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DSES Presents 3 Papers at SARA Western 
Conference
ÅDSES was well represented at the Society of Amateur Radio Astronomers 2017 Western 

Conference

ÅDave,Bill and Rich presented their papers and received a lot of interest from the very 
knowledgeable people present. Glenn was unable to make the meeting. Steve also attended.

ÅAwards were given to the presenters as well as having their papers published in the proceedings.
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Attendees were given a special VLA Tour
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Magdalena Historic Telescope Museum

4

wǳǘƘŜǊŦƻǊŘΩǎ ¢ŜƭŜǎŎƻǇŜ



Papers

Efficiency Analysis of the Plishner Radio Astronomy and Science Center 

Solar Power Systems

Bill Miller

Deep Space Exploration Society

Plishner Radio Astronomy and Space Science Center

60-Foot Dish Position Indication System Development

David Molter Glenn Davis Richard Russel

Deep Space Exploration Society                  Deep Space Exploration Society                  Deep Space Exploration Society

Plishner Radio Astronomy and Space Science Center

The Use of Statistical Process Control to Improve the Detection of Extraterrestrial Radio Sources 

Richard Russel

Deep Space Exploration Society
5



6



Paul PlishnerDSES Site

ÅThe Beginning:  National Bureau of Standards project 
ǎǘŀǊǘŜŘ ƛƴ ǘƘŜ ŜŀǊƭȅ мфрлΩǎ Φ  hǇŜǊŀǘƛƻƴŀƭ ŦǊƻƳ мфрр ǘƻ 
1974. 

ÅA 500 foot tower constructed for VHF TV channel 
research.  How close can the same TV channel be 
assigned to geographical areas.

ÅDish operational 1959, used for Tropospheric radio 
propagation studies for design of communications 
systems in Northern Latitudes in the construction of 
the DEW Line from Alaska to Greenland.

ÅThis site was one of several similar sites located from 
Boulder, CO to Arkansas.
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The Bunker
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Communications Trailer and 
Generator Building



Antenna Specifications

Frequencies:  400 Mhzto 2 Ghz
Diameter:  60 feet
Antenna Gain:  42.5 dbi at 1 Ghz
Beam Width:  2.6 degree at 400 Mhz

0.8 degree at 1.2 Ghz
Noise Temperature:   1-2db at 400 Mhztotal system
Noise Figure:  0.8db at 400 Mhzw/20db LNA
Coverage:  Full Hemisphere
Slew Rate Max Az/El:  40/40 deg/min
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Tri-Band Dish Feed;  144-432-1296 MHz;                                   
Designed and assembled by Ray Uberecken, AA0L



K0PRT Club Station
Goal is all bands plus EME and tropospheric Communications
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Bill Miller

Deep Space Exploration Society

Efficiency Analysis of the Plishner Radio Astronomy and 

Science Center Solar Power Systems
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Plishner Site
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System Criteria

ÅOff Grid, Existing Solar and Battery System
ÅFor Now It Is What It Is!

ÅLoads
ÅRemote Computers  75-500 W

ÅExperiment Electronics 25-200W

ÅSystem Parameter Telemetry  5W

ÅNetwork  GPRS / EDGE to WiFiconnection  5W

ÅRun through 2 days with no sun

ÅRecharge in 1 day full sun in winter



Work it Backwards

ÅIn most solar sizing analysis the system size is 
determined starting with the load.

ÅBut we have an existing system. What can we power 
with it ?

ÅDetermine the system capacity and then the 
capability to load it.

ÅFrom this determine what to add.



Communications Trailer Solar System 1
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Solar Cell V/I Characteristics
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Parallel and Series Cells 
and Panels



Solar Panel Characteristics
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Definitions
ÅModule performance is generally rated under standard 
test conditions (STC): irradianceof 1,000 W/m², solar 
spectrumof AM 1.5 and module temperature at 25°C.  
ÅAM is the Air Mass index and is the relative solar path 
length through the atmosphere. 
ÅElectrical characteristics include nominal power (PMAX, 
measured in W), open circuit voltage(VOC), short circuit 
current (ISC, measured in amperes), maximum power 
voltage (VMPP), maximum power current (IMPP), peak 
power, (watt-peak, Wp), and module efficiency (%). 

