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RAPID CHANNEL SIGNAL IDENTIFICATION

BACKGROUND

Modern television distribution systems can use a mixture of either analog or
digital modulation formats in the same frequency range (allocation). For example, for
United States terrestrial television distribution systems, the frequency assignments and
channel spacing are pre-defined and regulated by the Federal Communication
Commission (FCC), but the modulation mode for such signals can be either NTSC
(National Television System Committee, as described in Recommendation ITU-R
BT.470-6) or 8-VSB (8-level Vestigial Sideband) provided by the ATSC (Advance
Television System Committee) Standard “ATSC Standard: Digital Television Standard
(A/53), Revision D, Including Amendment No. 1,” July, 2005. For cable television
distribution systems, the frequency assignment and channel spacing (frequency gap
between channels) can vary from cable system to cable system as the system is closed and
thus amenable to less regulation. In addition to the NTSC and 8-VSB modulation mode
transmissions, digital QAM (Quadrature Amplitude Modulation) modulation modes (256
QAM, 64 QAM) may be used as provided by SCTE (Society of Cable
Telecommunications Engineers) Standard ANSISCTE 07 2000 “Digital Video
Transmission Standard for Cable Television.” Furthermore, side information about the
cable system can also be present in the cable signal, as is provided by FDC channels
(Forward Data Channel), as described by SCTE Standards "ANSI/SCTE 55-1 Digital
Broadband Delivery System: Out of Band Transport Part 1: Mode A," and "ANSVSCTE
55-2 Digital Broadband Delivery System: Out of Band Transport Part 1: Mode B."

Channel scan operations éan be ﬁéfformed to find television signals that are
available in the frequency range and to determine the modulation formats and frequencies
of the signals from a source (e.g., a local cable operator) of the signals. Identification of
terrestrial and cable channels available for reception is an important feature used in
television and set-top receivers. The existence of digital television modulation formats in

addition to analog-only modulated signals significantly increases the time to identify the
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frequency of operation (for a cablé system) and the modulation mode(s) of the
transmissions. Without prior knowledge of the modulation formats and frequencies of
the available signals, identification of the transmitted modulated signals is a difficult and
time consuming process, typically involving fully acquiring an incoming signal and

evaluating its data and/or video and/or audio content.

SUMMARY

In geﬁeral, in an aspect, the invention provides an apparatus, for use in a receiver
configured to receive electronic signals, for identifying digital signals that are available
for reception, the apparatus including a timing recovery device configured to receive an
incoming signal, related to a transmitted signal, the incoming signal having a first symbol
rate, and to re-sample the incoming signal to provide a second symbol rate, and an
analyzer that is in communication with the timing recovery device and that is conﬁgured
to make a determination as to whether a difference between the second symbol rate and a
third symbol rate of a transmitter providing the transmitted signal is within an acceptable
tolerance and to use the determination in an analysis of whether the transmitted signal is
available for reception.

Implementations of the invention may include one or more of the following
features. The analyzer is configured to determine whether the difference between the
second and third symbol rates is within the acceptable tolerance at multiple times. The
analyzer is configured to determine whether the difference between the second and third
symbol rates at different times varies less than a desired variance threshold. The analyzer
is configured to determine whether a gain provided by an automatic gain control to
provide the incoming signal at a desirable level is within an acceptable range of gains.
The analyzer is configured to set portions of the receiver to process received signals in
accordance with an expected frequency and an expected modulation format. The analyzer
is configured to provide an indication that the expected frequency has a digital signal
available for reception in the expected modulation format if the gain provided by the

automatic gain control to provide the incoming signal at a desirable level is within the
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acceptable range of gains, the difference between the second and third symbol rates is
within the acceptable tolerance at multiple times, and the difference between the second
and third symbol rates at the different times varies less than the desired variance
threshold. ' |

Also, implementations of the invention may include one or more of the following
features. The is configured to determine whether the receiver is able to fully acquire
information contained in the transmitted signal and achieve lock for the transmitted
signal. The analyzer is configured to determine whether a gain provided by an automatic
gain control to provide the incoming signal at a desirable level is within an acceptable
range of gains. The timing recovery device and the analyzer are disposed on a
semiconductor chip.

In general, in another aspect, the invention provides an apparatus, for use in a
receiver configured to receive electronic signals, for identifying analog signals that are
available for reception, the apparatus including a pilot recovery device configured to
receive an incoming signal, related to a transmitted signal, and to determine a video
carrier frequency offset of a frequency of the incoming signal relative to a reference
frequency, and an analyzer that is in communication with the pilot recovery device and
that is configured to make a determination as to at least one of: determine whether the
video carrier frequency offset of the incoming signal is within an acceptable frequency
range; and determine whether video sync indicators are contained in the tranémitted
signal at times corresponding to television signals, where the analyzer is configured to use
the determination in an analysis of whether the transmitted signal is available for
receptiong

Implementations of the invention may include one or more of the following
features. The analyzer is configured to determine whether a gain provided by an
automatic gain control to provide the incoming signal at a desirable level is within an
acceptable range of gains, The analyzer is configured to provide an indication that the
expected frequency has an analog signal available for reception in the expected

modulation format if the gain provided by the automatic gain control to provide the
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incoming signal at a desirable level is within the aceeptable range of gains, the video
carrier frequency of the incoming signal is within the acceptable frequency range, and the
video sync indicators are contained in the transmitted signal at times corresponding to
television signals, A

In general, in another aspect, the invention provides a method of scanning
channels at a receiver over a frequency range for at least one of digital and analog signals
available for reception and decoding by the receiver, the method including setting
portions of the receiver, including a tuner, to a set frequency within the frequency range
for processing incoming signals, monitoring at least one parameter associated with signal
processing in the receiver before full acquisition éf information in any incoming signal,
and determining whether a signal available for reception exists at the set frequency using
the at least one monitored parameter.

