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* This paper is based upon work performed in COMSAT Laboratories under the sponsorship of
the Communication Satellite Corporation.

A Microprocessor Controlled Antenna Pointing Unit*

J. E. Kasser
COMSAT Laboratories

Clarksburg, Maryland 20734

ABSTRACT

Two prototype antenna pointing units (APUs) for controlling different antennas
tracking geostationary satellites have been built using an 8080 microprocessor. The use of
the microprocessor has allowed the same basic hardware to control two separate and
different parabolic dish antennas with minimal circuitry changes and has provided
significant flexibility in the performance of the units. This paper describes the APU design,
which optimizes hardware and software to provide the flexibility necessary during initial
testing and subsequent operation of the prototypes.

INTRODUCTION

An APU positions and maintains the antenna in the desired direction by comparing the
actual and desired antenna pointing positions and generating an error signal which causes
the antenna to move closer to the desired position. This classic closed loop servo situation
is shown in Figure 1. Several degrees of flexibility may be obtained by using a
microprocessor to perform the control function. The APU can perform stow, manual,
automatic, or pattern pointing functions (used for satellite search and antenna pattern
measurements, etc.) with or without position limit checking and with minimal changes to
the hardware and the software.

The APUs discussed herein are microprocessor based units for steering paraboloidal
reflector (parabolic dish) antennas. There are three modes of operation: program-track,
manual, and pattern. In each mode, the microprocessor compares the actual position of the
antenna, as indicated by the shaft angle encoders on the antenna pedestal, with the desired
or computed position and issues the necessary antenna drive signals. Each of the antennas
use elevation over azimuth axis pedestals.

The antenna may be moved at varying speeds. Slower speeds are used when the actual
position is close to the desired position, and faster speeds are used for greater distances.



The azimuth and elevation axis drive control signals are independent; thus at a particular
time the antenna may be moving rapidly in azimuth and slowly in elevation. Two slightly
different APU prototypes are described in this paper.

Each of the units is a small part of a complex experimental data collection system,
which is prone to a significant number of problems. Therefore, although not necessary to
the antenna pointing function, a number of human factors were considered during the
design of the APU. The two most important were that incorrect operation should be
detectable at a glance and that the APU would prompt the operator when entering data or
instructions.

PERFORMANCE REQUIREMENTS

Both units have similar performance requirements, which have been separated into the
automatic tracking, manual, stow, pattern, and offset modes.

AUTOMATIC TRACKING MODE

A program track algorithm is used in the automatic mode as opposed to a step track
method because each antenna is part of a data collection system for research into
propagation effects at radio frequencies in the 10- to 30-GHz region. In step track systems,
optimum pointing is obtained by compensating for decreased signal strength due to
pointing errors by correcting the pointing error, i.e., changing the pointing. The
microcomputer must know the effects of and compensate for fades and other temporary
reductions in the received signals that occur even though the antenna is still aligned on the
satellite so that it will not attempt to correct the position of the antenna for such reductions
in signal. The prototype systems are measuring signal reductions to investigate and
determine the mechanisms causing fades and reductions in signal strengths. As reliable
satellite position data are available, the program track algorithm was the obvious choice.

MANUAL MODE

In the manual mode, the operator enters azimuth and elevation coordinates via the front
panel keyboard; the APU moves the antenna until it is pointing at those coordinates and
then maintains the position. These coordinates may be changed at any time.

STOW MODE

The stow mode is almost identical to the manual mode. Brakes are applied when the
antenna reaches the stow position. The stow coordinates are altered only when the antenna
position readouts are adjusted.



PATTERN MODE

Pattern scans are useful for calibrating antenna response patterns and searching for a
satellite whose coordinates are not accurately known. With the algorithm described herein,
almost any type of scan can be obtained.

For these particular antennas, the search area is established as a matrix of 9 x 9 discrete
positions about a nominal center. As shown in Figure 2, each point has individual
coordinates; e.g., the center position has the coordinates (0,0). and the top right-hand
position has the coordinates (4,4). If the pattern scan is set up to sequence through all 81
positions before restarting, the exact type of scan or search pattern will depend on the
actual coordinates associated with each position. If a lookup table of coordinates as a
function of position number is stored in memory, the search pattern will be a function of
that table. The position iterations for an azimuth, elevation, and circular scan patterns are
shown in Figure 3.

The actual pointing position is in the center of the box, and the distance between
centers may be programmed at any value. In APU No. 1 the distance was set at 0.625E,
and in APU No. 2 it was 0.1E. Azimuth and elevation scan patterns are used for calibrating
the antenna. The circular scan is used to search for a satellite whose coordinates are
known only to a first approximation. The basis for the pattern is the assumption that the
probability of finding the satellite decreases as the search distance from the approximate
coordinates increases. This pattern may also be used to calibrate the antenna response
pattern. Although a pseudorandom scan would make the search more efficient, antenna
pattern calibration would be complicated.

