1 DI G TAL Nud™®-AND APPARATU“D MEASURI NG THE FRECQUENCY OF AN I F SIGNAL
Field of the Invention 5 The present invention relates to a digital method
and apParatus for neasuring the frequency of an i RIANBdj288e frequency (IF)
signal such as is produced in a television receiver. 10
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Field of the Invention

5
The present invention relates to a digital method and
apparatus for measuring the frequency of an intermediate
frequency (IF) signal such as is produced in a television receiver.
10 .Background . of the Invention

In a television receiver, RF signals provided by an RF
source are received by an RF amplifier. The RF amplifier selects
the RF signal corresponding to the channel selected by a user. The

15 selected RF signal is coupled to a mixer where it is mixed with a
local oscillator (LO) signal having a frequency corresponding to the
selected channel to produce an intermediate frequency (IF) signal.
The frequency of the LO signal is controlled so that the frequency
of the picture carrier of the IF signal is at a nominal value, e.g.,

20 45.75 MHz in the United States.

It is known to control the LO frequency using two
tuning arrangements: a first for eStablishing the frequency of the
LO signal at the nominal value for a selected channel; and a second

‘ for changing the frequency of the LO signal from the nominal

.25 value, e.g., to account for frequency offsets of the RF for the
selected channel signal from its standard value. The frequency of
) the RF signal may be offset from its standard value, defined by
broadcast specifications, when the RF signal source is other than a
broadcast receiving antenna, such as a cable distribution network
30 or video accessory like a video cassette recorder (VCR) or video
disk player. The first arrangement may have a closed loop or
frequency synthesis configuration, e.g., including a phase locked
loop (PLL) or a frequency locked loop (FLL), or an open loop or
voltage synthesis configuration, e.g., including a digital-to-analog
“35 ' converter. The second arrangement typically includes an
automatic fine tuning (AFT) unit for generating an AFT signal
representing the deviation of the frequency of IF picture carrier
from its nominal value. '
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the one disclosed in U.S. patent 4,031,549, entitled "Television

Tuning System with Provisions for Receiving RF Carrier at

Nonstandard Frequency”, issued to Rast, Henderson and Wine on

10 July 21, 1977, the analog AFT signal is used to directly control the
LO frequency. In other tuning systems, such as disclosed in U.S.
patent 4,868,892, entitled “Tuning System for Calculating the
Local Oscillator Frequency from an AFT Characteristic”, issued to
- Tults, Testin and Rumreich on September 19, 1989, the analog

15 AFT signal is converted to a digital signal (usually consisting of
two bits) which is used to control a phase locked loop and thereby
the LO frequency.

It is desirable to provide a “digital® AFT unit since the
AFT tank circuit associated with an "analog" AFT unit requires

20 components which cannot readily be incorporated in an integrated
circuit (IC) and which may require alignment. In addition, a
digital AFT unit is more compatible with a digital tuning control
unit since interface circuitry for converting an analog AFT signal
to a digital AFT signal is not required.

25 U.S. patent 4,485,404, entitled "Digital AFT which is
Activated During the Vertical Retrace Intervals”, issued to Tults on
November 27, 1984 discloses a tuning system in which a counting
arrangement is used to measure the frequency of the IF picture
carrier to produce a digital AFT signal. The counting arrangement

30 is enabled to count cycles of the IF picture carrier during a
measurement period. Since the IF picture carrier is amplitude
modulated and may be over-modulated in response to image
information to the point at which counting cycles of the IF picture
carrier becomes unreliable, the measurement interval is caused to

35 occur only during the vertical retrace or blanking interval (VBI) in
which the picture carrier is not over-modulated. However, that
requires reliable detection of the VBI which may not be possible
with certain television signals. For example: the television signal
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According to an aspect of the present invention,

cycles of the IF picture carrier are counted during repetitive
counting intervals of a measurement period having a duration at

10 least as long as the duration of one television field including both
picture intervals in which the picture carrier may be over-
modulated and blanking intervals in which the picture carrier is
not over-modulated. The counting intervals have a duration and
are spaced so that at least one counting interval occurs during the

15 vertical blanking interval (VBI) although the counting intervals do
. not have a predictable phase relationship to the VBI. At the end
of the measurement interval, the relationship of the picture
carrier frequency to its nominal value is evaluated by
determining which, if any, of two predetermined counts have

20 been produced during the entire measurement interval.
Preferably, the first count corresponds to a range of frequencies
surrounding the nominal frequency value and the second count
corresponds to a range of frequencies higher and adjacent to the
first range.

25
Brief Description of the Drawings
For a better understanding of the present invention,
reference should be made to the accompanying Drawings, in
30 which: ’

Figure 1 is a block diagram of a tuning system of a
television receiver including a digital AFT unit including a
counting arrangement for counting cycles of the IF picture carrier
in order to generate a digital AFT signal in accordance with the

35 present invention;

Figure 2 is a graph illustrating the relationship
between probability of the occurrence of various counts (N) of the
cycles of the IF picture produced by the counting arrangement of
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Figure 5 is a logic diagram of another embodiment of
the digital AFT unit shown in Figure 1; and

Figure 6 contains waveforms of signals generated
during the operation of the implementation shown in Figure 5;
and -

Figure 7 contains a flow chart of a software program

~utilized in connection with the implementation shown in Figure 5.

15

30

35

In the various Figures, the same or s1m11ar elements
and signals are identified in the same manner. }

Detailed Description of the Drawings
In Figure 1, a source 1 provides a plurality of RF

television signals corresponding to respective channels. An RF
television signal includes modulated picture, color and sound
carriers. The RF signals supplied by RF source-1 are coupled to an
RF amplifier 3 which is tuned in response to a tuning voltage (VT)
to select one of the RF signals corresponding to a channel selected
by a user. The selected RF si'ghal is coupled to a mixer 5. Mixer 5
also receives a local oscillator (LO) signal generated by a LO 7. LO
7 is also responsive to the tuning voltage to control the frequency
of the LO signal in accordance with the selected channel. Mixer S
heterodynes the RF signal selected by RF amplifier 3 with the LO
signal generated by LO 7 to produce an IF signal including
modulated picture, color and sound carriers corresponding to
those of the selected RF signal. In the United States the picture
carrier has a nominal frequency of 45.75 MHz, the color carrier
has a nominal frequency of 42.17 MHz and the sound carrier has a
nominal frequency of 41.25 MHz.

RF amplifier 3 and local oscillator 7 each include tuned.

circuits for determining their frequency responses. Each tuned
circuit includes an inductor and a voltage controlled capacitance
diode, commonly referred to as a "varactor" diode. The varactor

%contr | a phase
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the LO frequency. It is desirable to provide a "digital" AFT unit since the
AFT tank circuit associated wth an "anal og" AFT unit requires 2 0
conpoment s whi ch cannot readily be incorporated i RCh 848268rated circuit
(1C and which may require alignnent. In addition, a digital AFT unit is
nore gonpatible with a digital tuni ng control unit since interface

circuit rald‘% 150{ewr§¢ siadéd ausnyllaﬁ ftema exigibinla AFT signal is
not reqU| at ent

d "Digital AFT
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capable of being tuned throughout the entire television range,
different tuned circuit configurations are selectively enabled in
response to band selection control signals generated in accordance
with the frequency bands of the selected channels.

10 The IF signal generated by mixer 5 is coupled to an IF
section 9 which filters and amplifies the received IF signal. The
filtered and amplified IF signal is coupled to a video and sound
processor 13. Processor 13 demodulates the filtered and
amplified IF signal to produce a baseband video signal

15 representing luminance, chrominance and synchronizing
information. The video information is organized in sequential
fields including line intervals including picture information and
horizontal and vertical retrace blanking intervals including
synchronization information. Processor 13 also extracts the sound

.20 information from the IF signal to produce an audio signal.

The user selects the channel to be received using
channel selection unit 15 including a keypad (not shown) mounted
‘on either a remote control transmitter (not shown) or directly on
the housing of the television receiver itself. A tuning control unit

25 17, e.g., comprising a microprocessor operating in accordance with
a stored software program, is responsive to command signals
produced by channel selection unit 15 to generate the band
selection control signals for RF amplifier 3 and LO 7 and a digital
signal representing a number N related to the LO frequency for

30 the selected channel. In the exemplary embodiment, the ‘tuning
voltage (VT) is generated by a phase locked loop (PLL) 19 which
controls the frequency of the LO signal so that it is proportional to
a reference frequency signal derived from the output signal of a
crystal oscillator (not shown) by the number N in the manner

35 described in greater detail in U.S. patent 4,868,892 issued to Tults,
Testin and Rumreich referred to above. In addition to the channel
number of the selected channel, the number N is also controlled in
response to an AFT signal representing the deviation of the
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measurenent period. Since the IF picture carrier is anplitude nodul ated
and nmgy be over-nodul ated in response to inmage 'E@é@é'ﬁ% to the point at
whi ch counting cycles of the IF picture carrier “Uirel i abl e, the
measurenent interval is caused to 3 5 occur only during the vertical

retrdce or bl anking int%rval (VBI) jn gnich_the Lcture carrier i s not
over - moffifaeagy ofiothedF, Pigtafe redfaiereram itaphmiRale ¥alUn 8-t he VBI whi ch

"y not 45¢7pastHDblia vhe UsiRed aSraés| syias @0 corppehsate foar amyanpl e:  the
eV e SrRNGRE 5 SHERE lfipuspdelpensgign of ol curi g
di ffi cuchannel from it standard (broadcast) value. The frequency of the :

5 RF signal may be offset from its standard value when RF source 1
comprises a cable distribution network or video accessory, such as
a VCR or video disk player. The manner in which this frequency
~ correction is accomplished is also described in more detail in the
Tults, et al. U.S. patent.

10 - The portion of the tuning system described so far is
conventional. The remaining portion of the tuning system
concerns a digital AFT unit 20 with which the present invention is
primarily concerned. ,

Digital AFT unit 20 measures the frequency of the IF

15 picture carrier by counting the number of cycles of the IF picture
carrier during counting intervals or "windows" having a
prédetermined duration. The IF picture carrier is amplitude
modulated by picture information during line intervals and other,
mainly synchronizing, information during horizontal and vertical

20 retrace blanking intervals. The picture carrier may be over-
modulated with picture information resulting in unreliable
counting of its cycles. Therefore, as earlier noted, it has been
proposed that the cycles of the IF picture carrier be counted only
during the vertical blanking interval (VBI), where the carrier is

25 not over-modulated. However, it may be difficult to determine

~ when the VBI occurs if the VBI is not of normal form because, e.g.,
the television signal is scrambled, or modified to hamper tape
copying, or weak.

In the present invention, the windows in which

30 counting of the IF picture carrier cycles takes placé are
distributed throughout a measuring period of at least one field
period of the television signal, e.g., 16.7 milliseconds (ms) in the
United States. Although there is a random phase relationship
between the windows and the VBI, the duration and spacing of

35 the windows is chosen so that at least one window falls within the
VBI during each measurement period. The counting intervals or
windows are defined by pulses of a stable timing signal. For
example, as is indicated in Figure 1, the timing signal may be
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or the television signal nmay be weak. 5 Summary of
the Invention According to an aspect of the present invention, cycles of
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at least some of the windows are within the VBI where the
picture carrier is not over- modulated and therefore can be
rellably counted.

