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APPARATUS FOR TRACKING THE FLOW 
OF VIDEO SIGNALS BY INCORPORTATING 

PATTERNS OF MACHINE READABLE 
SIGNALS WHICH WILL APPEAR AT 
PREDETERMINED LOCATIONS OF A 

TELEVISION PICTURE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

CROSS REFERENCE TO RELATED 
APPLICATION 

The present application is a continuation-in-part of appli 
cation Ser. No. 08/003,481, ?led on Jan. 12, 1993, now US. 
Pat. No. 5,450,134. 

BACKGROUND OF THE INVENTION 

The present invention relates to the management of tele 
vision facilities, particularly for the purpose of tracking 
television programs stored, in recorded form, and being 
transmitted Within, the facility, as Well as programs being 
received and transmitted by the facility. 

Television programs, prior to broadcast or transmission 
over a cable system, may be conducted over a Wide variety 
of paths Within a facility and betWeen facilities. Up to the 
present, no system or procedures have been available to 
reliably monitor the How of such programs in real time. As 
a consequence, those managing such facilities generally 
must rely on the assumption that all operating personnel 
have taken the necessary steps to route the programs in the 
desired manner. At present, one of the most feasible proce 
dures for determining What has actually been broadcast or 
distributed by a cable system is to make an off-air recording 
of all programs Which have been broadcast or distributed to 
consumers. In other Words, this procedure only alloWs the 
required determination to be made offline and hence not in 
real time. 

The television industry has implemented several different 
computer systems and associated softWare designed to 
achieve speci?c objectives, such as the preparation of a log 
of programs to be broadcast or distributed. Some accounting 
programs have been developed Which make use of manually 
entered data derived from the log of the programs intended 
to be broadcast as Well as discrepancy reports from operators 
on duty at the time of broadcast and the vieWing of off-air 
recordings. In addition, some limited automation of on-air 
programs has been attempted. HoWever, to date, the capa 
bility of such systems is limited because, generally, they are 
not capable of automatically identifying the programs Which 
are being routed through, or are stored in, a facility. Thus, the 
timely distribution of television programs to consumers, 
either by broadcasting or by delivery to a cable network, is 
for the most part, if not entirely, dependent on, and in most 
instances can only be veri?ed by, the responsible operating 
personnel. 

SUMMARY OF THE INVENTION 

It is a primary object of the present invention to auto 
matically monitor the routing of television programs, or 
their elements, Within a facility and betWeen facilities in 
order to permit the automatic generation of a record of the 
path folloWed by each television program or element and the 
time at Which each program or element reached each dis 
tribution point along its routing path. 
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2 
A more speci?c object of the invention is to provide the 

video signals of each program With information Which 
identi?es the program and Which can be decoded in a 
manner to be supplied to a computer system, thereby alloW 
ing real time management of a television facility. 

Another speci?c object of the invention is to provide such 
program identifying information in the region of a video 
signal Which contains picture information, but Which does 
not interfere With vieWing of the associated program on a 
home receiver. 

The above and other objects are achieved according to the 
invention by the provision of apparatus for tracking the How 
of television programs Within a program distribution system, 
each program including a video signal Which contains 
information to generate a television picture, the distribution 
system including a plurality of units through Which the 
television programs ?oW, the apparatus comprising: ?rst 
signal processing means connected Within the system for 
adding signal elements to the video signal of a program in 
order to add patterns of symbols, referred to hereafter as 
icons, to the television picture such that the symbols are 
disposed at predetermined locations of the television picture 
and a plurality of successive patterns constitute a code 
uniquely identifying the program; and second signal pro 
cessing means connected Within the system for detecting 
signal elements previously added to a video signal and for 
producing, in response to such detection, an identi?cation of 
the program Which included the video signal. 

