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1
MICROCONTROLLER-BASED
MULTI-FORMAT VIDEO AGC/SYNC LOOP
REGULATOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This invention is related to Provisional Patent Application
No. 60/877,194 which filed on Dec. 26, 2006.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not Applicable

REFERENCE TO SEQUENCE LISTING, A
TABLE, OR A COMPUTER PROGRAM LISTING
COMPACT DISK APPENDIX

Not Applicable

BACKGROUND OF THE INVENTION

The present invention relates to a method and apparatus for
video signal processing. More particularly, it relates to assur-
ing video signal format integrity for the recording, transmis-
sion and viewing of a video signal by reestablishing proper
video AGC and sync parameters.

Various methods and apparatus have been developed and
incorporated for modifying a video signal by the introduction
and/or replacement of sync pulses in a manner to allow nor-
mal viewing by a television receiver, but preventing the mak-
ing of a recording acceptable for viewing. U.S. Pat. No.
4,100,575 entitled “METHOD AND APPARATUS FOR
MODIFYING A VIDEO SIGNAL TO PREVENT UNAU-
THORIZED RECORDING AND REPRODUCTION
THEREOF” which issued on Jul. 11, 1978 to Minoru Morio
et al discloses a process of replacing a portion of vertical
pulses with equalizing pulses in some of the vertical blanking
intervals. U.S. Pat. No. 4,631,603 entitled “METHOD AND
APPARATUS FOR PROCESSING VIDEO SIGNALS SO
AS TO PROHIBIT THE MAKING OF ACCEPTABLE
VIDEO TAPE RECORDINGS” which issued on Dec. 23,
1986 to John O. Ryan discloses a process by which ordered
pairs of pseudo-sync pulses and white pulses are added dur-
ing the vertical blanking intervals and interfere witha VCR’s
recording and AGC circuitry. The white or positive pulses
would correspond to incorrect AGC levels. U.S. Pat. No.
4,819,098 entitled “METHOD AND APPARATUS FOR
CLUSTERING MODIFICATIONS MADE TO A VIDEO
SIGNAL TO INHIBIT THE MAKING OF ACCEPTABLE
VIDEOTAPE RECORDINGS” which issued on Apr. 4, 1989
to John O. Ryan discloses another method and apparatus for
adding a plurality of positive pulses to the video signal with
each immediately following a respective trailing edge of a
normally occurring sync pulse. These added pulses are clus-
tered at the vertical blanking interval of each field and inter-
feres with the automatic level control circuit of a recording
device. U.S. Pat. No. 6,836,549 B1 entitled “METHOD AND
APPARATUS FOR SYNTHESIZING AND REDUCING
THE EFFECTS OF VIDEO COPY PROTECTION SIG-
NALS” which was issued on Dec. 28, 2004 to Ronald Quan et
al discloses a method and apparatus for defeating copy pro-
tection signals in a video signal, and also for providing copy
protection signals for a video signal. The defeat method gen-
erally utilizes a particular pulse position shifting, modulation,
etc., of AGC, normal sync and/or pseudo sync pulses to
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2

increase the separation between the pulses and the copy pro-
tection method includes various embodiments for dynami-
cally varying the sync/pseudo sync and AGC separation. U.S.
Pat. No. 7,087,380 B2 entitled “METHOD FOR MODIFY-
ING A COPY PROTECTED VIDEO SIGNAL WITH A
NEGATIVE AMPLITUDE PULSE” issued on Aug. 1, 2006
to Ronald Quan discloses an enhancement to existing copy
protected signals by the addition of negative amplitude pulses
to the video signal at a location in the horizontal blanking
interval “back porch” after the color burst.