Implementations of the invention may include one or more of the following
features. The monitoring comprises monitoring a timing frequency offset and the
determining comprises determining whether a digital signal available for reception exists
at the set frequency using the timing frequency offset. The determining comprises
determining whether the timing frequency offset at different times is within an acceptable
offset range. The determining comprises determining whether the timing frequency offset
at different times varies an acceptably small amount with respect to time.

Also, Implementations of the invention may include one or more of the following
features. The monitoring comprises monitoring a gain provided to an incoming signal to
cause the incoming signal to have an acceptable power level. The comprises monitoring
a timing frequency offset and the determining comprises determining that a digital signal
available for reception does exist at the set frequency if the monitored gain has an
acceptable value, the timing frequency offset at different times is within an acceptable
range and varies an acceptably small amount with respect to time. The monitoring
comprises monitoring whether a video carrier frequency of a received signal at a pilot
recovery device is within a desired range and monitoring video sync indications in the

received signal, and wherein the determining comprises determining that an analog signal



10

15

20

25

WO 2007/047376 PCT/US2006/039899

available for reception does exist at the set frequency if the monitored gain has an
acceptable value, the video carrier frequency of the received signal at the pilot recovery
device is within the desired range, and the video sync indications appear in the received
signal when expected for a television signal. The monitoring comprises at least one of
monitoring whether a video carrier frequency of a received signal at a pilot recovery
device is within a desired range and monitoring video sync indications in the received
signal.

In general, in another aspect, the invention provides an integrated circuit chip for
use in digital and analog televisions, the chip including a memory including stored
instructions, and a processor coupled to the memory and configured to read the
instructions from the memory to perform digital and analog channel scans, where, to
perform the digital channel scan the processor will: set portions of the television,
including a tuner, to a set frequency within the freqﬁenoy range for processing incoming
signals; monitor a timing frequency offset of a timing recovery device downstream from
an analog-to-digital converter that is configured to convert incoming signals to digital
signals; and determine that a digital signal available for reception is absent at the set
frequency if the timing frequency offset at at least one of multiple times is outside an
acceptable timing frequency offset range; and to perform the analog channel scan, the
processor will: set portions of the television, including a tuner, to the set frequency within
the frequency range for processing incoming signals; monitor whether a video carrier
frequency of a received signal at a pilot recovery device is within a desired range; and
determine that an analog signal available for reception is absent at the set frequency if the
video carrier frequency of the received signal at the pilot recovery device is outside the
desired range.

Implementations of the invention may include one or more of the following
features. To perform the digital channel scan, the processor further will: monitor a gain
provided to an incoming signal to cause the incoming signal to have an acceptable power
level; and determine that a digital signal available for reception is absent at the set

frequency if the monitored gain has an acceptable value. To perform the digital channel
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scan, the processor further will determihe that a digital signal available for reception is
absent at the set frequency if the timing frequency offset at different times varies an
unacceptably large amount with respect to time. The chip further includes a video syne
detector configured to: monitor video sync indications in the received signal; and
determine that an analog signal available for reception is absent at the set frequency if the
video sync indications are absent at least one in the received signal when expected for a
television signal. To perform the analog channel scan, the processor further will; monitor
a gain provided to an incoming signal to cause the incoming signal to have an acceptable
power level; and determine that an analog signal available for reception is absent at the
set frequency if the monitored gain has an unacceptable value.

In accordance with implementations of the invention, one or more of the
following capabilities may be provided. Usable digital and analog signals in received
transmissions can be located (frequencies determined) in a frequency range and their
modulation formats determined. Usable signals can be located and modulation formats
determined without fully acquiring the usable signals, e.g., by analyzing gain control
information, timing recovery information, pilot recovery information, and/or video syne
information.

These and other capabilities of the invention, along with the invention itself, will
be more fully understood after a review of the following figures, detailed description, and

claims.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a simplified block diagram of a communication system including a
transmitter and a receiver, with components of the receiver for processing digital signals
from the transmitter illustrated.

FIG. 2 is a simplified block diagram of the communication system shown in FIG.
1, with components of the receiver for processing analog signals from the transmitter
illustrated.