Objects according to the invention are further achieved by 
a method for tracking the How of television programs Within 
a program distribution system, each program including a 
video signal Which contains information to generate a tele 
vision picture, the distribution system including a plurality 
of units through Which the television programs ?oW, the 
method comprising: adding, in ?rst signal processing means 
connected Within the system, signal elements to the video 
signal of a program in order to add patterns of symbols, 
referred to hereafter as icons, to the television picture such 
that the symbols are disposed at predetermined locations of 
the television picture and a plurality of successive patterns 
constitute a code uniquely identifying the program; and 
detecting, in second signal processing means connected 
Within the system, signal elements previously added to a 
video signal and producing, in response to such detection, an 
identi?cation of the program Which included the video 
signal. 

Because the elements of a television program are routed 
through a number of pieces of signal processing equipment 
before broadcast or delivery to a consumer cable system, 
these elements are subject to various artifacts and distortions 
not found in the original program material. Additional 
artifacts and distortions Will, of course, be introduced into 
television signals during broadcast or distribution over a 
consumer cable system. All portions of a video signal not 
contained Within the active picture Window, also knoWn as 
the scattered image area, Which contains picture information 
are subject to and indeed are at some point reshaped, 
retimed, and/or replaced, Which can make any information 
scheme using these areas often unreliable at best. The most 
reliable place to insert any form of identi?cation scheme is 
therefore in the active picture area. 
One major problem associated With using the active 

picture area is that the information may be inserted at a 
location Which is objectionable to the vieWer. 
The present invention obviates, or at least substantially 

ameliorates, the ?rst of these problems by utilizing icons 
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Which are relatively small compared to the picture as a 
Whole, and by inserting these icons into video signals so that, 
in a picture produced by those signals, these icons Will be 
located in an area of the picture Which Will no be seen on a 
properly adjusted home television receiver. This area Will be 
referred to hereafter as the icon area. The outer boundary of 
the icon area coincides With the boundary of the above 
mentioned scattered image area and the inner boundary of 
the icon area preferably coincides With the boundary of an 
area knoWn in the art as the safe title area, and more 
preferably With the boundary of an area knoWn in the art as 
the safe action area, Which is slightly larger than the safe title 
area. The form and dimensions of these areas Will be 
described beloW. In a properly adjusted home television 
receiver, the picture Width and height adjustments are set to 
cause electron beam scanning to correspond to an area 
slightly larger than the picture tube usable area. Ideally, the 
adjustments are set so that the safe action area of the picture 
corresponds to the picture tube usable area. 
A second problem is that distortions and artifacts eXist 

When the program is vieWed by the consumer. While these 
distortions may not be objectionable to the consumer, they 
may still cause unreliability in digital systems. 

For eXample, because of the inherent characteristics of 
equipment Which is currently employed for processing video 
signals, there are certain obstacles to accurate placement of 
information at de?ned locations of a picture area. As regards 
accurate positioning in the vertical direction, picture line 
counting is performed using the vertical sync as a reference, 
and digital video processors and video tape recording time 
base correctors replace both vertical and horiZontal sync 
pulses. Therefore, the accuracy With Which a particular 
picture line can be determined is a function of each indi 
vidual piece of equipment employed during the processing. 
A common problem With some of the more popular video 
tape recorders is that they can lock to a video signal one line 
late. The time base corrector Will then add sync information 
so as to shift the picture one line vertically. These shifts go 
unnoticed by the vieWer because the missing line is outside 
of the picture area normally vieWed on a home receiver. 

With regard to picture element positions in the horiZontal 
direction, the position of any picture element along a line of 
actual video is referenced to the leading edge of the hori 
Zontal sync pulse for that line. The types of video processing 
equipment referred to above and even the older analog 
processing ampli?ers have the ability to change this rela 
tionship. Again, the vieWer is not affected by such changes 
because they have no reference as to the actual location of 
the picture edge. In practice, this error is held to approXi 
mately one-half cycle of the subcarrier because larger 
amounts of picture phase error Would cause horiZontal 
blanking to eXpand beyond permissible limits. 

