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This invention concerns apparatus in a television
5 signal receiving system for automatically controlling the
magnitude of a received television signal representative of digital
image information. | '
~ Standard television signal receiving systems typically
include automatic gain ._control' (AGC) apparatus for maintaining

10 the magnitude of a signal applied to a detector stage substantially
constant over a wide range of received signal levels. Such AGC
apparatus typically generates an AGC voltage as a function of the
amplitude of the horizontal sync component of a detected
baseband video signal component. The AGC voltage .is used to

15 increase or decrease the gain of radio frequency (RF) and’ -,
intermediate frequency (IF) amplifiers as an inverse function "of

- the magnitude of the received television signal. Television signal
AGC systems of this type aré well known as described, for
example, in U.S. Patent 4,761,687 — Rumreich.

20 Much attention has been devoted recently to the
development of 'high definition television systems that encode and
decode television information, e.g., image, audio and synchromzmg
information, in digital form. A transmitted digital television signal
differs from a standard NTSC analog television signal in that it

25 appears to be a random sequence of pulses, resembling a random
noise signal of varying amplitude, and it may lack an RF carrier.
Thus it may be difficult or impossible to use standard AGC
techniques effectively for a digital television signal, due to the
‘lack of an easily identifiable AGC reference component such as an

.30 RF carrier or a horizontal sync component simila—r to that of a
standard NTSC television signal.
‘ In recognition of these factors there is disclosed herein
an AGC network suitable for use in a digital television signal
: receiving system. The disclosed AGC network is advantageously
.35 - ' | T
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t he magni tude of ‘the received television signal. Television signal AGC
systeens of this type are well known as described, for exanple, in U S.
Patent 4,761,687 - Runreich. 20 Much attention has been
devoted recently to the developnent of high definition television. s stenﬁ

t hat encodn;ggqsgﬁpode television inforimation, e.g., inmage, aRET gV 0007
-synchroni zing information, in digital form A transmtted digital

television signal differs froma standard NTSC anal og tel evision signal in
that it 25 appears to be a random sequence of pulses, resenbling a random
noi se signal of varying anplitude, and i2 may lack an RF carrier. Thus it -
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AGC r &f erenéécboﬁﬁoﬂﬁﬁtaféumﬂ% arﬂ‘mﬁf m@amﬁYerbeora%é(aﬁé%EMh '

corrponent Sif1 & Fhigho d%bﬁ‘ﬁtl@ﬁ eAVRHEsIal WelRvisiohevighad kystéfiahaving a
spectrally ‘shaped amplitude versus frequency response. An

5 example of such is shown in U.S. patent application Serial No.
650,329 of Hugh Edward White. In that system, a transmitted
high definition tcle’yisioh signal lackihg an RF carrier and an easily
identifiable NTSC-type horizontal sync component is divided into
high priority information that is intended to be received with high

10 reliability, and low priority information. The high priority

" information and the low priority information are conveyed as
separate QAM (quadrature amplitude modulated) carrier signals
within different portions of the television signal frequency
spectrum. The high priority information exhibits a narrower

15 bandwidth and significantly largcr amphtudc than. the low
priority information. S
' Automatic gain control apparatus in accordance with
the present invention is included in apparatus for receiving a
digital television signal which may be rcprcéentativc of high

20 definition image information.” An automatic gain control signal is
developed by means of a root-means-square (RMS) detector.

In an illustrated embodiment, the modulation
spectrum of the digital television signal includes a narrowband
component containing high priority information intended to be

25 received with high rellablhty, and a wideband component
containing low priority information. The two components are
conveyed as separate QAM carrier signals within different
portions of the television signal frequency spectrum. The RMS
AGC detector derives the AGC signal from the narrowband QAM

30 component of thc dlgltal television signal. )
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In recognition of these factors there'is disclosed herein an AGC network
suitable for use in a digital television signal receiving system The
"di'scl osed AGC network is advantageously 3 5 2 able to reject the effects
of ti.ne \Wbyﬂgygsisgterference phenonena such as aircraft i nduddaI/USIB{00H70
and nmay be advantageously used in a high definition QAMdigital television
signal system having a spectrally shaped anplitude versus frequency '
response. An 5 exanple of such is shown in U S. patent application Serial
No. 650,329 of Hugh Edward Wite. In th& system a transmtted high
definition television signal |lacking an RF carrier and an easily

Brief Description _gf the Drawing

FIGURE 1 is a block diagram of a portion of a digital
. 5 television receiver including hutomatjc gain control apparatus
according to the present invention. |
FIGURE 2 dépicts a. baseband video frequency
spectrum of a compatible simulcast multiple QAM high definition
television signal received and processed by the receiver in
10 FIGURE 1. . _
) FIGURE 3 shows details of an input signal processor in
FIGURE 1. -
" FIGURE 1 illustrates a portion of an HDTV receiver for
reéeivi_ng and digitally processing an HDTV signal of the type
15 shown in FIGURE 2. This signal will be described .before
proceeding with a discussion of the receiver arrangement shown .
inFIGUREL. | o .
_ FIGURE 2 illustrates the video fréquency_ spectrum of a
high definition television signal that is compatible with the 6 MHz
20 bandwidth of a standard NTSC television signal channel, and that
can be used as a simulcast signal. The frequencies along the
frequency scale of FIGURE 2 (-1.25 MHz to 4.5 MHz) are
referenced to the 0.0 MHz frequency location of the RF picture
carrier in a standard NTSC system. ‘ :
25 . The HDTV television signal is a data compressed signal
- divided into high and low priority- information components. In
this example audio, synchronizing and low frequency video
information components that are intended to be received with
high reliability are assigned a high priority. The synchronizing
30 information, for example, may be in the nature of a training signal
containing a unique signature or code to facilitate signal recovery
and processing at a receiver, and illustratively may include field
rate scanning information (e.g., start of field markers). Other less
critical components, such as high frequeh_cy video information, are

35 assigned a lower priority. The high priority information exhibits a
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i dent i fi‘abl e’ NTSC-type horizontal sync conponent is di vi ded into hi gh
priority information that is intended to be received with high 10
reliability, and low priority information. The high priority information
and the | @ i/igsity information are conveyed as separate QANMGHLSA00TL
anpl i tude nodul ated) carrier signals within different portions of the
television signal frequency spectrum The high priority information
exhibits a narrower 15 bandw dth and significantly larger anplitude than
the low priority informati on. Automatic4gain control apparatus in
accordance wth the present invention is included in apparatus for
receiving a digital television signal which may be representative of high
20 defi ni t RaWOMERRNdwirdshraelasive AR she olawi pTigaity defarmatiengmad i s
devel oped bya/reaftand T\;d&ﬁ'ﬁm@eaﬂﬁlmr oRyRAeF(GAMY) -a | 0.95" MHAISt rat ed
enbodi nent, the rmdytja I.on e e . . .
carrier. he low priority information wideband quadrature
'5 amplitude modulates a 3.84 MHz carrier. A resulting composite
- signal is a form of a multiple QAM signal, i.e., a “twin” QAM signal
in this instance. The composite twin QAM signal has been
translated into the 6 MHz standard television band by means of
appropriate frequency translation "at the transmitter, resulting in
10 the spectrum shown in FIGURE 2. '
' The amplitude of the narrowband QAM component is
significantly greater than that of the wideband QAM component,
twice as large in this example. The -6 db bandwidth of the
narrowband QAM component is 0.96 MHz, and the -6 db
15 bandwidth of the wideband QAM component is 3.84 MHz, or four
~ times the bandwidth of the narrowband QAM component. The
nonlinear band edge transition regions of the narrowband and
wideband QAM components are shaped by finite impulse response
(FIR) filters with a square root of a raised cosine characteristic, to
20 produce smooth transition regions which -avoid unwanted high
frequency effects produced by sharp transition regions. The
narrowband component exhibits an amplitude-versus-frequency
characteristic with an excess bandwidth of approximately 17%, i.e.,

17% more than the theoretical minimum bandwidth defined by

25 the expression 3 XF where T is the symbol period for the 'subject

signal. The amplitude-versus-frequency response of the )
wideband component in the band edge transition regioné “(not
‘drawn to scale) has one quarter the slope of the steeper

, narrowband component. ._ '

30 : The narrowband and wideband QAM components each-
contain an in-phase component “I” and a quadrature-phase
component “Q”. The I-phase component modulates a s{lpp'ressed

. cosine carrier, and the Q-phase component modulates a
suppressed sine carrier. A data "symbol® is represented by both
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spectrum of :the di gital television signal includes a narrowband conponent
containing high priority information intended to be 2 5 recei ved with high
reliabjlity, and a w deband conponent containing | ow priority_i nfor %
The t-wo CMPOINEESS3 are conveyed as separate QAM carrier si gnB 952%9

di fferent portions of the television signal frequency spectrum The RVMS AGC
det ector derives the AGC signal fromthe narrowband QAM 3 0 conponent of
the digital television signal. 3 Brief Description of the Draw ng FI GURE .
1 is a block diagramof a portion of a digital 5 tel evi sion receiver
I ncludi ng automatic gain control apparatus

the I component and the Q component. In the case of a 16 QAM
signal, each I and Q component exhibits four discrete amplitude
'levels,_-.resulting in a total of 4x4 or 16 possible amplitude levels,

‘ 5 or values, for each of the narrowband and wideband QAM signals,
hence *“16” QAM. Two bits are needed to specify the four levels of
each I and Q component, whereby each data symbol requires four
bits to specify the sixteen levels for an I, Q combmauon Thus the

. bit rate of the 3.84 MHz (-6 db) wideband QAM signal is 15.36
10 Mbps (3.84 MHz x 4 bits), and the bit rate of the 0.96 MHz (-6 db)

. narrowband QAM signal is 3.84 Mbps (0.96 MHz x 4 bits). In a 64

QAM system, the bit rates of the narrowband and wideband
components would increase by a factor of 1.5. A 32 QAM -
modulation scheme could also be used and may be the preferred

15 modulation mode because of inherent peak power limiting

“characteristics. The described multiple (twin) QAM signal exhibits

'51gn1f1cant co-channel immunity from interference associated with

"a standard NTSC television signal, i.e., an NTSC signal- transmitted

‘from a different location in the same channel ‘as the twin QAM

. 20 signal. Co-channel interference from the twin QAM signal into an
~ NTSC signal also is reduced significantly.
The bit rates of the wideband and narrowband QAM
signals, 15.36 Mbps and 3.84 Mbps respectively, advantageously
.('_‘_'“:f ' exhibit a 4:1 integer relationship. This relationship simplifies
' 25 recovering the narrowband and wideband QAM information at a
receiver, since the same derived data clock can readily be used for
timing the data recovery operation of both QAM components. The
required data clock rates for the teceiver system can be easily

derived from the readlly recovered high power narrowband QAM

30 signal. :