The closest frequency to the nominal IF plcturc carrier

10 frequency of 4575 MHz which has an integral number of cycles
within a 35.76 ps window is 45.751 MHz (i.e., a frequency having
a deviation of 1 KHz). Ideally, e.g., for an IF picture carrier
frequency of 45.751 MHz and a window of 35.76 ps duration, the
count per window should be 1636 cycles. However, the phase

15 relationship of the windows and the IF picture carrier is random,
so that the count will vary from window to window. This also
applies to other IF picture carrier frequencies. In addition, a
pamcular count can be produced for a range of IF picture carrier
'frequenc1es The probability that a particular count will occur for

20 different IF picture carrier frequencies is indicated by the graph
shown in Figure 2. In the graph, the IF picture carrier frequency
is indicated by the deviation (AIF) from an IF picture carrier
frequency of 45.751 MHz.

The counts produced in the wmdows spread over the

25 field period may be affected by over-modulation of the plcture
carrier or other causes of dropouts resulting in counts which are
too low (rather than too high). In addition, noise manifests itself
as signal components having frequencies near the center of the IF
passband, e.g., at about 43 MHz, and therefore results in low

30 counts. Consequently, low counts are ignored.

By examining the graph shown in Figure 2, it will be
appreciated that by detecting only two count conditions, N121636
associated with a range of frequencies surrounding the nominal
- picture carrier frequency of 45.751 MHz and N2>1638 associated

35 with the higher adjacent range of frequencies, it can be
determined whether the IF picture carrier frequency is low, high,
or within specified limits as indicated in the following table. In
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determ ning which, if any, of two predeterm ned counts have 2 0 been
produced during the entire neasurenent interval. Btlaéfgraz?#, the first
count corresponds to a range of frequencies surr [ 6 e nom nal
frequency val ue and the second count corresponds to a range of frequencies
hi ghef ap'd adj acent to the first range. 25 Brief Descrinpti,on dQf t he

Dr awi ngsheotable pat tler 1ngigatest thedipsgsedce: RE & coudhtanth\dnl oHidIfaiesr ence
shoul d kkbsende &P 4 kouatconpanying Drawings, in 30 which: Figure 1 is a
bl ock diagram of a tuning systemof a television receiver including a
digital AFT unit including a counting arrangenent for counting cycles of

the |F picture carrier TABLE 1
5 .
N121636 N221638 AIF (KHZ) - IF (MHz)
' ' LOW
0 0 <-28 <45.723
' WITHIN LIMITS
1 : 0 -28<AIF<+28. 145.723<IF<45.779
| HIGH
1 1 ' >+28 >45.779

With these underlying principals in mind, digital AFT
20 shown in Figure 1 will be described in detail.

10 ' " Referring again to Figure 1, an IF signal derived from.
the final IF amplifier of IF section 9 and suitably limited to form a
signal compatible with logic devices is coupled to a gate 24. Gate
24 is selectively caused to couple the IF signal to a counter 22 in
response to pulses of a CKGATE signal generated by a control logic

15 unit 26 when enabled by the low level of a READIF signal. -

The low level of the READIF signal has a duration of 16.7 ms and

is generated by tuning control unit 17 when it is desired to
measure the IF picture carrier frequency. The CKGATE signal
defines the counting intervals or “"windows" distributed

20 throughout the 16.7 ms measuring period.

The cycles of the IF signal passed by gate 24 within
each window are counted by counter 22. Counter 22 responds to
the IF picture carrier and not to the other components of the IF
signal because the IF picture carrier is the dominant component of

25 the IF signal. Counter 22 is reset in response to a RESIF signal
generated by control logic unit 26 immediately before each
window occurs. Selected outputs of the stages of counter 22
which uniquely indicate the presence of the counts N1 and N2. are
coupled to a count decoding logic unit 28 which produces single

3.0 bits indicating the presence ("1") or absence ("0") of the respective
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in order to generate a digital AFT signal in accordance with the 3 5
present invention; Figure 2 is a graph iIIustratha t he reI ationship
bet'ween probability of the occurrence of various AnB4.% of the cycles
of the IF picture produced by the counting arrangenent of the digital
AFT unit shown in Figure 1 as a function of the deviation of IF picture
carri er dourdsidNdyandoN2a che hats indigatingi ther codnissNd laadi N2Ziaz@r am of an

Four o gteInolahed 70 it 3%, Pﬁ*“k’%‘fhom‘d'{bﬁf?ﬁ%?ﬂ?%&;?ﬁt.on of
t he |Wpﬁl§ﬁanf%\§qtohm€ i:‘ﬁ"nb‘llﬁ' ‘2830fs e 167 period’

ms meastring
in response to the high level of the READIF signal, but are not.

5 reset again during the measurement period.

The contents of latches 30 and 32 are read at the end
of the 16.7 ms measuring period and interpreted according to
Table 1 by tuner control unit 17 in order to determine whether
the IF picture carrier frequency is low, high or within specified

10 limits. Based on the determination, tuning control unit 17 controls
the number N associated with PLL 19 and thereby the LO
frequency in the manner disclosed in U.S. patent 4,485,404
referred to above. Provided the LO frequency is adjusted in steps
of less than 56 KHz (the frequency range covered by one

15 probability peak indicated in Figure 2) a substantially correct and
stable tuning condition is achievable. For example, the LO
frequency may be adjusted in steps of 31.25 KHz.

An implementation of digital AFT unit 20 is shown in
Figure 3. Waveforms of various signals developed in connection

20 with the operation of the implementation of digital AFT unit 20
shown in Figure 3 are illustrated in Figure 4.

As shown in Figure 3, the IF is applied to a NAND gate
comprising gate 24 shown in Figure 1. NAND gate 24 also receives
gating pulses defining the window periods contained with a signal

25 - designated CKGATE in Figure 3. The gated IF signal, indicated by
the cross-hatched waveform CLKIF, is supplied to the clock input
(CK) of 11-stage ripple counter 22. Counter 22 is reset before the
beginning of each counting interval and is thereafter enabled to
count in response to the signal RSIF.

30, Count decoding unit 28 comprises a NAND gate 281
having inputs which are coupled to the ones of the outputs
(Q3,6,7,10 and 11) of the counter 22 appropriate for detecting the
occurrence of a count of 1636 (N1). Decoding unit 28 also
comprises a NOR gate 282 having inputs coupled to the Q2 output

35 of counter 22 via an inverter 283 and to the output of NAND gate
281 for detecting the occurrence of a count of 1638 (N2).

The "set" input of latch 30 (comprising two NOR gates
in a cross-coupled configuration to form a flip-flop or bistable
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Figure 5 is a |ogic diagram of another enbodi ment of the digital AFT unit
shown in Figure 1; and Figure 6 contains waveforns of si g%aés generated 10
during the operation of the inplenentation shown iRCA; é&ﬁ ; and Figure 7
contains a flow chart of a software programutilized in connection with the
I mpl ement ation shown in Figqure 5. In the various Figures, the same or
simlar slgtienbrator)s isrepupledate theeontmit pf INANP gate fle Wiander .

Dlet ai : _ediIP@f&éth'Fm?n- Thet f& Biﬁﬁ\ii r&Sldtethgugﬁsé, cOMPRLINE tv@r OVi desI a 'A
RE 20 1 cFEONST ORGP, RefRsics fptojed: o tecoamtl pEISER  affe ™™ = "
carri er s LaldteesRBOsiagdaB2 amephklddebst B logic C'©"1byr thec oRBADIIR o an
5 signal when this signal is high. The outputs of latches 30 and 32
are set to logical 'l's upon the occurrence of the counts N1 and N2,
respectively. The outputs of latches 30 and 32 are coupled to
tuning control unit 17. ' _
Control logic unit 26 comprises an 8 stage ripple
10 counter 261 which counts the cycles of a 3.58 MHz crystal
oscillator 262 to produce various control signals shown in Figure
4. As indicated in Figure 1, crystal oscillator 262 may comprise
the color subcarrier oscillator (not shown) of the receiver
contained in video and sound processing unit 13.
15 The control signals are produced when counter 261 is enabled in
response to the low level of the READIF signal applied to its reset

(R). The READIF signal also enables a latch 263 comprising four

NAND gates, and an inverter. Latch 263 receives the Q8 output
(also identified as WNDW ) and the Q4 output of counter 261. As

20 shown in Figure 4, the state of the outputs of latch 263
(DELWNDW and DELWNDW ) change after the state of WNDW

(Q8) changes in response to the next leading edge of the Q4 pulse
(provided READIF is low). The CKGATE signal for allowing the IF

signal to reach the clock (CK) input of counter 22 is produced by a
25 NAND gate 264 in response to the WNDW (Q8) and DELWNDW

signals. The RESIF signal for resetting counter 22 at the beginning
of each counting window is produced by a NOR gate 265 in
response to the DELWNDW and WNDW signals.

Tuning control unit 17 shown in Figure 1 reads the

30 contents of latches 30 and 32 just before the positive transition of
READIF signal after the 35.76 pus wide counting windows -

separated by 35.76 ps have been generated for a time period of at
least 16.7 ms as indicated in Figure 4. After reading N1 and N2,

tuning control unit 17 will act as follows:
35
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RF anplifier 3 which is tuned in response to a tuning voltage (VT) to

sel ect one of the RF signals correspondi-ng to a channel selected by a user.
The ‘sel ected RF signal is coupled to a mixer 5. R®Ar 88,26% al so receives a
| ocal oscillator (LO signal generated by a LO7. LO 7 is al so responsive
to-the tuning voltage to control the frequency of the LO signal in
accordance with the sel éct i Nhahaad. N@={¢rthenhtteedBdynes t he RF si gnal

sel ected by RF anpl ifieffcéu%éﬂj 1Eh gL(ngf[:gﬂ?d HENERL ed by LO 7 to produce
I

an | F signal including ate col or and sound carriers
correspondi ng -to those WQPnécxelse@leédeﬂdegﬂal by |31t United States the
picture carrier has a ngHnal frequency of 45.75 MHz, the color carrier has

o noginal {1 eduency of 424 N Sk NAZGRQAR, AR TECT 520, nom 1o
oscillator 7 each incl uﬁeqiueneyl is within specified limits and
the LO frequency is left unchanged.
3. IF N1=0 and N2=0, then the IF
frequency is too low and the LO
10 frequency is increased, e.g., by 31.25
KHz. :

Another implementation of a digital AFT unit is shown
in Figure 5. Waveforms for various signals developed in
connection with the implementation shown in Figure 5 are shown

15 in Figure 6.