FIG. 3 is a block flow diagram of a process of analyzing channels within a
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frequency range for the presenée of valid digital or analog signals,

FIG. 4 is a block flow diagram of a process of analyzing channels at a given
frequency for the presence of valid digital signals. |

FIG. 5 is a block flow diagram of a process of analyzing channels at a given

frequency for the presence of valid analog signals.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
7 Embodiments of the invention provide techniques for performing rapid channel
scans to identify channels in a frequency range that have usable signals and to identify the
carrier frequency and modulation mode of such signals coming in to a receiver from a
transmitter. Frequencies are scanned for either analog signals or digital signals. For
identifying digital modulation modes, receiver equipment is set to a desired frequency
and programmed to receive digital signals at the desired frequency and of a specified
modulation mode. Gain applied to an incoming signal to put the signal in an acceptable
power range is checked against one or more thresholds. If the applied gain is acceptable
and a symbol rate at the receiver is acceptably close to a symbol rate at the transmitter
(i.e., a timing frequency offset is acceptable), then the current frequency being analyzed is
determined to have a receivable signal with a modulation mode corresponding to current
settings of the receiver. Otherwise, a new digital modulation mode is set and the signal
re-analyzed for acceptable gain and timing frequency offset. For identifying analog
modulated signals, the appropriate receiver equipment is set to a desired frequency and
programmed to receive analog modulated signals. If gain applied to an incoming signal is
acceptable, and a video carrier frequency of the incoming signal is within a desired range
after downconversion and removal of a remaining offset, and a television syne signal is
present in accordance with typical timing of television sync signals, then the current
frequency being analyzed is determined to have a receivable analog modulated signal.
Other embodiments are within the scope of the invention.

Referring to FIG. 1, a communication system 10 comprises a transmitter 12 and a

receiver 14. For reference, "Practical Blind Demodulators for High-Order QAM
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Signals," J.R. Treichler, M.G. Larimore, J.C. Harp, Proceedings of the IEEE, Vol. 86, No.
10, October 1998 provides a d‘escriptién of operation of QAM receivers. The transmitter
12 may be, e.g., a tetrestrial or cable information provider such as a cable television
provider, and the receiver 14 is a corrésponding device for receiving the transmitted
information, e.g., a digital television such as a high-definition television. The transmitter
12 includes an information source 16, an encoder 18, a modulator 20, a carrier oscillator
22 and an interface 24. The information source 16 provides information such as
television signals, video, audio, or data (e.g., Internet communications). The encoder 18
is connected to the source 16 and the modulator 20 and is configured to encode
information from the source and provide the encoded information to the modulator 20.
The modulator 20 is connected to the oscillator 22 and the interface 24 and is configured
to use a carrier frequency signal from the oscillator 22 to modulate the encoded
information from the encoder 18 and provide the modulated information to the interface
24. The interface 24 is configured to send the encoded, modulated information from the

modulator 20 toward an interface 26 of the receiver 14. The interface 24 may be an

antenna for terrestrial transmitters, or cable interface for a cable transmitter, etc. The

receiver 14 is configured to receive information from the transmitter 12 and process the
received information to provide the information in a desired format, e.g., as video, audio,
data.

The receiver 14 includes the interface 26, a tuner 28, a downconverter 30, a
tinﬁng recovery device 32, an equalizer 34, a decoder 42, a controller 60 and a memory
62. The controller 60 is configured to cause signal flow through the receiver 14 to
proceed as shown ip FIG. 1 for digital signals, and to proceed as shown below in FIG. 2
for analog signals. The device 32 may be implemented as algorithms éxecuted by the
controller 60. The receiver 14, except for the tuner 38, and the interface 26, is
implemented by a semiconductor integrated circuit chip 33 including appropriate
circuitry. The controller 60, e.g., a microcontroller/microprocessor, is configured to read
software code instructions stored in the memory 62 and to perform operations in

accordance with those instructions. While the controller 60 is shown only connected to
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s

the memory 62, the controller is connected to other portions of the receiver 14 to monitor
information at these other portions and to provide control commands and information to
these other portions. '

The controller 60 is used to program appropriate portions of the receiver 14 to
receive signals from a transmission medium 46 and render information in the signals in
an appropriate format at an output 70, or 72 (FIG. 2), of the receiver 14. The controller
60 is configured to perform channel scans over a desired frequency range to determine if
usable signals exist for the scanned channels. The controller 60 can control portions of
the receiver 14, e.g., to set portions of the receiver 14 such as the equalizer 34, the AGC
54, the timing recovery device 32, and the decoder 42, to process signals in accordance
with a particular modulation format. The controller 60 can also access, and obtain
information from, portions of the receiver 14, e.g., to obtain indications of amounts of
gain applied by the AGC 54, to obtain indications of timing frequency offset from the
timing recovery device 32 (e.g., by reading a register of the device 32). The controller 60
is configured to perform operations as described below in order to determine which
channels have usable signals and in which modulation format.

The interface 26 is configured to receive information over the communication
medium 46 (e.g., a cable, wireless transmission medium, etc.) from the transmitter 12 and
to provide the received information to the tuner 28. The tuner 28 is configured by the
controller 60 to lower a center frequency of the received information to an intermediate
frequency (e.g., 44 MHz) and provide the IF signal information to the downconverter 30.

The downconverter 30 includes an analog-to-digital converter (ADC) 52, an

automatic gain control (AGC) 54, a demodulator 50, and a low-pass filter (LPF) 58. The

-.. AGC 54 is configured to apply an adjustable gain to the signals received on a channel

25

from the tuner 28 such that the power of the gain-adjusted signals are reasonable, i.e.,
within a desired range of the ADC 52. The ADC 52 is configured to convert the analog
signals received from the tuner 28, via the AGC 54, into digital equivalents. The
demodulator 50 is configured to convert the IF signal from the tuner 28 that has a

spectrum centered at about 44 MHz to a lower-center spectrum by lowering the center
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frequency of the spectrum by 44 MHz. This provides a rough carrier-frequency removal.
The LPF 58 is configured to filter out undesired signais on either side of the desired
channel spectrum.