. The receiver system of _FIGURE 1 basically corresponds
- to that described in the U.S. patent application of Hugh Edward
White noted previously, except as to details of an input signal

.~ processor 112 and an AGC system 160 which will be described in

35 detail subsequently. In the receiver system of FIGURE 1, a '
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according to the'present invention. FIGURE 2 depicts a baseband vi deo
frequency spectrum of a conpatible sinmulcast nultiple QAM high definition
television signal received and processed by the receiver in 10 FIGURE 1.
FI GURE 3 ghyys/1g€dsai | s of an input signal processor in Fl GUREPET/USS(§907Q
il lustrates a portion of an HDTV receiver for receiving and digitally '
processing an HDTV sighal of the type 1 5 shown in FIGURE 2. This signal
wi |l be described before proceeding with a discussion of the receiver
arrangement shown in FIGURE 1. FIGURE 26|l ustrates the video frequency
spectrumof a high definition television signal that is conpatible with the
6 MHz 20 bandwi dt h of a standard NTSC tel evision signal channel, and that
* broadcast twin QAM signal received by an antenna 110 is applied

to input signal processor 112 including RF and IF stages as will be
described in connection with FIGURE 3. Processor 112 also
5 = receives reference signals REF 1 and REF 2 corresponding in
frequency to reference signals used at the transmitter for
developing the transmitted signal. Output signals from processor
112 include a wideband QAM component (WB) and a narrowband
. QAM component (NB) which are conveyed via respective analog-
10 to-digital converters 117 and 116 to a high priority processor 119
~and a low priority processor 150. The signal processed by
processor 112 exhibits the composite modulation frequency
spectrum shown in FIGURE 2.
- The digital sampled binary output s1gnal from unit
15 116 is applied to a demodulator 118 which, together with
elements 120, 122, 124, 126 and’ 128, forms narrowband QAM
- high priority signal processor 119, Narrowband QAM -
demodulator 118 includes an input filter having an amplitude
versus frequency response characteristic which substantially
20 conforms to the shape of the amplitude versus frequency
characteristic of the modulated narrowband QAM component as
shown in FIGURE 2. The wideband output signal from unit 117 is
applied to a wideband QAM low priority signal processing
network 150 which includes elements similar to those found in
25 the narrowband QAM high priority processor. Wideband QAM low
priority processor 150 intludes a demodulator with an input filter
having a response that substantially conforms to the shape of the
. amplitude versus frequency characteristic of the modulated
wideband QAM component shown in FIGURE 2. Thus the receiver
30 system exhibits signal attenuating notches at frequencies
associated with high energy mformatlon in a standard definition
television 51gnal
Adaptive equahzer 120, of conventlonal design,
receives the demodulated quadrature phased I and Q components
35 from demodulator 118. Equalizer 120 employs 'W
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can be used-as a"simulcast signal. The frequencies along the frequency

scale of FIGURE 2 (-1.25 MHz to 4.5 MHz) are referenced to the 0.0 VHz

f requency location of the RF picture carrier in a standard NTSC s stenl 25

‘The HDTV &b 93/16553n signal is a data conpressed signal divi deHClr

and low priority information conponents. |In this exanple audio,

synchroni zi ng and | ow frequency video informati on conponents that are

i ntended to be received with high reliabhility are assigned a high priority.

The synchronizing 30 information, for ekanple, may be in the nature of a

training signal containing a unique signature or code to facilitate si gnal
at a receiver d i1l us i vely na i.nclude field

O R e kS i) $70 e oS
critical coaﬁg)ndntmdlﬁgcghmshloghséd el evhey tiandatissiohochahneh, bi ahss 5.
assigned a lov‘ﬁ\ 18" ac?apuye equa?xzrérgTZBr i974 Yo AR RN nea)ﬂ]y bs'ﬁaséea
. 5 equalizer that is capable of sampling: over more than the
minimum required intervals and therefore introduces whatever
_phase shift and amplitude changes are needed to produce desired
amplitude and phase- characteristics for the output I and Q
-~ components. Equalizer 120 includes a ROM programmed with
10 desired phase and amplitude values for the I and Q output
-, "components of equalizer 120. The output 1 and Q component
) values are respectively compared with the programmed values,
and the input 1, Q values are adjusted to approximate the
~ programimed values based on the results of the comparison. - The
15 -adjustment is accomplished by changing the tap weights of filters
associated with equalizer 120. Equalizer 120 is capable of sub-
sampling within a: symbol period to produce the amount of phase
and amplitude change needed to produce the desired outﬁut'
‘ amplitude and phase characteristics. As a result of this ability,
20 the operation of equalizer 120 is substantially insensitive to the
phase of an applied clock signal, although such phase preferably
should be substantially constant. Equalizer 120 may be a
Synchronous equalizer, although a fractionally spaced equalizer
exhibits better performance with respect to the phase -
25 characteristics of an applied clock signal. Fractionally spaced and
" synchronous adaptive equalizers are discussed in the text “Digital
Cbmmunications” Lee and -Messerschmitt (Kluwer Academic
Publishers, Boston, MA, USA, 1988).
Equalized I and Q output signals from unit 120 are
30 applied to an estimator network 126 which produces output I, Q
components representing a most likely estimate of the values of I
and Q components as transmitted. For example, the values of the
I and Q components at the output of estimator 126 have been
adjusted as needed to compénsat'e for the. distorting effect of noise
35 ' acquired in' the course of transmission. Estimator 126 essentially
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4 narrow bandwi dth relative to the |ow priority information, and narrowband
quadrature- anplitude nodul ates (QAM a 0.96 Mz carrier. The |low priority
inf-ormation wi deband quadrature 5 anplitude nodulates a 3.84 MHz carrier.

'A resul tin cg&go& te signal is a formof a nmultiple QAM si gpgr/US9370007
"tw n" QNKS in this instance. The conposite twin QAM signal has been

translated into the 6 .MHz standard tel evision band by neans of appropriate
frequency translation at the transmtter, resulting in 1 0O the spectrum
shown in FIGURE 2. The anplitude of the nar r owband QAM conponent is
significantly greater than that of the \%I deband QAM conponent,

performs an interpretive functlon of assigning values to samples
which, due to effects such as noise, do not fit exactly into assigned
- locations -in the 16-point four quadrant signal constellation.

5 Output signals from estimator 126 are applied to a decoder 122,
which essentially exhibits the inverse of a mapping operation
performed by an encoder at the transmitter. Look-up tables are
employed to “"unmap” the four quadrant signal constellation into
the sequehtial four-bit (symbol) segments, in binary digit form,

10 which existed at the transmitter before being encoded at the
transmitter.
An error detector 124 monitors the I, Q input and
output signals of estimator 126 for producing a carrier phase
error output signal with a magnitude proportional to the phase.
15 error between the input and output I and the input and output Q
signals of estimator 126. The phase error can be due to noise:
effects, in which case the phase error would be random in nature.
The phase error also can be due-to the frequency of narrowband
reference signal REF 2 (generated by frequency synthesizer 135)
20 not being substantially equal to the frequency of a corresponding
| reference sighal used at the transmitter, in which case the phase
error would not be random in nature. An output ERROR signal
from error detector 124 ultimately is used to compensate for the

. frequency of signai REF. 2 deviating from a desired value, i.e., the

25 value of the frequency of corresponding signal REF 2 at the

transmitter. Error detector 124 operates at a higher sampling rate
than equalizer 120, for sensing phase and frequency offsets 'that
may be due to a frequency deviation attributable to synthesizer
135, or to a frequency deviation of a local oscxllator associated

30 with mput processor 112. :

Specifically, the ERROR 51gnal is applied to a voltage
controlled oscillator (VCO) network 128, including a low pass
filter, for modifying the values of quadrature phased sine and
cosine reference signals applied to quadrature demodulator 118.

‘35 The modified sine and cosine reference signals alter the
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tw ce as Iar'ge ih this exanple. The -6 db bandw dth of the narrowband QAM
conponent is 0.96 Mz, and the -6 db 1 5 bandwi dth of the w deband QAM

coirponent is 3.84 MHz, or four tinmes the bandwi dth of the nargQ d@ﬁ%

‘conponent WO 16f53| i near "band edge transition regions of the l@%\%gén and
wi deband QAM conponents are shaped by finite inpul se response (FIR) filters
with a square root of a raised cosine characteristic, to 20 produce snooth
transition regions which avoid unwanted hi gh frequency ef fects produced by

sharp transition regions. The nar r owband conponent exhibits an
anpl i tude-versus-frequency characteristic with an excess bandw dt h of

i 0, %
Gef i ned by ddmofilatioR: beddesk Pary) 1R igniiaR' BE B8 Akt UM 0871 i e
sybj ect si gregireséitativeplautpde- sagnahsfrbnquetucyor el;%nﬂnhoatelshehm‘ dwlyand
conponent i g {i8GoR2BF GLIrdJudhel ! bPLigRA REF (2%rom a desired value
o 5 has been compensated. The low pass filter associated with unit
128 filters the ERROR signal so that the values of the reference
signals from VCO 128 and thereby the operation of demodulator |
118 are modified in response to errors of a non-random nature,
' such as the described frequency deviation, and are unaffected by
10 - random effects such as noise. Wideband QAM low priority signal
__— processor 150 contains elements that operate in the same fashion
- as units 118, 120, 122, 126, 124 and 128 of the narrowband QAM
processor discussed above. Additional information concerning the
operation of a control loop of the type including estimator 126,
15 detector 124, VCO 128 and demodulator 118 can be found in the
text “Digital ‘Communication”, by Lee and Messerschmitt, noted
_previously. § | ) '
' A signal processor 140 combines the demoduIated
* high priority data signal from decoder 122 and the demodulated
20 low priority data signal from processor 150. Processor 140 may
include data decompression networks such as Huffman decoders
and inverse quantizers, error correcting networks, and
de-multiplexing and signal combining networks for providing
separate audio and video television signal components. The audio
25 component is processed by an audio signal processor 142 before
. being applied to a sound reproducing device 146. The -video
‘component is processed by a unit 144 to produce an image
representative signal which is applfed to an image display device
148. o - -
30.. -.. A direct digital frequency synthesizer 129 produces a
15.36 MHz clock signal CLK in response to a master clock signal
from a system clock generator 130, which also provides the
master clock 51gnal to a frequency synthesizer 135 for developing
reference signals REF.1 and REF 2. The master clock signal from
35 generator 130 is used to synchronize the operation of synthesizers
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. drawn to scal"e) Has one quarter the slope of the steeper nar r owband
30 The narrowband and w deband QAM conponents each

conponent .
centain an in-phase conponent. "I" and a quadrature-phase conponent "Q'.