Existing equipment also presents problems relating to 
analog brightness level and linearity of signal ampli?cation. 
Even distribution ampli?ers, Which are the simplest element 
employed in television processing systems, can introduce 
signi?cant analog errors into signals Which they process. 
These errors include errors relating to differential gain, 
signal compression, high or loW brightness levels, nonlinear 
transfer functions, etc. More complicated equipment can 
introduce even higher error levels. Therefore, When digitiZ 
ing a signal Which has passed through any of these devices, 
quantiZing errors are likely to occur. 

The elements, or icons, employed to provide information 
in accordance With the present invention have the capability 
of retaining their information content even When the video 
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4 
signals in Which they are contained are subjected to the 
various shifts and distortions mentioned above. The icons 
are constituted by simple patterns Which have suf?cient 
redundancy to assure reliable detection even after having 
been subjected to vertical and horiZontal displacements of 
the type described above. In order to assure reliable decod 
ing even if the icons have been subjected to analog level 
quantiZing errors, each picture frame includes, in a de?ned 
area, a speci?c reference icon having regions Which repre 
sent picture black, White and gray levels. The difference 
betWeen the knoWn values of these levels and the piXel 
values encountered When reading the reference icon gives an 
indication of the magnitude of gain and linearity errors 
Which occurred subsequent to encoding. This information 
can be used as offsets in reading the icons recovered from 
the other three icon areas of a picture frame. 

More speci?cally, the invention enables the problems 
relating to picture element position shifts and analog signal 
distortion to be overcome by using icon patterns Which can 
be reliably detected and identi?ed With the aid of currently 
available technology, employing fuZZy logic, even in the 
presence of high levels of noise or distortion. As opposed to 
detection techniques employing the classic Boolean logic, 
Where each signal element can have only one of tWo values, 
0 or 1, fuZZy logic can associate each signal element With a 
value in a substantially continuous range betWeen 0 and 1. 
Therefore, fuZZy logic pattern recovery does not rely on a 
perfect match. It returns a value as to the closeness of a 
match. Reasonable amounts of noise or distortion do not 
hamper symbol recovery When the icons are constituted by 
patterns Within parameters contemplated by the present 
invention, giving the system a robustness not found in 
Boolean based information systems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing a conventional tele 
vision facility equipped With components for implementing 
the present invention. 

FIG. 2 is a block diagram shoWing one of the components 
according to the invention provided in the system of FIG. 1. 

FIG. 3A is a block diagram of one unit of the component 
of FIG. 2. 

FIG. 3B is a block diagram shoWing those portions of the 
unit of FIG. 3 for inserting icons into a video signal; 

FIG. 3C is a block diagram shoWing those portions of the 
unit of FIG. 3 for reading icons from a video signal; 

FIG. 3D is a block diagram shoWing those portions of the 
unit of FIG. 3 for identifying icons read from a video signal; 

FIG. 4 is a pictorial vieW of a television picture screen, 
shoWing the location of identifying elements in accordance 
With the present invention. 

FIGS. 5A—5B are pictorial vieWs of portions of a variety 
of identifying patterns Which can be employed in the prac 
tice of the present invention. 

FIGS. 6A—6C are timing diagrams illustrating the opera 
tion of the device of FIG. 3. 

FIG. 7 is a pictorial vieW, similar to that of FIG. 4, 
illustrating a further implementation of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a block diagram of a typical television distri 
bution system Which can be constructed in accordance With 
the present invention. The con?guration of the eXemplary 
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system has been selected arbitrarily, simply for purposes of 
illustration. It is to be understood that any television pro 
gram distribution system, regardless of its complexity and/or 
geographic extent, could serve as a basis for implementation 
of the invention. Furthermore, although the illustrated 
embodiment is described in connection With the N.T.S.C. 
standard, it should be appreciated that the present invention 
is applicable to all video formats, both those in present use 
as Well as those formats Which Will be developed in the 
future. 

