Simple Az-El Antenna Control

Control your Antennas with a Digital Pot
by Anthony Monteiro, AA2TX, AA2TX@amsat.org

Introduction
Automatic antenna tracking makes working
the amateur satellites much easier, especially

on fast moving LEO! satellites. But automatic
tracking requires a computer rotor-control
interface and this has generally been
expensive to buy or fairly complex for a
homebrew project. This article describes an
alternative approach that uses only a single
chip and is very easy to construct. The chip

costs $1.592 and the total cost of the parts
is about $5.

This interface was implemented on an
azimuth/elevation satellite tracking system
made from ORBIT-360 TV antenna rotators

hard to ynd and new-old-stock units can
often be found on popular on-line auction
sites at very low prices.

Unfortunately, the ORBIT-360s were not
designed for computer control and they
have no provisions for it. But, they use
a feedback potentiometer at the rotor to
provide positioning information and this
makes it easy to build a simple and low-cost
computer interface for them. The key to this
low-cost interface is a device called a digital
potentiometer.

Digital Potentiometer

Adigital potentiometer (pot) is a resistor with

an adjustable tap just like the familiar volume
control. But, unlike
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but the same approach could be used to
provide a computer interface on any antenna
rotator system that uses a potentiometer for

positioning feedback® including the Yaesu
G-5400/5500/5600 units.

The ORBIT-360 was one of the most popular
TV antenna rotators ever made. They were
sold by Walmart, Home Depot and almost
every major electronics retailer in the USA.
In addition to their low cost, a great feature
of these units is that the antenna mast passes
through the body of the rotor making it
easy to use one mounted horizontally for
elevation control.

A pair of ORBIT-360 rotors can easily
handle moderate sized beams and a 1-meter
dish. My antenna system with a 2.4 GHz
dish and a 70 cm panel antenna* is shown
in Figure 1. While no longer manufactured,
used and re-built ORBIT-360 units are not
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a volume control,
the tap on a digital
pot is adjusted via
a digital interface
rather than a knob.

The device used in
this rotor interface
| is a Microchip
MCP41010, a 10K
ohm pot with a built-
in Serial Peripheral
Interface (SPI.) SPI
was invented by
Texas Instruments
as a simple and
low-cost way for a
micro-controller to
communicate with its peripheral devices.
Fortunately, the SPI signal levels are
compatible with the signal levels on a PC
parallel port. With a little bit of software to
implement the communications protocol, the
SPI digital pot can be controlled from a PC
with no extra hardware.

The SPI protocol on the MCP41010 chip

uses three signals, Not Chip Select (NCS,)
Serial Clock (SCK,) and Serial Input (SI.)

The SPI data blocks are 16-bits long and
include an 8-bit command byte and an 8-bit
wiper value byte. The blocks are clocked
synchronously into the chip from the Sl lead
on positive transitions of the SCK signal.

The diagram in Figure 2 illustrates how the
SPI protocol works. To start the data transfer,
the NCS signal is set low. The SI lead is set
to the most signiycant data bit value and the
SCK signal is pulsed high to clock in the bit.
Then the next most signiycant data bit value
is put on the Sl lead and the SCK signal is
again pulsed high to clock in this bit. After
all 16 bits are clocked in, the NCS lead goes
high to transfer the data value to the pot
wiper. For further details, please refer to the

speciycation sheet from Microchip®

The MCP41010 will ignore any data blocks
that have the wrong number of bits and this
provides a high level of noise immunity.
The chip also has Schmitt-trigger inputs on
the SPI leads to further increase its noise
immunity.

How it Works

The ORBIT-360 control box implements a
closed-loop, automatic control system. A
block diagram of is shown in Figure 3. The
control pot on the top of the control box is
used to set the desired antenna direction. The
feedback pot in the rotor unit is gear-driven
by the same motor that turns the antenna.
The wiper on each pot forms a voltage
divider from the +4.5VDC source. Each of
the wipers is fed to an input of the difference
ampliyer circuit.

The difference amplifier compares the
voltages from the two pots and generates
an error signal, which is fed to the motor
driver circuit. When the error signal
exceeds a minimum threshold, the motor
driver activates the motor, turning it either
clockwise or counter clockwise depending
upon the polarity of the error signal. As
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Figure 2
SPI Protocol Operation
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