The

| - phase ccwgggﬂlggsgmdul ates a suppressed cosine carrier, and Pm*/qswawo

conponent no

ulates a suppressed sine carrier. A data'' synbol S

represented by both S5 the | conponent and the Q conponent. In the case
of a 16 QMM signal, each | and Q conponent exhibits four discrete anplitude

| evel s,
val ues,

10

15

20

25

30

35

resulting in a total of 4x4 or 1@ possible anplitude levels, 5
for each of the narrowband and w deband QAM signal s,

129 and 135, and exhibits a frequency. of 10 MHz in this example.
The frequencies of signals REF 1 and REF 2 nominally correspond
to those of corresponding signals used at the transmitter. Any
deviation of the frequencies of these signals from desired
frequencies is compensated for as described above. Signal CLK
from source 129 is the clock signal for digital signal. processmg
circuits in low priority processor 150. The high priority
narrowban_d processor processes a signal with a bandwidth that is
one-fourth that of the wideband signal. Hence, the high priority
processor elements reéspond to a clock signal CLK/4 with a
frequency (3.84 MHz) one-fourth that of 51gnal CLK, as provided
by a frequency divider 136.

The frequency of clock signal CLK at the receiver
corresponds to the frequency of a clock signal employed at the
transmitter.  Establishing the proper receiver clock frequency is
facilitated by developing the receiver clock signal from
information contained in the more reliably received high power
narrowband QAM component as will be seen in FIGURE 3. For this

purpose a further narrowband output signal from input processor

112, as will be seen in FIGURE 3, is applied to a nonlinear signal
generator 131, e.g., a powef of N generator such as a multiplier
that multiplies the input by itself, where N may be 2 or 4. Unit -
131 produces a single frequency component at the symbol rate of
the narrowband QAM component. ~In this case the symbol rate is
0.96° MHz, one-quarter of the bit rate. Unit 131 also produces a
highly attenuated output component at the symbol rate of the low

- power wideband QAM component, Whlch output component 1s

ignored by subsequent signal processmg units.

The 0.96 MHz symbol rate output component from
unit 131 is bandpass filtered by a filter 132 before being applied
to a phase control unit 137 including a phase detector. Filter 132

" has a center frequency at the 0.96 MHz symbol frequency. The

bandwidth of filter 132 is not critical, but should be sufficient to

or

providé an adequate signal-to-noise ratio. Phase control unit 137,
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hence "16" QAM Two bits are needed to specify the four |evels of each |
and- Q conponent, whereby each data synbol requires four bits to specify the
si xteen levels for an |, Q conbination. Thus the bit rate of the 3.84 VHz
(-6 db) wi deband QAM signal is 15.36 1 0 Mops (3.84 MHz x 4- i 930670 e
bit rate WOMBAES58396 MHz (-6 db) narrowband QAM signal is 3. [} @g 96
Mz x 4 bits). In a 64 QAMsystem the bit rates of the narrowband and:

wi deband conponents woul d i ncrease by a factor of 1.5. A 32 QAM nodul ati on
schenme coul d ‘al so be used and may be thF preferred 1 5 nodul ati on node
because of inherent peak power limting (l,har act'eristics. The descri bed
multiple (twn) QAM signal exhibits significant co-channel imunity from

NTSG i gnarespanger g o8 HRZ-Sumudl ChabCbatha’ Blnticigh lonf 20
the twin QAilten 132, gferms aphasenlaskednieep dogatherf With tandowvipasAM si gnal .
lnto an filter 138, synthesizer 129 and a divide-by-16 frequency divider
. .5 139. Filter 138 removes spurious frequencies including noise
produced by the operation of nonlinear signal generator 131.
Frequency divider 139 receives a 15.36 MHz signal from
synthesizer. 129 and provides a frequency divided 0.96 MHz
output signal to a control input of phase detector 137. Synthesizer
10 129 includes a register which accumulates phase increments
- determined by the signal applied to a control input of unit 129
from filter 138, at a rate determined by the frequency of the
signal from clock generator 130. The accumulated phése value
addresses a ROM containing sinusoidal values which synthesize
15 the output signal from unit 129. The function of unit 129 may be
implemented with integrated circuit type Q2334 commercially
- available from Qualcomm Corporation of San Diego, California.
In this-system the high priority component
advantageously exhibits a narrow bandwidth with. small (17%)
20 excess bandwidth and sharp out-of-band attenuation, i.e., steep
“skirts”. The magnitude of the output signal from a nonlinear
. signal generator (e.g., multiplier) such as unit 131 in response to
an input QAM signal is a function of the shape of the amplitude
versus frequency characteristic of the input signal, particularly at
25 the band edges. For a given passband amplitude characteristic, a
steep slope at the band edge produces a small amplitude single
frequency output component at the symbol rate of the input
- signal, whereas a shallow band edge slope produces a large
: amplitude output component. = _
30 ~ The phase locked loop including elements 137, 138,
129 and 139 coact to maintain a substantially 0° phase difference
" between the 0.96 MHz input signal applied to phase control 137
from units 131 and 132, and the 0.96 MHz input signal applied to
phase control 137 from frequency divider 139. The latter signal
35 -
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N'I"SC signal .al sois reduced significantly. The bit rates of the w deband
and. narrowband QAM si gnals, 15.36 Mops and 3.84 Mops respectively,
advant ageously exhibit a 4:1 integer relationship. This relationship

sinplifi 63/92?3! éﬁﬁoveri ng the narrowband and w deband QAM i rH@7usH3/@0070 a |
receiver X¥Re same derived data clock can readily be used for timng

the data recovery operation of both QAM conponents. The required data cl ock
rates for the receiver systemcan be easily derived fromthe readily
recovered high power narrowband QAM 3 ( gignal. The receiver system of .

FI GURE 1 basically corresponds to that described in the U S. patent

appl i cati on of Hugh Edward Wiite noted previously, except as to details of

an . i nput sijgndevelopeds H97 sjzﬁﬂxe%ﬁwbraﬂza@nsm@m&% Vﬂ”'r_[ﬂhlswl etrope descri bed
'n 35 det ar'eI rgsuebnstaﬂvgnclo}{trollnsitg%ea oo Ve 39 of FIGRE 1, a
' Automatic signal gain control for the described system
5 is prov1ded by an AGC network 160. AGC Network 160 senses the
demodulated (baseband) analog mgnal at thé narrowband output
of input signal processor 112, which is coupled to AGC network
160 via an isolation resistor 161. The sensed signal is amplitude
limited by means of diode networks 162 and 165 preceding and -
10 following an amplifier 164 to prevent amplifier 164 from being
overloaded by impulse noise and to further limit any impulse
noise which may appear at the output of amplifier 164,
respectively. An output signal from amplifier 164 is detected by
a true root-mean-square {RMS) AGC detector 166, processed by a
15 comparator 168 with an associated integrating capacitor 169 for
" developing a DC voltage representative of the detected output of
" unit_ 166, and amplified by a unit 170. A true RMS. detector with
an accuracy of approximately 0.1% is preferred over a standard
RMS detector with an accuracy of 5-10%, although a standard RMS
20 detector may produc§ acceptable results in the disclosed system.
Comparator 168 develops an output signal representative of the
difference between the level of the detected output signal from
unit 166 and a reference voltage VREF, and .capacitor 169
integrates the comparator output signal applied to amplifier 170.
- 25 Detector 166.' may employ a commercial RMS detector device such
as device type AD637- available from Analog Device Corp. of
Norwood, Massachusetts, USA. :
AGC output signals from amphfler 170 are apphed to
RF and IF AGC inputs of input signal processor 112 via respective
30 AGC paths. The RF AGC path includes an amplifier 172, |
' thresholding networks 174 and 176, and a buffer 178 arranged as
shown for conveying the RF AGC signal to the RF AGC input of unit -
112. The gain of amplifier 172 -may be adjusted to set the RF/IF
AGC crossover point, sometimes referred to as the tuner AGC

35 delay. Networks 174 and 176 respectively determine the high
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6 broadeast -tw n* QAM si gnal received by an antenna 110 is applied to input
signal processor 112 including RF and |IF stages as will be described in
connection with FIGURE 3. Processor 112 also 5 receives reference signals
REF 1 and REF 2 corresponding in frequency to reference signals used at the
transmtter for dsvel oping the transmtted signal. Qutput sigpéetrai<93960070
processor WO%3/1630Pude a wi deband QAM conponent (WB) and a narrowband QAM
conponent (NB) which are conveyed via respective analog- 10 to-digital
converters 117 and 116 to a high priority processor 119 and a |ow pri-ority
processor 150. The signal processed by pgocessor 112 exhibits the conposite
nodul ati on frequency

and low limits of the RF AGC range. The IF AGC path similarly
includes a thresholding network 180 for determining the IF AGC
operating range, and a buffer 182 for conveying the IF AGC 51gna1
3 5 to the IF AGC input of processor 112.
~ The RF and IF AGC SIgnals developed by network 160
prevent the analog input signal to converter 116 from becoming
large enough to overload converter 116 with attendant signal
distortion and loss of information. The AGC signals also prevent
10 the analog input signal to converter 116 from becoming so small
as to compromise the performance of converter 116. To this end
reference voltage VREF applied to comparator 168 assists to
determine a desired AGC level. '
RMS AGC detector 166 exhibits significant advantages
15  with respect to noise immunity, AGC loop bandwidth, loop '
stability and suppression of time varying interference phenomena
~ such as aircraft induced flutter effects. RMS detector 166
significantly reduces the amount of noise present in the RF and IF
AGC paths, which permits the use of a wider AGC loop bandwidth
20 with an associated ability to recover quickly from overloads and
to reject aircraft flutter effects. 'Reduced contrdl loop phase shift
" and increased loop stability also result.
RMS amplitude detector 166 is substannally
insensitive to “pattern noise” associated with the modulating
25 information representative of digital television information. Such
pattern noise is due to the somewhat random data pattern of
digital information, and is evident upon amplitude detection. The
noise immunity of RMS detector 166 permits the use of a wide
AGC control loop bandwidth, which advantageously permits the
30 AGC mnetwork to closely track and reject fast varying interference
phenomena such as aircraft induced “flutter”. In this regard-it is
noted that commercial RMS detector type AD637 mentioned
previously exhibits a wide bandwidth when driven by a large

signal. Thus the gain of amplifier 164 should be set accordingly.
35 ' : . -_—
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specttum’shown in FIGURE 2. The digital sanpled binary output signal from
unit'1 5 116 is applied to a dempdul ator 118 which, together with elenents
120, 122, 124, 126 and 128, fornms narrowband QAM hi gh priority signal
processorwblgg}1 /16857 owband QAM denodul ator 118 incl udes an |n|d1£€T/UgP¥/@P°7°
havi ng an anplitude versus frequency response characteristic which
substantially 20 confornms to the shape of the anplitude versus frequency
characteristic of the nodul ated narrowband QAM conponent as shown in Fl GURE
2.' The wi deband output signal fromunit4117 is applied to a w deband QAM

|l ow priority signal processing network 150 which includes elenents simlar
to those found in 25 the narrowband QAM high priority processor. W deband
QAM |l ow priority prohapalse hoisé,nsthidksisa sieongexl andr mareh an input filter

having a regponafedBil (RARSIGHE! Bl FAHRAS IP nbfse, s 8WRP% PhctbPéin
- AGC design. Although impulse noise is less of a problem in a
5 digital -system compared to an analeg system because the use of
error correction networks in digital systems may prevent impulse
noise from being visible in a displayed image, impulse noise can
disturb system operation by overloading analbg amplifiers prior
to. digital processing. '