The system illustrated in FIG. 1 includes television signal 
processing components, such as a satellite receiver 102, a 
video tape recorder 104 and a television signal processing 
and control area, knoWn in the industry as a break studio, 
106. Satellite receiver 102 is connected to a receiving 
antenna 112 for receiving programs Which are doWnloaded 
from a satellite and programs arriving at receiver 102 are 
conducted via a router 114 to other components of the 
system, such as the components 104 and 106. Thus, a 
program arriving via a doWnlink at receiver 102 can be 
recorded by recorder 104 or immediately sent out over the 
air via control unit 106. Alternatively, a tape carrying a 
program Which has previously been recorded can be con 
ducted from VTR 104 to control unit 106 via router 114. 

The system as thus far described represents an 
operational, albeit simple, television station. In accordance 
With the present invention, specially designed nodes 120 are 
connected to each junction Where television program signals 
enter, leave, or can be routed Within, the station. As Will be 
explained in greater detail beloW, each of these nodes 120 
can be controlled to identify each television program, or 
transmission, Which passes therethrough, and/or to insert 
identifying indicia into each such transmission. 

The system shoWn in FIG. 1 is completed by units Which 
are provided to utiliZe information provided in a video signal 
in accordance With the present invention, and Which are 
coupled to nodes 120 by a cable 122. These additional units 
include a supervisory computer system composed of, for 
example, a unit 130 Which maintains a schedule of the daily 
Work to be performed at the station, a unit 132 Which 
provides a log of programming Which Will be broadcast by 
the station, a unit 134 performing accounting functions, and 
one or more units 136 performing miscellaneous tasks 
requiring information provided in accordance With the 
present invention. The supervisory computer system may 
also store information identifying the desired broadcast time 
of a program and use that information in conjunction With 
information indicating the location, ie the tape recorder, 
Where the program is stored to issue control signals Which 
begin playback and route the recorded output to the station 
transmitter. 

The station further includes an engineering netWork com 
posed of a unit 140 Which stores the identi?cation of each 
program handled by the station, a unit 142 Which stores data 
relating to the technical quality of the picture and sound 
content of programming received and sent, a unit 144 Which 
may perform miscellaneous tasks, a unit 146 Which consti 
tutes a ?le server that maintains an updated record of 
relevant data relating to the programming received and 
broadcast by the station and a unit 148 Which permits 
exchange of information betWeen units 130—136, on the one 
hand, and units 140—146, on the other hand. 

The term “program” appearing in various legends in FIG. 
1, and elseWhere herein, is employed to mean an identi?able 
television program element, ie a completed TV shoW or 
production, commercials, public service announcements, 
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6 
and any other segment, Which Will be or have been 
assembled for broadcast over the air or via a cable system. 
Of course, such a program may also be a live broadcast, such 
as of a neWs story or a sporting event. The structure and 
arrangement of conventional broadcast facilities are 
described in the current edition of the NAB (National 
Association of Broadcasters) Engineering Handbook. 

FIG. 2 is a block diagram shoWing one embodiment of a 
node 120 according to the present invention. The node 
includes an interface 202 Which connects the node to cable 
122. Interface 202 may be a local area netWork controller 
such as an interface marketed by Standard Microsystems 
Corp. under the model designation COM20020. Interface 
202 is connected via a control bus 204 and an address/data 
bus 206 to a CPU 210, a system memory 212 and a real time 
clock 214. CPU 210 is connected via a master/slave control 
bus 220 to one or more modules 222, 224, 226 and 228. 

Module 222 is constructed and controlled for inserting 
identifying indicia such as “icons” into a video signal or to 
read icons Which have previously been inserted into the 
video signal. Module 222 includes an analog portion and a 
digital portion Which can derive digital signals representa 
tive of icons in a video signal processed in the analog 
portion. The time at Which a set of icons passes a particular 
node can be read from clock 214 and stored With data 
identifying the program and the node Which it passed. 
Module 224 is a machine control module Which can be 

con?gured to control the operation of a component of the 
television distribution system in response to information 
derived from the video signal by module 222. Examples of 
components Which are adapted for machine control include 
character generators, routers and video tape recorders such 
as the Ampex VPR-2B and the Ampex VPR-250 and other 
addressable components, such as video ?le servers. 