There are methods and apparatus that have been developed
and incorporated for detection and subsequent neutralization
of these video signal modifications. U.S. Pat. No. 4,695,901
entitled “METHOD AND APPARATUS FOR REMOVING
PSEUDO-SYNC AND/OR AGC PULSES FROM A VIDEO
SIGNAL” which issued on Sep. 22, 1987 to John O. Ryan
discloses a selectively-operable clipping circuit used to
remove pseudo-sync pulses from a video signal, while added
AGC pulses are effectively blanked from a video signal with
an electrically-operable switch. U.S. Pat. No. 5,157,510
entitled “METHOD AND APPARATUS FOR DISABLING
ANTI-COPY PROTECTION SYSTEM IN VIDEO SIG-
NALS USING PULSE NARROWING” which issued on Oct.
20, 1992 to Ronald Quan discloses a method and apparatus
that effectively increases the high-frequency content of the
pseudo-sync and/or AGC pulses. This renders the pulses sus-
ceptible to attenuation and/or low-pass filtering in the VCR
circuitry to counteract the effectiveness of the pulses in pre-
venting copying. U.S. Pat. No. 5,194,965 entitled “METHOD
AND APPARATUS FOR DISABLING ANTI-COPY PRO-
TECTION SYSTEM IN VIDEO SIGNALS” which issued on
Mar. 16, 1993 to Ronald Quan et al discloses a method and
apparatus for altering the level of the video signal during the
vertical blanking interval, e.g., level-shifting, so as to render
the copy-protect signals ineffective to prevent unauthorized
copying by a VCR. An alternative method includes increasing
the effective frequency of the copy-protect signals during the
vertical blanking interval so as to achieve attenuation and/or
low-pass filtering in the VCR circuitry to counteract the effec-
tiveness of the signals in preventing copying. U.S. Pat. No.
5,625,691 entitled “METHOD AND APPARATUS TO
DEFEAT CERTAIN COPY PROTECTION PULSES
WITHIN A VIDEO SIGNAL” which issued on Apr. 29, 1997
to Ronald Quan, U.S. Pat. No. 5,633,927 entitled “VIDEO
COPY PROTECTION PROCESS ENHANCEMENT TO
INTRODUCE HORIZONTAL AND VERTICAL PICTURE
DISTORTIONS” which issued on May 27, 1997 to John O.
Ryan et al and U.S. Pat. No. 5,748,733 entitled “METHOD
AND APPARATUS TO REDUCE THE EFFECTS OF CER-
TAIN COPY PROTECTION PURSES WITHIN A VIDEO
SIGNAL” which issued on May 5, 1998 to Ronald Quan each
disclose several modifications to a video signal that are added
to the existing basic anti-copy signals of pseudo-sync and/or
AGC pulses thus the enhancement of the anti-copy system.
One of these enhancements involves the introduction of sig-
nals into the overscan portion of the video signal in order to
trigger an early horizontal or vertical retrace. Another
enhancement is the narrowing of selected horizontal sync
signals. Others enhancements are also disclosed. Methods
and apparatus to remove these enhancing modifications
include level shifting and sync widening. U.S. Pat. No. 6,002,
830 entitled “METHOD AND APPARATUS FOR REMOV-
ING OR DEFEATING EFFECTS OF COPY PROTECTION
SIGNALS FROM A VIDEO SIGNAL” which issued on Dec.
14,1999 to Ronald Quan and U.S. Pat. No. 6,421,497 entitled
“METHOD FOR LOCATING COPY PROTECTION
PULSES WITHIN SELECTED VIDEO LINES OF A
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VIDEO SIGNAL” which issued on Jul. 16, 2002 to Ronald
Quan each disclose a method and apparatus for detection of
copy protection pulses using the color burst signal or chroma
in the horizontal blanking interval then modifying the video
signal so as to render it recordable. These modifications
include gain-shifting portions of the video signal, level-shift-
ing portions of the video signal, bandwidth limiting certain
portions of the video signal or replacing certain portions of
the video signal with other video elements. U.S. Pat. No.
6,501,842 B2 entitled “METHOD AND APPARATUS FOR
MODIFYING A VIDEO SIGNAL BY BACK PORCH
LOWERING” which issued on Dec. 31, 2002 to Ronald Quan
discloses a method and apparatus that replaces or level shifts
portions of a video signal to defeat the effects of copy pro-
tection signals.

Methods and apparatus have been developed to aid and/or
impair the detection of synchronizing signals necessary for
the reconstitution of altered video signals. U.S. Pat. No.
4,571,615 entitled “TIMING GENERATOR FOR SYNC
SUPPRESSED TELEVISION SIGNALS” which issued Feb.
18, 1986 to Clyde Robbins et al discloses a device which
detects the absence and the first reoccurrence of the color
burst signal to generate a synchronizing signal. U.S. Pat. No.
4,684,988 entitled “CIRCUIT ARRANGEMENT FOR
DETECTING THE VERTICAL BLANKING PERIODS IN
A PICTURE SIGNAL” which was issued on Aug. 4, 1987 to
Kurt J. Johannes discloses a circuit for detecting the blanking
period in a picture signal, having a pulse interval detector and
a subsequent pulse shaping stage. U.S. Pat. No. 5,034,981
entitled ‘ANTI-COPYING VIDEO SIGNAL PROCESS-
ING” issued Jul. 23, 1991 to Eugene Leonard et al discloses
a method and apparatus that disrupts digital vertical synchro-
nizing circuit operation. U.S. Pat. No. 5,179,452 entitled
“METHOD FOR PRODUCING COPY PROTECTED
RECORDED VIDEOTAPE HAVING UNCOPYABLE
VERTICAL SYNCHRONIZING SIGNAL PARTITION”
which was issued Jan. 12, 1993 to Yasunori Takahashi dis-
close a method of altering the vertical sync pulses in order to
disrupt the operation of a videotape recorder. U.S. Pat. No.
6,931,547 B2 entitled “METHOD AND APPARATUS FOR
IDENTIFYING A VERTICAL BLANKING INTERVAL IN
A TELEVISION SIGNAL” which was issued on Aug. 16,
2005 to Ronald Quan and the continuation of U.S. Pat. No.
6,931,547 B2 being, U.S. Pat. No. 7,100,209 B2 entitled
“METHOD TO PROVIDE THE GENERATION OF AN
INCORRECT OR UNRELIABLE VERTICAL/FRAME
SIGNAL” which issued on Aug. 29, 2006 to Ronald Quan
each disclose techniques for modifying the characteristic sig-
nals of the Vertical Blanking Interval (VBI) for the generation
of an incorrect or unreliable vertical or frame rate signal, via
particular characteristics and/or peculiarities of the signals in
the VBL.