The timing recovery device 32 is connected to the output of the LPF 58 in the
downconverter 30 to receive information from the downconverter 30 and is configured to
attempt to re-sample the incoming information to output information at the symbol rate of
the transmitter 12. For ATSC modulated signals, for example, the transmitter 12 has a
symbol rate of about 10.76 Msps for 8-VSB, about 5.06 Msps for 64 QAM, and about
5.36 Msps for 256 QAM, with a typical error of less than 5 parts per million (i.e., 50 sps).
A symbol rate of the information into the timing recovery device 32 (i.e., of the ADC 52)
can be implemented to operate at about 25 Msps, with a typical error of less than 50 parts
per million, or 500 sps. The device 32 is configured to re-sample the received signals
from the downconverter 30 to try to reproduce the symbol rate of the transmitter 12 and
output information at the symbol rate of the transmitter 12. The device 32 can provide
indications of the difference between the standard-specified symbol rate of the transmitter
12 and the rate of the information output by (symbol rate of) the device 32, with this
difference including the combined error in the symbol rate of the transmitter 12 and the
symbol rate of the receiver 14. This difference is referred to as the timing frequency
offset.

The output of the timing recovery device 32 is provided to the equalizer 34 that is
configured to compensate for distortion and noise in the information passed to the
equalizer 34, thus passing estimates of the transmitted symbols to the decoder 42. The
decoder 42 decodes the symbol estimates to recover original information encoded by the
transmitter 12 prior to transmission, and renders the information in an appropriate format.

Referring to FIG. 2, the receiver 14 also includes a video filter 48, and a video
sync detector 49. The video filter 48 is configured to filter viéeo information in signals
received from a pilot recovery device 56 and provide the video information to the video
sync detector 49. The video sync detector 49 is configured to monitor the video

information and detect the presence of valid video sync information. If the detector 49

10
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detects a desired number of consecutive valid video sync pulses at appropriate times, then
the detector 49 verifies and reports video lock to the controller 60. Alternatively, the
determination of the desired number of consecutive valid sync pulses may be made by the
controller 60. For NTSC signals, the pilot recovery portion 56 of the downconverter 30
acts like a carrier recovery algorithm, using a phase-locked loop (PLL) to monitor
frequency offset of a carrier signal after the incoming signal is downconverted, and to .
remove frequency drifts introduced into the signal, e.g., by hardware in the system 10
such as the tuner 28, the interface 24, and sampling clocks in the transmitter 12 and the
receiver 14. The pilot recovery system attempts to move the video carrier frequency of
incoming signals (to the downconverter 30) to a precise baseband centered at about 0 Hz,
with little remaining offset. With a video signal present, the offset after the pilot recovery
will reduce to near zero, indicating pilot recovery lock. If, however, no NTSC signal is
received by the receiver 14, then the offset remaining after the pilot recovery will vary
significantly and be relatively large.

In operation, referring to FIG. 3, with further reference to FIG. 1, a process 110
for detecting usable signals on channels within a frequency range using the system 10
includes the stages shown. In the process 110, a frequency range is scaﬁned for the
presence of digital signals and then scanned for the presence of analog signals. The
process 110, however, is exemplary only and not limiting, The process 110 may be
altered, e.g., by having stages added, removed, or rearranged.

At stage 112, a frequency from which to begin scanning an input is set, as well as
an digital/analog scan counter. The frequency, here called A, is set at a limit, here the
lower limit, of a desired frequency range, preferably the lowest frequency corresponding
to a channel that may be used by the transmitter 12 to send information over the
communication medium 46. An exemplary value (but not limiting of the invention) for
the lower limit A is 50 MHz. A scan counter is set to 0 for use in determining if both
analog and digital scanning is complete.

At stage 114, the search frequency is compared against a second limit of the

frequency range to be scanned. Here, the search frequency is compared against the upper
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fimit, B, of the desired frequency range, preferably the highest frequency corresponding to
a channel that may be used by the transmitter 12 to send information over }the
communication medium 46. An exemplary value (but not limiting of the invention) for
the upper limit B is 1,000 MHz. If the current search frequency is greater than the upper
limit B, then the process 110 proceeds to stage 116, and otherwise proceeds to stage 120.

At stage 116, the counter is incremented. As will be seen, if the counter has a
value of 1, then the frequency range has been scanned for digital signals, and if the
counter has a value of 2, then the frequency range has been scanned for digital and analog
signals.

At stage 118, an inquiry is made as to whether the frequency range has been
scanned for both digital and analog signals. If not (Count is not greater than 1), then the
process 110 returns to stage 112 where the search frequency is set to the lower limit A. If
so (Count is greater than 1), then the process 110 stops.

At stage 120, with the search frequency being within the desired frequency range
from the lower limit to the upper limit, inclusive, the receiver 14 is tuned to the current
search frequency. The controller 60 sets the tuner 28 to the search frequency to pass
signals at this frequency to the downconverter 30 and block signals at other frequencies.