Module 226 is a digital audio icon interface Which can 
modify the audio portion of a television program in response 
to information Which has been added to the video signal 
thereof and decoded in module 222. Module 228 is a station 
time reader Which receives an input representing the current 
time and associates a time indication, or stamp, With each set 
of data obtained from module 222. 

Machine control 224 and interface 226 are optional com 
ponents Which can be provided When desired. Certain of the 
capabilities Which Will be created by provision of such 
components Will be described beloW, after the device and 
procedure for inserting information into a video signal and 
reading such information have been described. 

FIG. 3A is a schematic block diagram of the icon encode/ 
decode module 222. FIGS. 3B—3D depict various portions of 
the module 222 in accordance With the function performed. 
FIGS. 6A—6C are timing diagrams shoWing the Waveforms 
of signals at certain points in the circuits of FIGS. 3B—3D, 
respectively. The locations in the circuits of FIGS. 3B—3D 
Where the signals of FIGS. 6A—6C appear are indicated by 
letters corresponding to those identifying the corresponding 
Waveforms of FIGS. 6A—6C. 

Turning ?rst to FIG. 3B, there is illustrated one preferred 
embodiment of the portion of module 222 Which interacts 
With a video signal in order to insert information into the 
signal. The circuit shoWn in FIG. 3B includes a video buffer 
302 and a key ampli?er 304 Which are connected together in 
series in the associated television signal path. The video 
signal applied to the input of ampli?er 302, Waveforms a and 
a‘ in FIG. 6A, is conducted Without modi?cation to a ?rst 
signal input of ampli?er 304. Key Ampli?er 304 is a 
conventional element used in television signal processing 
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systems. It is basically a high speed video switch that passes, 
in this case, either the unmodi?ed input video or video in 
Which identifying information has been inserted after a D/A 
conversion process. In the illustrated embodiment, this iden 
tifying information is preferably in the form of graphic 
symbols or “icons” as explained beloW. Selection of the 
input signal to ampli?er 304 is controlled by the signal 
“Insert”, Waveform s of FIG. 6A, Which is generated by a 
sync stripper/clock generator circuit 306. 

The video signal leaving buffer ampli?er 302 is conducted 
to the sync stripper/clock generator 306 Which has a basic 
timing element. The circuit 306 includes a type LM1881 
video sync separator chip marketed by National 
Semiconductor, the output of Which (designated INSERT) is 
connected to a subsidiary clock generator 310 as Well as the 
key ampli?er 304. The ampli?er 304 has a second video 
input Which receives one or more icons Which can be added 
to the video signal. The icon data is provided to the second 
video input of ampli?er 304 by circuitry Which includes a 
FIFO memory 320 and a digital/analog converter 322. 
Signals representing the desired icon patterns are read from 
memory 320, are converted to analog form in converter 322 
and are added to the video signal at the appropriate points in 
time. 

Devices 306 and 320 are controlled by a microprocessor 
330 Which has an associated memory 332. Microprocessor 
330 is connected to clock generator 306 via a control bus 
340. Microprocessor 330 is connected to memory 332 and 
memory 320 via a data bus 342 and an address bus 344. 

A signal upiinsertienable (Waveform r in FIG. 6A) is 
generated in device 306 and supplied to microprocessor 330 
via control bus 340. This signal alerts the microprocessor to 
load FIFO memory 320 With appropriate icon patterns stored 
in the microprocessor’s associated memory 332. Micropro 
cessor 330 does not have to load memory 320 With all icons 
to be stored into a frame at one time since the FIFO memory 
320 can be read from and Written to at the same time. In the 
illustrated embodiment, the data for only the ?rst line of 
icons to be inserted into the frame is loaded into the FIFO 
memory at a time. 

