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TELCOM - TIME VARIABLE TELECOMMUNICATIONS
PERFORMANCE PREDICTION PROGRAM1

B. L. McQUAID and M. FASHANO
Hughes Aircraft Company

El Segundo, California

Summary    The TELCOM program has been developed to aid in the design and
analysis of spacecraft telemetry and communication systems. Given a spacecraft
trajectory, it is often desired to predict the total received power of the transmission link.
Since the gains and losses of the individual link components are dependent on the
spacecraft trajectory, as well as the spatial orientation of the spacecraft, the received
signal power varies as a function of time along the flight path. TELCOM organizes the
time variable information and calculates the received signal power in the subcarrier
and/or carrier predetection bandwidths at specified time intervals. The spacecraft
trajectory information and. antenna gain contours are stored on magnetic tape. The time
in-variant quantities are provided. by the user so that he may easily make parametric
studies to determine the effect of link constants on system performance. TELCOM
output options include printed. values of received signal power at specified. time
intervals, plots of signal power, range, look angle versus time, and DB margin
summaries at specified. points along the trajectory.

Introduction    Most communication systems can be characterized as consisting of a
transmitter, a receiver, and a transmission media. In space telecommunications, the
transmitter and, receiver could be either a spacecraft or a ground. station on earth, and
the transmission method is generally by radio waves through space. As a spacecraft
travels along its trajectory, its position and orientation with respect to the earth-based
ground. station continuously varies with time. This variation affects the total power in
the received. signal at both the spacecraft and the ground station. Since the received
signal power is of prime importance to the planning of a space probe and in the design
and analysis of the communication system, it would be advisable to have some
knowledge of how the received signal strength will vary with time.

The subject of this paper therefore is a description of a computer program which has
been developed to predict the performance of a telecommunications system influenced
by time variable parameters. First, the general communication system which the program



analyzes is described. Second, the method of solution incorporated by the program is
discussed. Third, the options available to the user for parametric investigation of the
sensitivity of the system are discussed.

Discussion    The TELCOM computer program, originally developed for use on the IBM
7094 computer, provides a means of predicting the performance of a spacecraft
telecommunication system. The following paragraphs describe the basic features of
TELCOM and, hopefully, provide the reader with an insight into its capabilities.

Although there are many different types of transmission modes employed. in spacecraft
communication systems, they all can be generally represented in the block diagram given
in Figure 1. As shown in this figure, the system can be broken down into three basic
blocks: transmitter, transmission link, and. receiver. Each of these blocks is composed of
a number of parameters which influences the performance of the communication system.
The performance criteria of interest here is the signal power available in the received
carrier predetection bandwidth.

In dealing with signal power, the parameters of the communication system under
investigation can be represented as gains and/or losses which contribute to the overall
received signal strength. As a spacecraft travels along its flight path, some of these
parameters change, thereby causing the received signal power to be a time variable
quantity along the trajectory.

The system parameters associated. with each block in Figure 1 are listed in Table 1. Most
of these parameters are constant in spacecraft communication systems. However,
changes in spacecraft orientation will alter the antenna gain, and travel along a trajectory
will vary the communication path length (range). If these parameters and their variations
with time plus the constant quantities are known for a given system, the received. carrier
power fluctuations as a function of time through a particular mission can be predicted.

TABLE 1.  COMMUNICATION SYSTEM PARAMETERS

Transmitter and Antenna Communication Link Receiver and Antenna

RF power
Circuit loss
Transmitting frequency
Antenna gain
Antenna ellipticity
Pointing loss

Absorption loss
Range

Receiver gain
Circuit loss
Antenna gain
Antenna ellipticity
Noise temperature
Noise bandwidth



Computation of the received signal power in a space communication system involves
solving the following general free space range equation:

where

PR =Received signal power, dbm
PT =Transmitter I power, dbm
GT =Transmitting antenna gain, db
GR =Receiver gain, db
SL =Space loss, db

c =Speed of light, m/ sec
fc =Carrier frequency, Hz 
R = Range, meters

L = Sum of system power losses, db

Because of the time variable nature of some of the system parameters, the range equation
would have to be solved many times to determine the time histogram of the received
signal strength. The TELCOM computer program was developed to eliminate this
repetitive and tedious computation.