At stage 122, the search frequency is scanned for the presence of a usable signal.
If the counter equal 0, indicating that the controller is in digital scan mode, then the
search frequency is channel scanned for the presence of a digital signal in an appropriate
modulation format (e.g., 256 QAM, 64 QAM, 8-VSB) as described below with respect to
FIG. 4. If the counter equal 1, indicating that the controller is in analog scan mode as
digital scan mode has been completed, then the search frequency is channel scanned for
the presence of an analog signal in an appropriate modulation format (e.g., NTSC) as
described below with respect to FIG. 5.

At stage 124, an inquiry is made as to whether a usable signal was detected at
stage 122 as indicated by the controller 60. If not, then the process 110 proceeds to stage
126 where the search frequency value is incremented by a desired search step value. The

particular search step value used may be selected based on a variety of factors such as a
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frequency tolerance of the receiver 14 (e.g., of a chip used to implement the
downconverter 30), and whether out of band frequencies are being scanned (e.g., forward
data channel (FDC) frequencies). An exemplary search step value is 300 kHz, although
the invention is not limited to use of this search step value. If a usable signal was
detected at stage 122, then the process 110 proceeds to stage 128 where the current search
frequency, where a usable signal was detected, is stored as a frequency having a valid
signal.

At stage 130, the search frequency is incremented for a new search. Having found
a valid signal at the current search frequency, the search frequency is incremented by a
channel separation value of a frequency separation for adjacent channels. An exemplary
channel separation value is 6 MHz, although the invention is not limited to use of this
channel separation value.

The process 110 proceeds until the desired frequency band has been searched for
digital and analog signals. As shown, the process 110 searches for digital signals in the
frequency range, then analog signals in this range. This order, however, is not required.
Analog signals could be searched for before digital signals. Further, each frequency may
be scanned for digital and analog signals before moving to a new search frequency.

Referring to FIG. 4, with further reference to FIGS. 1 and 3, a process 150 for
detecting usable digital signals on channels within a frequency range using the system 10
includes the stages shown. The process 150, however, is exemplary only and not
limiting. The process 150 may be altered, e.g., by having stages added, removed, or
rearranged.

At stage 152, a mode is set to an initial digital modulation format from a set of
digital modulation formats for which scans are to be performed. For in-band channel
scans, here the initial modulation mode, corresponding to Mode = 0, is 256 QAM. A
second mode, corresponding to Mode = 1, is 64 QAM and a third mode, corresponding to
Mode = 2, is 8-VSB. The modes are scanned in this order, which corresponds to the
frequency of use of the modulation formats, from most to least frequent. For out-of-band

FDC scanning, Mode = 0 corresponds to 1.544 Msps (megasymbols per sécond), Mode =
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1 corresponds to 1.024 Msps, and Mode = 2 corresponds to Msps.

At stage 154, a front end (FE) and the equalizer 34 are programmed for receiving
and processing the initial mode. The FE includes synchronization circuitry including the
AGC 54, the timing recovery device 32, and the downconverter 30. Operations from the
tuner 28 through the timing recovery 32 are considered front-end processing. The process
150 uses front-end processing and, optionally, full acquisition to perform a scan. Full
acquisition includes front-end processing, equalization, and decoding. U.S. Patent No.
6,668,014 provides information regarding the programming at this stage. Also at stage
154, the AGC gain applied by the AGC 54 to put the incoming signal at an acceptable
level is measured.

At stage 156, an inquiry is made by the confroller 60 as to whether the AGC gain
is within acceptable bounds. The acceptable bounds may be determined based on a
variety of factors such as proximity to the transmitter 12, specifications of expected signal
levels at the receiver 14 (e.g., as specified, such as by the Society of Cable and Television
Engineers (SCTE)), signal levels output by the transmitter 12 (e.g., different cable plants
provide different signal levels), tim~e of day, etc. For example, an average signal level
may be determined by measuring signal levels from the same transmitter 12 at different
receiver locations, averaging the measured levels, and selecting bounds above and below
the average measured level. If the AGC gain is undesirably high, then it is unlikely that a
usable signal is present. In this case, there may be no signal at all, too weak of a signal
for the receiver 14 to process properly, or just noise or some signal or signals that the
receiver 14 is not configured to process. If the AGC gain is not within bounds (i.e.,
acceptable), then no signal is present at the search frequency and the process 150 stops. If
the AGC gain is within bounds, then the process 150 proceeds to stage 158.

At stage 158, the timing frequency offset from the timing recovery device 32 is
measured. The controller 60 obtains, e.g., by reading a register of the device 32, an
indication of the offset of the symbol rate of the receiver 14 as output by the timing
recovery device 32 and the symbol rate of the transmitter 12.