At the desired location in the ?eld or ?elds of the frame 
of the video signal, the clock generator 306 under the control 
of the microprocessor 330, activates the timing signal 
INSERT Which causes the clock generator 310 to issue a 
series of rapid clock pulses to the FIFO memory 320 and the 
D/A converter 322. The FIFO memory 320, in response to 
these clock pulses, outputs the previously stored icon 
information, a piXel at a time, Which is converted to analog 
form by the converter 322 and is then inserted into the video 
signal by the key ampli?er 304. 

In this manner, information identifying a program may be 
added to the video signal of the program. The information is 
in the form of signal components Which Will appear at 
selected locations in the resulting television picture as icons, 
or graphic symbols. These icons can appear in a variety of 
patterns; each pattern represents a speci?c information unit, 
or datum; and a succession of these patterns provides the 
desired information. 

In the illustrated embodiment, for each icon, a ?rst set of 
piXels is inserted in successive lines of Field 1 of the frame 
as shoWn for eXample in FIG. 5A. To complete the icon, a 
second set of piXels is inserted in associated successive lines 
of Field 2 of the same frame. 

To read the icons, the video signals in the preselected 
areas reserved for icons are converted into digital piXel 
signals and are then stored in memory 314 of FIG. 3C at 
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locations such that all piXels of Fields 1 and 2 for a given 
icon can be read out together in a selected order. FIG. 4 
shoWs an eXample of four such icon areas 404a—404d of a 
video frame. It is recogniZed that the icons may be placed in 
other areas of the frame. 

The vertical positions and eXtents of icon areas 404 are 
determined by counting the horiZontal sync pulses from the 
start of each ?eld and producing vertical gate pulses in 
response to selected horiZontal sync pulses. In the illustrated 
embodiment, tWo icons are inserted into lines 22—27 and tWo 
are inserted into lines 257—262 of each frame for a total of 
four icons per frame, as shoWn in FIG. 4. Since each frame 
has tWo interleaved ?elds, each icon has a vertical height of 
12 lines as shoWn in FIG. 5A. It should be appreciated of 
course that various numbers of icons can be inserted into a 
particular frame. For eXample, three icons can be stacked in 
the same horiZontal position in each corner of the frame for 
a total of 12 icons per frame. 

The horiZontal positions and eXtents of icon areas 404 are 
determined by producing a train of piXel clock pulses Which 
divide each scan line into a plurality of piXel locations, 
counting these piXel clock pulses and producing horiZontal 
gate pulses in response to selected piXel clock pulses. The 
coincidence of vertical and horiZontal gate pulses corre 
spond to an icon area. 

FIG. 6B contains timing diagrams shoWing the Wave 
forms of signals at certain points in the circuit of FIG. 3C. 
In FIG. 6B, Waveforms a and a‘ shoW tWo successive parts 
of one ?eld of a color television signal Which starts With a 
vertical blanking interval, to the left of Waveform a of FIG. 
6B during Which equalizing pulses and sync pulses are 
provided, folloWed by eleven picture lines (picture lines 
10—20) Which Will not appear on the television screen. The 
vertical blanking interval is folloWed by an active video 
period composed of 2421/2 picture lines. As is knoWn, each 
picture line includes a horiZontal sync pulse 610, a color 
burst 612 and a picture information region 614. The region 
614 containing picture information is depicted as a pulse in 
picture line 21 but is not depleted for the other picture lines. 

FIG. 6B shoWs, at Waveform g, the ?eld identi?cation 
pulse, oddieven, eXtracted from each ?eld signal by device 
306 of FIG. 3C. The oddieven signal is conducted to the 
reset input RST of a counter 309, the output of Which is a ten 
bit parallel digital signal that represents the piXel address 
Within the frame. Thus, the counter 309 resets and generates 
sequential ten bit piXel addresses When the ?eld changes 
from odd to even and vice versa. It Will be appreciated that 
the piXel frame addresses of each icon piXel Will not be 
contiguous from line to line. Consequently, the ten bit piXel 
address generated by the counter 309 is conducted to a 
PROM device 312 Which re-maps the piXel frame address to 
contiguous memory addresses of the memory 314. As a 
result, the piXels of each read icon entering memory 314 is 
stored into contiguous memory locations. 

