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YSB MODE DETECTION SYSTEM WITH COMB FILTER
\acl 1d of the I ti i Pri o
' This invention relates to advanced television
systems and in particular to VSB ‘(vestigial side band)
mode'detection in a receiver having a comb filtef-to
‘reject NTSC co-channel signals. The digital television
-signel.standards epecifies that the VSB mode be defined
in three bytes of data during the 24 stbols of the 832
symbdl field sYnc segment. For the 8 VSB terrestrial
standard signal, these three mode information bytes are
fully specified. However, for:other transmission modes -
. such as 16 VSB, only the third byte of the three bytes is
specified and the first two bytes are reserved.- Thus two
of the three mode infpfmation bytes are unknown for most
.VSB modes. Consequently, a digital receiver cannot use a
cemb filter for VSB mode detection except for the 8 VSB
terrestrial transmission mode. Since the comb fil;ef
enhances NTSC co-channel interference rejection; it is
highly desirable to use the cémb filter to detect the VSB
mode during reception of 8 VSB terrestrial signals in the.
presence of NTSC co-channels. However, if the comb
"filter is effective and a change_in VSB mode of the
received'signal suddenly occurs, the mode detection
circuitry of the receiver may be unable to determine the
mode of the new signal due to the action of the comb
filter and lockout may occur. This is because the comb
filter modifies the values in the third byte by
._subtraeting data present in the first two bytes, as will
be described. The invention solves this'problem and
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enables the use of:the comb filter for reception of 8 VSB
.terrsstrial'signals while retaining the ability to mode -
détect other VSB mode signals.

A feature.of the inyentioh is to provide a
‘novel VSB mode detection'system for an ATV (advanced
television) receiver. |

Ahothef feature of the invention_is to provide
improved mode detection in ATV feceivers using comb
 filters. | | |

The present invention, therefore, provides a
- method of determining the mode of a received VSB digital
'signal with a receiver.that includes a comb filter for
reducing NTSC signal interference, said method including-
thie steps of sampling the mode information in one field
oi the digital signal with the comb filter being
effective, and sampling the mode information. in the other
field of the digital signal with the comb filter being
ineffective.. '

The present invention also provides a receiver
fof receiving.digital VSB signals including VSB mode
"information, said receiver including a comb filter,
having a 12 symbol delay, for reducing NTSC_cd—channel
_interférence, means for sampling said VSB mode
information in one field of said digital signal with said
comb filter being effective, and means for sampling said
~ VSB mode.information in the other field of said digital
signal with said comb filter being ineffective.

Further features and advantagés of the.

inventién will be apparent upon'reading the following'
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description of preferred embodlments of the invention in
'conjunctlon with the draw1ngs, in whlch
FIG, 1 is a partlel block dlagram showing one
"form.of the invention;'and
' FIG.'2 is a partial block diagram illustrating
another form of the invention.
In the comb fllter of the ATV standard, data is
supplied to the positive input of an adder and through a
12 symbol delay to the negative input of the adder.
Thus, symbol #1 is subtracted from symbol #13, symbol #2
from symbol #14, etc. The output of the adder is applied'
to a mode detector where a comparison is performed |
between the incoming symbols and a known reference
- pattern for determining the VSB mode information. As
.discussedlabove, for the 8 VSB terrestrial mode, when all
three of the mode'bytes are specified, the benefits of |
NTSC co-channel siQnal interference rejection are
obtained. When the_coﬁb filter is in use, a change of
- signal to a different VSB mode (or to a different signal
type) will result in the information generated by the
comb filter and applied to.the mode detector being
unpredlctable and the mode detection circuitry w1ll be .
incapable of determlnlng the signal mode. This is
because in such signals, the first two modes are not
spec1f1ed and the data will be garbled.
_ The invention solves the above- descrlbed
‘problem and retains the benefits of using a comb filter
. for receiving 8 VSB terrestrial signals while enabling