At stage 160, an inquiry is made by the controller 60 as to whether the timing
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frequency offset is within acceptable bounds. This inquiry verifies whether the receiver
symbol frequency is acceptably close to the transmitter symbol frequency to indicate that
a legitimate, valid signal (i.e., one that the receiver 14 is configured to process) is likely
present on the currently-analyzed channel. Unreasonably large differences in the offsets
indicate that any signal that is being detected is not from the transmitter 12 as the
transmitter symbol rates are well known. An exemplary threshold, with a symbol rate of
about 10 Msps (mega symbols per second) at the transmitter 12 and a sample rate of
about 25 Msps (mega samples per second) at the receiver 14, of an acceptable upper
bound of offset may be about 100 ksps, although this value is not limiting of the
invention. This threshold, and/or other thresholds in the system 10, may be set by a
maker of the receiver 14 (e.g., a chip providing portions of the receiver 14 such as the
timing recovery device 32 may be programmed by, e.g., a television manufacturer usingj
the chip). If the offset is not within the threshold or otherwise acceptable, then the
process 150 proceeds to stages162 and 164, and proceeds to stage 168 if the offset is
within the threshold or is otherwise acceptable.

| At stages 162 and 164, the Mode value is incremented by one and an inquiry is
made as to whether the Mode value is greater than two. If the Mode value is greater than
two (i.e., all modes have been checked), then the process 150 stops. If the Mode value is
not greater than two (i.e., not all modes to be checked have been checked), then the
procéss 150 proceeds to stage 166 where the FE and the equalizer 34 are programmed by
the controller 60 for the current mode, and the process 150 proceeds to stage 168.

At stage 168, the timing frequency offset is measured multiple times. The offset
is measured N times, preferably at a fixed interval of M seconds between the
measurements. An exemplary, although not limiting, example of the interval M is 1 ms.

At stage 170, an inquiry is made as to whether all of the N timing frequency
offsets measured is within acceptable limits. Preferably each and every measurement is
checked to verify that it has an acceptable value, although alternative embodiments may
allow for some measurements to be out of bounds. If all the measured offsets are not

within acceptable bounds, then the process 150 proceeds to stage 162 where the Mode
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value is incremented. If the measured offsets are within accepfable bounds, then the
sensed signal is likely to contain a signal sent from the transmitter 12 and thus usable, and
the process 150 proceeds to stage 172.

At stage 172, an inquiry is made as to whether a slope of timing frequency offsets
with respect to time is less than a threshold slope value, D. The slope can be determined
for any number of the measured offsets, such as for each pair of consecutively determined
offsets (e.g., every 5 ms), and for the first-measured offset and the last-measured offset
(e.g., separated by 80ms). If the slope of the offsets over time is relatively flat, and thus
below the threshold D, then the signal on the currently-analyzed channel consistent and
thus is likely to come from the transmitter 12. If the slope D is greater than the threshold,
then the received signal is inconsistent and thus unlikely to be a usable signal coming
from the transmitter 12 because transmitter symbol rates are very stable. An exemplary,
although not limiting, threshold is 1 kspsfor any slope mesured, as offsets for signals
from the transmitter 12 are unlikely to vary by more than 500 sps. If the slope is not
within the threshold, then the process 150 proceeds to stage 162 where the Mode value is
incremented. If the slope is within the threshold, then the process 150 proceeds to stage
174 where the controller 60 indicates that a valid signal is present on the currently-
analyzed channel and that the modulation format is the format corresponding to the Mode
value, \

The process 150 may also include stages 176 and 178 that introduce further
analysis and inquiry before a valid signal will be indicated. These stages may be
included, e.g., by a user of the receiver such as a user of a television that selects from a
menu what option of channel scanning to perform, or may be included by a maker of the
receiver 14, etc. At stage 176, the receiver 14 attempts full acquisition of the signal on
the current channel to retrieve the video, audio, or data of the signal. The signal is
processed as appropriate by the equalizer 34, and decoder 42. At stage 178, an inquiry is
made as to whether confirmation of MPEG (Moving Picture Experts Group) packet
boundaries or MPEG lock is achieved by the full acquisition attempt. Lock is achieved if

symbols known to occur in video signals are detected in the received signal, and occur
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when expected for vidéo signals, e.g., periodically in accordance with a standard. The
controller 60 monitors for the expected symbols and determines whether they occur, ancf
if so, at expected intervals. If MPEG lock is not achieved, then the process 150 proceeds
to stage 162 and if lock is achieved, then the process 150 proceeds to stage 174.

Referring to FIG. 5, with further reference to FIGS, 1-3, a process 210 for
deteqting usable analog signals on channels within a frequency range using the system 10
includes the stages shown. The process 210, however, is exemplary only and not
limiting. The process 210 may be altered, e.g., by having stages added, removed, or
rearranged. _

At stage 212, the FE, the video filter 48, and the video sync detector 49 are
programmed for receiving and processing NTSC analog signals. After the tuner 28
moves the analog NTSC signal to an intermediate frequency, it is sampled by the ADC
52. These digital samples are then fed into the front end block where some preprocessing
is done to ensure proper demodulation. Included in the front end is the AGC 54 which
helps ensure that the signal amplitude is within a certain tolerance. 'fﬁe signal will be
amplified if it is below a certain threshold to improve its signal characteristics and,
similarly, the gain will be reduced if a strong signal is present to avoid saturation.
Following the AGC 54 lies the demodulator 50. The demodulator 50 further moves the
NTSC signal from an intermediate frequency to baseband. Furthermore, the LPF 58 is
applied to the signal to remove adjacent interfering signals. The final block in the front
end 1s the pilot recovery loop 56. Once the video carrier has been brought down to
baseband, it might not be located precisely where expected due to drifts in the tuner 28.
Therefore, the pilot recovery block 56 estimates this frequency offset of video carrier and
contiﬁuously corrects for this error using a phase-locked loop (PLL). Following the front
end, the video signal passes through the spectrum shaping filter 48. After that the
synchronization block 49 extracts the video sync information frorﬁ the baseband video
signal. The presence of the valid sync information is a condition for detecting an NTSC
channel. Also at stage 212, the AGC gain applied by the AGC 54 to put the incoming

signal at an acceptable level is measured.
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At stage 214, an inquiry is made as to whether the AGC gain is within acceptable
bounds, The acceptable bounds may be similar tb those used for detecting digital signals,
or may be different. If the AGC gain is not within bounds (i.e., acceptable), then no
NTSC signal is present at the search frequency and the process 210 stops. If the AGC
gain is within bounds, then the process 210 proceeds to stage 216.