The aforementioned copy protection (CP) methods and
apparatus and the complementary defeat methods and appa-
ratus (anti-CP) are associated with any type of disruption of
the synchronizing format of a video signal which requires
unique circuit arrangements of commonly available analog
circuits and/or digital circuits. Many of these circuits and
sub-circuits are comprised of fixed components and hardwir-
ing defining narrow operating characteristics and parameters
thus limiting flexibility. A complete unified system that effec-
tively encompasses CP methods and apparatus and/or anti-
CP methods and apparatus using the same circuitry and sub-
circuitry would be cumbersome and limited in operational
flexibility. The generation of corrective sync signals is a part
of a unified system. Methods and apparatus for generating
television sync signals have also been devised. U.S. Pat. No.
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4,169,659 entitled “MULTIPLE STANDARD TELEVI-
SION SYNC GENERATOR’” which issued on Oct. 2, 1979 to
Frank J. Marlowe discloses such an apparatus. This disclo-
sure does not lend itself readily to the application of CP and/or
anti-CP systems because it requires a particular synchroniz-
ing signal which limits its flexibility. The aforementioned
apparatus cannot be programmed to respond to any selected
event, such as sync pulses, other than synchronization during
normal operation. The apparatus cannot be programmed to
generate single pulse or partial pulse trains from selected
outputs as required. The following brief summary of the
present invention will clarify additional limitations and short-
comings of the entire aforementioned prior art.

BRIEF SUMMARY OF THE INVENTION

The primary object of the present invention is to defeat or
reduce the effectiveness of copy protection signals, which
have been added to inhibit recording of a video signal. The
added pulses may be present in a given modified video signal
of any format and/or standard. Another object of the present
invention is to strengthen and reestablish video sync pulse
and AGC level parameters of distorted and weakened video
signals occurring resultant of external interference, inad-
equate transmission apparatus and techniques, and other
forms and/or sources of video signal degradation. In accor-
dance of the foregoing objects, the preferred embodiment of
the present invention processes all horizontal sync pulses
contained within a given video signal to maintain and/or
reestablish the sync pulse parameters of any given format
and/or standard. This is accomplished by inserting a plurality
of synthesized partial and/or complete sync pulse related
pulse trains in the composite sync signal. These pulse trains
are generated by a microcontroller. The insertion of these
sync pulse trains utilizes digital signal masking techniques.
The regenerated composite sync pulse trains are inserted into
the video signal as an overlay onto the existing composite
sync signal. Any sync pulse abnormalities caused by the
aforementioned process and/or external sources of signal
degradation and pseudo sync pulses, if any, are detected dur-
ing the horizontal sync processing. These detected pulses are
used as a pseudo-sync stripping signal in a stripping process
of the present invention. The later portion of the vertical
blanking interval, or VBI, starting from the first post equal-
izing pulse, but excluding the post equalizing pulses and the
horizontal sync pulses, are DC restored. All back porch por-
tions of the horizontal blanking intervals, or HBI, for the
remainder of the current field and/or frame are also DC
restored. DC restoration pulse trains are generated by the
microcontroller. The video signal is repetitively and system-
atically processed by means of the aforementioned operations
for each field and/or frame, in accordance to the established
parameters of any given standard and/or format. The embodi-
ments disclosed herein are of the context of the NTSC tele-
vision standard and of the SDTV or Standard Definition Tele-
vision formats, with modification apparent to one of ordinary
skill in the art they are applicable to SECAM or PAL televi-
sion standards and of the SDTV formats. Another object of
the present invention is the reduction of hybrid and special-
ized circuits that would be required to accommodate the
neutralization of the numerous copy protection techniques
and apparatus currently available. Any significant changes in
the aforementioned techniques would require changes in cir-
cuit components and/or the addition of complete circuits. The
modification of circuitry is reduced by the use of microcon-
trollers and appropriate user programs in the present inven-
tion. User programs can be changed with relative ease in order
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to adjust to any changes in the aforementioned techniques.
The microcontrollers have a function of, but not limited to,
generating all of the necessary corrective signals. Another
object of the present invention is the ability to introduce copy
protection signals into a video signal. The present invention
encompasses both device and method for achieving any of the
foregoing objects. These objects and other aspects, features
and advantages will become apparent upon review of the
following detailed description taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an illustrative embodiment of
a device in accordance with the present invention;

FIG. 2 is a block diagram of another illustrative embodi-
ment of a device in accordance with the present invention;

FIG. 3 is a block diagram of another illustrative embodi-
ment of a device in accordance with the present invention;

FIG. 4 is a block diagram of another illustrative embodi-
ment of a device in accordance with the present invention;

FIG. 5 is a detailed diagram of an example circuit which
processes the composite sync signal during the operation of
all embodiments of the present invention;

FIG. 6 is a detailed diagram of an example circuit which
inserts a corrective sync signal and strips pseudo sync signals
from a video signal during the operation of all embodiments
of the present invention;

FIG. 7A is an assemblage of pertinent signal waveform
diagrams generated and/or processed, being that of a standard
4:3 aspect ratio, standard definition NTSC format video sig-
nal, during the operation of the present invention;