The major difference between the digital AFT unit shown in
block diagram in Figure 1 and in more detail logic diagram form in
Figure 3 and the AFT unit shown in Figure 5 is that the functions
performed by count decoder 28 and latches 30 and 32 of the

20 digital AFT unit shown in Figures 1 and 3 are performed by
tuning control unit 17 under software program control in the
digital AFT unit shown in Figure 5. To accomplish this, the
contents of counter 22 are coupled to bus interface unit 23,
including a parallel-to-serial converter, which converts the bits
25 representing the count to a serial bit stream which is coupled to
tuning control unit 17 via a serial data bus 25. The contents of
counter 22 are partially decoded by a logic arrangement including
NAND gate 288 and NOR gate 289 to produce a signal indicative of
a count of 1536 so that only the Q2-Q8 outputs of counter 22 and
30 the 1536 count indication, consisting of a total of 8 bits compared
to the 12 output bits of counter 22, need to be coupled to tuning
control unit 17. By way of example, serial data bus 25 may be of
the type employed in television receivers manufactured by
Thomson Consumer Electronics of France and illustrated in Figures
35 5 and 6. Serial data bus 25 may also be of the well known IM
(INTERMETALL) type developed by ITT INTERMETALL
Semiconductors of Germany described in the ITT publication "Digit
2000 VLSI ngltal TV System" or of the also well known I2C (Inter
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circuits for determning their frequency responses. Each tuned circuit

I ncl udes an inductor and a voltage controlled capﬁ%?&g gl ode, commonly
referred to as a "varactor" diode. The varactor ogde’is reverse

bi ased by the tuning voltage to exhibit a capacitive reactance. The

magni t ud f the funin deter capacitive
r eact anczcgnWR%éieé’fee?ﬂe‘{Oty fal?@] B#%ﬁerm%e q’ﬁﬁ%& %n%(régu?l? Si nce
a 5 si RyliipyaTechmicat dublatdtion tldtﬂed GuBtls clnfGepsugeon i s not capabl e

of bei ng gid ﬁ.qmt‘g%-oughout the entire teI eV| sion range, different tuned

circuit confrgurations _are selectjvel en led Ln
J Briefly, as ?s Eindlcate li)gure 5 serial bus 25

5 includes three conductors: one for a DATA signal; one for a CLOCK
signal; and one for an ENABLE signal. The waveferms for these
three signals are illustrated in Figure 6. Data bus 25 is "bi- '
diréctional", i.e., data can be coupled in both directions between a
"master" unit, usually including a microprocessor such as tuning

10 .control unit 17, and a "slave" unit including a bus interface unit
such as bus interface unit 23. The data is synchronously
transmitted with respect to clock pulses of the CLOCK signal. The
CLOCK signal is generated by tuning control unit 17 and is used by

" bus interface unit 23 to decode the DATA signal. The ENABLE

15 signal is also generated by tuning control unit 17 and initiates the
communication process between tuning control unit 17 and bus
interface unit 23.

A first, i.e., low level, portion of the ENABLE signal is.
used to transmit or "write" data from the master unit to the slave

20 unit. During a first interval of the "write" portion, an "address”
word, e.g., of 8 bits, indicating the function to be controlled is
transmitted. During a second interval of the "write" portion, a
data word, e.g.,of 8 bits, representing a particular aspect of the
function to be controlled may be transmitted. In the digital AFT

25 unit shown in Figure 5, the "address" word is used to transmit a
READIF command for causing bus interface unit 23 to generate the
low level of the  READIF signal as indicated in Figure 6. A second,

i.e., high level, portion of the ENABLE signal is used to transmit or
"read" data from the slave unit to the master unit. Two data

30 words, e.g.,, of 8 bits each, may be transmitted during the "read”
portion of the ENABLE signal. The first data word must include a
confirmation of the receipt of the "address" word transmitted
from the master unit and may comprise a portion of the "address"
word. In the digital AFT unit shown in Figure 5, the second data

35 word is used to transmit the data representing the count of
counter 22 (i.e., Q2 - Q8 and the "1536" count indication bit) to
tuning control unit 17.

This Sheet Has Been Replaced

[T

ceepraga R TEITT LY A K
1 2 ¢ U {s
i
k=]
& -




I eSPeRS Shebi@abBRARSRBLACt i on control signals generated in accordance with the

frequ he sel ected channel s. | The | F signal
gener :‘ﬂﬂ ﬂ l% is coupled to an I F section g % Aokl ters and
anpl i fhi ed |F signal. The filtered and anpli |edIF signal is

coupled to a video and sound processor 13. Processor 13 denodul at es t he

ooy coeny e b || 118 MBwRhERe ol Y BHEnarGRIREpibgtaEO o) onal 1 b

representing |umnance M sync O[E:] matian. The

vi deo i nfassemiatesh wihothea digital eWMén%hQi’Y“f’I dl%“ﬁenél HRiSHEWN 8 '

i nterval SFlgﬁf‘é uni nAspin;dwatedl hf @igate o) after hhe | APM shbsoudineerisi cal retrace

bl anki ng .i ryal i A1 di sor 13

al so ext r‘ggtféleﬁhefs&un t f&g ﬁ‘l}/er%ggﬁﬁgt %g&r#sfq“ %ﬂﬁ?h@a%tﬁ&d AD ﬁgéproduce an

audiojsugjbEADmecmnmamdem@ausmdoCbantrensmttg@ r dhei vesu uggn lpw |
level of the READIF signal enables control logic unit 26 to

generate the CKGATE signal which establishes a 35.76 us counting
window. In the implementation shown in Figure 5, control logic
unit 26 includes a 7-stage ripple counter 266, a NAND gate 267, a

10 2-stage ripple counter 268 and an invurter 269. The waveforms
for a Q7 CLK signal and a Q7 GATE signal generated within control
logic unit 26 are shown in Figure 6. The high level of the CKGATE
enables a NAND gate, serving as gate 24, to couple the IF signal to
counter 22 as is indicated by the cross-hatched portion of the

15 signal CLKIF.

After the termination of the 35.76 pus counting
window, i.e., when the CKGATE signal returns to the low level,
tuning control unit 17, under software control, examines contents
of counter 22 to determine whether the count represented by the

20 11 bits is equal to or larger than 1636 or 1638 and memorizes the
result. The examination can take place any time after 53.66 us
(179 us + 35.76 us) has elapsed after the negative transition of
the READIF signal as indicated in Figure 6. This time is "known"

by tuning control unit 17 since clock pulses of the CLOCK signal,

25 which synchronize the communication between tuning control unit
17 and the digital AFT unit are generated by tuning control unit
17 and are therefore related to its instruction cycles. As indicated
in Figure 7, this séquence is repeated over a time period of at
least 16.7 ms. Since the communication between tuning control

30 unit 17 and bus interface unit 23 requires slightly more 256 ps
(i.e., 4 words x 8 bits/word x 8 us/bit) and the VBI includes at
least 9 lines having a total duration of 571.5 us (9 lines x 63.5 ps),
it is possible to ensure that at least one counting interval occurs
during the VBI if the process is repeated, e.g., every 500 us.

35 At the end of 16.7 ms measurement period, if one or
more of the count samples obtained during the 16.7 ms
measurement period was 1638 or greater, then the LO frequency
is decreased by decreasing N. If none of the count samples was
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channel

t el evi si

selection unit 15 including a keypad (not shown) nounted on either
a renote control transmtter (not shown) or di rec#%o&#g hou5| ng of the

on receiver itself. A tuning control uni

conprising a m croprocessor operati ng in accordance with a stored sof tware

program
unit 15

and LO 7Ilfinshea ooti gdral ofi meabonaprsasmibs ngas equdleto NI @ramu thant he LO

frequency gher b%{ né P& aget bgﬁé}ﬁ% thah”lB @”P.I(?rﬁfe y ment,
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35

duration of one measurement interval within the 16.7 ms
measurement period. However, in the implementation shown in
Figure 3, the low level of the READIF signal corresponds to the

entire 16.7 ms measurement period.

. Compared to the implementation shown in Figure 3,
the logic circuitry of the implementation shown in Figure 5 is less
complex. However, this is achieved at the expense of a somewhat
more complicated software program required for evaluating the
counts. ' ' .

Preferably, the digital AFT unit shown in Figure 5 is
incorporated in an integrated circuit with other portions of the
television receiver such as IF section 9 and sections of video and
sound processing unit 13. In that case, data bus 25
advantageously both serves to control the various functions of the
integrated circuit as well as to control the digital AFT unit and to
receive IF picture carrier frequency deviation information from it.

It will be understood that the present invention has
been described with reference to a preferred embodiment by way
of example and that modifications will occur to those skilled in the
art. |

For example, although a phase locked loop (PLL) is
employed in the embodiment shown in Figure 1 to generate the
tuning voltage, a frequency locked loop (FLL), such as disclosed in
U.S. patent 4,485,404 issued to Tults referred to above, may also
be employed. For that matter, an opened loop voltage synthesis
arrangement utilizing a digital-to-analog converter for converting
a digital word to a DC level may be employed.

In addition, the frequency of the IF signal may be
divided by a frequency divider (known as a "prescaler") before
being coupled to the digital AFT unit.

Further, while the IF signal coupled to digital AFT unit
20 was said to be derived from the final IF amplifier of IF section
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Testin and Runreich referred to above. |In addition to the channel
of the selected channel, the nunber Nis also controlled in response to an
AFT signal representing the deviation of the 6RIC£084268 of the
picture carrier fromits nomnal value, e.g. 45.75 Mz in the United
So as to conpensate for any deviation of the frequency of the RF

ol 191 o ygohelaphed amsind wal Tardasles wse g e e

. may bé.off.set fram its ndard val ue when
RF sour cE1ay &ﬁyﬂquVé‘éF TE%ItEed?'E{qu&H‘E"i‘Bh %t\l\ﬁ ‘?(wBB 9%9&@8 accessory, such
as a VCRsgnchichemsdividep! dgtectofl @atashewn)n intludiedt ish f vixtpee rand

St at es,

10

15

25

30

35

audio signal processing section 13. Advantageously, the pulse
signal produced at this point due to the limiting devices (e.g.,
diodes) may be.compatible with the logic devices of the digital
AFT unit 20. _

Still further, while it was indicated with reference ‘to
the software program depicted in Figure 7 that the actual count
after each counting cycle is stored, it is also possible to store only
indications that the counts N1 and N2 were produced. In that

" case, after the 16.7 ms measurement period has elapsed, it is only

necessary to determine which ones, if any, of the N1 and N2 count
indications have been stored. Furthermore, with respect to the
software program indicated in Figure 7, it is possible to terminate
the routine once both of the counts N1 and N2 have been
produced and immediately proceed to the desired LO frequency
adjustment. _

s Even further, portions of the digital AFT unit, such as
counter 22, may be de-energized at times other than during the
measurement period in order to save energy. In that case, a delay
should be provided between the beginning of the measurement
period (corresponding to the negative transition of the READIF

signal) and the beginning of the counting interval (corresponding

numb
| F

The

to the positive transition of the CKGATE signal) to allow sufficient =

time for the de-energized portions of the digital AFT unit to be
energized. The 17.9 ps delay of the CKGATE signal illustrated in
Figure 6 has that purpose. '

These and other modifications are intended to be
within the scope of the invention defined by the following claims.
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correction is accorrpllshed is al'so descrlbed I n rmre deta|I in the Tults,
et al. US patent.

ort i on ing system
described so far is con\xma I“\ ‘m[“ i ni ng |on t he tuning
system concerns a digita Gnit 26 with which the present i nvention is
pri rrarlbmgégerned D gi tal AFT unit 20 neasures the frequency of the IF 1
5 pi c trier by counting the nunber of cycles of the IF picture
carrier during co@ntilagai televisabrs mcciwirndw]/ndlmva rtgner pr edet er m ned

durati o, TISF (6 Shich S RIP celoyioRR st RAUME! £ pibtut) ot ure

|nforma terval s an mai nl roni zi ng
i nf or mar@wrd lmpﬂg ated i »ath avideed mmm%apnz omgamr@sir al@e fGP&HIEng

i nt gr vafiglds Khelmﬁgumec @Me*r%lsmiﬁcmlﬁgeimaged P RIrthtibh hapdct.ur e
|nforrm}t1c|>820;ueﬁu andn% rfical’ l?lanﬁmg intervals including
synchronization information to produce an IF signal (IF) having a
picture carrier corresponding to the picture carrier of the RF
signal, apparatus characterized by:

10 means (22) for counting cycles of the picture carrier of
the If signal during repetitive counting intervals which occur
during a measurement interval;

means (24,26) for generating a timing signal which
defines a timing relationship between the measurement interval,

15 the counting intervals, and the vertical blanking interval such that
at least one counting interval occurs within the vertical blanking
interval; and

means (17,28,30,32) for determining which one, if any,
of first and second predetermined counts have been produced

20 during the measurement interval to evaluate the deviation of the

| frequency of the IF picture carrier from a nominal frequency.