At stage 216, the video carrier frequency offset is measured. The pilot recovery
loop 56 monitors the video carrier frequency offset and reports this value to a register that
the controller 60 reads. The controller 60 monitors the registér for the video carrier
frequency offset remaining after the pilot recovery portion of the downconverter 30
removes hardware-induced offset after downconversion by the demodulator 50.

At stage 218, the controller 60 determines whether the video carrier offset of the
incoming signal is within a desired threshold range (e.g., 2200 kHz). If a video signal is
present, then the pilot recovery 56 locks on to this signal and the video carrier frequency
offset will be small. If no video signal is present, then the video carrier frequency offset
will deviate much more than if a video signal is present. If the video carrier frequency
offset is within the desired threshold range, then the pilot recovery is considered locked.
This 1s indicative of an NTSC signal being present in that an NTSC signal is assumed,
and if the resulting error is low, then an NTSC signal is likely to be present. If the video
carrier frequency offset is within the desired tolerance range, then the process 210
proceeds to stage 220, and otherwise stops as no detectable signal is present.

At stage 220, the video sync detector 49 looks for video sync pulses indicative of
the ends of lines within a television frame. If these sync pulses are detected at expected
times, e.g., at intervals corresponding to when and how often such signals should appear
in television transmissions, then a valid signal is likely as the signal is behaving like a
television signal.

At stage 222, an inquiry is made as to whether the sync pulses are detected X
times consecutively . If so, then the process 210 proceeds to stage 224 where the
controller 60 indicates that a valid NTSC signal is present on the currently-analyzed

channel and the process 210 stops. Otherwise, no signal is deemed to be present and the
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process 210 stops.

Other embodiments are within the scope and spirit of the invention. For example,
due to the nature of software, functions described above can be iniplemented using
software, hardware, firmware, hardwiring, or combinations of any of these. Features
implementing functions may also be physically located at various positions, including
being distributed such that portions of functions are implemented at different physical
locations. Further, the process 150 shown in FIG. 4 could be modified in a variety of
ways. For example, for over-air signals, such as 8-VSB, stage 154 could be modified not
to measure AGC gain and stage 156 could be eliminated.

When scanning for a second type of signal after scanning for a first type of signal
(e.g., digital after scanning for analog), the frequencies identified as having the first type
of signal may be skipped when scanning for the second type of signal. Further, the
frequencies within the channel separation value of a frequency identified as having the
first type of signal are preferably skipped when analyzing channels for the second type of
signal. |

Further, while the description above refers to the invention, the description may
include more than one invention.

What is claimed is:
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CLAIMS

1. An apparatus, for use in a receiver configured to receive electronic signals,
for identifying digital signals that are available for reception, the apparatus comprising:

a timing recovery device configured to receive an incoming signal, related to a
transmitted signal, the incoming signal having a first symbol rate, and to re-sample the
incoming signal to provide a second symbol rate; and

an analyzer that is in communication with the timing recovery device and that is
configured to make a determination as to whether a difference between the second
symbol rate and a third symbol rate of a transmitter providing the transmitted signal is
within an acceptable tolerance and to use the determination in an analysis of whether the

transmitted signal is available for reception.

2. The apparatus of claim 1 wherein the analyzer is configured to determine
whether the difference between the second and third symbol rates is within the acceptable

tolerance at multiple times.

3. The apparatus of claim 2 wherein the analyzer is configured to determine
whether the difference between the second and third symbol rates at different times varies

less than a desired variance threshold.

4. The apparatus of claim 3 wherein the analyzer is configured to determine
whether a gain provided by an automatic gain control to provide the incoming signal at a

desirable level is within an acceptable range of gains.
5. The apparatus of claim 4 wherein the analyzer is configured to set portions

of the receiver to process received signals in accordance with an expected frequency and

an expected modulation format.
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6. The apparatus of claim 5 wherein the analyzer is configured to provide an
indication that the expected frequency has a digital signal available for reception in the
expected modulation format if the gain provided by the automatic gain control to provide
the incoming signal at a desirable level is within the acceptable range of gains, the
difference between the second and third symbol rates is within the acceptable tolerance at
multiple times, and the difference between the second and third symbol rates at the

different times varies less than the desired variance threshold.

7. The apparatus of claim 1 wherein the analyzer is configured to determine
whether the receiver is able to fully acquire information contained in the transmitted

signal and achieve lock for the transmitted signal.

8. The apparatus of claim 1 wherein the analyzer is configured to determine
whether a gain provided by an automatic gain control to provide the incoming signal at a

desirable level is within an acceptable range of gains.

9. The apparatus of claim 1 wherein the timing recovery device and the

analyzer are disposed on a semiconductor chip.