FIG. 7B is an assemblage of pertinent signal waveform
diagrams representative of a single video line illustrative of
microcontroller instruction execution delay time;

FIG. 8 is a block diagram of another illustrative embodi-
ment of a device in accordance with the present invention,
being a variation of FIG. 1;

FIG. 9 is a detailed diagram of an example circuit which
corrects the AGC level during the operation of the present
invention;

FIG. 10A, FIG. 10B and FIG. 10C are detailed diagrams of
example circuits, which alternate the AGC level during the
operation of the present invention as an encoder/decoder;

FIG. 11 is a block diagram of another illustrative embodi-
ment of a device in accordance with the present invention,
being a variation of FIG. 2;

FIG. 12 is a block diagram of another illustrative embodi-
ment of a device in accordance with the present invention,
being a variation of FIG. 3 and;

FIG. 13 is a block diagram of another illustrative embodi-
ment of a device in accordance with the present invention,
being a variation of FIG. 4.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

The first function of the present invention is to maintain
and/or restore proper horizontal sync pulse parameters of a
video signal by means of full and/or partial reconstruction
and insertion of a composite sync signal within said video
signal. The second function is to strip any pseudo sync pulses
from said video signal. The final function is to maintain
and/or restore proper AGC levels throughout said video sig-
nal. Referring now to the invention in more detail, in FIG. 1,
adevice 1 performs the foregoing functions by incorporating
the use of'a microcontroller 2, a reference generator 3, a sync
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6

separator 4, a sync processor 5, a video sync inserter/stripper
amplifier 6, a DC restored amplifier 7 and a format detector/
selector 8. The device 1 has a video signal 21 applied to the
input of the sync separator 4 and to an input of the video sync
inserter/stripper amplifier 6. The sync separator 4, whose
circuitry and operation are well known to those skilled in the
art, extracts a pre-corrected composite sync signal 22 from
the video signal 21. In the preferred embodiment of the
present invention, the operating point of the sync separator 4
is set to detect signals from or above negative 40 IRE and to
or below negative 10 IRE. This range assures the detection of
any pseudo sync pulses which may be present in the video
signal 21. The sync separator 4 will then detect the color burst
signals that normally occur during the back porch portion of
the video signal 21. It will be shown during the description of
the sync processor 5, that appropriate compensation is made
for the detection of the color burst signal by the sync separator
4. In the embodiment illustrated in FIG. 1, the output of the
sync separator 4 is the pre-corrected composite sync signal
22, which consists of digital logic levels applied to appropri-
ate inputs of the microcontroller 2, the reference generator 3,
the sync processor 5 and the format detector/selector 8. A user
program is contained within the program of flash memory of
the microcontroller 2, which instructs the microcontroller 2 to
generate various waveforms that enable device 1 to perform
all operations necessary for the proper execution of the fore-
going functions. In one embodiment of the present invention,
once the microcontroller 2 is initialized, the microcontroller 2
awaits for an interrupt. Those skilled in the art know this as an
interrupt-generated program. The interrupt provides a refer-
ence or starting point of the user program. The interrupt is
generated by the application of a reference pulse, contained
within a reference signal bus 31, to a designated input pin of
the microcontroller 2 from the reference generator 3. The
reference signal bus 31 consists of, but not limited to, one
reference signal. In one embodiment of the present invention,
the reference signal bus 31 contains a composite sync signal,
a vertical sync pulse signal and an even/odd field signal. The
composite sync signal provides horizontal sync pulses that
would provide line start indication for the microcontroller 2.
The vertical sync pulse signal would provide an interrupt that
is applied to the microcontroller 2. The even/odd field signal
would direct the microcontroller 2 to the part of the program
for the field detected. In other embodiments of the present
invention, various other circuits are available for the applica-
tion as a means for determining or extracting sync signal
portions that have different qualities from the rest of the
composite sync signal. The color burst, pre-equalizing pulses,
post equalizing pulses, pulse interval durations and pulse
durations are among these sync signal portions. The process-
ing of a single or a plurality of the selected composite sync
signal portions provides a reference or starting point for the
interrupt-generated program. Circuits that are commercially
available as integrated circuits include the LM1881 sync
separator. In one embodiment of the present invention, the
L.M1881 can be used as the reference generator 3 of a device
10 illustrated in FIG. 2. The video signal 21 is the input to the
reference generator 3 in this embodiment which, in this
example, is the LM1881. The LM1881 provides the reference
signal bus 31 to be applied to the proper inputs of the micro-
controller 2 and a reference data signal bus 30 to be applied to
the appropriate inputs of the format detector/selector 8. The
L.M1881 provides a composite sync signal output, a vertical
sync pulse signal output, an even/odd field signal output and
a back porch output as component signals of the reference
data bus 30 and the reference signal bus 31. The reference
signal bus 31 is the primary source of data pulses required by
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the microcontroller 2. The more sensitive sync separator 4, as
previously described, is the primary source of the pre-cor-
rected composite sync signal 22 to be corrected and/or modi-
fied by the sync processor 5. The pre-corrected composite
sync signal 22 is also applied to an input of the microcontrol-
ler 2 as supplemental data for any optional operations desired.
Many integrated circuits provide outputs that are void of
pseudo sync pulses, such as the E1.1883 and the ISL.59885.
Both of these circuits have replaced the even/odd field output
with a horizontal sync output, which requires that a means of
field detection would be that of a function of the format
detector/selector 8 or a sub-routine of the user program of the
microcontroller 2. The IS[.59885 replaces the back porch
output with a HD output which provides SD or standard
definition or HD or high definition detection. Other integrated
circuits, such as the EL.4511 and the EL.4583, provide addi-
tional signals that may be used for further processing, thus
increasing the amount of data available to be considered in the
user program and acted on by the microcontroller 2. The
major advantages of the use of these integrated circuits are
obviously the available diverse signals and versatility, as well
as the reduced number of circuit elements and reduced cost.
Still in another embodiment of the present invention, as illus-
trated in FIG. 3, an auxiliary microcontroller 12 is incorpo-
rated in a master-slave or co-processor circuit in a device 11,
replacing the reference generator 3 and the format detector/
selector 8 of the device 1 in FIG. 1 and device 10 in FIG. 2.
FIG. 4 illustrates another embodiment of the present inven-
tion, in which a microcontroller 20 in a device 50 replaces the
microcontroller 2 and the auxiliary microcontroller 12 of
device 11 in FIG. 3, and replaces the microcontroller 2, ref-
erence generator 3, and format detector/selector 8 of device 1
in FIG. 1 and device 10 in FIG. 2. The microcontroller 2, the
microcontroller 12 and the microcontroller 20 of the embodi-
ments of the present invention will each have an operating or
system clock of at least ten megahertz and be able to complete
one instruction per cycle through a majority of the instruction
set. These minimum requirements are set forth to ensure
adequate processing. A major advantage of the use of the
microcontroller is its ability to emulate a majority of hybrid
and specialized sync processing circuit. This is dependent
upon the available auxiliary functions, system clock speed,
program memory capacity and the user program and/or a
sub-routine within a program which directs microcontroller
2, microcontroller 12 and microcontroller 20 to perform the
operations of the said sync circuits. For those skilled in the art,
the incorporation of said integrated circuits would require
adherence to proper design criteria to ensure overall circuit
compatibility.