The diagram shown in Figure 2 illustrates the basic functional organization of the
TELCOM program. The information about the link parameters is prestored on magnetic
tape. The first tape (initialization tape) contains the telecommunication system
parameters which are time invariant. The second tape (trajectory tape) contains the time
variable data which describes the flight path of the spacecraft. The third tape (antenna
pattern tape) contains the spacecraft antenna gain data. The punched card input (master
control table) supplies the program with the necessary information to analyze the
selected transmission link and return the desired output to the user.

The purpose of the initialization tape is to allow the user to “build” a communication link
by selecting system parameters from a group of values which has been previously stored
on this tape. These parameters are constants (not functions of time) and contribute fixed
gains and/or losses to the received signal strength.

The trajectory tape contains the variation of the spacecraft’s position and attitude with
respect to the earth as a function of time. The data on this tape are organized such that
each physical record contains the time from the start of the flight and the value of all the
trajectory parameters at that time. The parameters of interest are the distance (slant



range) from the spacecraft to the various ground stations and the orientation (look angle)
of the spacecraft with respect to the various ground stations. The look angle refers to the
direction in spacecraft coordinates from the spacecraft to a particular ground station. The
vector along this direction is described in spherical coordinates by the cone and clock
angles as shown in Figure 3. The look angle, as a function of time, is necessary since the
spacecraft antenna gain is, in general, a function of the direction in which the antenna is
pointing. The cone and clock angles at some time along the trajectory are used to
determine the spacecraft antenna gain at that instant.

Since the gain of an antenna is generally a function of the direction in which it is
transmitting or receiving a signal, the antenna gain is a time variable function of the
trajectory. The antenna gain contour tape (DAP tape) contains a description of the
variation of spacecraft antenna gain over a sphere surrounding the spacecraft. This DAP
tape is produced experimentally on a test range. The tape contains the nominal gain, the
tolerance, and the ellipticity of the antenna at points spaced every 2 degrees in clock
angle and every 1 degree in cone angle over 4B steridians. The cone and clock angles, as
a function of time, are obtained from the trajectory tape. Then, for each solution of the
range equation, the DAP tape is searched, and the antenna gain for the clock and cone
angles at that instant is used.

All system parameters are assembled internally in the computer as directed by the master
control table. This table consists of punched cards which are input with the program to
control the combination of the data on the initialization, trajectory, and DAP tape such
that the desired link configuration is formed. Once all the parameters are known, along
with the time variable information, the range equation is solved at time intervals
specified by the master control table.

This table also determines the output and analysis options which the user wishes to
employ. The most frequently used option available to the user is a plot of the value of the
time variable parameters as a function of time along the trajectory. These parameters
include range, cone and clock angles, antenna gain, and. received, carrier power. Figures
4 through 7 are examples of this option. The blank spaces along the curves denote those
times during which the station cannot seethe spacecraft. In addition to the plotted output,
the user may request a printed output of the time variable parameters as well as a
description of the transmission link which is being investigated. The user may also
request that a power budget calculation be made at any time along the flight path. The
power budget or DB allocation is obtained by incorporating the TLAP program
(Reference 1) into TELCOM. An example of this output is shown in Figure 8.

Conclusions    The TELCOM computer program provides the user a means to analyze a
communication system in which some of the link parameters are time variable. The time



invariant quantities are represented as either power gains or losses. The free space range
equation then computes the received signal strength as a function of time. This method
provides the user with the capability of determining the system’s ability to meet specified
performance criteria at various critical time periods. The output from the program
includes plots of the time variable parameters which can also serve as predictions of link
performance once the system has been finalized. By using a computer simulation, the
user can perform parametric studies on the link constants to determine their effect on
system performance and eliminate a large amount of tedious hand calculations.
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Fig. 1 - Basic Telecommunication System



Fig. 2 - TELCOM Functional Flow Diagram

Fig. 3 - Look Angle in Spacecraft Coordinates



Fig. 4 - Slant Range Versus Time



Fig. 5 - Cone and Clock Angles Versus Time



Fig. 6 - Antenna Gain Versus Time



Fig. 7 - Received Signal Power Versus Time



Fig. 8 - DB Allocation Table