the ATV receiver to detect the mode of other signals
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should such be received while_the.comb_filter is
_effectng.: Two different aspects of the inVention will
 be described, both of which initially render the comb
filter ineffective until it is determined that the
 received signal is 8 VSB. In that event, the~¢omb filtef
is caﬁséd to operate normally in.altérnate.fields of the
received sigﬁal. |
In the first aspect, the initial two bYtéS-of
the three byte mode information are zeroed out befofe 
they-are.supplied to the comb filter. The arrangement is
iilustratéd in FIG. 1.. The receiver 10 (partially'shown)
includes'an AND gate 12 that is supplied with a field
raté_timing signal and with the detected VSB mode signal
tliat goes high for the 8 VSB mode. . The output of AND 12
is supplied to one input of a NOR gate 14, the other
input of which is supplied with an active low mode gate.
signal that corresponds to the first and second bytes of
‘the three byte mode information. The output of NOR 14 is
applied to an_inhibit input of an AND gate 16, the other
iﬁput of which is supplied with the signal data. The
output of AND 16 is coupled to the input of a comb filter
- 20 that includes an adder 34 and a 12 symbol-deiay 36;
The output of comb filter 20 is coupled to a mode
detector 22 that includes a mode byte'selector_zs, a
parity checker 28, a confidence counter 32 and a mode
outputncircuit'BO which provides the detected VSB'mode'
signal. A timing circuit 24 supplies timing signals as
=required.n The received signal.input data is also |

supplied to a multiplexer 18, the other imput of which is
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ssupplled from the output of comb filter 20. A select
31gna1 operates multlplexer 18 for supplylng the recelved
s-,SLgnal data to the remainder of the receiver (not shown).

- The select 51gna1 is operated by circuitry (not shown)
that determines whether the comb filter is needed, i.e.
 whether NTSC co—channel'interference exists. If NTSC co-
channel interference is. not present, it is desirable to B
'bypass the comb filter because it does 1ntroduce 3 dB of

" threshold degradation against white noise.
| When AND 16 is 1nh1b1ted the data value of its
output becomes zero. This occurs during the first and
second bytes of the mode information due to the mode gate-
signal applied to NOR 14. Therefore, when the output of
' NOR 14 is high, it is translated into a low due to the
negative input to AND 16 and forces the output of AND 16
low. The mode gate signal supplies a low to one input of
- NOR 14 during the first and second mode information
bytes. ' AND 12 is inhibited except when the VSB mode
's;gnel is high which occurs when confidence is attained
with a received 8 VSB signal. When such confidence is
attaihed, AND 12 is enabled and the field rate timing
.signal, with alternating highs and lows, is applied to
- the input of NOR 14 which results in AND 16 passing the
first two bytes of mode data to comb filter on alternate
- fields. 1In this manner, the benefits of comb filter
operation are retained for 8 VSB terrestrial signals.
If the data field sync symbol amplitudes are +1
“and -l,.the comb filter 20 generates values of +2, 0 or -

2 at its output. During the third mode byte, the comb
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filter output“will‘be'+2 or -2 (with no zeros) for the 8
VSB méde if the_first two bytes are not inhibited and +1
‘or -1 (with no zeros) for any other situation if the
first.ﬁwo bytes are_inhibited. ‘The +1 and -1 output will
havé no adverée effect on other circuitry in most
instances. While the technique does not help the initial
acquisition of 8_VSB_terrestria1 mode signals under heavy
NTSC co-channel interference, it does resist loss of
lock. Rétaining the inhibit function on alternate
segments preventsla lockout condition occurring if for .
-any reason the 8 VSB mode is selected either falsely or
if aISignal'mode change occurs. If the 8 VSB terrestrial
mode is in effect and the first two mode bytes are
allowed to pass through the comb filter, other modes
cannot be detected because of the comb filter actibn_and
the confidence counter 32 will not count down which will
reéult in a lock condition. By always inhibiting the
first two mode bytes on alternate fields, other modes can
bé detected even when the receiver is in the 8 VSE mode
thus preventing lockout. |