10 In the ‘disclosed AGC system additional noise immunity
is provided by diode limiter network 162, which limits impulse
noise prior to baseband amplifier 164 to prevent amplifier 164
from being overloaded by impulsé noise and to prevent RMS
detector- 166 from being influenced by impulse noise. Residual

15 impulse noise is attenuated by means of diode limiter network
'165, which further lessens the impact of impulse noise upon
detector 166.

, AGC network 160 maintains the input 81gnal of
converter 116 at a substantially constant level to assure proper

20 operation of converter 116 as noted previously. The AGC network
is biased so that, beginning with a very small input signal, the RF
stage within processor 112 is kept at a high gain as long as
possible for best signal-to-noiée ratio. As the input signal level
increases, the AGC network initially reduces the gain of the IF

25 stage within processor 112 until at a predetermined level for .
larger signals the IF gain is held constant while the RF. gain is
reduced as a function of signal level. .

FIGURE 3 shows details of input signal processor 112
-and frequency synthesizer 135 in FIGURE 1. Input signals from

30 antenna 110 are applied to a tuner section 210 which: also - -
includes a mixer for producing an intermediate frequency (IF)
output signal in accordance with known signal processing
techniques. An RF amplifier within tuner 210 is gain controlled in
"response to an RF AGC signal from AGC network 160 in FIGURE 1.

35 The IF output signal'from tuner 210 is applied to an IF processor_
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anpl'i fUde versus frequency characteristic of the modul ated wi deband QAM
conmponent shown in FIGURE 2. Thus the receiver 3 0 syst-em exhibits signal
_attenuatl ng notches at frequenC| es associated with high energy information
in a standard definition television signal. Adaptive equalizep 3%93960 70
" convent.i oW 9H2635n, receives the denpdul ated quadrature phaseg}
conponents 3 5 from denodul at or 118. Equal i zer 120 enpl oys an adapt Ive

digital . 7 FIRfilter to conpensate for anplitude and phase
irregularities, e.g., including ghosts, §aused by the transm ssion channel.
I'n this exanple adaptive equalizer 120 } a so-called fractionally spaced

212 including a SAW filter 214 having a bandwidth of
approximately 6 MHz centered at 43.5 MHz, and an AGC amplifier
216 which is gain controlled in response to an IF AGC signal from
5 AGC network 160. .
An output signal from processor 212 is applied to an
- IF frequency down converter 220. Converter 220 ‘includes signal
multipliers (mixers) 222, 224 and 226, output low pass filters
230, 234 and 236, and a crystal controlled 49.92 MHz local
10 oscillator 228, all arranged as shown. Multiplier 224 responds to
- - a reference signal from oscillator 228 and to the output signal
' from processor 212. Multipliers 222 and 226 also respond to the
.output signal from processor 212, and to reference signal REF 1
and REF 2. The latter signals are developed by wideband
15 synthesizer component 135A and narrowband synthesizer
component 135B of unit 135 in FIGURE 1, in response to the 10
. MHz system clock-signal. An output signal from filter 234 is
N applied to unit 131 in FIGURE 1.. Frequency down converted
wideband and narrowband output signals from filters 230 and
20 236 are provided at outputs of filters 230 and 236, respectively.

'\
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5 equal i zer that is capable of - sarrpl [ ng over more than the minimm
required intervals and t herefore—introduces what ever phase shift and

anpl’i tude changes are neg? ﬂ!i duce desired anplitude and phase
esikcr

characteristics for the onent s. Equali zer cl
ROM pr ogr sv@esviéssh 1 0 arrpl i tude val ues fB&f@y&gﬁﬁ Q

out put conponents.of equalizer 120. The output | and Q conponent val ues are
respectively conpared wth the programed val ues, and the input I, Q

val ues are adjusted to approxi nate the granmed val ues based on the -
results of the conparison. The 1 5 adjE ment is acconplished by changi ng
the tap weights of filters associated with equalizer 120. Equalizer 120 is
capabl e of c mpling within a synbol period to produce the anmount of
phase and ' #e change needed to produce the desired output anplitude
and phase characteristics. As a result of this ability,

1. In a system.for receiving a television signal,
5 apparatus comprising:
input signal processing means (110,112) having an
input for receiving an analog signal representative of digital
television information, and an output;
digital signal processing means (116) responsive to

10 said output signal from said input signal processing means;

' video signal processing means (119,140,144) for
providing an image represent-ativ'é":'si'gnal in response to an output
signal from said digital signal processing means; and

automatic gain control means (160) including a root—

15 mean—square (RMS) amplitude detector means (166) for

developing a control signal as a function of the magnitude of a
- received signal for automatically controlling the magnitude of
_"‘ signals provided to said digital signal processing means.

20 2. Apparatus according to claim 1, wherein
said representative signal ‘is represen_tatiwie of high
definition digital television information and has a bandwidth
compatible with a pre—existing standard definition television
signal channel, and comprises a narrowband component
25 containing high priority information and a widgband component
containing low priority information; and '
said control S1gnal is  derived from said narrowband
component.

30 - - 3. Apparatus according to claim 2, wherein
| said narrowband component is a quadrature
amplitude modulation (QAM) signal.
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20 the:operation of equalizer 120 is substantially insensitive to the
phase of an applied cl ock sigmat——akthough _such phase preferably shoul d be
‘substantially constant. gm r 0 may be a synchronous equali zer,

al though a fractionally mmg ![, ﬂy xhi bi ts better per kg -
respect t"EOt‘ﬁémﬁﬁise 25 chara ,Ef an applied clock si gng?.flo-m.ioh
Fractional |y spaced and synchronous adaptive equalizers are discussed in
the text "Digital Comrunications”, Lee and Messerschmtt (Kl uwer Academ c
Publ i shers, Boston, NMA, "USA, 1988). Equaljzed | and Q output signals from

unit 120 are 3 0 applied to an estimator network 126 which produces out put
|, Q conponents representing a.nost likely estimate of the values of | and

components at the our ut aprain ARG 87 IBILY o HRKe I Sy 1
-conpensat e fngludingdi storting effect of noise
' analog-to-digital ‘converting means for converting said
5 analog signal to a digital signal for processing by said digital signal
processing means; wherein |
said automatic gain control means controls the
magnitude of analog signals applied to said analog-to-digital
cdn‘vcrting means. '

- 10
5. Apparatus according to claim 1 and further
e including . ' -
impulse noise limiting means preceding said RMS
amplitude detector means.
15 _
6. Apparatus according to claim 1, wherein
. said control signal is applied to gain control inputs of
h RF and TF stages of said input signal processing means.
20

—
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¥fired in the course of transmssion. Estimator 126 essentially

ms an interpretive function:-of:assigning values to sanples which,

‘ effects such as noise, do not fit exactly into assigned |ocations in
" 16- poi nt four quadrant signal constellation. 5 Qut put signals from
P5ti mator 126 are applied to a decoder 122, which essentially exhibits the
Il nverse of a mapping operation perfornmed by an encoder at the transmtter.
Look-up tables are enployed to "unmap" the four quadrant signal
constellation into the sequential four-bit (symbol) segnments, in binary

digit form 1 0 which existed at the-l%ransm"tter bef ore being encoded at
the transmtter. '

AUTOMATIC GAIN CONTROL APPARATUS FOR A
-DIGITAL TELEVISION.SIGNAL RECEIVER

Abstraét

A high definition television receiver including analog
5 and digital signal processing circuits (119,150) receives (110,112)
an analog high definition television signal representative of digital
television information. The received signal contains narrowband
high priority information and low priority wideband information.
An automatic gain control (AGC) signal is developed (160) from
10 the received analog signal by means of a root-mean-square
amplitude detector (166).

