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TELEVISION APPLICATIONS AND TRANSMISSION
OF DIGITAL DATA IN THE VERTICAL BLANKING INTERVAL

John J. Lopinto
Systems Engineer

Home Box office, Inc.
Time & Life Building

New York, New York 10020

ABSTRACT

It has become evident that the small piece of spectrum, known as the vertical blanking
interval in the baseband video signal, can be almost as important as the video program
itself. By design, the first 21 lines in the video signal were left blank to account for retrace
tolerances in television receivers. The state-of-the-art is such that now lines 14 - 21 can be
used to send ancillary signals and data without being visible on the television screen.
Professional test signals have been transmitted for a number of years to give a signature of
the transmission medium. Only in recent years, however, has data been transmitted for
both housekeeping functions as well as the generation of revenue.

This paper will explore the various ways these few lines are being utilized to transmit large
amounts of data of all kinds. Applications by both the broadcast and cable industries will
be outlined where their application varies. Finally, future trends and considerations will be
discussed.

INTRODUCTION

The transmission of digital data along with a conventional analog video signal, has become
a new frontier for the video engineer in recent years. Technology has made it feasible to
use the previously vacant spectrum to transmit information of all kinds. Heretofore, the
information would have required a separate transmission medium with its added expense
and networking problems. Now, this data can be piggybacked within the bandwidth of a
video channel with virtually no impact on the video signal. The data may or may not be
related to the video content.

Several coding protocols exist for the insertion of the data in the unused lines of the
vertical blanking interval or VBI. Without exception, the time-base for the data is derived
from the color frequency or horizontal scan frequency of the video signal. Applications,



however, will dictate whether any further relationships will exist between the data and the
video. Instantaneous bit rate is a major system design concern. This will affect error rate,
data clock recovery, energy spectrum, and imunity to interference and transmission
distortions.

VERTICAL REGION

Figure 1 shows the present usage of the vertical interval. You will note that lines 10
through 14 are not used. This is because some TV receivers have not completed vertical
retrace by this time. Any signals present on these lines would be visible on the top part of
the TV screen overlayed over the program.

Tests are now under way to determine which lines could be used for teletext transmission
without causing interference of the nature just described. The Source Identification (SID)
signal transmitted by the commercial networks on line 20 field 1 is a relatively slow speed
data signal carrying time and source information. This is used by the A.C. Neilsen
Company to formulate network program ratings. There are 48 bits transmitted on one line
with SID. Teletext, on the other hand, sends over 250 bits per line.

HIGH SPEED DATA TRANSMISSION

Figure 2 lists the relative advantages of high speed data transmission.

A particular TV line number is transmitted 60 times a second, if 250 bits were transmitted
on a line, then 15,000 bits were transmitted each second for each frame. By comparison, a
high speed data modem commonly used, transmits 9600 bits per second. Through
addressing techniques, the data can be interpreted as a large number of data channels, each
with a proportionally lower data throughput. This concept is known as a transparent data
medium. That is, the TV line does nothing more than transport and faithfully reproduce the
data that was inserted onto the line at the decoding end.

There are penalties one must pay for high speed transmission. Bit error rates are on the
order of 10-4. High speed logic in the encoder and decoder must be used to handle the
approximate 5 MHz data signal. In addition, the shape of the data pulse must be of
concern in order to accurately recover the proper data level. All of these cost money.

The present application of this system is teletext. A bit rate of 8/5 color subcarrier, or
5.727272 MHz, is the present recommended practice. 288 bits or 36 eight bit bytes can be
accommodated on one TV line. Various protocols have been proposed, but all make use of
the transparent data medium.



SLOW SPEED DATA TRANSMISSION

Figure 3 lists the relative advantages of a slow speed data channel. That is, where the data
bit rate is about 1 MHz. At this speed, approximately 48 data bits can be inserted on one
TV line. Slow speed data transmission is inexpensive, reliable, and rugged. It should be
used where the information being transmitted is not related to the precise video frame, or
where there are only bursts of information where a few seconds of transmission time is not
a factor.

Figure 4 shows how a TV line can be divided electrically into 64 instants. This is done by
phase locking to horizontal sync and dividing by 64 in the feedback circuit. This concept is
used extensively in Tektronix test generators. The result is that each instant is spaced
slightly less than 1 microsecond apart. An approximate 1 MHz data clock, locked to
horizontal sync, is then generated. Clock recovery in the decoder is then accomplished by
phase locking to horizontal sync which is a very stable timebase.