‘ In FIG. 2, the delayed data,'i.e. the data

through symbol delay 36, is replaced with the complement
of the data dﬁring the third byte of the mode |

~ information. Hence the subtraction will occur in adder
34 and will result in +2 or -2. This is the same as when
‘the comb is operating normaily and achieves the +1, -1
output of the previous.versidn. Here again, when the 8
'VSB terrestrial mode has been detected with confidence,

the VSB mode signal will go high and enab1e AND 12 which
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will.épply alternate_field timing signals to the input of
" NOR 14 for operating multiplexer 39 to select the signal
thrbugh-symbol'delay 36 or the.signal through inverter 37
for application to adder 34. Thus the circuit will
operate as discussed above with full comb filter acﬁion
on alterﬁate.half cycles when the 8 VSB terrestrial mode
ié in effect and in other situations, it will preclude a
lockout.condition due to an inability'of detecting other
modes.. ' | | _. _
| 'With the invention, the benefits of NTSC co-
_channel.inteiference!rejection are retained whiie'giving
the ATV receiver the ability to éutomatically detect |
other signal modes. N
N It is recognized that numerous changes in the
desdribed embodiment of the invention will be apparent to
those skilled in the.art without departing from its true
spirit and scope. The invention is to be limited only as

dafined in the claims.
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1. A method of determlnlng the mode of a

.recelved VSB digital 51gnal with a recelver that includes
a comb filter for reduc1ng NTSC_glgnal lnterference,'sald
method including the steps of sampling the mode
information in one field of the digital signal with the

© comb filter_being effective, and sampling thé mode
information in the other field of the digital signal with
the comb filter being ingffective.'

2. The method of claim 1 whefein the mode
information comprises a three byte series with the third
byté being Speéified for all VSB modes and the first two
byteé being specified for one VSB mode and unspecified
for thé remaining VSB.mddés_and wherein the three mode
information bytes are processed differently in each of
the two fields of the digital signal.

3. The method of claim 2 wherein the
pfoéessing'of the mode information‘bytes includes the
steps of in one field, passing the three bytes'through
the comb filter, and in the other field, setting the
value of the first two bytes to zero before passing the
three mode bytes through the comb filter.

4. The method of claim 2 wherein the
proceésing of the mode information bytes includes the
_steps'of in one field, ?assing the three bytes through
the comb_filter, and

_ - in the other field, bypassing the delay in the
comb filter while sampling only the first byte of the
mode information. ' | | |

—_—
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2N REPLAGED

signals including VSB mode information, said receiver
hav1ng a comb filter, including a 12 symbol delay, for
‘reducing NTSC co-channel interference, means for sampllng
said VSB mode information in one field of said digital
signal with said comb filter being effective, and means
fbr_éampling said VSB mode information in the other field' 
6f_said-digital signal with said comb filter being
ineffective. | | |

6. The receiver of claim 5 wherein said mode
information cbmprises a three byte'series with the third
byte being specified for all VSB modes and the fifsﬁ'two
bytes being.speCified for one VSB mode and unspecified
for the rémaining VSB modés and wherein the three mode
- information bytes are préceésed differently ih each of
the two fields of the digital signal.

7. The receiver of claim 6, inciuding means
for passing séid three‘b?tes'through gaid comb filter in
one of the fields of said digital signal, and means for
setting the value of said first two bytes to zero befére_
passing said three mode bytes through said comb filter. |

8.' The recéeiver of claim 6, 1nc1ud1ng means
fbr.passing said three bytes through said comb filter in
one of the fields of said digital signal, and means for
bypassing said symbol delay in said comb filter while
sampling'only_the third byte of said mode information.in
the other field of'said digital signal.

| '9. The receiver of_élaim 8, wherein said comb

filter includes an inverter coupled to one end of said

RO N
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svmbol delay,.and said réceiver including a multiplexer

10

coﬁpied_to the other ends of said symbol delay and said
invertef, and means for.operating said_multiplexér.to
select said symbol delay and said inverter on alternate

ones of said fields of said_digital signal.:
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