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Introduction

This article describes the design and construction of a mini antenna rotatoafdkingamateurradio satellites. The
inspiration for this project was to provideportableandappealingdemonstration of amateuradio satellite
operationfor our primaryschool amateur radio club$he results have beatompletely satisfactory

Figurel ¢ School Amateur Radio Club



To communicate via amateuadio satellites in low earth orbit a directional antenna with even a few decibels of gain
is a definite advantageédowever, he antenna must beointed atthe satellitefor about 10 minutes during aypical
overheadpass.

The3dB beamwidth o& typicalsmallhandheldYagi antenna iguite large, around 30 degreespthe pointing
accuracyequiredis not very greatNeverthelessthe antenna has to be steableto every point in the sky.

Cur problem waghat holdingthe antennaand pointingit in the right directiorfor an entiresatellitepasswasareal
chorefor small children It detracted from the novelty of amateur radio satellite communicasid®o,it was time for
technology to step in and malar liveseasier. Thisnini satellite-antenna rotator was the result.

General approach

Classically, antenna rotatorselmechanical angle sens@gpotentiometers or shaft encodestc.) to determine the
vy G S yejativ@atientation from a fixed reference poirftypicallytrue North and horizontal leveThe rotator has
to be installed in a fixed manner and oriented r@mtly to ensure pointing accuracyhis approach is hardly suitable
for portable operation and rapid deployment.

Instead, thigotator usesan electronic sensor and a microcontroller to determine the absolute azimuth and
elevationanglesof the antenna.

The installation andrientation of the rotator isnot critical It requires no special osite calibration Even if the
rotator mountingis mowed during operation it will automatically reacquire the correct position, potentially making it
suitable for land mobile or maritime applications.

TheNR (i I fie2hddixal design is very simple, requiringseasorcouplings, limit switches or calibratisaference
points. The design is scalable to very large antennas by using bigger motors and larger AC or DC motor speed
controllers. The hardware is inexpensive and the and the softwdreds

How it works

The rotator is mounted on a tripod. It suppotte antenna. The sensis strappedo the antenna boom and is
connected to the rotator by a short fly lead.

Inside the rotator enclosure a microcontroller computes the azimuth and elevation of the antenna from the sensor
data. It controls two small DC nwws to orient the antenna to the required position. The rotator requires an external
12V DC power source for the motors.

The antenna position is controlled by connecting the rotator to a Personal Computer (PC) via a USB cable. On the |
a serial terminahpplication can be used for manuaintrol or a satellite tracking application can be used for
automatic tracking.

Theory of operation

The electronic sensor consists of an array of six Micro Elétdahanical System (MEMS) devices, in a single
integrated circuit package, mounted on a small printed circuit board.



Figure2 ¢ Sensor Board

The sensosimultaneouslyneasuresthe orientation ofti KS 9 NI KQa Yanday 8H KQAFHST BA G
(G)eachin three dimensionsvith respect toits internal X, Y and Z ax@se sensor is physicalstrappedto the
antenna with its Yaxispointingalong the antenna boresigland its Xaxis horizontally to the right of that

Now, it has to be taken into accouit K I & G KS @SNIAOFE YR K2NRT 2y Gt 2NX
locally and, to a lesser extent, over time.

Today, in MelbourngAustraliafor example, Ms tilted upwards at 68.7 degrees and pointing 11.6 degrees to the
East of true North. The it angle is known as theagnetic inclinationThe second is thmagnetic declination

By comparisonG is much more predictable: It just points downwards anywhere on the surface of the Earth.

Butsimplyknowing theorientation of the M and Gwith resped to the antennais notsufficient We need to know
the orientation of the antenna with respect to the ground.

The benefit of measuring both M and G now becomes apparewe tfraw a line perpendicular tboth M and G it
pointsmagneticEastWest. Anda line perpendicular to thabneand G pointsnagneticNorth-South. Andaline

parallelto G points Up and Down. So now that we know wheeegroundis,g S Ol y OF £ Odzf | 4 S K
elevation from the horizontal and its azimuth rotation from magnetic Nowe just need toadd the magnetic

declination to gefts true azimuth.



The problem can be visualisadshownin Figure3. The redsensoraxes XYZ are fixed tahe antennaand move
about with it The Y axis poiato the satellite.The black axe€ast, North and Umr ENJ, are fixed to theground
but oriented withmagnetic North at our locatiarirhe blue vectorm andGarethe onesmeasured by the sensor
and the greenlinesarethe projections of thesensof & and Yaxis ontothe groundENJ axes Using vector
arithmetic andjust a little bit of inverse trigonometry we can calculate the angles we need.
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Figure3 ¢ Vector Diagram

Sofar, the onlymathematicalassumptioswe have madearethat the ground is relatively horizontal, say less than
60 degrees inclination and that thiid and Gvectors arenot parallel That should bevalid anywhere oithe Earth
except neathe magnetic polesr on the side of a steep mountaiSo,g S & 2 \elting uptiiere!



Hardware

All componentsvere readily available either ofine or from local electronics stores. Noage particularly critical
and can be changed to suit your recarnents. Every effort was made to reduce the price of the final product to
around$100.

The rotator was designed to handle an Arrow Antesim@del 146/43710WBP duaband handheldsatellite Yagi
This antenna has 3 VHF elements and 7 UHF elenvesitghs ®0g and requires 18kg.caf torque to liftit at the
handle

Themost expensivesingleitem requiredwas thelP66diecastaluminiumenclosure 171x121x55mm$35)

The DC motorénodel GW370, 12/DC, 0.6RPMb 20kg.cm, rightangleworm-geardrive, $17 each) werechosen for
their high torque verylow speedand positivebreaking characteristics

The DC motor driverare pre-assembled LMD18200 board, HBridge $15each. They drive 128VDBCmotors.
Importantly, they have 5V PWM, direction and breaktrol inputs.

TheMEMSsensorarray shownis the STMicroelectronics LSM302@tually,we useda 10 DegreeOf-Freedom
sensor board witlanintegrated LSM303D accelerometaragnetometer, L3GD20 gyro and BMP180
barometeraltimeter ($11) The last two compeentsare not used in this projectNote: The softwarenow supports
the cheapel.SM303DLH§E:nsor, which we recommend

Themicrocontroller is a 5V/16MHz Arduino Pro Micro compatible ($7).

A pictorial schematic diagram is showrFigure4.
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Figure4 - Pictorial Schematic Diagram



Otherhardwareitems include a 6mm shaft hub, 5Sm@rings 3mm standoffsfasteners connectors and cables

It should be noted thathis particularrotator is verylight duty as it uses small and inexpensive motdtra/ould
certainlynot take the rigours of prolonged external user support a larger antenna

While the antenna igirly light, the torque requied to lift it is significant for the small DC matoA lifting armwas
madefrom 3mm aluminium angle and features aeadilled countemweightto reduce the torque on the elevation
motor.

Theinexpensivevorm-gearmotors exhibit a significant amounf mechanicabacklashbut with thiscontrol system
it is hardly any problem.

Figure5 ¢ Antenna and Lift Arm

Construction

Constructionwasstraightforward. The motors, drivers and controller were all mounted in af6Rliecast
enclosure. The two motors were mounted at riginigles and as close as possible to each other to reduce the
torsional moment between them. Extra washers were fitted to one side @fbtfimuth motor to counteract the
chamfer on the sides of the diecast boxri@gs were fitted to the motor shafts for ingress protection. Threaded
posts were used to mount the drivers. The controller, which was fitted with-eoreectors, was mounted usj
doublesided tape.



Figure6 ¢ Construction Details