2. The apparatus defined in Claim 1, characterized in
that:
25 the timing signal does not have a predetermined phase
relationship with the occurrence of the fields.

3. The apparatus defined in Claim 1, characterized in

that: ' '
30 the first predetermined count corresponds to a first

range of frequencies surrounding the nominal freqhency of the IF

picture carrier and the second predetermined count corresponds

to a second range of frequencies which are higher than and

adjacent to the first range of frequencies. e s e T
35 ' is Sheet Has Been Replaced
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counting of its cycles. Therefore, as earlier noted, it has been proposed
t hat the cycles of the |.F picture carrier be count ed @%ésduri ng the
vertital blanking interval (VBI), where the carr R&A not

over-nodul ated. However, it may be d| fficult to determ ne when the VBI
oceurs if the VBI é{js g,t of nor nal eV| si on

b te
signal is scranbl CARPATatys t‘t?f ec&gﬁg\ clopgﬁ‘?f@cw(ﬂz In the

present thavention, the w ndovvs in which 30 counting of the IF pi cture

ot east one 11 o AU NIRERS X(Er, 380 S0 £F. gk &W%‘% ‘?’h‘@'ﬁla&z‘* o PP seconds
(ms) i nanje efithed Sshtaéld wondugmddtermmq;i amtmml theed rel ati onship
bet veenptH@uddddpudes Han¥Bl( 17? hSﬁé‘l‘Ht nggoﬁ‘nd’&d s?fft’;\ﬁh o t%’%naﬁl the

WII’ldOWS | S chogen so.that at | eas a.LIs W t
control for evaluatmg counts pro uced uring the counting

intervals.

5. The apparatus defined in Claim 4, characterized in
10 that: '
said means (17) operating under software program
control
a) after each counting interval,
determines the count produced during
15~ the counting interval;
b) after each counting interval,
NI M stores ehe count produced during the
s s counting interval; and
c) at the end of the measuring
20 period, evaluates the stored counts.

6. The apparatus defined in Claim 4, characterized in
that:
said means (17) operating under software program
25 control ' _ '
| a) after each counting interval,
determines the count produced durmg
the counting interval;
b) after each counting interval,
30 stores a first count indication if the first
count has been produced during the
counting interval and stores a second
count indication if the second count has

been produced during the counting
35 interval; and ' This Sheet Has Been R

o ater oo meassing oo, I

evaluates the stored count indications.
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- VBI..during..each neasurenent period. The counting intervals or w ndows are

ul ses of a stable timng signal. For exanple, as is indicated
”imt Fﬂgm’@um tinmng signal may be 7 deri veglchr @ 246%e 3.58 Mz col or
| at or (not shown) included within video and audi o processor

By choosi ng wi ndows having a duration of 35.76 mcroseconds ([err]s)

and SDaced by the BanThenmapparatiibedéfingd cinUiCGlaixar 4| ethdraceriddedn about 230
ngﬁg er 16.7 nms nmeasuring period. Therefore, it is assured that at
Ieast S

of the windows are within the VBl where the picture carrier is
not over - modul at ecsaddddmeaasefor 19528,30,32) determining which one, if

any, of the first and second counts has been produced includes

5 first (30) and second (32) storage means for storing respective
first (N1) and second (N2) indications if said first and second
counts, respectively, are produced.
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reliably counted. The closest frequency to the nomnal IF picture carrier
1Q frequency of 45.75 MHz which has an integral n r gf cles within a
35.76 [err]s windowis 45.751 MHz (i.e., a frequenﬁﬁa& r?géc% devi ati on of
1"KHz). ldeally, e.g., for an IF picture carrier frequency of 45.751 M&

and a wi ndow of 35.76 [err] SAglgl{rat i o, ;t hic%gnst rEer wi ndow shoul d be 1636
cycl es. However, the phase I e Wi ndows and the IF
pi cég\rNe %ﬁ.r;' glrsiosar aln?jom. so that the icount. Wi LI var y{ I.rom Wi indow t?n
\gldgi ti bn, . parti culog‘r ,tgéldrgj %r}m@ebf é)ggrcégﬁﬁf& E-Eéérigﬁgel(ﬁg . I F ;E)alsct ure
carrier fr&lﬁ]&ﬁ*c?ﬁ&qu% gf‘ﬁb&lﬂlpgt QR%% t“%ltpéfé)i 28? BCNTaHRE8WAl | occur for
2 0 disffedigitall AT csignal ampresntingeqhiendéeiation iofdiieatfeeqindheofgr aph
shown in th%urpefcglirel @allrpeer %%aﬁl% If“h&gln'z:d Ft'[ﬁ Wbt Y rdo%ir{aﬁeﬂléﬂﬂg}{cy. '
The digital AFT unit includes a counter (22) for counting cycles of
piéture carrier during repetitive counting intervals which occur
during a measurement period having a duration as least as long as
10 the duration of one field of a television signal. The duration and
spacing of the counting intervals are selected so that at least one
counting interval occurs during the vertical blanking interval in
which the picture carrier is not likely to be over-modulated and
therefore not likely to result in erroneous low counts. The
15 contents of the counter are evaluated at the end of each counting
cycle to determine if a first count corresponding to a nominal
frequency or a second count corresponding to the frequency
having a positive frequency deviation have been produced. At
the end of the measurement interval, the frequency of the picture
20 carrier relative to the nominal frequency is evaluated by
determining which one, if any of the first and second counts have
been produced. A low frequency is indicated by the absence of
both. A frequency within specified limits is ‘indicated by the
presence of the first but not the second counts A high frequency
25 is indicated by the presence of both counts. The technique.
employed does not require that the timing signal be synchronized
with the vertical blanking interval for reliable counting.
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I's indicated by the deviation ([err]lIF) froman IF picture carrier
frequency of 45.751 MHz. The counts produced in the wi ndows spread over the
25 field period may be affected by over-nodul ati on of the picture carrier
or other causes of dropouts resulting in counts which are too | ow (rather
than too high). In addition, noise manifests itself as signal conponents
havi ng frequenci es near the center of the |IF passband, e.g., at about 43
MHz, and therefore results in | ow 30 z%g Consequently, |low counts are
i gnored. By exam ning the graph shown'i |gure 2, it will be appreciated
that by detecting only two count conditions, Nl[err]1636 associated with a
range of frequencies surroundi ng the noninal pi cture carrier frequency of.
45. 751 MHz and N2[err] 1638 associated 3,5 wth the higher adjacent range -
of frequencies, it can be
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determ ned whether the IF picture carrier frequency is low, high, or within

specified limts as indicated in the follomﬁng table. 1In 8 the table a
“1" 'indi cates the presence of a count and a "0" indicates absence of a
count. TABLE 1 Ni[err] 1636 N2[ err] 1638 [err] | F(KHZ)

IF (NHz) LOWO 0 _ <-28 <45.723 WTHI N
LIMTS 1 0 -28<[err] | F<+28 45, 723<I'F<45. 779 °
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HGH 1 1 >+28 >45. 779 Wth these
underlying principals in mnd, digital AFT 20 shown in Figure 1 wll be
described in detail. 10 Referring again to Figure 1, an IF
signal derived fromthe final IF anplifier of IF section 9 and suitably
limted to forma signal conpatible with |l ogic devices is coupled to a gate
24. Gate 24 is selectively caused to couple the IF signal to a counter 22
in response to pul ses of a CKGATE si 93124 6generat ed by a control logic 1 5
unit 26 when enabled by the | ow | evel” 0f "a READI Fsignal. The | ow | evel of
the READI F signal has a duration of 16.7 ns and is generated by tuning
control unit 17 when it is desired to neasure the IF picture carrier
frequency. The CKGATE]si gnal} defings tlhe counti ng gt ervaljs or "w ndows"
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20 throughout the 16.7 nms neasuring period. The cycles of the |IF signal
passed by gate 24 within each wi ndow are counted by counter 22. Counter 22
responds to the IF picture carrier and not to the other conponents of the

| F signal

the I+ signal
by control

because the I F picture carrier
22 is reset

Count er

In response to a RESIF signal.
|l ogic unit 26 imedi ately before each w ndow occurs.
uni quely indicate the presence of

out puts of the stages of counter 22
the counts N1 and N2 are coupled to
produces single 30 bits indicating the presence ("1") or absence ("0") of

2t dh

i s the dom nant conponent of 25

gener at ed
Sel ect ed

t decoding logic unit 28 which

the respective .
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9 counts N1 and N2. The bits indicating the counts N1 and N2 are stored in
| at ches 30 and 32, respectively. Latches 30 and 32 are held reset before

t he beglnnlng of the 16.7 ms measuring period in response to the high | evel
of the. READI F signal, but are not 5 reset again during the nmeasurenent
period. The contents of latches 30 and 32 are read at the end of the 16.7
ns neasuring period and interpreted according to Table 1 by tuner control
unit 17 in order to determ ne vvhetherﬁtyi | F picture carrier frequency is
|l ow, high or within specified 10 |im ased on the determ nation, tuning
control unit 17 controls the nunber N associated with PLL 19 and thereby
the LO frequency in the manner discloseg.in U S. patent 4, 485,404 referred

to above. Provided the LO frequency is justed in steps
S
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of less than 56 KHz (the frequency range covered by one 1 5 probability
peak-indicated in Figure 2) a substantially correct and stable tuning
condition is achievable. For exanple, the LO frequency may be adjusted in
steps, -of 31.25 KHz. An inplementation of digital AFT unit 20 is shown in
Flgure 3. Wavef ornms of various signals developed in connection 2 0 wth
the operation of the inplenentation of digital AFT unit 20 shown in Figure
3 are illustrated in Figure 4. As ShﬁMﬁ n Figure 3, the IF is applied to a
NAND gate conprising gate 24 shown i igure 1. NAND gate 24 al so receives
gating pul ses defining the wi ndow periods contained with a signal 25

desi gnated CKGATE in Figure 3. The gated | F signal, indicated by the
cross-hat ched waveform CLKIF, is supplied to the clock input (CK) of

11-stage ripple counter 22. Co ntﬁAﬁ‘FAﬁ'Fﬁﬁ?fNé)aore t_he
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Jegi*nning of each counting interval and is thereafter enabl (:'dgt"O“”C‘OtJﬁ{—+-n~—--]?--i
response to the signal RSIF. 3 0 Count decodi ng ?I t, .28,
conprises a NAND gate 281 having inputs which are coupled té the BHEs FP6
the outputs (Q@3,6,7,10 and 11) of the counter 22 appropriate for.detecti ng_;
the occurrence of a count of 1636 (N1). Decoding unit 28 al $0 conprises a
NOR gate 282 having i nputs coupled to thel® out put 35 of Uovﬁf-er—-2—2-v4.a_.§l
an inverter 283 and to the out put _of NAND ing. the
occurrence of a c&IHATAL METHORANDARPARJIUS L ' Y385 conpri si ng

d ‘ ‘ '
two NOR gates in a cross-coup Q@@_NG:ntﬂ)FaANdFSIGNAdLm a flip-flop or
bi st abl e

Field of the Invention

5
The present invention relates to a digital method and
apparatus for measuring the frequency of an intermediate
frequency (IF) signal such as is produced in a television receiver.
10 ' Background of the Invention

In a television receiver, RF signals provided by an RF
source are received by an RF amplifier. The RF amplifier selects
the RF signal corresponding to the channel selected by a user. The

15 selected RF signal is coupled to a mixer where it is mixed with a
local oscillator (ILO) signal having a frequency corresponding to the
selected channel to produce an intermediate frequency (IF) signal.
The frequency of the LO signal is controlled so that the frequency
of the picture carrier of the IF signal is at a nommal value, e.g.,

20 4575 MHz in the United States.