In more detail, still referring to the embodiment of the
present invention of FIG. 1, the output signals from the micro-
controller 2 are, but not limited to, a sync pulse signal 23, a
back porch signal 24, and a pulse-to-pulse interval signal 25
and are applied to the appropriate inputs of the sync processor
5. The microcontroller 2 does not generate these signals until
the examplatory interrupt-generated program is running. The
microcontroller 2 and the sync processor 5 regulate pulse
duration, masking and timing, insertion of missing pulses,
detection and/or insertion of pseudo sync pulses and the syn-
thesis of sync pulse phase-shift of the pre-corrected compos-
ite sync signal 22. FIG. 5 illustrates details of an example sync
processor 5 consisting of, but not limited to, five digital logic
gates. The pre-corrected composite sync signal 22 is applied
to one input of a logical AND gate 40. The sync pulse signal
23, from the microcontroller 2, is applied to the other input of
the logical AND gate 40 which has a function to ensure that
any sync pulse being processed is of the minimum duration
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required for the video format detected and/or selected. This
includes not only the horizontal sync pulses, but also the
pre-equalizing pulses, post-equalizing pulses, and the vertical
sync pulses as well, if within the user program content.
Another function of the logical AND gate 40 is to assist in the
synthesis of sync pulse phase-shift by increasing the duration
of the leading or lagging edge of the sync pulse being pro-
cessed. Increasing the duration of'the said sync pulse from its
leading edge has the effect of advancing the said pulse once
the pulse duration is equally decreased from its lagging edge.
Conversely, increasing the duration of the said sync pulse
from its lagging edge has the effect of retarding the said pulse
once the pulse duration is equally decreased from its leading
edge. Still, another function of the logical AND gate 40 is to
insert missing pulses. Missing pulses are detected by the
microcontroller 2 with a appropriate program and are gener-
ated as a pulse in the sync pulse signal 23. Another function of
the logical AND gate 40 is the insertion of pseudo sync pulse.
This enables all devices of all the embodiments of the present
invention to have the potential of being an encoder/decoder.
The output of the logical AND gate 40 is connected to one
input of a logical OR gate 41. The back porch signal 24 from
the microcontroller 2 is applied to the other input of the
logical OR gate 41 which functions to compensate for the
normal color burst signal detected by the sync separator 3.
This is accomplished by the introduction of a corresponding
positive pulse in the back porch signal 24. The output of the
logical OR gate 41, which may contain pseudo sync pulse
elements, is applied to one input of a logical OR gate 42 and
to one input of a logical X-OR gate 44. The pulse-to-pulse
interval signal 25 from the microcontroller 2 is applied to the
other input of the logical OR gate 42 which has a function to
provide additional compensation for the said color burst sig-
nal and to eliminate or mask the pseudo sync pulses, if any,
contained in the pre-corrected composite sync signal 22. This
is accomplished by the introduction of a positive pulse in the
pulse-to-pulse interval signal 25 generated by the microcon-
troller 2 corresponding to the interval between pulses. The
pulse length is dependent upon which portion of the pre-
corrected composite sync signal 22 is being processed at that
time. Another function of logical OR gate 42 is to assist in the
synthesis of sync pulse phase-shift in advancing the leading
edge or retarding the lagging edge of a sync pulse by decreas-
ing the duration of the said sync pulse lengthened by logical
AND gate 40 as previously described. The output of the
logical OR gate 42 is a corrected composite sync signal 27
which is applied to the input of a logical inverter 43 and to the
other input of the logical X-OR gate 44. The output of the
logical inverter 43 is a corrected inverted composite sync
signal 28. The output of the logical X-or gate is an error signal
which is a pseudo sync signal 29. The pseudo sync signal 29
contains pseudo sync pulses to be stripped and/or portions of
pulses to be stripped as part of the synthesis of sync pulse
phase-shift process. Referring to FIG. 1 and considering the
foregoing partial description of the device 1, it may be seen
that the microcontroller 2, the reference generator 3 and the
sync processor 5 form a loop that has some of the operational
characteristics analogous to that of a phase locked loop or
PLL, whose operation is known to those skilled in the art.
When the microcontroller 2 is initialized and awaiting the
first interrupt or has just finished executing an interrupt ser-
vice routine and is awaiting the next interrupt, the outputs of
the microcontroller 2 which generates each of the aforemen-
tioned signals are each placed at a specific logic level. In this
embodiment of the present invention, the sync pulse signal 23
is placed at a digital logic level of one, the back porch signal
24 is placed at a digital logic level of zero, and the pulse-to-
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pulse interval signal 25 is placed at a digital logic level of
zero. These specified digital logic levels enable the sync
processor 5 to pass the pre-corrected composite sync signal
22 unaltered until the program is running. The pseudo sync
signal 29 is void of any pseudo sync pulses and remains at a
digital logic level zero during this time. Once the reference
generator 3 produces a vertical sync pulse, the interrupt-
generated program instructs the microcontroller 2 to identify
the format detected and/or selected by means of the format
detector/selector 8 and to spontaneously generate the afore-
mentioned signals which are applied to the sync processor 5
to produce the remainder of the vertical sync pulses and
produce the post-equalizing pulse portion of the format
detected and/or selected. The commonly used formats are the
NTSC, PAL and SECAM television standards, which are
further, divided into SDTV formats with several different
aspect ratios available. These format parameters are pro-
grammed, as required, into the program memory of the
microcontroller 2. The format detector/selector 8 has, but not
limited to, one digital logic output contained within a format
data bus 32 that is used to determine what part of the program
the microcontroller 2 is directed to. The format detector/
selector 8 operates by means of an automatic detection or
determining device or by means of a manual selection device.
In addition to the pre-corrected composite sync signal 22
from the sync separator 4, a reference data bus 30 consisting
of, but not limited to, one data signal produced by the refer-
ence generator 3, is applied to an input of the format detector/
selector 8 for any required processing. The microcontroller 2
is then directed by the program to start the required counting,
1/0, logic and timing operations in order to generate the
necessary signals and execute the interrupt service routine.
FIG. 7A illustrates two sets of five waveform diagrams. Each
set contains waveform diagrams of the pre-corrected com-
posite sync signal 22, the sync pulse signal 23, the back porch
signal 24, the pulse-to-pulse interval signal 25 and a gate
signal 26 produced by the microcontroller 2, when processing
anormal, standard 4:3 aspect ratio, standard definition NTSC
video signal. One set relates to the odd field of a complete
frame while the other set relates to the even field of said frame.
The waveforms depicted are those of a particular user pro-
gram with ideal conditions. A plurality of user programs is
applicable to any one of the embodiments of the present
invention and results in a plurality of available waveforms
which may differ slightly in appearance than those of FIG.
7A.