FIGURE 1
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~ An E&ftor det: ector 124 rs the I, Q [ nput “and out put S|gnals of
estimator 126 for prodUC| hﬂse error output signal with a .
_nagnltude proportional l U error between the input and out put

“and. t he |nput and out pu estl mator 126. The p n

be due t oWEIHE6S8Bf ects, in which case t he phase error woul dh‘l?;éelelrdgtsﬁl’?1’mm0‘|ﬁf1I

nature. The phase error also can be due to the frequency of narrowband

reference signal REF 2 (generated by f#®quency synthesizer 135) 20 not

bei ng substantlally eqHiBH to the—f-laeq-ueﬂc—y—ef—a-eoHes-pOHd-ng-ﬁhe-f—ePeﬁc]e

si gnal used qt Ghe tr 8GR tter) inghich cgse The phasg engor would not be

“randomin n e. ARRQGESSBR I ‘ g 1 EBRError or 124 ultinmtely
is used to ¢ epgate for t . rating froma

desired valu ' ondi ng s gnal
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due to a frequency deviation attributable to synthesizer 135, or to a
frequency .deviation of a local oscillator associated 30 wth input
processor 112. Specifically, the ERROR signal is applied to ap

control | e&"(b%’l"ﬁgsoﬁ or (VCO) network 128, including a | ow passP |+‘?%%?0%03?
modi fyi ng the val ues of quadrature phased sine and cosine reference signals
applied to quadrature denodul ator 118. 3 5 The nodified sine and cosi ne
reference signals alter the - 9 denodul ation process until the nagnitude
of the error representative output signal fromdetector 124 indicates that
any

23
SUPPRESSED - " SUPPRESSED
NARROWBAND - WIDEBAND
QAM CARRIER (AM CARRIER
- NTSC .4 NTSC
t CPICTURE  NYQUIST | SOUND
CARRIER  SLOPEAT CARRIER

3
|

NOTCH NTSG } NOTCH
]

-68 l - RECEVER | -
| ﬁ | - 1
.‘ P O
) | — Y 7 - 1 Y >
111 [loss) o0 | o7 25 4745 M
125 075 015 03 |
- |< 6 MHz TV CHANNEL: : >]
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devi ati oh of” the frequency of si gnal REF 2 from a desired value 5 “has been’
conpensated. The |l ow pass filter associated with unit 128 filters the
ERROR signal so that the values of the reference signals fromVCO 128 and
thereby t{g) ¢p¢Essi on of denpdul ator 118 are nodified in respRYSHS/0R0TE! S
of a non-random nature, such as the described frequency deviation, and are
unaffected by 1 0 random effects such as noise.. Wdeband QAM | ow priority
signal processor 150 contains elenments that operate in the sanme fashion as
units 118, 120, 122, 126, 124 and 128 ofgi he narrowband QAM.processor

di scussed above. Addi ti onal information toncer ni ng the operation of a
control loop of th SFROM qe%l ncl udi ng esti mat or 126 15 detector 124, VCO 128
and denodul at or 118 Cé e found in the text "Digital Communication", by
Lee and Messerschmitf) }dzmr eviously. A signal processor 140 conbi nes

the demodul gt ggg —» TUNER -

. L—[F
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—_ 212
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representative signal

A-direct digital frequencRIGVPALSREZEVISIONSIGINAESRECEHVER MHz cl ock
signal CLK in response to a master clock signal froma system cl ock

generator 130, which also provides the master clock signal

synt hesi zer 135 for devéllipi yention concerns apparatus in a television

5
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15

20

25

30

35

signal receiving system for automatically controlling the
magnitude of a received television signal representative of digital
image information. _
Standard television signal receiving systems typically
include automatic gain control (AGC) apparatus for maintaining
the magnitude of a signal applied to a detector stage substantially
constant over a wide range of received signal levels. Such AGC
apparatus typically generates an AGC voltage as a function of the
amplitude of the horizontal sync component of a detected
baseband video signal component. The AGC voltage is used to
increase or decrease the gain of radio frequency (RF) and
intermediate frequency (IF) amplifiers as an inverse function of

- the magnitude of the received television signal. Television signal

AGC systems of this type are well known as described, for
example, in U.S. Patent 4,761,687 — Rumreich.

Much attention has been devoted recently to the
development of high definition television systems that encode and
decode television information, e.g., image, audio and synchronizing
information, in digital form. A transmitted digital television signal
differs from a standard NTSC analog television signal in that it
appears to be a random sequence of pulses, resembling a random
noise signal of varying amplitude, and it may lack an RF carrier.
Thus it may be difficult or impossible to use standard AGC _
techniques effectively for a digital television signal, due to the
lack of an easily identifiable AGC reference component such as an
RF carrier or a horizontal sync component sxmllar to that of a
standard NTSC television signal.

In recognition of these factors there is disclosed herein
an AGC network suitable for use in a digital television signal
receiving system. The disclosed AGC network is advantageously
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ref efence si-gnals REF 1 and REF 2. The master clock signal from3 5
generator 130 is used to synchronize the operation of synthesizers . 10
129 and 135, and exhibits a frequency of 10-MH in this-exanple. The 3
frequencies of signals REF 1 and REF 2 non1na||y correspond to those of
corresponding signals -used-at the transmtter.- Any 3 deviation of the
frequenci es of these “si'gnals from desired frequencies is conpensated for
as descrlbed above. Signal CLK from source 129 i-s the clock signal for
digital signal processing circuits in lowdriority processor 150. The hi gh

) oo R BESESH (BER0S ST ARl oA bl 1
such as aircraft induced ﬂutter and may be advantagcously used
in a high definition QAM digital television signal system having a
spectrally shaped amplitude versus frequency response. An
5 example of such is shown in U.S. patent application Serial No.

650,329 of Hugh Edward White. In that system, a transmitted
high definition television signal lacking an RF carrier and an easily
identifiable NTSC-type horizontal sync component is divided into
high priority information that is intended to be received with high

10 reliability, and low priority information. The high priority
information and the low priority information are conveyed as
separate QAM (quadrature amplitude modulated) carrier signals
within different portions of the ‘television signal frequency
spectrum. The high priority information exhibits a narrower

15 bandwidth and significantly larger amplitude than the low
priority information. :

Automatic gain contrdl apparatus in accordance wnh
the present invention is included in apparatus for receiving a
digital television signal which may be representative of high

20 definition image information. - An automatic gain control signal is
developed by means of a root-means-square. (RMS) detector.

In an illustrated embodiment, the modulation
spectrum of the digital television signal includes a narrowband
component containing high priority information intended to be

25 received with high reliability, and a wideband component
containing low priority information. The two components are
conircyed as separate QAM carrier signals within different
portions of the television signal frequency spectrum. The RMS
AGC detector derives the AGC signal from the narrowband QAM

30 component of the digital television signal. C
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processor el enents respond to a clock signal CLK/ 4 with a frequency (3.84
MHz) one-fourth that of signal CLK as provided by a frequency.divider 136.
The frequency of cl ock S|gnal CLK at- the receiver 15 corresponds to the
frequency of a clock signal enpl oyed at the transmitter. Establishing the
proper receiver ‘clock frequency is facilitatied by.devel oping the receiver
clock signal frominformation contained in the nore reliably received high
pawer narrowband- QAM conponent as will be 3een in FIGURE 3. For this 20
purpose a further narrowband output signal from input processor 112, as
will be seen in FIGURE 3, is’ ied tp a nonline si gnal generator 131,
e.g., a power of N generator ] Pt N8l tiplies the input
by itself, where Nmy be 2 or 4. Unit 131 produces a single frequency

component at the symbol yggpel 128 o' BRcRATGHA"EE PPbrefHTRRE Higitht? 11 S

case the s rate is . .
television receiver including automatic gain control apparatus

according to the present invention.

"FIGURE 2 depicts a baseband video frequency
spectrum of a compatible simulcast multiple QAM high definition
television signal received and processed by the receiver in

10 FIGURE1l.

FIGURE 3 shows details of an input signal processor in

FIGURE 1. - '
FIGURE 1 illustrates a portion of an HDTV receiver for
receiving and digitally processing an HDTV signal of the type
15 shown in FIGURE 2. This signal will be described .before
proceeding with a discussion of the receiver arrangement shown
in FIGURE 1.
FIGURE 2 illustrates the video frequency spectrum of a
high definition television signal that is compatible with the 6 MHz
20 bandwidth of a standard NTSC television signal channel, and that
- can be used as a simulcast signal. The frequencies along the
frequency scale of FIGURE 2 (-1.25 MHz to 4.5 MHz) are
referenced to the 0.0 MHz frequency location of the RF picture
carrier in a standard NTSC system. _
25 The HDTV television signal is a data compressed signal
- divided into high and low priority information components. In
this example audio, synchronizing and low frequency video
information components that are ‘intended to be received with
high reliability are assigned a high priority. The synchronizing
30 information, for example, may be in the naturé of a training signal
containing a unique signature or code to facilitate signal recovery
and processing at a receiver, and illustratively may include field
rate scanning information (e.g., start of field markers). Other less
critical components, such as high frequency video information, are
35 assigned a lower priority. The high priority information exhibits a
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0-96 'MHz, one-quarter of the bit rate. Unit 131 al so produces a highly
attenuated out put conponent at the symbol rate of the |ow power w deband-
QAM conponent whi ch out put -conponent is ignored by subsequent si-gnal S
processing units. 30 L . The 0.96 MHz synboel rate output component -
fromunit 131 is bandpass flltered by a filter 132 before being applied to
a phase control unit 137 including a phase detector. Filter 132 has a
center fr.equency at the 0.96- Mz synbol frgquency. The bandw dth of filter
132 is not critical, but should be sufficient to 3 5 provide an adequate
si gnal -t o-noi se ratio. Phase control unit 137, responsive to the 0.96
MHz synbol rat ﬂanouptttambmnhhemlahwemubltlteerlo!z&Ganbntyrsmfophaaenl carkbd | oop

together with ﬁat'r%‘%b%ﬁs quadrature amplitude modulates (QAM) a 0.96 MHz
carrier. The low priority information wideband quadrature
5 amplitude modulates a 3.84 MHz carrier. A resulting composite

signal is a form of a multiple QAM signal, ie., a “twin” QAM signal
in this instance. The composite twin QAM signal has been
translated into the 6 MHz standard television band by means of
appropriate frequency translation at the transmitter, resulting in

10 the spectrum shown in FIGURE 2.

The amplitude of the narrowband QAM component is
significantly greater than that of the wideband QAM component,
twice as large in this example. The -6 db bandwidth of the
narrowband QAM component is 0.96 MHz, and the -6 db

15 bandwidth of the wideband QAM component is 3.84 MHz, or four
times the bandwidth of the narrowband QAM component. The
nonlinear band edge transition regions of the narrowband and
wideband QAM components are shaped by finite impulse response
(FIR) filters with a square root of a raised cosine characteristic, to

20 produce smooth transition regions which avoid unwanted high'
frequency effects produced by sharp transition regions. The
narrowband component exhibits an amplitude-versus-frequency
characteristic with an excess bandwidth of approximately 17%, i.e

ey

17% more than the theoretical minimum bandwidth defined by
25 the expression Ex% where T is the symbol period for the subject

signal. The amplitude-versus-frequency response of the
wideband component in the band edge transition regions (not
drawn to scale) has one quarter the slope of the steeper

_ narrowband component.

30 The narrowband and wideband QAM components each
contain an in-phaée component “I” and a quadrature-phase
component “Q”. The I-phase component modulates a suppressed
cosine carrier, and the Q-phase cofﬁponent modulates a
suppressed sine carrier. A data “"symbol" is represented by both
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friter 138, synt hesi zer 129 and a divide-by-16 frequency divider 5 139. -
Filter 138 renoves spurious frequencies including noise produced by the.
operation of nonlinear signal generator 131. Frequency .di-vider 139 .receives
a 15.36 Mz signal from synthesizer 129 and provides a frequency divided
0.96 MHz output signal to a control input of phase detector 137. - .