It is known to control the LO frequency using two
tuning arrangements: a first for establishing the frequency of the
LO signal at the nominal value for a selected channel; and a second
for changing the frequency of the LO signal from the nominal

25 value, e.g., to account for frequency offsets of the RF for the
selected channel signal from its standard value. The frequency of
the RF signal may be offset from its standard value, defined by
broadcast specifications, when the RF signal source is other than a
broadcast receiving antenna, such as a cable distribution network

30 or video accessory like a video cassette recorder (VCR) or video
disk player. The first arrangement maiy have a closed loop or
frequency synthesis configuration, e.g., including a phase locked
loop (PLL) or a frequency locked loop (FLL), or an open loop or
voltage synthesis configuration, e.g., including a digital-to-analog

35 converter. The second arrangement typically includes an
automatic fine tuning (AFT) unit for generating an AFT signal
representing the deviation of the frequency of IF picture carrier
from its nominal .value.



20 mil ti vi brator) is coupled to the output of NAND gate 2& &, ar nvgqﬂf;@f
284. The set input of latch 32 (also conprising two crossy CBIJpTed‘ ‘NOR™~

gates) is coupled to the output of NOR gate 282. Latches 30 ﬁ 53 he d
reset to logic "0" by the READIF 5 signal when this si gha I gh
outputs of latches 30 and 32 are set to logical 'I's uponit -eeeur-r.

the counts N1 and N2, respectively. The outputs of Iatchefs 30 and 32 are
coupled to tuning control unit 17. Control l ogic unit 26 conprises—am38
stage ripple 10  count &/suably Wi ehrcaisunifer tgeaetyivigesn oAFd g8l Wz cryst al
oscill ator 262"4mlggoducity@rindusndloady @l fislegnakien SRA¥Red toFaguhe 4. As
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with a polarity and a magnitude which represent the sense and
5 the magnitude of the deviation of the frequency of the IF picture
carrier from its nominal value. In some tuning systems such as
the one disclosed in U.S. patent 4,031,549, entitled "Television
Tuning System with Provisions for Receiving RF Carrier at
Nonstandard Frequency”, issued to Rast, Henderson and Wine on

10 July 21, 1977, the analog AFT signal is used to directly control the
LO frequency. In other tuning systems, such as disclosed in U.S.
patent 4,868,892, entitled "Tuning System for Calculating the
Local Oscillator Frequency from an AFT Characteristic”, issued to
Tults, Testin and Rumreich on September 19, 1989, the analog

15. AFT signal is converted to a digital signal (usually consisting of
two bits) which is used to control a phase locked loop and thereby
the LO frequency.

It is desirable to provide a "digital" AFT unit since the
AFT tank circuit associated with an “"analog” AFT unit requires
20 components which cannot readily be incorporated in an integrated
“circuit (IC) and which may require alignment. In addition, a
digital AFT unit is more compatible with a digital tuning control
unit since interface circuitry for converting an analog AFT signal
to a digital AFT signal is not required.

25 U.S. patent 4,485,404, entitled "Digital AFT which is
Activated During the Vertical Retrace Intervals", issued to Tults on
November 27, 1984 discloses a tuning system in which a counting
arrangement is used to measure the frequency of the IF picture
carrier to produce a digital AFT signal. The counting arrangement

30 is enabled to count cycles of the IF picture carrier during a
measurement period. Since the IF picture carrier is amplitude
modulated and may be over-modulated in response to image
information to the point at which counting cycles of the IF picture
carrier becomes unreliable, the measurement interval is caused to

35 occur only during the vertical retrace or blanking interval (VBI) in
which the picture carrier is not over-modulated. However, that
requires reliable detection. of the VBI which. may not be possxble _
with certain television signals. For example: the television signal




..contained in video and sound processing unit 13. 1 5 The control “signaljs
are produced when counter 261 is enabled in response t h® ul o ieseel jof
the READI F signal applied to its reset (R). The READI H si gnal al so engblijes
a latch 263 conprising four NAND gates, and an invertey. eijves
the @B output (also identified as WNDW and the Q4 outjput of counter 2613.
As 20 shown in Figure 4, the state of thé outputs of latch 263 (DECVWN

and DELWNDW ) change after. the state of .\\NDW changes i n,rgsponse to
the next |eadiMy etfg&CBM 1ﬁé’ e pﬂl“§8r?%?%{ﬁ"dg$%ﬂr 9'7’ st.hleov\(/;g.e( E\)Th‘@ CKGATE
signal for al lbewangorn-s@nderditypal eigo teavake Hepe lcopkingCiyorengifficait: count er
22 is produceg,byearedevisidt MmadtRagok ivkedkesponse to the WNDW ((B) and
DELWNDW si gnal s. The RESIF signal for resetting counter 22 at the begi nning
of each counting wi ndow is produced by a NOR gate 265 in

S Summary of the Invention

_ According to an aspect of the present invention,
cycles of the IF picture carrier are counted during repetitive
counting intervals of a measurement period having a duration at

10 least as long as the duration of one television field including both
picture intervals in which the picture carrier may be over-
modulated and blanking intervals in which the picture carrier is
not over-modulated. The counting intervals have a duration and
are spaced so that at least one counting interval occurs during the

15 vertical blanking interval (VBI) although the counting intervals do
not have a predictable phase relationship to the VBI. At the end
of the measurement interval, the relationship of the picture
carrier frequency to its nominal value is evaluated by
determining which, if any, of two predetermined counts have

20 been produced during the entire measurement interval.
Preferably, the first count corresponds to a range of frequencies
surrounding the nominal frequency value and the second count

corresponds to a range of frequencies higher and adjacent to the
first range.

25
Brief Description of the Drawings
For a better understanding of the present invention,
reference should be made to the accompanying Drawings, in
30 which:

Figure 1 is a block diagram of a tuning system of a
television receiver including a digital AFT unit including a
counting arrangement for counting cycles of the IF picture carrier
in order to generate a digital AFT signal in accordance with the

35 present invention;

Figure 2 is a graph illustrating the relationship
between probability of the occurrence of various counts (N) of the
cycles of the IF picture produced by the counting arrangement of



~response to the DELWNDW and WNDW si gnal s. Tuni ng cog

Figure 1 reads the 30 contents of |atches 30 and 32 I
positive transition of READ F signal after the 35.76 [epr] suwies cok ngti ng
wi ndows separated by 35.76 [err]s have been generaté rrj

at least 16.7 nms as indicated in Figure 4. After rea

control wunit
frequency is

10

30

35

gHE i n

fust before the I

difor a tine pefrijd of

dtmg—Nt—ammd—N2T tuni ng
17 will act as follows: 35 4 1. If Nl and N2=l, then fhe IF

too high and the LO frequency is decreaSed, e.g. by 31.25
the digital AFT unit shown in Figure 1 as a function of the

deviation of IF picture carrier frequency from a nominal value;
Figure 3 is a logic diagram of an implementation of of
the digital AFT unit shown in Figure 1;
Figure 4 contains waveforms of signals generated
during the operation of the implementation shown in Figure 3;
Figure 5 is a logic diagram of another embodiment of
the digital AFT unit shown in Figure 1; and
Figure 6 contains waveforms of signals generated

during the operation of the implementation shown in Figure 5;
and

Figure 7 contains a flow chart of a software program
utilized in connection with the implementation shown in Figure 5.

In the various Figures, the same or similar elements
and signals are identified in the same manner.

Detailed Description of the Drawings
In Figure 1, a source 1 provides a plurality of RF

television signals corresponding to respective channels. An RF
television signal includes modulated picture, color and sound
carriers. The RF signals supplied by RF source 1 are coupled to an
RF amplifier 3 which is tuned in response to a tuning voltage (VT)
to select one of the RF signals corresponding to a channel selected
by a user. The selected RF signal is coupled to a mixer 5. Mixer 5
also receives a local oscillator (LO) signal generated by a LO 7. LO
7 is also responsive to the tuning voltage to control the frequency
of the LO signal in accordance with the selected channel. Mixer 5
heterodynes the RF signal selected by RF amplifier 3 with the LO
signal generated by LO 7 to produce an IF signal including
modulated picture, color and sound carriers corresponding to
those of the selected RF signal. In the United States the picture
carrier has a nominal frequency of 45.75 MHz, the color carrier
has a nominal frequency of 42.17 MHz and the sound carrier has a
nominal frequency of 41.25 MHz.

RF amplifier 3 and local oscillator 7 each include tuned
circuits for determining their frequency responses. Each tuned
circuit includes an inductor and a voltage controlled capacitance
diode, commonly referred to as a “varactor” diode. The varactor
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within specified limts and the LO frequency is |eft unchan
and N2=0, then the IF frequency is too |low and the LO 10 P
frequency is increased, e.g., by 31.25 KHz. Another inplene tiat

2. 1f N1=1 and N2=0, then the I|F f eqaency

digital AFT unit is shown in Figure 5. Waveforns for various 'stgrals

devel oped in connection with the inplenentation shown in Fijgure 5 are shown
15 inFigure 6. The major difference between the digital AFT UNTt—shows
in bl ock di agr dindenisirgyaree 1biasedl iby ther dunisgavdltagegite ekhabitaan formin
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capacitive reactance. The magnitude of the tuning voltage
determines the magnitude of the capacitive reactance and
therefore the frequency response of the tuned circuit. Since a
single varactor controlled tuned circuit configuration is not
capable of being tuned throughout the entire television range,
different tuned circuit configurations are selectively enabled in
response to band selection control signals generated in accordance
with the frequency bands of the selected channels.

The IF signal generated by mixer 5 is coupled to an IF
section 9 which filters and amplifies the received IF signal. The
filtered and amplified IF signal is coupled to a video and sound
processor 13. Processor 13 demodulates the filtered and
amplified IF signal to produce a baseband video signal
representing luminance, chrominance and synchronizing
information. The video information is organized in sequential
fields including line intervals including picture information and
horizontal and vertical retrace blanking intervals including
synchronization information. Processor 13 also extracts the sound
information from the IF signal to produce an audio signal.