In the preferred embodiment of the present invention, the
user program directs the microcontroller 2 to generate a sync
pulse of the sync pulse signal 23, which is a negative going
pulse, on the leading edge or falling edge of a horizontal sync
pulse of a composite sync signal contained within the refer-
ence signal bus 31 generated by the reference signal generator
3. Once the microcontroller 2 detects the leading or falling
edge of'the said horizontal sync pulse, there are a minimum of
instructions which must be performed by the microcontroller
2 to produce the required outputs. Three instructions are
typical of most microcontrollers and are as follows as an
example. The first of these typical instructions is a test bit
instruction which would generally take two clock cycles. The
next typical instruction would be a load data into the accu-
mulator or register instruction using one clock cycle. The final
typical instruction is a port output instruction to initiate the
sync pulse signal 23. The generation of the sync pulse signal
23 is delayed by four clock cycles and is taken into account in
the user program by defining the duration of the horizontal
sync pulse as 4.7 microseconds minus four clock cycles.
Instruction execution times and delays are similarly taken
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into account in this manner in all programs of all microcon-
trollers of all the embodiments of the present invention. FIG.
7B illustrates, in detail, one examplatory line of the afore-
mentioned signals generated by the microcontroller 2. The
system clock is twenty megahertz in this particular illustra-
tion. It follows that each sync pulse of the sync pulse signal 23
is lagging the said horizontal sync pulse of the reference
signal bus 31 by four tenths of a microsecond or four hundred
nanoseconds. The output of the logical AND gate 40 is of a
duration of 4.7 microseconds for blanked video lines of the
Vertical Blanking Interval or VBI and for the active video
lines of the remainder of the current field. The microcontrol-
ler ignores any other pulses until the back porch signal 24
output and the pulse-to-pulse interval signal 25 output have
completed their respective single pulse generation that com-
pliments the said sync pulse. In the preferred embodiment of
the present invention, the microcontroller 2 generates the
back porch signal 24, which is a positive going pulse of a3.2
microsecond duration, when the microcontroller 2 ends the
sync pulse generation of the sync pulse signal 23. This occurs
on the same output instruction of the user program that ter-
minates the generation of the sync pulse of the sync pulse
signal 23. The normal back porch duration is 4.7 microsec-
onds. The back porch signal 24 duration is the sum of the
breezeway duration and the color burst signal duration. The
breezeway is of a duration of 0.38 microseconds and the color
burst signal is ten cycles of a 3,579,545 Hz waveform or 2.79
microsecond duration. This shorter pulse will enable the
detection of pseudo sync pulse immediately following the
color burst signal. The pulse-to-pulse interval signal 25 is
comprised of a series of interval pulses with the first interval
pulse being the remainder of the interval between the first two
vertical pulses that is spontaneously generated at the start of
the said interrupt service routine. The pulse-to-pulse interval
signal 25 then follows the remainder of the vertical pulse
sequence through the post-equalizing pulse sequence. The
countdown to the last post-equalizing pulse by the microcon-
troller 2 triggers a positive going pulse whose duration is
dependent upon the field being processed, which is contained
in the user program. The microcontroller 2 times out the
appropriate interval value for the length of the pulse to end
just before the leading edge of the first horizontal sync pulse.
The final sequence of positive going interval pulses com-
mences when the microcontroller 2 ends the generation of the
sync pulse signal 23 and the start of the back porch signal 24.
Again, this occurs on the same output instruction of the user
program that terminates the generation of the sync pulse of
the sync pulse signal 23. The microcontroller 2 times out each
interval pulse, according to the user program, which in the
case of the NTSC SDTV format, which is duration of 57.4
microseconds. The duration the interval pulses may be
extended to include the front porch portion of the next line,
just ahead of the next horizontal pulse of the pre-corrected
composite sync signal 22. The front porch portion of a video
line has a duration of 1.4 microseconds, thus the duration of
the interval pulses would be 58.8 microseconds. These pulses
are generated until the end of the field as determined by the
said user program. These interval pulses are the pulse-to-
pulse interval signal 25, which may vary in duration and
sequence of operation from format to format and in the fore-
going example of operation is typical of the NTSC SDTV
format.