Synt hesi zer 10 129 includes a regi ster which accurnul ates phase increnents
determ ned by the signal applied to a -contfol input of unit 129 fromfilter
138, .at a rate deternined by the frequency of the signal from clock
gerierator 130. The accunul at ed phase val ue addresses a ROM cont ai nin :
si nusoi dal valthesl wiemponsgnt aredithe @scompengnt.puln shgreasef ebm 4Ai QAMO. The

function of unfibndi2dedEy Ib%n'&mqeémﬂ Sfleid ek ibite o ilre diseréeUianpliage R334
comercially avai]abl'e {rom.Qualco r.pqrati of n D eqo, i fpornia.
In this systenevals, ieguling on gy1Qta néga or' 16 possﬁ?le amp%tudc evefs,

5 or values, for each of the narrowbanc_i .and wideband QAM signals,
hence “16” QAM. Two bits are needed to specify the four levels of
each I and Q component, whereby each data symbol requires four
bits to specify the sixteen levels for an I, Q combination. Thus the
bit rate of the 3.84 MHz (-6 db) wideband QAM signal is 15.36

10 Mbps (3.84 MHz x 4 bits), and the bit rate of the 0.96 MHz (-6 db)
narrowband QAM signal is 3.84 Mbps (0.96 MHz x 4 bits). In a 64
QAM system, the bit rates of the narrowband and wideband
components would increase by a factor of 1.5. A 32 QAM
modulation scheme could also be used and may be the preferred

15 modulation mode because of inherent peak power limiting
characteristics. The described multiple (twin) QAM signal exhibits
significant co-channel immunity from interference associated with
a standard NTSC television signal,: i.e., an NTSC signal transmitted
from a different location in the same channel as the twin QAM

20 signal. Co-channel interference from the twin QAM signal into an
NTSC signal also is reduced significantly. '

The bit rates of the wideband and narrowband QAM
signals, 15.36 Mbps and 3.84 Mbps respectively, advantageously
exhibit a 4:1 integer relationship. This relationship simplifies

25 recovering the narrowband and wideband QAM information at a
receiver, since the same derived data clock can readily be used for
timing the data recovery operation of both QAM components. The
required data clock rates for the receiver system can be easily
derived from the readily recovered high power narrowband QAM

30 signal. ' '

The receiver system of FIGURE 1 basically corresponds
to that described in the U.S. patent application of Hugh Edward
White noted previously, except as to details of an input signal
processor 112 and an AGC system 160 which will be described in

35 detail subsequently. In the receiver system of FIGURE 1, a '

This ‘is the replacement gheet

25 JUL 9%

Date:



advant ageously exhibits a narrow bandwidth with small (17% 20 excess
bandwi dth and sharp out-of-band attenuation, i.e., steep "skirts".. The:
magni tude of the output-si.gnal froma nonlinear signal generator (e.g., =
mul tipli'ér) such as unit 131 in response to. an input .QAMsignal is.a

- function of the shape of 'the anplitude versus frequency characteristic of ..
the input signal, particularly at 25 the band edges. For a given passband
anptitude characteristic, a steep slope atéthe.band edge produces a small
anplitude single frequency out put conponent at the synmbol rate of the input

signal, whereas a shallow band edge sl ope_produces a | arge anpl.itude,out put
component . 3 Obroadcast twin QAdViphignal| meseived dup amhANieRRA @Eﬁén@@ll@n

%38’ 129 and 1 ixf\i'ﬁgﬁki rﬁl”ﬁﬂd&%@sid? 13 U @dinigdREY dn@r IF fthpee adi WiRreeice
etween the 0.96 | nput si gnal appl phase, cont r ol 7.fromunits
131 and 132, asiesriRedo b EaNAECHAR Wit ﬁ&l‘hggppi odPrpgessor 112 ‘also
-5 receives reference signals REF 1 and REF 2 corresponding in
frequency to reference signals used at the transmitter for
developing the transmitted signal. Output signals from processor
112 include a wideband QAM component (WB) and a narrowband
QM component (NB) which are conveyed via respective analog-
10 to-digital converters 117 and 116 to a high priority processor 119
and a low priority processor 150. The signal processed by
processor 112 exhibits the composite modulation frequency
spectrum shown in FIGURE 2. - B
o ' The digital sampled binary output signal from unit
15 116 is applied to a demodulator 118 which, together with
elements 120, 122, 124, 126 and 128, forms narrowband QAM
- high priority signal processor 119, Narrowband QAM -
demodulator 118 includes an input filter having an amplitude
versus frequency response characteristic which substantially
20 conforms to the shape of the amplitude versus frequency
characteristic of the modulated narrowband QAM component as
shown in FIGURE 2.  The wideband output signal from unit 117 is
applied to a wideband QAM low priority signal processing
network 150 which includes elements similar to those found in
25 the narrowband QAM high priority processor. Wideband QAM low
priority processor 150 includes a demodulator with an input filter
having a response that substantially conforms to the shape of the
amplitude versus frequency characteristic of the modulated
wideband QAM' component shown in FIGURE 2. Thus the receiver
30 systém exhibits signal attenuating notches at frequencies
associated with high energy information in a standard definition .
television signal.
Adaptive equalizer 120, of conventional design,
receives the demodulated quadrature phased I and Q components
35 from demodulator 118. Equalizer 120 employs an adaptive digital
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phase control 137 from frequency divider 139. The latter signal 35 12
I s devel oped by synthesizer 129 in response to a phase error representative
~control -signal fromfilter 138. Automatic signal gain control for the -
described system5 is .provided by an AGC network 160. AGC Network 160
senses the denodul-ated (baseband) anal og signal at .the -narrowband. out put of
| nput signal processor 112, which is coupled to AGC network 160 via an
i sol ation-resistor 161. The sensed signal 7s anplijtude |imted by neans of
di ode networks 162 and 165 preceding and 1 0 following an anplifier 164
to prevent amplifier 164 from being . L . L
' FIR filter to compensate for amplitude and phase irregularities,

e.g., including ghosts, caused by the transmission channel. In this
example adaptive equalizer 120 is a so-called fractionally spaced
5 equalizer that is capable of sampling over more than the
minimum required intervals and therefore introduces whatever
phase shift and amplitude changes are needed to produce desired
amplitude and phase- characteristics for the output I and Q
- components. Equalizer 120 includes a ROM programmed with
10 desired phase and amplitude values for the I and Q output
components of equalizer 120. The output 1 and Q. component
values are respectively compared with the programmed values,
and the input I, Q values are adjusted to approximate the
programimed values based on the results of the comparison. The
15 adjustment is accomplished by changing the tap weights of filters
associated with equalizer 120. Equalizer 120 is capable of sub-
sampling within a_symbol period to produce the amount of phase
and amplitude change needed to_ produce the desired output
amplitude and phase characteristics. As a result of this ability,
20 the operation of equalizer 120 is substantially insensitive to the
phase of an applied clock signal, although such phase preferably
should be substantially constant. Equalizer 120 may be a
synchronous equalizer, although a fractionally spaced equalizer
exhibits better performance with respect to the phase
25 characteristics of an applied clock signal. Fractionally spaced and
synchronous adaptive equalizers are discussed in the text “Digital
Communications”, Lee and -Messerschmitt (Kluwer Academic
Publishers, Boston, MA, USA, 1988).
Equalized I and Q output signals from unit 120 are
30 applied ‘J’té an estimator network 126 which produces output I, Q
componeﬁts representing a most likely estimate of the values of I
and Q components as transmitted. For example, the values of the
I and Q components at the output of estimator 126 have been
adjusted as needed to compensate for the distorting effect of noise
35 acquired in the course of transmission. Estimator 126 essentially

This is the replacement sheet

pate: 25 JUL 9%



over| oaded by inpul se noise and to further limt any inpulse noise which
may appear at the output of anplifier 164, respectively. An output signal
fromanplifiér 164 is detected by a true root-nean-square (RVS) "AGC

det ector 166, processed by a 1 5 conparator 168 with an associated, . :
i ntegrating capacitor 169 for devel oping a DC voltage representative of -the:
detected out put of unit 166, and anplified by a unit 170. A true RVB
detector. with an accuracy of approximately,0.1%is preferred over a :
standard RMS detector with an accuracy of 3-10% although a standard RVS
O - detector may produce acceptable results in the disclosed system

Conpar at or 168_devel gps._an_.Q Si . [ eRFesen Y f ' nce
bet ween t he Iel?/%r&of)‘?gt ﬁa Hé?gért%g&eogﬁﬁﬁméi gﬁaﬁggé%guﬁﬁa?ui%g%aﬁgﬁgﬂé@ ,
ref erence vol t which/Reme tendffeapashelrasl #oisen: 9 rnate it fractbmpnioa@ss 2868 put
signal appliedidq B! id' e Y@pomt fokelQddrand GighaY cviRtslyatdoomer ci al

RV det ect 05r d \Gtﬁﬁt Ssll'lé:r?als from estimator 126 are applied to a decoder 122,
which essentially exhibits the inverse of a mapping operation
performed by an encoder at the transmitter. Look-up tables are
employed to "unmap” the four quadrant signal constellation into
the sequential four-bit (symbol) segments, in binary digit form,

10 which existed at the transmitter before being encoded at the
transmitter. .

An error detector 124 monitors the I, Q input and
output signals of estimator 126 for producing a carrier phase
error output si'gnal with a magnitude proportional to the phase

15 error between the input and output I and the input and output Q
signals of estimator 126. The phase error can be due to noise
effects, in which case the phase error would be random in nature.
The phase error also can be due-to the frequency of narrowband
reference signal REF 2 (generated by frequency synthesizer 135)

20 not being substantially equal to the frequency of a corresponding
reference signal used at the transmitter, in which case the phase
error would not be random in nature. An output ERROR signal
from error detector 124 ultimately is used to compensate for the
frequency of signal REF 2 deviating from a desired value, i.e., the

25 value of the frequency of corresponding signal REF 2 at the
transmitter. Error detector 124 operates at a higher sampling rate
than equalizer 120, for sensing phase and frequency offsets that
may be due to a frequency deviation attributable to synthesizer
135, or to a frequency deviation of a local oscillator associated

30 with input processor 112.

Specifically, the ERROR signal is applied to a voltage
controlled oscillator (VCO) network 128, including a low pass
filter, for modifying the values of quadrature phased sine and
cosine reference signals applied to quadrature demodulator 118.

