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FRAME RATE REDUCTION IN VIDEO TELEMETRY SYSTEMS

RICHARD A. SCHAPHORST
ALAN R. DEUTERMANN

DELTA INFORMATION SYSTEMS, INC.
HORSHAM, PENNSYLVANIA

INTRODUCTION

In video telemetry systems the transmitted picture rate, or
temporal resolution, is a critical parameter in determining
system performance as well as the transmitted bit rate. In
many applications it is important to transmit every TV frame
because the maximum temporal resolution must be maintained
to analyze critical events such as an encounter between a
missile and a target. Typical transmission bit rates for
operation at these picture rates are 5.0 to 10.0 mbps. In
other cases the frame rate can be reduced slightly to 15 or
7.5 frames/sec. without significantly reducing the value of
the output video. At these frame rates it is still possible
to sense the continuity of motion although some jerkiness
may appear on rapidly moving objects. At these reduced frame
rates the transmitted bit rate can go as low as 1.0 mbps.
There is a third class of video telemetry applications where
the scene is changing very slowly, and it is permissible to
transmit a series of still pictures at very reduced rates.
For example one picture can be transmitted every second at a
transmission bit rate of 100 Kbps.

The purpose of this paper is to examine operation of the
standard video coding system (Range Commander Council
Standard RCC 209) at conventional frame rates as well as a
wide range of reduced frame rates. The following section
describes the basic digital TV system which employs the
standard codec. Two particular modes of operation are
discussed: (1) those which reduce the frame rate by a fixed
amount and vary the spatial resolution according to the
complexity of the TV image; (2) those which maintain the
spatial resolution at a fixed level and automatically vary
the temporal resolution according to the complexity of the
image. A tradeoff analysis is presented illustrating the
interaction of spatial resolution, temporal resolution, and
transmission bit rate. A video tape is described and 
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presented illustrating system operation at a wide range of
frame rates. Finally, conclusions are drawn.

THE BASIC DIGITAL TV SYSTEM

A protocol for the digital transmission of an NTSC
television signal is presently being developed. This
protocol, which will serve as a government range standard,
will be issued by the Telecommunication Group (TCG) of the
Range Commanders’ Council (RCC). A draft standard designated
as RCC 209 has been adopted as of this writing.  The1

standard provides for a variety of operating/transmission
modes in order to accommodate a wide range of available data
rates and quality requirements.

Figure 1 illustrates the basic digital TV system. The Video
Encoder converts the video input to a digital format, as
defined by RCC 209, for subsequent encryption. The encrypted
signal is next conditioned/filtered then applied to an fm
radio transmitter of the appropriate bandwidth. At the
receiver site, the radio output is applied to a bit
synchronizer which extracts timing and regenerates the
original data stream (with occasional data link errors). The
recovered data is decrypted then applied to the Video
Decoder which converts it to its original RS-170 video
format.

The Video Encoder has a number of control inputs which are
used to select the mode of operation. The Video Decoder
monitors the incoming data and automatically adapts to the
selected mode. Following is a listing of the encoder mode
controls.

Clock mode: Internal or external clock source
Clock rate (internal mode): 20*, 10, 5, 2.5, 1.25, 0.625* mbps
Horizontal resolution: 640* 512, 256
Skip mode: Frame or field
Skip type: Fixed or variable
Fixed skip ratios: 1:1, 2:1, 4:1, 8:1
Variable skip ratio: Depends on data rate and image

complexity
*Ground encoder only.



When operated in the Afixed@ skip mode the temporal
resolution is known and constant while the spatial
resolution is variable. When operated in the Avariable@ skip
mode however the spatial resolution is known and constant
but the temporal resolution varies as a function of image
complexity and data rate.

PARAMETRIC TRADEOFF

Figure 2 illustrates the parametric tradeoff between
transmission bit rate, spatial resolution, and temporal
resolution for any digital image transmission system. It is
assumed that each pel will be defined by 1.5 bits which
corresponds to the typical compression performance for the
coding algorithm defined by the Range Commanders Council
Standard RCC 209. The two curves represent two spatial
resolutions: 512 x 480 pels which is one full TV frame and
256 x 240 pels which is one TV field. Point A shows that the
transmission bit rate for a full frame at 30 frames/sec. is
11 mbps. Point B indicates the transmission bit rate is 5.5
mbps for transmitting a field resolution at 60 fields/sec.
Points C and D represent system operation at slightly
reduced temporal resolution: 15 and 7.5 pictures/second. At
these rates some jerkiness may be perceived in rapidly
moving areas of the picture. But, for most applications, a
sense of the continuity of motion is maintained. When the
picture rate drops below 5 per second motion can become
quite jerky, and it could become difficult to perceive the
illusion of continuous motion.

Another important mode of operation at reduced frame rates
is the transmission of a series of still pictures at very
low bit rates without any attempt to convey the illusion of
motion. For example at point E one picture is transmitted
per second at a bit rate of 100 Kbps. At 9600 bps a picture
is transmitted every 10 seconds. For many applications where
the scene is changing slowly these picture rates would be
quite acceptable.

VIDEO TAPE PRESENTATION

In order to demonstrate the parametric tradeoff between the
bit rate, the spatial resolution and the temporal
resolution, a video tape has been prepared. The tape
includes the following six segments.



BIT RATE (mbps) FRAME RATE (fields/sec) RESOLUTION *(pels/line)

10 60 Variable (512 max)
10 Variable (60 max) 512
5 60 variable (256 max)
5 variable (60 max) 256
2.5 Variable (30 max) 256
1.25 Variable (15 max) 256

* 240 lines/field

CONCLUSION

In this paper we have described a basic digital TV telemetry
system (Vidicoder) which permit video transmission at a wide
range of picture rates. We have presented the tradeoff
between bit rate, spatial resolution, and temporal
resolution. Finally, a video tape was presented which
illustrated the picture quality which is provided by the
Vidicoder at a wide range of bit rates, frame rates, and
resolutions. The following conclusions are drawn from this
data.

- The video codec defined by RCC 209 is well suited for
operation at reduced frame rates.

- The picture rate can be reduced to at least 7.5
frames/sec. and maintain a sense of continuous motion.

- For some applications where this scene is changing
slowly transmission at very low picture rates (e.g. 1
picture/sec.) and low bit rates (e.g. 100 Kbps) is
practical and useful.



FIGURE 1: BASIC DIGITAL TV SYSTEM
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