The user selects the channel to be received using
channel selection unit 15 including a keypad (not shown) mounted
on either a remote control transmitter (not shown) or directly on
the housing of the television receiver itself. A tuning control unit
17, e.g., comprising a microprocessor operating in accordance with
a stored software program, is responsive to command signals
produced by channel selection unit 15 to generate the band
selection control signals for RF amplifier 3 and LO 7 and a digital
signal representing a number N related to the LO frequency for
the selected channel. In the exemplary embodiment, the tuning
voltage (VT) is generated by a phase locked loop (PLL) 19 which
controls the frequency of the LO signal so that it is proportional to
a reference frequency signal derived from the output signal of a
crystal oscillator (not shown) by the number N in the manner
described in greater detail in U.S. patent 4,868,892 issued to Tults,
Testin and Rumreich referred to above. In addition to the channel

number of the selected channel, the number N is also controlled in

response to an AFT signal representing the deviation of the



Figufe 3 and the AFT unit shown in Figure 5 is that tih NS CPekRor med
by count decoder 28 and | atches 30 and 32 of the 20 | dig¢i-ta ST Uk
shown in Figures 1 and 3 are perfornmed by tuning contirgl unit 17 under
software programcontrol in the digital AFT unit shown|i i Fivgir &%5. To
acconplish this, the contents of counter 22 are couplied to bus interfage
unit 23, including a parallel-to-serial coawverter, which converts the bits
25 representing the count to a serial bit stream whiich..is _coupled to
t uni ng contr ol fraguency7 ofj healls qritre dardenh fromsits THamieeht\whies of..count er 22

al\tbg partig|8|9ytd?.qum-li)yinathboqinfteér%@[&?%nﬁs }t@%dﬂﬁﬂaaﬁawfﬁﬁgﬂye Z:Bﬁ ?nd |
the o B out paraegpt oS MBeath e K iesls e bl on (0 "
consi sting of ehansed|from g8t istanglacdripaeastsasy velwel2 The fraqusney of thount er
22, need t @ beREOLigheH midy thenbffdet from its standard value when RF source 1
comprises a cable distribution network or video accessory, such as
a VCR or video disk player. The manner in which this frequency
correction is accomplished is also described in more detail in the
Tults, et al. U.S. patent.

10 The portion of the tuning system described so far is
conventional. The remaining portion of the tuning system
concerns a digital AFT unit 20 with which the present invention is
primarily concerned.

Digital AFT unit 20 measures the frequency of the IF

15 picture carrier by counting the number of cycles of the IF picture
carrier during counting intervals or "windows" having a
predetermined duration. The IF picture carrier is amplitude
modulated by picture information during line intervals and other,
mainly synchronizing, information during horizontal and vertical

20 retrace blanking intervals. The picture carrier may be over-
modulated with picture information resulting in unreliable
counting of its cycles. Therefore, as earlier noted, it has been
proposed that the cycles of the IF picture carrier be counted only
during the vertical blanking interval (VBI), where the carrier is

25 not over-modulated. However, it may be difficult to determine
when the VBI occurs if the VBI is not of normal form because, e.g.,
the television signal is scrambled, or modified to hamper tape
copying, or weak.

In the present invention, the windows in which

30 counting of the IF picture carrier cycles takes place are
distributed throughout a measuring period of at least one field
period of the television signal, e.g., 16.7 milliseconds (ms) in the
United States. Although there is a random phase relationship
between the windows and the VBI, the duration and spacing of

35 the windows is chosen so that at least one window falls within the
VBI during each measurement period. The counting intervals or
wi_ndows are defined by pulses of a stable timing signal. For
example, as is indicated in Figure 1, the timing signal may be
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.contfol unit 17. By way of exanple, serial data bus ié _____ Vi DEiof;
enpl oyed in television receivers manufactured by Thoy gn ONSUTEr—7 |
El ectronics of France and illustrated in Figures 3 5{ b and;6; «@erial data
bus 25 may also be of the well known IM (INTERVETALL) {ype devel 6ped| by |TT
| NTERVETALL Sem conductors of Germany described in t eL1-:F¥~1su-b4—L_@aLLo '
"Digit 2000 VLSI Digital TV System or of vhe al so |1 known 1[err] Cj
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El ectroni cs". included within video and audio processor 13. By choosing

windows having a duration of 35.76 microseconds (ps) and spaced

by the same amount, the IF picture carrier is sampled about 230

5 times per 16.7 ms measuring period. Therefore, it is assured that

at least some of the windows are within the VBI where the

picture carrier is not over-modulated and therefore can be

reliably counted.

The closest frequency to the nominal IF picture carrier

10 frequency of 45.75 MHz which has an integral number of cycles
within a 35.76 ps window is 45.751 MHz (i.e., a frequency having
a deviation of 1 KHz). Ideally, e.g., for an IF picture carrier
frequency of 45.751 MHz and a window of 35.76 ps duration, the
count per window should be 1636 cycles. However, the phase

15 relationship of the windows and the IF picture carrier is random,
so that the count will vary from window to window. This also
applies to other IF picture carmrier frequencies. In addition, a
particular count can be produced for a range of IF picture carrier
frequencies. The probability that a particular count will occur for

20 different IF picture carrier frequencies is indicated by the graph
shown in Figure 2. In the graph, the IF picture carrier frequency
is indicated by the deviation (AIF) from an IF picture carrier
frequency of 45.751 MHz.

- The counts produced in the windows spread over the

25 field period may be affected by over-modulation of the picture
carrier or other causes of dropouts resulting in counts which are
too low (rather than too high). In addition, noise manifests itself
as signal components having frequencies near the center of the IF
passband, e.g., at about 43 MHz, and therefore results in low

30 counts. Consequently, low counts are ignored.

By examining the graph shown in Figure 2, it will be
appreciated that by detecting only two count conditions, N121636
associated with a range of frequencies surrounding the nominal
picture carrier frequency of 45.751 MHz and N221638 associated

35 with the higher adjacent range of frequencies, it can be
determined whether the IF picture carrier frequency is low, high,
or within specified limits as indicated in the following table. In




i

«Briefly, as is indicated in Figure 5, serial bus 25 et udes=thr ée
conductors: one for a DATA signal; one for a CLOCK sijgnal; ;and..gne §fc§r an
ENABLE signal. The waveforns for these three signals are i ustrat ed:in
Figure 6. Data bus 25 is "bi- directional", i.e., data.can.he.coupled in
both directions between a "master” unit, usually including a mcroprqcessor
such as tuning 1 0 control unit 17, and & "sl ave" unit—tnetudi-ng—abus

interface unit such as bys.ipterface unit 23._ The data is synchronously
transmtted withh tﬁgk"'péctl tb“‘QF‘HER‘ GIReEsE ehe @i‘tﬁtﬁ(“%‘? d‘na?j. IHic A ook
signal is genearbatmxt by 4 wounyg control unit 17 and is used by bus interface
unit 23 to decode the DATA signal. The ENABLE 1 5 signal is also generated

by tuning control unit 17 and initiat gi%éﬂe comuni cati on process between

t uni ng contsrol unit 17 and bus interf ilt 23.
N121636 . N2>1638 AIF (KHZ) IF (MHz)
LOW
0 0 <-28 <45.723
WITHIN LIMITS
1 0 -28<AIF<+28 |45.723<IF<45.779
HIGH
1 1 >+28 >45.779

With these underlying principals in mind, digital AFT
20 shown in Figure 1 will be described in detail.

10 Referring again to Figure 1, an IF signal derived from
the final IF amplifier of IF section 9 and suitably limited to form a
signal compatible with logic devices is coupled to a gate 24. Gate
24 is selectively caused to couple the IF signal to a counter 22 in
response to pulses of a CKGATE signal generated by a control logic

15 unit 26 when enabled by the low level of a READIF signal.

The low level of the READIF signal has a duration of 16.7 ms and

is generated by tuning control unit 17 when it is desired to
measure the IF picture carrier frequency. The CKGATE signal
defines the counting intervals or "windows" distributed

20 throughout the 16.7 ms measuring period.

The cycles of the IF signal passed by gate 24 within
each window are counted by counter 22. Counter 22 responds to
the IF picture carrier and not to the other components of the IF
signal because the IF picture carrier is the dominant component of

25 the IF signal. Counter 22 is reset in response to a RESIF signal
generated by control logic unit 26 immediately before each
window occurs. -Selected outputs of the stages of counter 22
which uniquely indicate the presence of the counts N1 and N2 are
coupled to a count decoding logic unit 28 which produces single

30 bits indicating the presence ("1") or absence ("0") of the Tespective
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, low | evel, portion of the ENABLE si gnazli
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he "write" portion, a data word, e.g.,of 8&-bits,-represénting
a particul ar aspect of the function to be9controlled may be transmtted. In
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iresdt dahih WUTthguak mitakuenéht period.

The contents of latches 30 and 32 are read at the end
of the 16.7 ms measuring period and interpreted according to
Table 1 by tuner control unit 17 in order to determine whether
the IF picture carrier frequency is low, high or within specified
limits. Based on the determination, tuning control unit 17 controls
the number N associated with PLL 19 and thereby the LO
frequency in the manner disclosed in U.S. patent 4,485,404
referred to above. Provided the LO frequency is adjusted in steps
of less than 56 KHz (the frequency range covered by one
probability peak indicated in Figure 2) a substantially correct and
stable tuning condition is achievable. For example, the LO
frequency may be adjusted in steps of 31.25 KHz.

An implementation of digital AFT unit 20 is shown in
Figure 3. Waveforms of various signals developed in connection
with the operation of the implementation of digital AFT unit 20
shown in Figure 3 are illustrated in Figure 4.

As shown in Figure 3, the IF is applied to a NAND gate
comprising gate 24 shown in Figure 1. NAND gate 24 also receives
gating pulses defining the window periods contained with a signal
designated CKGATE in Figure 3. The gated IF signal, indicated by
the cross-hatched waveform CLKIF, is supplied to the clock input
(CK) of 11-stage ripple counter 22. Counter 22 is reset before the
beginning of each counting interval and is thereafter enabled to
count in response to the signal RSIF.

Count decoding unit 28 comprises a NAND gate 281
having inputs which are coupled to the ones of the outputs
(Q3,6,7,10 and 11) of the counter 22 appropriate for detecting the
occurrence of a count of 1636 (N1). Decoding unit 28 also
comprises a NOR gate 282 having inputs coupled to the Q2 output
of counter 22 via an inverter 283 and to the output of NAND gate
281 for detecting the occurrence of a count of 1638 (N2).

The "set” input of latch 30 (comprising two NOR gates
in a cross-coupled configuration to-form a flip-flop or bistable

GEner at et he
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of 8



cconfirmation of the recei pt of the "address" word tr
master unit and nmay conprise a portion of the "addré
digital AFT unit shown in Figure 5, the second data . >
transmt the data representing the count of counter {22 (i.e., @
the "1536" count indication bit) to tuning control unit I7: The
flowchart for the portion for the programlassociated with the digital:®AFT

unit shown in Figure 5 {s shown in Figure 7. indi.cated,,n Figure 7,
after the AFT "SHEVIRFAIAY IFscqqﬂl?‘il 4P et quinpf r?ﬁfNAerg‘:) ﬁ%‘%s_&%?nvdaefnapsed time
i s started andnvéreer5284 READEFsatoinpancfi katclaiPedalso eamprisingniveed. The
resul ting | oweross-coupled NOR gates) is coupled to the output of NOR gate 282.

Latches 30 and 32 are held reset to logic "0" by the READIF

5  signal when this signal is high. The outputs of latches 30 and 32
are set to logical 'l's upon the occurrence of the counts N1 and N2,
respectively. The outputs of latches 30 and 32 are coupled to
tuning control unit 17.

and

Control logic unit 26 comprises an 8 stage ripple

10 counter 261 which counts the cycles of a 3.58 MHz crystal
oscillator 262 to produce various control signals shown in Figure
4. As indicated in Figure 1, crystal oscillator 262 may comprise
the color subcarrier oscillator (not shown) of the receiver
contained in video and sound processing unit 13.