35 The modified sine and cosine reference signals alter the
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as device type AD637 avail able from Anal og Devi ce Corp. of Norwood,
Massachusetts, USA. AGC output signals fromanplifier 170 .are applied to RF
and 1'F AGC.inputs .of input signal. precessor 112 via respective 3 0~ AGC
paths. The RF AGC path includes an anplifier 172, threshol ding networks 174
and 176, and-a buffer 178 arranged as shown for conveying the RF AGC signal
to the RF'AGC input of unit 112. The gain of anplifier 172 nmay be adj usted
to set the RF/IF AGC crossover point, sonefimes referred to as the tuner
AGC 3 5 delay. Networks 174 and 176 respectively determ ne the high 1

3 and lowlimts of the RF AGC range. The |IF AGC path sinmlarly
demodulation process until the magnitude of the error

representative output signal from detector 124 indicates that any
deviation of the frequency of signal REF 2 from a desired value
5 has been compensated. The low pass filter associated with unit
128 filters the ERROR signal so that _' the values of the reference
signals from VCO 128 and thereby the operation of demodulator
118 are modified in response to errors of a non-random nature,
such as the described frequency deviation, and are unaffected by
10 . random effects such as noise. "Wideband QAM low priority signal
processor 150 contains elements that oberatc in the same fashion
as units 118, 120, 122, 126, 124 and 128 of the narrowband QAM
processor discussed above. Additional information concerning the
operation of a control loop of the type including estimator 126,
15 detector 124, VCO 128 and demodulator 118 can be found in the
text “Digital Communication”, by Lee and Messerschmitt, noted
previously. . o ;
A signal processor 140 combines the demodulated
high priority data signal from decoder 122 and the demodulated
20 low priority data signal from processor 150. Processor 140 may -
include data decompression networks such as Huffman decoders
and inverse quantizers, error correcting networks, and
de-multiplexing and signal combining networks for providing
separate audio and video television signal components. The audio
25 component is processed by an audio signal processor 142 before
being applied to a sound reproducing device 146. - The video
component is processed by a unit 144 to produce an image '
representative signal which is applied to an image display device
148. | .
30 . A direct digital frequency synthesizer 129 produces a
15.36 MHz clock signal CLK in response to a master clock signal
from a system clock generator 130, which also provides the
master clock signal to a frequency synthesizer 135 for developing
reference signals REF 1 and REF 2. The master clock signal from
35 generator 130 is used to synchronize the operation of synthesizers
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fncl udes a threshol ding network 180 for determi ni ng the | F AGC operating
range, and a buffer 182 for conveying the IF AGC signal & to the IF AGC

i nput ‘of processor 112." The' RF and | F AGC.si gnal s devel oped by network 160 -
prevent the analog input signal to converter. 116 from beconi ng | arge enough
to -overload converter 116 with attendant signal "distortion.and | oss of

I nformati on. The AGC signals also prevent 1 0 the anal og i nput signal to
converter 116 from beconing so small as td @onproni se the performance” of *
converter 116. To this end reference voltage VREF applied to conparator 168
assists to determne a desired AGC | evel. RMS AGC det ect or, 166 exhi bi ts

si gni fi cant ad¥29taadsl 35, SaMtWMbgpe%thG@mYs@ | WuMHz inatias| example.

bandwi dt h, | oogpst fhighih 1e§‘ &g}g:'l§qsﬁpn10£ndlmgwarubmalw IOreds ond
phenonmena such as aircr i nduc lytter effects.. RVS detector A
to those o correspon ing sngnas used at the transmitter.

5 deviation of the frequencies of these signals from desired
frequencies is compensated for as described above. Signal CLK
from source 129 is the clock signal for digital signal processing
circuits in low priority processor 150. The high priority
narrowband processor processes a signal with a bandwidth that is

10 one-fourth that of the wideband .signal. Hence, the high priority
processor elements respond to a clock signal CLK/4 with a
frequency (3.84 MHz) one-fourth that of signal CLK, as provided
by a frequency divider 136. . . |

' The frequency of clock signal CLK at the receiver

15 comesponds to the frequency of a clock signal employed at the
transmitter. Establishing the proper receiver clock frequency is
facilitated by developing the receiver clock signal from '
information contained in the more reliably received high power
narrowband QAM component as will be seen in FIGURE 3. For this

20 purpose a further narrowband output signal from input processor
112, as will be seen in FIGURE 3, is applied to a nonlinear signal
generator 131, e.g., a power of N generator such as a multiplier

- that multiplies the input by itself, where N may be 2 or 4. Unit
131 produces a single frequency component at the symbol rate of

25 the narrowband QAM component. In this case the symbol rate is
0.96 MHz, one-quarter of the bit rate. Unit 131 also produces a
highly attenuated output component at the symbol rate of the low

- power wideband QAM component, which output component is
ignored by subsequent signal processing units.

30 The 0.96 MHz symbol rate output component from
unit 131 is bandpass filtered by a filter 132 before being applied
to a phase control unit 137 including a phase detector.. Filter 132
has a center frequency at the 0.96 MHz symbol frequency. The
bandwidth of filter 132 is not critical, but should be sufficient to

35 provide an adequate signal-to-noise ratio. Phase control unit 137,
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significantly reduces the anobunt of noise present in the RF and I F ACGC
paths, which permts the use of .a wider AGC | oop -bandwidth 20 .with an -
associated ability to recover quickly from- overloads and to reject
aircraft flutter effects. Reduced control | oop phase shift and increased

| oop stability also result. RVB anplitude detector 166 iS substantially

I nsensitive to "pattern noise" associated with the nodul ating 25
information representative of digital telgqvjsion information. Such pattern
noi se is due to the somewhat random data pattern of digital information

and is evident upon anplitude detection. The noise imunity of RMS detector

166 perm ts thgsysisife ﬁ)%@emm{%r mb@pﬁatb?lrtﬂwpdt f'combbﬁélnt from
advant ageously pergb&shé% ﬁ i/(vo k]ap S I8 resj ect fast
varying i nt er ff8#&hn Hﬁeﬁap A lggked :Qf? Eﬁ{e‘ﬁ f?u?ot“ér In this
regard it is rfolted I3ﬁa.t sgnmwzeallmlsani@t ecﬂwxdtytp;e—lﬁDﬁfBﬁ’qummy odigriider
5 139. Filter 138 removes spurious frequencies including noise
produced by the operation of nonlinear signal generator 131.
Frequency divider 139 receives a 15.36 MHz signal from
synthesizer 129 and provides a frequency divided 0.96 MHz
output signal to a control input of phase detector 137. Synthesizer
10 129 includes a register which accumulates phase increments
determined by the signal applied to a control input of unit 129
from filter 138, at a rate determined by the frequency of the
signal from clock generator 130. The accumulated phase value
addresses a ROM containing sinusoidal values which synthesize
15 the output signal from unit 129. The function of unit 129 may be
implemented with integrated circuit type Q2334 commercially
available from Qualcomm Corporation of San Diego, California.
In this-system the high priority component
advantageously exhibits a narrow bandwidth with small (17%)
20 excess bandwidth and sharp out-of-band attenuation, i.e., steep
“skirts”. The magnitude of the output signal from a nonlinear
signal generator (e.g., multiplier) such as unit 131 in response to.
an input QAM signal is a function of the shape of the amplitude
versus frequency characteristic of the input signal, particularly at
25 the band edges. For a given passband amplitude characteristic, a
steep slope at the band edge produces a small amplitude single
frequency output component at the symbol rate of the input
signal, whereas a shallow band edge slope produces a large
amplitude output component.
30 ' The phase locked loop including elements 137, 138,
129 and 139 coact to maintain a substantially 0° phase difference
between the 0.96 MHz input signal applied to phase control 137
from units 131 and 132, and the 0.96 MHz input signal applied to

phase control 137 from frequency divider 139. The latter signal
35
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previously exhibits a w de bandw dth when driven by a | arge signal. Thus
the gain of anplifier 164 should be set accordingly. 35 1 4 Inpulse

noi se, which i s stronger and nore unpredictable than sone other fornms of .
noise, is also a factor in AGC design. Al though inpulse noise is less of a
problemin a 5 digital systemconpared to an anal og system because the
use of error correction networks in digital systems may prevent inpulse

noi se frombeing visible in a displayed i ygge, inpul se noise can disturb

system operation by overl oading analog anplifiers prior to digital
processing.

is developed by synthesizer 129 in response to a phase error
representative control signal from filter 138.
Automatic signal gain control for the described system
5 is provided by an AGC network 160. AGC Network 160 senses the
demodulated (baseband) analog signal at the narrowband output
of input signal processor 112, which is coupled to AGC network
160 via an isolation resistor 161. The sensed signal is amplitude
limited by means of diode networks 162 and 165 preceding and
10 following an amplifier 164 to prevent amplifier 164 from being
overloaded by impulse noise and to- further limit any impulse
noise which may appear at the output of amplifier 164,
respectively. An output signal from amplifier 164 is detected by
a true root-mean-square (RMS) AGC detector 166, processed by a
15 comparator 168 with an associated integrating capacitor 169 for
developing a DC voltage representative of the detected output of
unit 166, and amplified by a unit 170. A true RMS detector with
an accuracy of approximately 0.1% is preferred over a standard
RMS detector with an accuracy of 5-10%, although a standard RMS
20 detector may produce acceptable results in the disclosed system.
| Comparator 168 develops an output signal represenmtative of the
difference between the level of the detected output signal from
unit 166 and a reference voltage VREF, and .capacitor 169
integrates the comparator output signal applied to amplifier 170.
25 Detector 166 may employ a commercial RMS detector device such
as deviceé type AD637 available from Analog Device Corp. of
Norwood, Massachusetts, USA. - '
AGC output signals from amplifier 170 are applied to
-RF and IF AGC inputs of input signal processor 112 via respective
30 AGC paths. The RF AGC path includes an amplifier 172,
thresholding networks 174 and 176, and a buffer 178 arranged as
shown for conveying the RF AGC signal to the RF AGC input of unit
112. The gain of amplifier 172 -may be adjusted to set the RF/IF
AGC crossover point, sometimes referred to as the tuner AGC
35 delay. Networks -174 and 176 respectively determine the high
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10 I'n the disclosed AGC system additional noise imunity is
provi ded by diode limter network 162, which limts inpulse noise prior to
baseband anplifier 164 to prevent anpllfler 164 from bei ng overl oaded by

i mpul se noi se and to prevent RMS detector 166 from being influenced by

I mpul se noise. Residual 1 5 inpulse noise is attenuated by nmeans of di ode
limter network 165, which further |essens the inpact of inpulse noise upon
detector 166. AGC network 160 mmintains the input signal of converter 116
at a substantially constant l'evel to assut& proper 20 operation of
converter 116 as noted previously. The AGC network is biased so that,
beginning with a ver% smal | i nput_ signal, the RF stage within processor 112

is kept at a AngHogailimis ofothe BE ALaGi manges o ised AGEhpiath simiasky r at i o.
As the input glades ! 2vidlresHUIGRAS SfetwioiR 180 fet WRtérhitiihh ey 1FeUGES the

gain of the Igparatmg range, and a buffer 182 for conveying the IF AGC signal
5 to the IF AGC input of processor 112:

The RF and IF AGC signals developed by network 160
prevent the analog input signal to converter 116 from becoming
large enough to overload converter 116 with attendant signal
distortion and loss of information. The AGC signals also prevent

10 the analog input signal to converter 116 from becoming so small
' as to compromise the performance of converter 116. To this end
reference voltage VREF applied to comparator 168 assists to

determme a desired AGC level.