OFFSET MODE

In many cases, especially when a transportable antenna is used, it is difficult or time
consuming to accurately align the shaft encoder positional readouts on the antenna. With a
microprocessor, the alignment requirement is eliminated because errors or offsets can be
compensated for if they can be measured. Thus, for example, if the azimuth and elevation
angle coordinates of the slant path to the satellite are known at right ascension, peaking the
signal carefully by pointing the antenna as the satellite goes through right ascension will
provide the data requited to calculate the offsets. The error values are entered into memory
using the front panel key pad. The microprocessor then adds the error value to the position
readout data before comparing it to the desired position.



THE INDIVIDUAL UNITS

APU No. 1

This APU is part of the control system of a 3-m parabolic dish antenna in a
transportable receive-only terminal used by INTELSAT in propagation research. It has
three modes of operation: manual, program track, and pattern modes.

In the pattern mode, the antenna is pointed to a mean azimuth and elevation position
and is then rotated about that position in increasing circles in the form of a box scan. This
mode of operation is used to locate the position of a satellite whose coordinates are known
approximately with respect to the terminal.

In all modes, the actual position of the antenna is compared to a desired position
computed or set manually. If the two differ by more than 0.1E, the antenna is directed to
move. (The 0.1E position error increment is dictated by the accuracy of the readouts.) If
the difference exceeds 5E, the antenna is also given a “fast” signal. When the antenna is
pointing in the desired position, a “P” is illuminated in the front panel display in the
manual and the pattern modes, and a decimal point blinks in the automatic mode. If the
antenna is positioned to exceed the elevation limits (<0E and >100E), an “L” illuminates
on the front panel display and the antenna freezes. The APU will not subsequently move
the antenna until the antenna is repositioned within the limits by other means, and the APU
is subsequently reset.

APU No. 2

The second APU is part of the control system for a 4.6-m parabolic dish antenna
located at the COMSAT Laboratories in Clarksburg, Maryland. It has four modes of
operation: manual, stow, program track, and antenna measurement.

The patterns are box raster scans about a mean position. One pattern scans in azimuth;
the second in elevation. The antenna radiation pattern measurement mode, which is used to
calibrate the antenna, moves the antenna both in elevation and in azimuth on command to
obtain the needed radiation pattern data. The advance from one (box) position to the next
occurs when either the remote push button or the pattern mode switch is manually
depressed.

In all modes, the difference between the actual position of the antenna and the desired
position is compared. If the difference is greater than 0.01E, the antenna is provided with a
“move” signal. (Again, the 0.01E accuracy is dictated by the accuracy of the readouts.) In
this APU, the move signal is an analog voltage at the rate of 1 V/deg up to a maximum of



±5 V. Light emitting diodes (LEDs) are provided to indicate the status of the unit. The
following LED signals are provided for each axis; L, limit exceeded (flashing red); P,
antenna stationed correctly (green); D, drive active (green); and S, sensor (antenna
position feedback) data bad (red).

An allowable excursion limit of between 0E-100E is set in the elevation axis in all
modes. Additional software limits may be established in the program track mode, in which
the normal excursion of the antenna about a mean position is small, to monitor for drive
failures. An audio alarm is incorporated to indicate alarm or error (L or S) conditions.

Both units are built with COMSAT Laboratories microprocessor developed printed
circuit cards using an 8080 microprocessor. All data are input using memory mapped
input/output (I/O) ports [antenna position, clock time (hours and minutes), and key pad
inputs]. All outputs use memory mapped I/O ports (display digits, lights, and antenna
control signals). The mode and function switches activate interrupts to the microprocessor.

The implementation of the APU control function is an example of an optimized
hardware/software design. The requirements for each mode of operation for each unit were
designated before the design was begun. Then each APU physical configuration was
optimized using the COMSAT Laboratories microprocessor cards as a basis for the
common microprocessor hardware.

For example, in APU No. 1 each front panel digital display is fed by an I/O port; in APU
No. 2 the digital drivers are multiplexed by a software subroutine. Each unit contains a
number of separate tasks or modes of operation, each independent of the other and each
organized as a separate program. The software is modular so that each program utilizes
common subroutines. This approach eases the design and testing of the software but may
not provide the minimum memory solution. However, this is inconsequential, since
memory hardware is configured in large blocks.

The amount of custom hardware in each unit has been minimized by maximizing the
use of software. Custom hardware is used to perform the digital to analog (D/A) function,
to blink the limit alarm in APU No. 2, to interface the key pad in APU No. 1, and to
provide the required drive currents to the panel displays.