15 The control signals are produced when counter 261 is enabled in
response to the low level of the READIF signal applied to its reset

(R). The READIF signal also enables a latch 263 comprising four

NAND gates, and an inverter. Latch 263 receives the Q8 output
(also identified as WNDW ) and the Q4 output of counter 261. As

20 shown in Figure 4, the state of the outputs of latch 263
(DELWNDW and DELWNDW ) change after the state of WNDW

(Q8) changes in response to the next leading edge of the Q4 pulse
(provided READIF is low). The CKGATE signal for allowing the IF

signal to reach the clock (CK) input of counter 22 is produced by a
25 NAND gate 264 in response to the WNDW (Q8) and DELWNDW

signals. The RESIF signal for resetting counter 22 at the beginning
of each counting window is produced by a NOR gate 265 in
response to the DELWNDW and WNDW signals.

Tuning control unit 17 shown in Figure 1 reads the
30 contents of latches 30 and 32 just before the positive transition of
READIF signal after the 35.76 us wide counting windows

separated by 35.76 us have been generated for a time period of at
least 16.7 ms as indicated in Figure 4. After reading N1 and N2,

tuning control unit 17 will act as follows:
35



.l'evél of the READIF signal enables control logic unit 26 te-gene ate Ih
CKGATE si gnal which establishes a 35.76 [err]s counting w ndow: 1y
i npl enent ation shown in Figure 5 control logic unit 26 i ncl iudes w-?-s%&"gé‘
ripple counter 266, a NAND gate 267, a 10 2-stage ripple xcqum er gGBn gnd
an inventer 269. The waveforns for a Q7 CLK si gnal and aiQl CATE g
generated within control logic unit 26 arélshown in Fi gur ¢ 6.--The h| cnh |

| evel of the CKGATE enables a NAND gate, serving as gate 24, to couple the
| F signal to counter 22 as ik |Inﬁdﬂ1:=al @adby2ehe theanothe. Hat ¢ hedport+i-er—ef—t he!
15 signal CLKIF. After thefr¢ dmbya,tslm afght Bed 3he7BO[ err]s counting

w ndow, i.e., when the CKGAT, et o the vel , tuning
control unit 17, under softm‘g?‘id%g roI egregg ne C%%%\{nPg of counter 22 to

deternmine whether the count KHpresented by the
5 2. If NI=1 and N2=0, then the IF

frequency is within specified limits and
the LO frequency is left unchanged.
3. IF N1=0 and N2=0, then the IF
frequency is too low and the LO

10 frequency is increased, e.g., by 31.25
KHz.

Another implementation of a digital AFT unit is shown
in Figure 5. Waveforms for various signals developed in
connection with the implementation shown in Figure 5 are shown

15 in Figure 6.

The major difference between the digital AFT unit shown in
block diagram in Figure 1 and in more detail logic diagram form in
Figure 3 and the AFT unit shown in Figure 5 is that the functions
performed by count decoder 28 and latches 30 and 32 of the

20 digital AFT unit shown in Figures 1 and 3 are performed by
tuning control unit 17 under software program control in the
digital AFT unit shown in Figure 5. To accomplish this, the
contents of counter 22 are coupled to bus interface unit 23,
including a parallel-to-serial converter, which converts the bits

25 representing the count to a serial bit stream which is coupled to
tuning control unit 17 via a serial data bus 25. The contents of
counter 22 are partially decoded by a logic arrangement including
NAND gate 288 and NOR gate 289 to produce a signal indicative of
a count of 1536 so that only the Q2-Q8 outputs of counter 22 and

30 the 1536 count indication, consisting of a total of 8 bits compared
to the 12 output bits of counter 22, need to be coupled to tuning
control unit 17. By way of example, serial data bus 25 may be of
the type employed in television receivers manufactured by
Thomson Consumer Electronics of France and illustrated in Figures

35 5 and 6. Serial data bus 25 may also be of the well known IM
(INTERMETALL) type developed by ITT INTERMETALL
Semiconductors of Germany described in the ITT publication "Digit
2000 VLSI Digital TV System" or of the also well known I2C (Inter




.2 0% 11 bits is equal to or larger than 1636 or 1638 and nﬁhﬁ --,j:fﬁ'e“:}*g:}‘ '
result. The exam nation can take place any tine after 53.66 [errjs—tt ---¥)—~f~- “?
[err]s + 35.76 [err]s) has el apsed after the negative transitign of t! :
READI F signal as indicated in Figure 6. This tinme is "knowh"| by T tnkng”

control unit 17 since clock pul ses of the CLOCK signal, 2 b iwhich f
synchroni ze the comuni cation betvveen tunl?hg control unit {7 and the f

di gital AFT un are g at ed nin I er-efore-.
related to itsw:}téﬂ"h t’1" Rﬁ?clb PH BEQ{) tl\gﬂh?ﬂ”ﬂsgﬁpa ge_sac-{rﬁeg Yequence
i s repeated ovBhilgpst Teehmieal Bdbbtatacnn Ildé)st "18C7Bus. In Sionsemehe

comruni cation ResWe&licuning control 3 0 wunit 17 and bus interface unit 23
requires slightly nore .ds x_8 b|t

[err]s/bit) and the VB Zé;ﬂ‘é%llrdéé létllnfiezége[d i |igiee ﬁa\fF'H@ guf aI dur ation
of 571.5 [eFr] incleddsi these xob@uBofseranesfor 4 tDATApsigsabl anet foremdele@Ckhat  at

| east one counkiggl;i e %8/ fRCEHENABLE signal. The waveforms for these
three signals are illustrated in Figure 6. Data bus 25 is "bi-
directional”, i.e., data can be coupled in both directions between a
“master” unit, usually including a microprocessor such as tuning
10 control unit 17, and a "slave" unit including a bus interface unit
such as bus interface unit 23. The data is synchronously
transmitted with respect to clock pulses of the CLOCK signal. The
CLOCK signal is generated by tuning control unit 17 and is used by
bus interface unit 23 to decode the DATA signal. The ENABLE
15 signal is also generated by tuning control unit 17 and initiates the
communication process between tuning control unit 17 and bus
interface unit 23,
A first, i.e., low level, portion of the ENABLE signal is
used to transmit or "write” data from the master unit to the slave
20 unit. During a first interval of the "write" portion, an “"address"
word, e.g., of 8 bits, indicating the function to be controlled is
transmitted. During a second interval of the "write" portion, a
data word, e.g.,of 8 bits, representing a particular aspect of the
function to be controlled may be transmitted. In the digital AFT
25 unit shown in Figure 5, the "address" word is used to transmit a
READIF command for causing bus interface unit 23 to generate the
low level of the READIF signal as indicated in Figure 6. A second,

i.e., high level, portion of the ENABLE signal is used to transmit or
"read” data from the slave unit to the master unit. Two data

30 words, e.g., of 8 bits each, may be transmitted during the "read”
portion of the ENABLE signal. The first data word must include a
confirmation of the receipt of the "address" word transmitted
from the master unit and may comprise a portion of the "address"
word. In the digital AFT unit shown in Figure 5, the second data

35 word is used to transmit the data representing the count of
counter 22 (i.e., Q2 - Q8 and the "1536" count indication bit) to
_tuning control unit 17.
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Figure 7. As indicated in Figure 7, after the AFT subroutine is
initiated, a "timer" for measuring elapsed time is started and the
READIF command is caused to be transmitted. The resulting low
level of the READIF signal enables control logic unit 26 to

generate the CKGATE signal which establishes a 35.76 us counting
window. In the implementation shown in Figure 5, control logic
unit 26 includes a 7-stage ripple counter 266, a NAND gate 267, a
2-stage ripple counter 268 and an inv.:ter 269. The waveforms
for a Q7 CLK signal and a Q7 GATE signal generated within control
logic unit 26 are shown in Figure 6. The high level of the CKGATE
enables a NAND gate, serving as gate 24, to couple the IF signal to
counter 22 as is indicated by the cross-hatched portion of the
signal CLKIF.

After the termination of the 35.76 us counting'
window, i.e., when the CKGATE signal returns to the low level,
tuning control unit 17, under software control, examines contents
of counter 22 to determine whether the count represented by the
11 bits is equal to or larger than 1636 or 1638 and memorizes the
result. The examination can take place any time after 53.66 us
(17.9_us + 35.76 us) has elapsed after the negative transition of
the READIF signal as indicated in Figure 6. This time is "known"

by tuning control unit 17 since clock pulses of the CLOCK signal,
which synchronize the communication between tuning control unit
17 and the digital AFT unit are generated by tuning control unit
17 and are therefore related to its instruction cycles. As indicated
in Figure 7, this sequence is repeated over a time period of at
least 16.7 ms. Since the communication between tuning control
unit 17 and bus interface unit 23 requires slightly more 256 us
(i.e., 4 words x 8 bits/word x 8 ps/bit) and the VBI includes at
least 9 lines having a total duration of 571.5 ps (9 lines x 63.5 ps),
it is possible to ensure that at least one counting interval occurs
during the VBI if the process is repeated, e.g., every 500 ps.

At the end of 16.7 ms measurement period, if one or
more of the count samples obtained during the 16.7 ms

~measurement period ‘'was 1638 or greater, then the LO frequency

is decreased by decreasing N. If none of the count samples was

han



.shown in Figure 5, the low level of the READI F det er mi nés it hé dutat iommar

one neasurenent interval within the 16.7 ns measurenent| period. ~ HoWwever,
in the inplenentation shown in Figure 3, the |ow | evel off the REABRKE siignal
corresponds to the 10 entire 16.7 nms neasurenent periadd.; Conpared to the
i mpl enentation shown in Figure 3, the logic circuitry df the-+npterentatiion
shown in Figure 5 is |less conplex. Howevel? this is achieved at the expense

of a somewhat e.conplicate of r r r ' f: Tyt he
T 5 ounts. FHBIS Y BRLS InaP gy, e O 3 (FRMGRES, 10 nSERE

i ncor por at ed ith cag PhtragicaPEdhe; ¢Quitt SARRIRS oY He £ApRl 19 SHsEBRETHEAe| evi si on
recei ver such (836! bus@ohtowad &jidl secligra@ns: elianvilds8, ahd EOuffirtguencessi ng

unit 13. In th‘?tleﬁa%ﬁch%&l.bus 25
5 It is noted, for comparison, that in the implementation
shown in Figure 5, the low level of the READIF determines the

duration of one measurement interval within the 16.7 ms
measurement period. However, in the implementation shown in
Figure 3, the low level of the READIF signal corresponds to the

10 entire 16.7 ms measurement period.

Compared to the implementation shown in Figure 3,
the logic circuitry of the implementation shown in Figure 5 is less
complex. However, this is achieved at the expense of a somewhat
more complicated software program required for evaluating the

15 counts. _

Preferably, the digital AFT unit shown in Figure 5 is
incorporated in an integrated circuit with other portions of the
television receiver such as IF section 9 and sections of video and
sound processing unit 13. In that case, data bus 25

20 advantageously both serves to control the various functions of the
integrated circuit as well as to control the digital AFT unit and to
receive IF picture carrier frequency deviation information from it.

It will be understood that the present invention has
been described with reference to a preferred embodiment by way

25 of example and that modifications will occur to those skilled in the
art. _

For example, although a phase locked loop (PLL) is
employed in the embodiment shown in Figure 1 to generate the
tuning voltage, a frequency locked loop (FLL), such as disclosed in

30 U.S. patent 4,485,404 issued to Tults referred to above, may also
be employed. For that matter, an opened loop voltage synthesis
arrangement utilizing a digital-to-analog converter for converting
a digital word to a DC level may be employed.