In FIG. 6B Waveform b represents horiZontal sync pulses, 
separated hisync, eXtracted from the video signal of Wave 
forms a and a‘. This signal is generated Within device 306 of 
FIG. 3C. By counting the separated horiZontal sync pulses of 
Waveform b of FIG. 6B, a signal line agate as shoWn in 
Waveform c of FIG. 6B, is produced Which provides a ?rst 
gate pulse synchroniZed With picture lines 22—27 at the top 
of the picture frame and a second gate pulse synchroniZed 
With picture lines 257—262 at the bottom of the picture 
frame. This signal is also produced in device 206 of FIG. 3C. 

During each gate pulse line gate, the generator 306 
produces a series of pulses identi?ed as pixel?gate pulses, 
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Which are shown in Waveform d of FIG. 6B. Each pixeli 
gate pulse coincides With one horizontal roW of a respective 
icon area. As previously mentioned, the frames of the 
illustrated embodiment have four icon areas, one icon area 
at each corner of the frame. Because each picture line 
passing through an icon area passes through tWo icon areas 
in the illustrated embodiment, alternate ones of these pixeli 
gate pulses coincide With a de?ned part of the beginning and 
end, respectively, of each picture line. 

Each of these gate pulses is used to gate tWo series of 
gatedipixeliclocks generated by the generator 306, Which 
are shoWn in Waveforms e and f of FIGS. 6B. The gatedi 
pixeliclocks e (phase 1) clock anA/D converter 308 so that 
only that portion of the video signal corresponding to a 
preselected icon area is converted into digital pixel data. The 
gatedipixeliclocks f (phase 2) clock the counter 309 Which 
generates the pixel frame addresses described above Which 
are mapped by the PROM 312 to contiguous memory 
addresses. Each pixel Written into memory 314 is constituted 
by an eight-bit Word Written into memory 314 in parallel. 

Referring noW to FIGS. 3D and 6C, icons are identi?ed by 
comparing icon pixel data stored in addressable digital 
memory 314 during a previous icon read operation With icon 
pixel data stored in a pattern RAM 318. For this purpose, at 
the end of each picture frame, the pixel data read from the 
picture frame and stored in memory 314 are outputted to a 
shift register 315 Which delivers the pixel data a bit at a time 
to a pattern recognition unit. In the illustrated embodiment, 
the pattern recognition unit is implemented With a fuZZy 
pattern comparator 316 and pattern RAM 318. One suitable 
embodiment of comparator 316 is a device marketed by 
American NeuraLogix, Inc., of Sanford, Fla., under model 
designation NLX 110. This device has eight pattern data 
inputs, so that RAM 318 may be provided With eight data 
outputs for simultaneously supplying up to eight selected 
patterns to comparator 316. 

The NLXllO integrated circuit alloWs for simultaneous 
comparison of up to eight knoWn patterns With one unknoWn 
pattern. To make maximum use of this architecture, the 
illustrated embodiment of the present invention utiliZes eight 
different icon patterns. One icon pattern is designated as a 
reference icon pattern and is located in the upper left hand 
corner of the active picture WindoW, as indicated at 404a in 
FIG. 4. This reference icon pattern is used by control 
microprocessor 330 to set the error threshold of the NLXllO 
pattern comparator 316 for the next three icons, present in 
areas 404b, c and d, thereby tracking out noise or distortion 
on the incoming icons. 

The other seven selected icon patterns constitute an icon 
primitive set. Using the formula for the number of permu 
tations of N (=7) patterns take R (=3) at a time yields 210 
different pattern permutations possible per picture frame. 
The ?rst 128 permutations can be assigned to correspond to 
the seven bit ASCII code for plain text transmission. The 
remaining values can be assigned to special purposes. With 
this scheme, When program identifying information is being 
provided, three different icon patterns plus the reference icon 
pattern Will be present in a frame. Thus, each picture frame 
can provide one alphanumeric identi?cation character. 
Given the conventional television frame rate of 30/second, 
icons providing complete identifying information need be 
present in a television program signal for only a feW 
seconds. 