Referring again to FIG. 1, the sync inserter/stripper ampli-
fier 7 has, but not limited to, three input signals, which are the
video signal 21, the corrected inverted composite sync signal
28 and the pseudo sync signal 29. FIG. 6 illustrates details of
an example sync inserter/stripper amplifier 6, consisting of,
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but not limited to, three voltage limiting operational amplifi-
ers, which are configured as a composite sync comparator 45,
a pseudo sync comparator 47 and a video buffer 46. Sync
inserters and sync strippers are well known to those skilled in
the art and the video electronics industry, especially cable
antenna television or CATV. The composite sync comparator
45 is operated as an open loop comparator with the high
output voltage limiting pin NC1 open, the low output voltage-
limiting pin at a negative voltage V2, and a positive threshold
voltage V1 applied to the non-inverting input. The positive
threshold voltage V1 is one-half a logic level of one and the
corrected inverted composite sync signal 28 is applied to the
inverting input of the composite sync comparator 45. The
output of the composite sync comparator 45 is applied to the
high output voltage-limiting pin of the video bufter 46. When
the corrected inverted composite sync signal 28 is below the
positive threshold voltage V1 indicating the absence of a sync
pulse, the composite sync comparator 45 is off and has no
effect on the operation of the video buffer 46. Once the
corrected inverted composite sync signal 28 is above the
positive threshold voltage V1, indicating the presence of a
sync pulse, and the sync comparator 45 turns on and produces
an output pulse limited to the negative voltage V2, which is
applied to the high output voltage-limiting pin of the video
buffer 46. This condition inserts the corrected inverted com-
posite sync signal 28 onto the video signal 21, generating a
signal that is sync corrected and/or maintained depending
upon the degree of sync degradation. Referring again to FIG.
6, the pseudo sync comparator 47 is operated as an open loop
comparator with the low output voltage limiting pin NC2
open, the high output voltage-limiting pin GND applied to
ground and a positive threshold voltage V3 applied to the
inverting input. The positive threshold voltage V3 is one-half
alogic level of one and the pseudo sync signal 29 is applied to
the non-inverting input of the pseudo sync comparator 47.
The output of the pseudo sync comparator 47 is applied to the
low output voltage-limiting pin of the video buffer 46. When
the pseudo sync signal is below the positive threshold voltage
V3, indicating the absence of any pseudo sync pulses, the
pseudo sync comparator 47 is off and has no effect on the
operation of video buffer 46. Once the pseudo sync signal 29
is above the positive threshold voltage V3, indicating the
presence of a pseudo sync pulse, the pseudo sync comparator
47 turns on and produces an output to ground, which is
applied to the low output voltage-limiting pin of video buffer
46. This condition grounds or strips the pseudo sync pulse
from the video signal 21. The resultant output from the video
sync inserter/stripper amplifier 6 is a sync corrected video
signal 33.