Data is transmitted within the active line time and tests show that 48 bits can be
transmitted on a line. Using just one line and one field, a bit rate of 1440 bits per second
can be achieved. This is over 10 times as fast as teletype.

Figure 5 shows a low speed data channel which HBO is developing. It can accommodate
eight different sources of data. Its 48 bit structure as described before, has its origin with
the SID signal used by the commercial networks. It also is 48 bits, but these bits carry an
entirely different meaning than SID.

Bit 1 is always a 1 and indicates the start of the data message. Bits 2 - 4 are a three bit
frame count. These three bits increase monotonically in a binary code each TV frame.
They indicate from which one of the eight data sources the following 44 bits have come
from. This will give a data rate for each data source of 165 bits per second or slightly
greater than teletype speed.

The 44 bits can represent anything - a message, control information, or just data to be used
by some device peripheral to the decoder.

We believe this signal will be reliable with bit error rates of at least 10-7. Decoders should
be low in cost to accommodate a number of functions.

Field tests and experimentation will be required to insure system reliability.



CAPTIONING

A captioning service for the hearing-impaired is presently in use on the ABC, NBC, and
PBS networks. A bit rate of 32 x horizontal sync rate, approximately 500 kHz, is used on
line 21 of both fields. Line 21, field 2 has captioning data on the first half of the line and
the start of program video on the second half. Field 1 contains 7 cycles of clock run-in and
two ASCII characters. Field 2 contains a nine bit framing code. This yields a data
throughput of 60 characters per second. This relatively low data rate is used to insure
survival of the data signal through networking and reception. It is extremely tolerant of
multipath distortions.

The program to be captioned is viewed by the National Captioning Institute who supplies
the network with a floppy disk of the captions in coded form. The disk is then played back
synchronous with the air master tape and inserted into the video signal on line 21. A
second tape is then created with the encoded captions. This is then played back at time of
airing.

Captioning can also be accomplished by incorporating the signal as part of a teletext
service. Although the bit rate would be the same as line 21 captioning, character
throughput could be increased by using a different protocol and a multiple number of VBI
lines.

CONCLUSIONS

The area of data transmission in the video signal holds a bright future. Inherent advantages
over RF, FSK pilot signals can only be exploited if hardware exists to break the video
down to baseband. The cable industry has a tremendous advantage in that it is not
constrained by government regulation in this area. Hardware can be manufactured at
relatively low cost due to the large quantities involved in the industry. Finally, serious
thought should be given to the incorporation of a video demodulator with external access
within the set top adaptor. This will allow future designs to take advantage of baseband
data transmission for such things as security, teletext, and control.



PRESENT VERTICAL BLANKING INTERVAL USAGE

Line Field 1 Field 2

15 Teletext Teletext
16 Teletext Teletext
17 VITS* VITS*
18 VITS* VITS*
19 VIR* VIR*
20 SID* Unassigned
21 Captioning* Captioning*

*FCC Broadcast Standard Allocation

Figure 1

ADVANTAGES OF HIGH SPEED DATA CHANNEL

1. High throughput of data. Approximately 15 K bits per second per line used.

2. Compatible with high speed computer data bases.

3. Can be divided into many slower speed channels.

Figure 2

ADVANTAGES OF SLOW SPEED DATA CHANNEL

1. Relatively low entry cost.

2. Relatively low decoder cost per data channel.

3. Low bit error rate.

4. Easy recovery of data clock.

5. Identifiable on conventional TV test equipment.

Figure 3



 HORIZONTAL LINE COMPOSED OF 64 “INSTANTS”

1. First “Instant” starts at 50% amplitude point of leading edge of sync.
2. “Instant” rate is horizontal sync rate X 64 = 1.007 MHz (nominal).

Figure 4

LOW SPEED DATA CHANNEL

Bit Instant Level Purpose

1 13 Always “1” Start of Message.

2-4 14-16 Varies Three bit frame count increases by one count each
frame. Repeat every eight frames channel number.

5-48 17-60 Varies Data to be transmitted for channel number in
preface.

Figure 5