The hardware was chosen for maximum utility. APU No. 1 uses Fairchild 7-segment
LED digital encoder drivers to display H, L, E, P, -, and blank characters for input codes
between 10 and 15. Therefore, the word “HELP” can be displayed if the data from the
antenna shaft angle decoders are nonnumeric (fault condition), and flashing “-” signs can
be displayed when the antenna is moving in the manual and pattern modes. APU No. 2
uses regular LED hexadecimal displays for the data and display status. The limit alarm



LEDs contain flashing circuitry so that although the microprocessor must instruct the LED
to illuminate, it blinks independently.

The two units differ slightly in hardware, but significantly in capabilities because of the
software. Table 1 summarizes the differences.

Table 1.  APU No. 1 and APU No. 2 Software Differences

Resolution

APU No. 1 APU No. 2

0.1E 0.01E

Output Drive
Signal

Digital (TTL)
(0 = off, +5 = on)

Analog
1 v/E (± v max)

MODE
Manual
Stow
Pattern-Circular
Pattern-AZ
Pattern-EL
Prog-Track

Capabilities
Az-Limit Check
EL-Limit Check

Yes
No
Yes
No
No
Yes

No
Yes

Yes
Yes
No
Yes
Yes

Yes
Yes
Yes

HARDWARE

The APU hardware comprises four sections: the central processing unit
(microprocessor), memory (program and data), I/O circuits, and the unique interface
circuitry as shown in Figure 4. Different microprocessors may vary in the physical position
of these elements, but the general concept remains the same. Thus, any unit using
microprocessors is composed of a mixture of standard circuitry applicable to any unit
incorporating a particular microprocessor and circuitry unique to that device. The interface
circuitry is different for each unit; however, the type of circuits may not be different and
the use of similar designs for both units reduces design time.

SOFTWARE

The APU memory assignment is shown in Figure 5. The memory mapped I/O
assignments are located between FCOO and FFFF (Hex), and the remainder of the
software lies below address location 3000H. The interrupt service vector routines are



located between address locations 00 and 40H because of the internal characteristics of the
8080 regarding its response to hardware interrupts.

The main part of the program begins at location 38H. A reset prog-track will also
vector to location 38H to enable the units to recover automatically if a transient causes the
program to “bomb” and to attempt to read instructions from unused memory locations. The
resulting RESET 7 instruction (equivalent to no data in memory) will cause the processor
to execute a jump to location 38H, and the unit will recover. Some data may be lost, but
unattended operation will continue with a minimum amount of down time.

Figure 6 shows the basic transfer function of the APU. Each mode of operation is
initiated by a front panel interrupt. The initialization routine for all modes sets up data
pointers for the data associated with that mode; i.e., in the manual mode they point to
those memory locations holding the desired manual position coordinates.

In the pattern modes, the iteration is checked. If it is zero (the first time), then operation
is the same as in the manual and stow modes. Coordinates are entered into memory from
the front panel keypad and the pointing function performed. In the pattern modes,
successive interrupts cause the box coordinates to be updated before advancing to the
pointing function.

The pointing function, which is shown in Figure 7, basically compares the actual
position of the antenna to the coordinates desired and generates error signals. A limit
check is performed; if the elevation exceeds 100E, the alarm subroutine is activated and
the antenna freezes. Manual intervention is then necessary to position the antenna within
the allowable range. Programmed azimuth limits may differ in each mode.

All calculations are performed in floating point format using floating point math and
scientific functions packages available from the Intel Program Library (1). Buffer memory
locations are used to pass data from one subroutine to another. The software is separated
into modules, known as subroutines. Small modules are combined to build large modules;
several large modules form a program for a particular mode. If an instruction is analogous
to a gate or flip-flop, a subroutine can be considered as a printed circuit board containing
many integrated circuits. As in the hardware, the interface between circuit boards is
specified to indicate which signal goes to which pin on the connector; therefore, in the
software, the interface between subroutines is specified to indicate which parameter is
passed in which memory location or microprocessor register.



SUMMARY

This paper has described two similar experimental APUs built using essentially the
same 8080 based microprocessor hardware. By modularizing both the hardware and the
software, the two units containing significant differences were assembled with a minimum
amount of individual design time and cost.
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Figure 1.  The Antenna System



Figure 2.  Pattern Area Coordinates

a. Elevation Scan b. Azimuth Scan

c.  Circular Scan
Figure 3.  Azimuth, Elevation, and Circular Scan Coordinates



Figure 4.  The Basic Microprocessor
Based APU

Figure 5.  APU Memory Map

Figure 6.  Outline of APU Operation



Figure 7.  The Pointing Function