RMS AGC detector 166 exhibits significant advantages

15 with respect to noise immunity, AGC loop bandwidth, loop
- stability and suppression of time varying interference phenomena
such as aircraft induced flutter effects. RMS detector 166
significantly reduces the amount of noise present in the RF and IF
AGC paths, which permits the use of a wider AGC loop bandwidth
20 with an associated ability to recover quickly from overloads and
to reject aircraft flutter effects. Reduced control loop phase shift
and increased loop stability also result.

RMS amplitude detector 166 is substantially
insensitive to “pattern noise” associated with the modulating

25 information representative of digital television information. Such
pattern noise is due to the somewhat random data pattern of
digital information, and is evident upon amplitude detection. The
noise immunity of RMS detector 166 permits the use of a wide
AGC control loop bandwidth, which advantageously permits the

30 AGC network to closely track and reject fast varying interference
phenomena such as aircraft induced “flutter”. 1In this regard it is
noted that commercial RMS detector type AD637 mentioned
previously exhibits a wide bandwidth when driven by a large

signal. Thus the gain of amplifier 164 should be set accordingly.
35 '
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25 stage within processor 112 until at a predetermned |evel for |arger
signals the IF gain is held constant while the RF.gain is reduced as a
function of signal level. FIGURE 3 shows details of input signal processor
112 and frequency synthesizer 135 in FIGURE 1. Input signals from3 O
antenna 110 are applied to a tuner section 210 which also includes a m xer
for producing an internedi ate frequency (|E) output signal in accordance
wi th known signal processing techni ques. 4 RF anplifier within tuner 210
is gain controlled in response to an RF AGC signal from AGC network 160 in

FIGURE 1. 35 The IF oyhs! ARak, AN Y9oKudtfer SndPRIGET (o an IF
unpredictable than some other forms of noise, is also a factor in
AGC design. Although impulse noise is less of a problem in a

5 digital system compared to an analog system because the use of
error correction networks in digital systems may prevent impulse
noise from being visible in a displayed image, impulse noise can
disturb system operation by overloading analog amplifiers prior
to digital processing. ' :

10 In the disclosed AGC system additional noise immunity
is provided by diode limiter network 162, which limits impulse
noise prior to baseband amplifier 164 to prevent amplifier 164
from being overloaded by impulse noise and to prevent RMS
detector- 166 from being influenced by impulse noise. Residual

15 impulse noise is attenuated by means of diode limiter network
165, which further lessens the impact of impulse noise upon
detector 166. _ ' ,

' AGC network 160 maintains the input signal of
converter 116 at a substantially constant level to assure proper

20 operation of converter 116 as noted previously. The AGC network
is biased so that, beginning with a very small input signal, the RF
stage within processor 112 is kept at a high gaih as long as
possible for best signal-to-noise ratio. As the input signal level
increases, the AGC network initially reduces the gain of the IF

25 stage within processor 112 until at a predetermined level for
larger signals the IF gain is held constant while the RF. gain is
reduced as a function of signal level.

FIGURE 3 shows details of input signal processor 112
and frequency synthesizer 135 in FIGURE 1. Input signals from

‘30 antenna 110 are applied to a tuner section 210 which also
includes a mixer for producing an intermediate frequency (IF)
output signal in accordance with known signal processing
techniques. An RF amplifier within tuner 210 is gain controlled in
~response to an RF AGC signal from AGC network 160 in FIGURE 1.

35 The IF output signal from tuner 210 is applied to an IF processor
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212 including a SAWfilter 214 having a bandw dth of approximately 6 Miz
centered at 43.5 MHz, and an AGC anplifier 216 which is gain controlled in
response to an IF AGC signal from5 AGC network 160. An out put signal from
processor 212 is applied to an IF frequency down converter 220. Converter
220 includes signal nmultipliers (m xers) 222, 224 and 226, output |ow pass
filters 230, 234 and 236, and a crystal controlled 49.92 MHz local 1 0
oscillator 228, all arranged as shown. Millti plier 224 responds to a
reference signal fromoscillator 228 and to the output signal from

processor 212. Miultipliers 222 and 226 al so respond to the output signal
from processor2121inclyding 2 rSA¥ chilter 2 thhawiee 2 hardwidthoof The 1 atter

signal s are deyprepiefately é AR dehtdredyat 4835 ZMH£,08RQ NNt A GES ArapKifier
narrowband synffiest zef Lomponent 138 of oLl 458 TR CLyigdnli ESROTS
5 AGC network 160. .
An output signal from processor 212 is applied to an
IF frequency down converter 220. Converter 220 includes signal
multipliers (mixers) 222, 224 and 226, output low pass filters
230, 234 and 236, and a crystal controlled 49.92 MHz local
10 oscillator 228, all arranged as shown. Multiplier 224 responds to
a reference signal from oscillator 228 and to the output signal
from processor 212. Multipliers 222 and 226 also respond to the
'output signal from processor 212, and to reference signal REF 1
and REF 2. The latter signals are developed by wideband
15 synthesizer component 135A and narrowband synthesizer
component 135B of unit 135 in FIGURE 1, in response to the 10
MHz system clock.signal. An output signal from filter 234 is
applied to unit 131 in FIGURE 1.. Frequency down converted
wideband and narrowband output signals from filters 230 and
20 236 are provided at outputs of filters 230 and 236, respectively.
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MHz syst signal. An output signal fromfilter 234 is applied to
uni t 131%@ncy down converted w deband and narrowband
out put sig W{w rs- 230 and 20 236 are . provided at outputs of
filters 2 ﬂﬁ !Z’Eﬁ!ﬁtl vely. 16 CLAAIMS: 1. In a systemfor
receiving a tél evisyo nal , 5 apparatus conprising: input signal
processi ng neans (110,112) having an input for receiving an anal og signal

representative of digital television infotéation, and an output; digital
si gnal processing nmeans (116) responsive to

CLAIMS:

1. In a system for receiving a television signal,
5 apparatus comprising:
input signal processing means (110,112) having an
input for receiving an analog signal representative of digital
television information, and an output;
digital signal processing means (116) responsive to
10 said output signal from said input signal processing means;
| video signal processing means (119,140,144) for
providing an image representative :si'gnal in response to an output
signal from said digital 51gna1 processing means; and
automatic gain control means (160) including a root—
15 mean—square (RMS) amplitude detector means (166) for
developing a control signal as a function of the magnitude of a
- received signal for auiomatical]y_controlling the magnitude of
signals provided to said digital signal processing means. |

20 2. Apparatus according to claim 1, wherein
said representative signal 'is representative of high
definition digital television information and has a bandwidth
compatible with a pre—existing standard definition television
signal channel, and comprises a narrowband component
25 containing high priority information and a wideband component
containing low priority information; and
said control signal is derived from said narrowband
component.

30 3. Apparatus according to claim 2, wherein
' said narrowband component is a quadrature
amplitude modulation (QAM) signal.
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10 said eutput-signal from said input signal processing neans; video
signal processing neans (119,140, 144) for providing an i mge representative

signal in ’ Hmmlﬂmrw tput signal fromsaid digital signal processing
nmeans; and ’Hm()ntrol means (160) including a root- 1 5
mean- squar e (RfVS)Larﬁ)I it ule detector neans (166) for devel oping a control
signal as a function of the magnitude of a received signal for
automatically controlling the nmagnitude oft Bignals provided to said digital
si gnal processing neans. 20 2. Apparatus according to claim
1, wherein said representative signal is representative of hi gnf'lq definition
di gi tal television inforéatiAppaiathshascerdingdi® dilaimokpand biusthgrt h a
pre-existing sﬁlq:rigapgl definition tel evision signal channel, and conprises a
nar r owband conponen %5 caont ai ni_png qi gh priaqrity inf orfmati on and a .
wi deband conponent analog-to-digital ‘converting ‘means for converting said
5 analog signal to a digital signal for processing by said digital signal
processing means; wherein
said  automatic gain control means controls the
magnitude of analog signals applied to said analog-to-digital

converting means.

10 ,
5. Apparatus according to claim 1 and further
including '
impulse noise limiting means preceding said RMS
amplitude detector means.
15
6.. Apparatus according to claim 1, wherein
said control signal is applied to gain control inputs of
RF and IF stages of said input signal processing means.
20
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containing low priority information; and said control signal is derived

from sai d narrowband conponent. 3 O 3. Apparatus -according to
claim 2, wherein said narrowband conponent is a quadrature anplitude
nodul ati on (QAM signal . 1 7 4. Apparatus according to claim1l and

further including anal og-to-digital converting neans for converting said 5

anal og -signal to a digital signal for processing by said digital signa
processi ng nmeans; wherein

18

AUTOMATIC GAIN CONTROL APPARATUS FOR A
-DIGITAL TELEVISION SIGNAL RECEIVER

Abstract

A high definition television receiver including analog
5 and digital signal processing circuits (119,150) receives (110,112)
an analog high definition television signal representative of digital
television information. The received signal contains narrowband
high priority information and low priority wideband information.
An automatic gain control (AGC) signal is developed (160) from
10 the received analog signal by means of a root-mean-square
amplitude detector (166).

FIGURE 1
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gaid automatic gain control means controls the magnitude of anal og signals
applied to said anal og-to-digital converting neans. 10 5. Apparatus
according to claim1 and further including inpulse noise limting nmeans
precedi ng said RVS anplitude detector neans. 15 6. Apparatus according to
.claim1, wherein said control 'signal is applied to gain control inputs of
RF and | F- stages of said input sTgnallpgocessing means. 20°
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