Ref: Wikipedia  https://en.wikipedia.org/wiki/Solar_panel

https://en.wikipedia.org/wiki/Irradiance
https://en.wikipedia.org/wiki/W/m2
https://en.wikipedia.org/wiki/Spectrum
https://en.wikipedia.org/wiki/Airmass
https://en.wikipedia.org/wiki/Watt
https://en.wikipedia.org/wiki/Open_circuit_voltage
https://en.wikipedia.org/wiki/Short_circuit_current
https://en.wikipedia.org/wiki/Ampere
https://en.wikipedia.org/wiki/Watt-peak


Monthly Averaged Direct Radiation
kWh/m2/day or Colorado
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:  NASA Atmospheric Science Resource Center, Surface meteorology and 
Solar Energy, A renewable energy resource web 
site https://eosweb.larc.nasa.gov/cgi-bin/sse/sse.cgi?skip@larc.nasa.gov

https://eosweb.larc.nasa.gov/cgi-bin/sse/sse.cgi?skip@larc.nasa.gov


Total Energy Calculated from Monthly Averaged 
Direct Normal Radiation

Watt Hours
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Loss Calculation Represented as the Input (Array Terminals) to 
Output (Battery Terminals) Efficiency
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Battery Capacity to Load Estimate Based on 
50% degradation of Batteries
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Summary, Daily Watt Hour Capacity and Maximum Load 
for 1 in 3 day Solar Scenario
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Conclusions
Table 5 shows a summary of the input energy, the average load capability for the 1 in 3 

day solar scenario and then makes the reverse calculation of what is required for our 

modest 75Watt laptop plus experiment pack load.   There is a considerable deficit even 

with 3 solar panels and 264 Ampere Hours of battery.   This would indicate that if we keep 

the same assumptions we would need to increase the system size by over 4.5 times to be 

able to keep the 75 watt load running for three days with only one day of sun in 

December.

Therearesomecaveatsto consider:

¶Actual battery capacity is unknown without a completecharacterizationtest of the

batteries.

¶Using new more efficiency solar panelswould dramaticallyimprove the solar power

outputfor thesamepanelarea.

¶Usingamoreefficientcontrollerandlargehookupwire would reduceloses. 27



Further Work

¶Do a better solar panel characterization with a continuously 

variable load bank.

¶Improve the measurement with a solar flux instrument or 

radiometer.

¶Do a load /time characterization of the batteries.

¶Use the NASA data for a location closest to the site.

¶Characterize and include the battery charge/discharge loss in 

the calculation.
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Plishner Radio Astronomy and Space Science Center

60-Foot Dish Position Indication System Development

David Molter Glenn Davis Richard Russel

Deep Space Exploration Society        Deep Space Exploration Society            Deep Space Exploration Society



60 foot Dish
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Multiband Feed and Installation Team

31



Communications Trailer and Equipment Racks
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Position Indication System Circuitry Block Diagram

33



12 Bit Encoder and Signal Conditioning Board
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DAQ Board and Rasberry Pi 
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Multi-voltage Power Supply
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Azimuth Motor Controller and 
Elevation Variable Frequency Drive
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Software Capabilities
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1. Providesasoftwareinterfaceto theAntennaAxis PositionEncoders.

Å Interfaceto eachEncoderis via anindividualserialcommunicationport.

ÅEachaxisencodercanreturnavaluebetween0ï4095.

ÅTheDCSinterpretstheencoderpositiondatato generateAzimuthandElevationpositions.

ÅTheSystem.Propertiesfile containsEncoderto PositionMappingconstants.

2. ProvidesaGraphicalUserInterface(GUI) to displaytheAZ/EL andencoderpositiondata.

ÅAdditionally, the GUI displaysa calculatedRA and DEC position basedon the currentAZ/EL

position,locationandtime.

3. Providesa16x2 CharacterLCD displayof thecurrentAZ/EL Position.

ÅTheLCD displayalsoprovidesanoperatorinterfaceto shutdowntheRaspberryPi.



Hardware/Software Block Diagram
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Rasberry Pi 3
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Real vs. Simulation Block Diagram
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DCS Software Classes
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Å DishMountGUI ïSystemñmainò. Builds and displays the DCS GUI then starts the main processingthreads

(DishMountInterface).

Å DishMountInterface ïStartsup theLCD DisplayandtheAzimuth andElevationprocessingthreadsthenquerieseach

axisthreadevery250msto updatetheDCSGUI positiondata.

Å MountAxisThread ïA threadfor eachaxis. This threadcommandstheDAC, via theserialport, for encoderposition

data,it thenreadsthe positiondatafrom the serialport. The encoderpositiondatais thenconvertedto an AZ or EL

Position. The encoderpositionandAZ/EL positionaresavedinternally for displayprocessing. The AZ/EL position

datais convertedto Ra/Decfor display.