Referring to FIG. 1, the sync corrected video signal 33 is
applied to the video input of the DC restored amplifier 7.
There are many DC restored amplifiers commercially avail-
able as complete units in the form of an integrated circuits,
such as the EL4089 and the EL.4390. The EL.4089 is a com-
plete single video amplifier subsystem. The E[.4390 provides
three channel operation for RGB and YUV applications. FI1G.
9 depicts an illustrative example of the DC restored amplifier
7 that is typical of operation pursuant to that of the present
invention. The microcontroller 2 generates a gate signal 26,
which controls a gate 60 during the portions of the video
signal that are to be DC restored via a DC loop amplifier 61.
A resistor 73 and a capacitor 74 form a low pass filter as part
of'the DC loop. When the gate 60 of the DC restored amplifier
7 is active, the incoming signal, which is the sync corrected
video signal 33, is DC restored to ground. When the gate is not
active, the sync corrected video signal 33 passes through a
video amplifier 62 unaltered except for amplification deter-
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mined by a feedback loop of a resistor 71 and a resistor 72. In
one embodiment of the present invention, the gate signal 26
produced by the microcontroller 2 is a combination of the first
portion of the pulse-to-pulse interval signal 25, the latter
portion of the back porch signal 24 and the addition of posi-
tive front porch pulses 36 in complementary fashion with the
back porch signal 24. The duration of the positive front porch
pulses 36 are of 1.4 microseconds each. The example gate
signal 26 is further illustrated in FIG. 7C. The first part of the
gate signal 26 is the beginning of pulse-to-pulse interval
signal 25 to the end of the vertical blanking interval or VBI.
From the end of the VBI to the end of the interrupt service
routine, the front porch pulses 36 and the back porch signal 24
comprise the gate signal 26. The output of the DC restored
amplifier is the AGC/sync corrected video signal 34.

FIG. 8 illustrates another embodiment of the present inven-
tion, where a device 13 is configured as a copy protection
signal decoder/encoder. An AGC level signal bus 35 consist-
ing of, but not limited to, one digital control signal which
controls the selection of the level of the AGC pulse genera-
tion. The device 13 differs from device 1 of FIG. 1 only in the
addition of an AGC level signal bus 35 from the microcon-
troller 2 to the DC restored amplifier 7. FIG. 11 illustrates
another embodiment of the present invention, where device
14 is configured as a copy protection signal decoder/encoder.
The device 14 of FIG. 11 differs from the device 10 of FIG. 2
only in the addition of an AGC level signal bus 35 from the
microcontroller 2 to the DC restored amplifier 7. FIG. 12
illustrates another embodiment of the present invention,
where device 15 is configured as a copy protection signal
decoder/encoder. The device 15 of FIG. 12 differs from
device 11 of FIG. 3 only in the addition of an AGC level signal
bus 35 from the microcontroller 2 to the DC restored amplifier
7. FIG. 13 illustrates another embodiment of the present
invention, where a device 16 is configured as a copy protec-
tion signal decoder/encoder. The device 16 of FIG. 13 differs
from the device 50 of FIG. 4 only in the addition of an AGC
level signal bus 35 from the microcontroller 2 to the DC
restored amplifier 7. FIG. 10A is an example of an application
of'the AGC level signal bus 35 in which the AGC level of the
DC restored amplifier 7 is switched alternatively to 0 IRE or
100 IRE by the microcontroller 2. This is accomplished by the
use of a voltage divider consisting of a resistor 63 and a
resistor 64. FIG. 10B and FIG. 10C each illustrate an example
of'an application of the AGC level signal bus 35 in which the
AGC level of the DC restored amplifier 7 is switched alter-
natively to one of multiple values. FIG. 10B depicts the AGC
level signal bus 35, for example, consisting of four signals
from the microcontroller 2. Only one signal is activated at any
one time and each signal is the voltage supply for each bias
network. Each bias network consists of a blocking diode 65a,
65b, 65¢ or 65d, a bias resistor 66a, 665, 66¢ or 66d and a
common bias resistor 67. Each bias resistor 65a, 655, 65¢ and
654 are of different values chosen to bias the DC loop ampli-
fier 61 at different reference voltages between corresponding
values of 0 IRE to 100 IRE. FIG. 10C depicts the AGC level
signal bus 35, for example, consisting of four signals from the
microcontroller 2. Only one signal is activated at any one time
and each signal drives a transistor 68a, 685, 68¢ or 684. Each
transistor controls the voltage supply for each bias network.
Each bias network consists of a bias resistor 69a, 695, 69¢ or
69d and a common bias resistor 70. Each bias resistor 69a,
695, 69¢ or 69d are of different values chosen to bias the DC
loop amplifier 61 at different reference voltages between
corresponding values of 0 IRE to 100 IRE. The generation of
positive AGC pulses as described is also applied in conjunc-
tion with the previously described synthesis of sync pulse