By extension, increasing the number of different icon 
patterns Would increase the quantity of information con 
tained in each frame. HoWever, it is anticipated that the 
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complexity of the circuitry and control programming Would 
likely increase as the number of different icon patterns 
increases. In addition, an increase in the number of different 
icon patterns Would make visual interpretation by station 
personnel more difficult. 

The types of icon patterns employed in the illustrated 
embodiment of the present invention have characteristics 
Which enable them to be identi?ed, or decoded, by a fuZZy 
logic comparator With a high degree of reliability even When 
the video signal contains noise or distortion or When an error 
in the timing of the video signal prevents one or tWo roWs 
or columns of icon pixels from reaching comparator 316. In 
the illustrated embodiment, these icon pattern characteristics 
include the folloWing: there are only eight different icon 
patterns to be recogniZed, While each pattern is composed of 
144 pixels; each pattern consists of pixels having only tWo 
or three different values spaced relatively far apart on the 
gray scale; each pattern has no more than four changes in 
gray level value in both the horiZontal and vertical direc 
tions; and, With the exception of tWo corners of each triangle 
pattern, a given gray level value is present at at least tWo 
successive pixel locations in both the horiZontal and vertical 
directions. Therefore, the eight different patterns can be 
made to represent relatively simple geometric shapes Which 
differ suf?ciently from one another to permit reliable iden 
ti?cation of each pattern With comparator 316 set to a 
relatively loW recognition threshold. 

In the illustrated embodiment, the icon information stored 
for a particular frame is identi?ed, or decoded, Within a 
period equal to 12 picture lines With 18.2 MHZ shift clocks. 
As shoWn in FIG. 6C, Waveform g is the signal oddieven 
produced in device 306 to identify the current ?eld of each 
frame. The state of this signal is inverted by the leading edge 
of each visync pulse (FIG. 6A). At each positive transition 
of the signal oddieven, corresponding to the vertical blank 
ing interval at the start of each odd ?eld, device 306 
generates a pulse compare enable having a period of 12 
picture lines, as represented by Waveform h. 

During each pulse compareienable, device 306 generates 
a train of four spaced pulses read Winner, represented by 
Waveform i, and four spaced pulses compare agate, repre 
sented by Waveform j. Each pulse compare agate immedi 
ately precedes an associated pulse readiWinner. During the 
period of each pulse compare agate, device 306 generates a 
train of 144 pulses of gatediclocks, shoWn in generaliZed 
form as Waveform k. 

As shoWn by Waveforms l and m, each pulse of gatedi 
clocks is composed of tWo trains of eight clock pulses, each 
at a pulse rate of 18.2 MHZ. In addition, device 306 
generates a pulse memiread, shoWn by Waveform m, for 
each pulse of gatediclocks. Counter 319, FIG. 3D, is reset 
by the oddieven pulse, Waveform g, at the start of every 
frame. Memiread is supplied to the input of counter 319 
Which provides a ten bit pixel read address for memory 314 
via mux 311, FIG. 3D. 
One of the trains of eight clock pulses, identi?ed as 

Waveform 1 (phase 1), is supplied to shift register 315 to 
shift pixel bits serially into comparator 316 and the other 
train, identi?ed as Waveform m (phase 2), is supplied to 
comparator 316 to trigger a comparison operation. Each 
pulse of phase 1 shifts a single pixel bit and each pulse of 
phase 2 triggers a comparison With respect to the previously 
shifted bit. The bits of phase 2 are shifted in phase by 180° 
from the bits of phase 1. 

Each bit arriving from shift register 315 is compared With 
an associated bit of each of the eight patterns supplied by 


