Å SerialPortDeviceïA classfor eachserialport. This classmanagesthe initialization andthe softwareinterfaceto a

serialport (read/write). Thesystemhastwo serialports,onefor eachDAC/Encoder.

Å LcdDisplayGUI ïThis managesthe initialization and the softwareinterfaceto display position dataon the 2 Line

LCD Display.



ASIM Software Classes
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Å AxisSimulatorGUI ïSystemñmainò. Builds and displaysthe ASIM GUI then startsthe main processing

threads(AxisSimulator).

Å AxisSimulator ïThis classmanagesthe startupof the two axis simulationthreads(AxisSimulationThread)

andthestartupof thetwo axisthreads(AxisThread).

Å AxisSimulationThreadïThis classcontainsa threadthatmodelsanAxis (encoder)positionandmovement.

There is a AxisSimulationThreadobject for eachaxis. Axis movementis simulatedbasedon movement

commandsinitiatedfrom theASIM display.

Å AxisThread ïThis classcontainsa threadthat interfaceswith an Axis serialport. It acceptsñIòcommands

from the DCS and usesitôsassociatedAxisSimulationThreadobject to respondwith the current encoder

positiondata. Theresponseis in theformñIxxxf \ròwherexxx is theñhexòencoderposition.



JAVA Software Classes
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DCS JAVA and LCD Displays
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ASIM Display
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DCS Network
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DCS Testing

ÅTheDCSsoftwaretestingwascompletedin threephases:

a. DevelopmentalTesting - Theinitial developmentaltestingwascompletedusingthemounthardwarein

a stand-aloneenvironment. The Encoderwasñhandòturnedwhich changedthe illumination of 12

LEDôslocatedon the Signal ConditionerBoard. The LED display was usedto verify the encoder

positiondatareportedby theJavasoftware.

b. Initial Site Integration ïTheRaspberryPi/DCSsoftwarewasconnectedto theazimuthandelevation

encodersand the mount was slewedto known fixed azimuthand elevationpositions. Resultswere

capturedandazeropoint for eachaxiswascalculatedandstoredin theDCSsystem.propertiesfile.

c. BeaconTesting - WhentheDishôsFeedhornhardwarebecameavailable,known radio beaconswere

identified and their site azimuth positions were calculated. The Dish was slewed to each of the

positions and a radio receiver was used to establishand verify their reception(at their expected

frequencies). The displayedazimuthpositionwascomparedto their calculatedposition. In eachcase

thereportedazimuthpositionandthecalculatedpositionswerewithin 1 degreeof eachother.
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Software Future Development
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1. SeparatetheGUI softwarefrom Axis Interfacesoftware.

a. Allows theGUI softwareto run from anydevicewith communicationto theRaspberryPI via TCP/IP.

b. Allows theuseof moreaccuratetime to beusedin positioncalculations. TheRaspberryPI doesnot have

a Real-Time Clock (RTC) so thecalculationof AZ/EL andRA/DEC will becompletedon a client system

thathasmoreaccuratetime.

2. Add AdditionalDisplayCapabilities.

a. GraphicalDisplayshowingthecurrentAxis Positionin RA/DEC space.

b. Pulldownswith listsof knownradiosourceobjects.

c. Operatorcontrolof theRaspberryPI in thePedestal. Remoterebootandshutdowncapabilities.

3. Createstandalonetoolsto supportobserving,datacollectionandsystemtesting.

Long term modificationswill include commandingand real-time tracking of the antennavia softwarehardware

controlalgorithms.
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Plishner Radio Astronomy and Space Science Center

The Use of Statistical Process Control to Improve the Detection of 

Extraterrestrial Radio Sources 

Richard Russel

Deep Space Exploration Society



Statistical Process Control

51

Statistical Process Control (SPC) provides tools to 

achieve process and stability to improve capability 

through the reduction of variability. 



Prototype Setup
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Run Chart Example
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Control Chart Example
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Control Chart Rules
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¶1 or morepointsoutsideof controllimits

¶Fourof five consecutivepointsbeyondtheonesegmentlimit

¶A runof eightconsecutivepointsononesideof thecenterline

¶Six pointsin a row steadilyincreasingor decreasing

¶An unusualor nonrandompatternin thedata

The assumptionfor the prototype is that the majority of the data

received would be backgroundnoise causedby the environmental

temperaturevariationsof theantenna,preampandreceiver.



50 Ohm Test ςSample Set 1
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