10.  An apparatus, for use in a receiver configured to receive electronic signals,
for identifying analog signals that are available for reception, the apparatus comprising:

a pilot recovery device configured to receive an incoming signal, related to a
transmitted signal, and to determine a video carrier frequency offset of a frequency of the
incoming signal relative to a reference frequency; and

an analyzer that is in communication with the pilot recovery device and that is
configured to make a determination as to at least one of:

determine whether the video carrier frequency offset of the incoming
signal is within an acceptable frequency range; and

determine whether video sync indicators are contained in the transmitted
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signal at times corresponding to television signals,
wherein the analyzer is configured to use the determination in an analysis of

whether the transmitted signal is available for reception.

11.  The apparatus of claim 10 wherein the analyzer is configured to determine
whether a gain provided by an automatic gain control to provide the incoming signal at a

desirable level is within an acceptable range of gains.

12.  The apparatus of claim 11 wherein the analyzer is configured to provide an
indication that the expected frequency has an analog signal available for reception in the
expected modulation format if the gain provided by the automatic gain control to provide
the incoming signal at a desirable level is within the acceptable range of gains, the video
carrier frequency of the incoming signal is within the acceptable frequency range, and the
video sync indicators are contained in the transmitted signal at times corresponding to

television signals.

13. A method of scanning channels at a receiver over a frequency range for at
least one of digital and analog signals available for reception and decoding by the
receiver, the method comprising:

setting portions of the receiver, including a tuner, to a set frequency within the
frequency range for processing incoming signals;

monitoring at least one parameter associated with signal processing in the receiver
before full acquisition of information in any incoming signal; and

determining whether a signal available for reception exists at the set frequency

using the at least one monitored parameter.
14,  The method of claim 13 wherein the monitoring comprises monitoring a

timing frequency offset and the determining comprises determining whether a digital

signal available for reception exists at the set frequency using the timing frequency offset.
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15.  The method of claim 14 wherein the determining comprises determining

whether the timing frequency offset at different times is within an acceptable offset range.

16.  The method of claim 14 wherein the determining comprises determining
whether the timing frequency offset at different times varies an acceptably small amount

with respect to time.

17.  The method of claim 13 wherein the monitoring comprises monitoring a
gain provided to an incoming signal to cause the incoming signal to have an acceptable

power level.

18. The method of claim 17 wherein the monitoring comprises monitoring a
timing frequency offset and the determining comprises determining that a digital signal
available for receptibn does exist at the set frequency if the monitored gain has an
acceptable value, the timing frequency offset at different times is within an acceptable

range and varies an acceptably small amount with respect to time.

19. The method of claim 17 wherein the monitoring comprises monitoring
whether a video carrier frequency of a received signal at a pilot recovery device is within
a desired range and monitoring video sync indications in the received signal, and wherein
the determining comprises determining that an analog signal available for reception does
exist at the set frequency if the monitored gain has an acceptable value, the video carrier
frequency of the received signal at the pilot recovery device is within the desired range,
and the video sync indications appear in the received signal when expected for a

television signal.

20.  The method of claim 13 wherein the monitoring comprises at least one of

monitoring whether a video carrier frequency of a received signal at a pilot recovery

23



10

15

20

25

WO 2007/047376 PCT/US2006/039899

device is within a desired range and monitoring video sync indications in the received

signal.

21.  Anintegrated circuit chip for use in digital and analog televisions, the chip
comprising; |
a memory including stored instructions; and
a processor coupled to the memory and configured to read the instructions from
the memory to perform digital and analog channel scans;

wherein, to perform the digital channel scan the processor will:

set portions of the television, including a tuner, to a set frequency within
the frequency range for processing incoming signals;

monitor a timing frequency offset of a timing recovery device downstream
froman analog-to-digital converter that is configured to convert incoming signals
to digital signals; and

determine that a digital signal available for reception is absent at the set
frequency if the timing frequency offset at at least one of multiple times is outside
an acceptable timing frequency offset range; and
to perform the analog channel scan, the processor will:

set portions of the television, including a tuner, to the set frequency within
the frequency range for processing incoming signals;

monitor whether a video carrier frequency of a received signal at a pilot
recovery device 1s within a desired range; and

determine that an analog signal available for reception is absent at the set
frequency if the video carrier frequency of the received signal at the pilot recovery

device is outside the desired range.
22.  The chip of claim 21 wherein to perform the digital channel scan, the

processor further will:

monitor a gain provided to an incoming signal to cause the incoming signal to
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have an acceptable power level; and
determine that a digital signal available for reception is absent at the set frequency

if the monitored gain has an acceptable value.

5 23.  The chip of claim 22 wherein to perform the digital channel scan, the
processor further will determine that a digital signal available for reception is absent at
the set frequency if the timing frequency offset at different times varies an unacceptably

large amount with respect to time.

10 24.  The chip of claim 21 further comprising a video sync detector configured
to:
monitor video sync indications in the received signal; and )
determine that an analog signal available for reception is absent at the set
frequency if the video sync indications are absent at least one in the received signal when

15 expected for a television signal.

25. The chip of claim 24 wherein to perform the analog channel scan, the
processor further will:
monitor a gain provided to an incoming signal to cause the incoming signal to
20 have an acceptable power level; and
determine that an analog signal available for reception is absent at the set

frequency if the monitored gain has an unacceptable value.
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