the decoding
step comprising the steps of:
receiving the transmission signal and mapping the
transmission signal to produce a mapped signal for
determining a distance errvor In the ransmission
signal;
slicing the transmission signal; and
Viterbi decoding the mapped signal and the sliced
transmission signal and outputiing a Viterbi decoded
signal,
delaying the Viterbi decoded signal; and
adding the Viterbi decoded signal and the delayed Viterbi
decoded signal.
45. A digital television system comprising:

a randomizer receiving an input signal;

an R-S encoder coupled to the randomizer;

a data interleaver coupled to the R-S encoder;

a 1rellis encoder coupled to the data interleaver;

a multiplexer coupled to the Trellis encoder;

a pilot inserter coupled to the multiplexer,

a VSB modulator coupled to the pilot inserter; and
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an RF up-converter coupled to the VSB modulator and
outputitng a transmission signal,

wherein the Trellis encoder includes:
a first encoder receiving a first input signal including:
an adder receiving the first input signal and oultpui-
fing a first encoded signal; and
a delay unit coupled to the adder;
a second encoder receiving a second input signal and
outputiing second and third encoded signals; and
a mapper receiving the first, second, and third encoded
signals from the first and second encoders, respec-
ftvely.
46. A digital television system comprising:
a tuner receiving a transmission signal,;
a filter and sync signal detector coupled to the tuner;

a sync and timing unit coupled to the filter and sync signal
detector,

an equalizer coupled to the sync and timing unit;

a phase tracker coupled to the equalizer;

a decoder unit coupled to the phase tracker;

a data deinterleaver coupled to the Trellis decoder;
an R-S decoder coupled to the data deinterleaver; and
a derandomizer coupled to the R-S decoder;

wherein the decoder unit includes:

a ITrellis decoder having;
a distance mapper;
a Viterbi decoder coupled to the distance mapper;

and

a slicer coupled to the Viterbi decoder; and

a second decoder coupled to the Trellis decoder, the
second decoder including a delay unit and an adder
coupled to the delay unit.

47. The digital television according to claim 40, further
comprising an NTISC rejection filter coupled 1o the filter and
sync signal detector and the equalizer.

48. A digital television system comprising:

a transmitter unit including:
a randomizer receiving an input signal;
an R-S encoder coupled to the randomizer;
a data nterleaver coupled to the R-S encoder;
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a Trellis encoder coupled to the data interleaver;
a multiplexer coupled to the Trellis encoder;
a ptlot inserter coupled to the muliiplexer;
a VSB modulator coupled to the pilot inserter; and
an RE up-converter coupled to the VSB modulator and
outputiing a transmission signal,
wherein the Trellis encoder includes:
a first encoder receiving a first input signal includ-
Ing.
an adder receiving the first input signal and
outputting a first encoded signal; and
a delay unit coupled to the adder;
a second encoder receiving a second input signal
and outputiing second and third encoded signals;
and

a mapper receiving the first, second, and third
encoded signals from the first and second
encoders, respectively,

a recerver unit comprising.
a funer receiving a transmission signal;
a filter and sync signal detector coupled to the tuner;
a sync and nming unit coupled to the filter and sync
signal detector;
an equalizer coupled to the sync and timing unit;
a phase tracker coupled to the equalizer;
a decoder unit coupled to the phase tracker;
a data deinterleaver coupled to the Trellis decoder;
an R-S decoder coupled to the data deinterleaver; and
a derandomizer coupled to the R-S decoder;
wherein the decoder unit includes:
a ITrellis decoder having:
a distance mapper,
a Viterbi decoder coupled to the distance map-
per; and
a slicer coupled to the Viterbi decoder; and
a second decoder coupled to the Trellis decoder, the
second decoder including a delay unit and an
adder coupled to the delay unit.
49. The digital television system according to claim 48,
further comprising an NISC rejection filter coupled to the
filter and sync signal detector and the equalizer
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