In addition, the frequency of the IF signal may be

35 divided by a frequency divider (known as a “prescaler") before
being coupled to the digital AFT unit.

_ Further, while the IF signal coupled to digital AFT unit
20 was said to be derived. from the final IF amplifier of IF section



i e t— ot St g

20 ‘advantageously both serves to control the vari ous’ functlons ofmt‘ﬁé
integrated circuit as well as to control the digital AFT unit and to7
receive IF picture carrier frequency deviation infornatjopfromegs

be understood that the present invention has been described with refdre
to a preferred enbodi nent by way 25 of exanple and t hat—nodi-fcatens

it

occur to those skilled in the art. For exahple, altho@gh a phase | ocked

| oop (PLL) is errpl oyed in the enbodi nrent shown in Fi g:l;rtg 1 generat e
tuni ng vol tage - 3 fRygberfisfivedc Re @thedopyayELLEOr s5RRmP Fs éé%@ll n 30
U S. patent 4,43y, BO4ddrbmadedrdrno thel twedetecmed(rtom sfaowe), ofretheal so be

enpl oyed. For g)h& S O w?%‘ SREQBE (In%?psh\é%{o)agﬁclﬁﬁ% hgsihs v?deroa'!ﬁ%”ent

utilizing a di |ta -to-a convert nvert kgl a] word t
DC | evel may bé”@ﬁpls’&}/‘éﬂ processmg section 13. dvantageously th€ pulse

signal produced at this point due to the limiting devices (e.g.,
diodes) may be compatible with the logic devices of the digital
AFT unit 20.
Still further, while it was indicated with reference to
the software program depicted in Figure 7 that the actual count
10 after each counting cycle is stored, it is also possible to store only
indications that the counts N1 and N2 were produced. In that
case, after the 16.7 ms measurement period has elapsed, it is only
necessary to determine which ones, if any,‘ of the N1 and N2 count
indications have been stored. Furthermore, with respect to the
15 software program indicated in Figure 7, it is possible to terminate
the routine once both of the counts N1 and N2 have been
produced and immediately proceed to the desired LO frequency
adjustment. '
Even further, portions of the digital AFT unit, such as
.20 counter 22, may be de-energized at times other than during the
measurement period in order to save energy. In that case, a delay
should be provided between the beginning of the measurement
period (corresponding to the negative transition of the READIF

signal) and the beginning of the counting interval (corresponding
25 to the positive transition of the CKGATE signal) to allow sufficient
time for the de-energized portions of the digital AFT unit to be
energized. The 17.9 us delay of the CKGATE signal illustrated in
Figure 6 has that purpose.
_ These and other modifications are intended to be
30 within the scope of the invention defined by the following claims.

35
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det ect or (not IWSIMS: i ncl uded with video and audi o signal pr

essi ng

section 13. Advantageous]yIntdQeRVistéh Feddidbelindb@fEcadualert hi s poi nt due

to the limti Qg,f?,gll%%sf&etlﬂiihg an RF television signal having a pi
carrier modulated with video information organized in r

cture
epetitive

5 fields including line intervals including image information and

horizontal and vertical blanking intervals including

synchronization information to produce an IF signal (IF) having a

picture carrier corresponding to the picture carrier of the
signal, apparatus characterized by:

10 means (22) for counting cycles of the picture
the If signal during repetitive counting intervals which o
during a measurement interval;

means (24,26) for generatihg a timing signal
defines a timing relationship between the measurement

15 the counting intervals, and the vertical blanking interval

RF

‘carrier of
ccur

which
interval,
such that

at least one counting interval occurs within the vertical blanking

interval; and

means (17,28,30,32) for determining which one, if any,
of first and second predetermined counts have been produced

20 during the measurement interval to evaluate the deviation of the
frequency of the IF picture carrier from a nominal frequency.

2. The apparatus defined in Claim 1, characterized in

that:

25 t_he timing signal does not have a predetermi
relationship with the occurrence of the fields.

ned phase

3. The apparatus defined in Claim 1, characterized in

that:
30 the first predetermined count corresponds to

a first

range of frequencies surrounding the nominal frequency of the IF
picture carrier and the second predetermined count corresponds

to a second range of frequencies which are higher than a

adjacent to the first range of frequencies.
35
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.di odes) may be conpatible with the |ogic devices of the c;il Gi- LAl AET il
20._Still further, while it was indicated with referencejto the software !
prOjﬂam depicted in Figure 7 that the actual count 10 aftef eathved@fsing !
cydl
cour

mﬁmﬁjnﬁﬂﬂ"wll s al so possible to store only indichtions that the; ;
PR e produced. In that case, after the 16.7 nms neasurement
period ‘has el apted;, it is only necessary té determ ne whi-eh-ones,_jf any,

of the N1 and N2 count #ndiThat appssatievéefbranintCagd. 1 Fuhifeterzes, inv t h
respect to thqh}§, software programindicated in Figure 7, it is possible to
termnate the routine once both of the counts N1 and N2 have been produced
and i nmedi atel y proceedsaid meansiddi’y28a30,32) rfegudsteymigdng swhiskt ongydh

further, portizags off th€idt Girdalseddnld Wredetefhin@dagounts has been
5 produced includes means (17) operating under software program
control for evaluating counts produced during the counting

intervals.
5. The apparatus defined in Claim 4, characterized in
10 that:
said means (17) operating under software program
control

a) after each counting interval,
determines the count produced during
IS the counting interval; '
b) after each counting interval,
stores the count produced duyring the
counting interval; and
c) at the end of the measuring
20 - period, evaluates the stored counts.

6. The apparatus defined in Claim 4, characterized in
that:

said means (17) operating under software program
25 control _

a) after each counting interval, .
determines the count produced during
the counting interval;

b) after each counting interval,

30 stores a first count indication if the first
count has been produced during the
counting interval and stores a second
count indication if the second count has
been produced during the counting

35 interval; and

c) after the measuring period,
evaluates the stored count indications.



: 20 counter 22, may be de-energized at times other than: uri--\ng the-- : |
rreasurerrent period . in order to save energy. In that caée a del ay., shousl d be
ded between the begi nning of the nmeasurement peri odi (e’d‘rré’sp‘enﬂl nzg to
gmHQj}IMH’y llll ﬂltl on of the READIF signal) and the beginning of thel !
orresponding 25 to {he positive tfan5|t|on of the :
CKGATE Si gnal) o allowsufficient tinme for the de- energi-zed- —per—t—rens—ef«

the digital AFT unit tgq, benﬁmapﬁaraasb défifed in 9C[&fV ks ohatayerddedt e CKGATE
signal illust %t[ed in Figure 6 has that purpose. These and ot her

nodi fications are intended to be 3 0 within the scope of the invention
defined by the fol |l ow Said|mgans. fcg5(17 28,30,32) determining which one, if

any, of the first and second counts has been produced includes

5 first (30) and second (32) storage means for storing respective
first (N1) and second (N2) indications if said first and second
counts, respectively, are produced.



.16 GLAIMS: 1. In a television receiver includi ng a tuner;: s(‘B,,S T 9 19):
tuning an RF television signal having a picture carrier hndu+~at ed Wy
video information organized in repetitive 5 fields incjuding line _ |
intervals including i mage information and horizontal andi verti “cat = bl zhkiin ng
i nterval s including synchronization i n¥Srmation to produteLan ILE_signal § |
(I'F) having a picture carrier corresponding to the pi ctuire carrier of the
RF signal, apparatus characterized by: 10 ° ‘arrrs—( 22 )-0OF
counti ng cycl es of ptGeTALCHMBrBODAAND EAPPARATES | FOR | MEASURING rrgm epetitive
counting intervals whi ch ocCWREQUENQY DFTAAS IR ISIGNALNt er val ;

Abstract of the Disclosure

A tuning system of a television receiver includes a
digital automatic fine tuning (AFT) unit (20) for generating a
digital AFT signal representing the deviation of the frequency of
the picture carrier of the IF signal (IF) from a nominal frequency.
The digital AFT unit includes a counter (22) for counting cycles of
picture carrier during repetitive counting intervals which occur
during a measurement period having a duration as least as long as
10 the duration of one field of a television signal. The duration and
spacing of the counting intervals are selected so that at least one
counting interval occurs during the vertical blanking interval in
which the picture carrier is not likely to be over-modulated and
therefore not likely to result in erroneous low counts. The
contents of the counter are evaluated at the end of each counting
cycle to determine if a first count corresponding to a nominal
frequency or a second count corresponding to the frequency
having a positive frequency deviation have been produced. At
the end of the measurement interval, the frequency of the picture
20 carrier relative to the nominal frequency is evaluated by
determining which one, if any of the first and second counts have
been produced. A low frequency is indicated by the absence of
both. A frequency within specified limits is indicated by the
presence of the first but not the second counts A high frequency
25 is indicated by the presence of both counts. The technique
employed does not require that the timing signal be synchronized
with the vertical blanking interval for reliable counting.

15
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-neaﬁs (24,26) for generating a timng signal which defines a timng
relationship between the nmeasurenent interval, 1 5 thg;gpgnt* -
and the vertical blanking interval such that at |east ﬁéiﬁbu (
occurs within the vertical blanking interval; and neans|{(17,728,30,°32)f
determ ning which one, if any, of first and second pr detgywh@gdyggun S
have been produced 2 0 during the neasurenent interval jto evaluate the
devi ation of the frequency of the IF ﬁi g@re carrier froma—nenr-nal
frequency. 2. The apparatus defined i im1, charag¢terized in that:
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wthaf 30 the first predeterm ned count cor%esponds 10 a flrst
range of frequencies surrounding the nom nal frequency OF ¥ 'c{ur
carrier and the second predeterm ned count corresponds go a secondumahije* Pf
frequenci es which are higher than and adjacent to the ff F -range of !

frequencies. 35 4. The apparatus defined in daiml,jc aratcteriized |;n i
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-5 produced I ncl udes neans (17) operating under softwar’e program: Of
for. eval uating counts produced during the counting |nterva1s 5. TH L
apparatus defined in laim4, characterized in 10 that: isal d. neans:£d7) | !
operating under software programcontrol a) after each dourntr ng “i"nf? ervgj f
determ nes the count produced during 1 5 Lt he—countha Z
interval ; b) after each counting interval, stores the cqunt produced durr rng
the counti ng interval; and c) at the %19! @f t he neasuring
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.20 peri od, evaluates the stored counts,; 6:: The,
apparatus defined in Claim4, characterized in that: said peans. (17)
operating under software program 25 control a) after eac countlng
interval, deternines the count produced during the counti ng3iwnyerviabs
after each counting interval, 3 0 stores a first count
indication if the first count has been produced during the CoUNTI Ng

interval and stores a second count |nd|4:?lt60n if the se(;ond count __has hee
produced during the counting
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35 interval; and c) after the neasurbng: pefi O@m o=
eval uates the stored count indications. 7. The appar&tus definegd i
Claim 4, characterized in that: said neans for (17,28,30532) det erm ni hg
which one, if any, of the first and second counts has begen driodliteros
I ncludes 5 first (30) and second (32) storage neans for|storing

respective first (N1) and second (N2) in?ications | f sa’d rirstand-s nF

counts, respectively, are produced.
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