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DSES Presents 3 Papers at SARA Western
Conference

A DSES was well represented at the Society of Amateur Radio Astronomers 2017 Western
Conference

A Dave 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.

A Awards were given to the presenters as well as having their papers published in the proceedings.




Attendees were given a special VLA Tour
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PaulPlishneDSES Site

1972

AThe Beginning: National Bureau of Standards proje
a0FNISR Ay UKS SINIeé& wmo
1974. ,

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

ADish 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.

AThis site was one of several similar sites located fro
Boulder, CO to Arkansas.




The Bunker




Communications Trailer and
Generator Building




Antenna Specifications

Frequencies: 400Mhzto 2 Ghz
Diameter: 60 feet
Antenna Gain: 42 .5dbiat 1Ghz
Beam Width: 2.6 degree at 40Mhz
0.8 degree at 1.55hz
Noise Temperature: 1-2db at 400Mhztotal system
Noise Figure: 0.8db at 400Mhzw/20db LNA
Coverage: Full Hemisphere

Slew Rate MaAZEI: 40/40 deg/min
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TriBand Dish Feed; 1482-1296 MHz;
Designed and assembled by Ray Uberecken, AAOL
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KOPRT Club Station
Goal is all bands plus EME and tropospheric Communicati

K@PRT Clup Station

Paul Plishner

Radio Astronomy

and

Space Sciences Center

‘Deep Space Exploration Society




Efficiency Analysis of the Plishner Radio Astronomy and
Science CentelSolar Power Systems

Bill Miller

Deep Space Exploration Society



Plishner Site




System Criteria

AOff Grid, Existing Solar and Battery System
AFor Now It Is What It Is!

AlLoads
ARemote Computers 7500 W
AExperiment Electronics 2Z00W

A System Parameter Telemetry 5W
ANetwork GPRS / EDGBMiFiconnection 5W

ARun through 2 days with no sun
ARecharge in 1 day full sun in winter



Work it Backwards

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

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

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

AFrom this determine what to add.



Communications Trailer Solar System 1
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Solar Cell V/I Characteristics
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Solar Panel Characteristics
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Definitions

AVlodule performance is generally rated under standard
test conditions (STQ)radianceof 1,000W/m?, solar
spectrumof AM 1.5 and module temperature at Z%&.
AAM is the Air Mass index and is the relative solar path
length through the atmosphere.

/Electrical characteristics include nominal powey (P
measured In\), open circuit voltag€Vsg, short circuit
current (Is; measured immpereg, maximum power
voltage ({,pp, maximum power current,(bp, peak
power, (vatt-peak W), 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/n¥/day or Colorado

. NASA Atmospheric Science Resource Center, Surface meteorology at
Solar EnergyA renewable energy resource web
site https://eosweb.larc.nasa.gov/cdpin/sse/sse.cqi?skip@larc.nasa.gov

Monthly Averaged Direct Normal Radiation (kWh/m?/day) For Colorado.
jan feb mar  apr may jun jul aug sep oct nov dec

Best Winter Tilt 34 deg 458 499 547 3517 5.1 S.05 496 5.05 S5.63 571 479 447
Best Summer Tilt 66 deg 3.72 443 3539 5.78 6.24 6.47 6.21 5.87 5.79 3517 398 353
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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

jan feb mar apr may jun jul aug sep oct nov dec
Best Winter Tilt 34 deg 458 499 547 517 S10 505 496 505 563 5N 4.79 447
Best Summer Tilt 66
deg 372 443 539 578 6.24 647 6.21 587 579 S§.17 398 3.53
Panel Output WATT
HOURS/DAY
Winter Tilt Angle
Panel 1 138 632 689 755 713 704 697 684 697 777 788 661 617
Panel 2 75 344 374 410 388 383 379 372 379 422 428 359 335
Panel 3 182 S34 908 996 941 928 919 9203 919 1025 1039 872 814
Panels Total 395
Average Daily Watt
Hours 1809 1971 2161 2042 2015 1995 1959 1995 2224 2255 1892 1766
Winter Tilt Minimum
Daily Average Watt
Hours 1766
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Loss Calculation Represented as the Input (Array Terminals) tc
Output (Battery Terminals) Efficiency

Loss Calculation

Total Panel Output Watts 395.00
Battery Voltage 13.50
Max Output Current 29.26
Wire Gauge 10 6 S 10 12 14 16 18
Wire Resistance Per Foot 0.0010 0.0004 0.0021 0.0010 0.0016 0.0026 0.0041 0.0065
Run Length from Panel to Battery 30.00
Total Round Trnip
Resistance 0.06
Wire Loss in Watts 51.37 Table 2: The Resistance of Various Wires
Distribution Net Output Diameter | dc Resistance
watts 343.63 AWG inches mm Ohms/ft Ohms/m
6 0162 4.1 0.00040 0.00132
Charge Controller 8 0129 3.3 0.00064 0.00210
Efficiency 10  0.102 2.6 0.0010  0.0033
PWM 0.75 12 0081 21 0.0016 0.0053
MPP 0.95 14 0064 16 00026 0.0084
Net Output 257.73 16 0051 1.3 0.0041  0.0134
E{lpm to Output Efficiency 0.65 i8 0.040 1.0 0.0065  0.0214
70 -

Table 3: 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

Battery Capacity
New Cell capacity- Ahr

Float Voltage
Number of Cells per String
Number of parallel Strings

String Voltage
Total New Capacity
Yrs Life @25C
Cycle Life @25C

Estimated Degradation %
Estimated Degraded Capacity Ahr
Total Battery Watt Hr Capacity= Ahr X V

3564

Lap Top Power Watts
Hour Run Time on Full
Charge

Desk Top Power Watts
Hour Run Time on Full
Charge

75

47.52

150

23.76
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Summary, Daily Watt Hour Capacity and Maximum Load
for 1 in 3 day Solar Scenario

Winter Tilt Minimum Daily Average Watt Hours 1765.65
Input to Output Efficiency % 0.65
Available input Minimum Daily Watt Hours 1152.03
Tolerable cloudy day plus sunny day to sunny day ratio 3.00
Daily available Watt Hours for load and charge 384.01
Average 24 hr load watts available under this cloudy day scenario 16.00

What is really needed for a 75 watt Load

Present Computer Load Wattage Estimate for Lap Top 50.00

Present Instrument Load Wattage Estumate 25.00

Total Estimated Load 75.00

Daily Whr requirement for loads = Watts * 24 Hr 1800.00
days of stored reserve = Daily Whr*days

Assume 2 reserve 3600.00

Total Battery Watt Hr Capacity= Ahr X V 3564.00

But must replenish this and provide the load i 1 solar day
Total Whr from Solar = 1 Days Batt Chrg + 3 days Load 5400.00
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Conclusions

Table 5 shows a summary of the input energy, the average load capability for the 1 in .
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 evel
with 3 solar panels and 264 Ampere Hours of battery. This would indicate that if we k
the same assumptions we would need to increase the system size by over 4.5 times t
able to keep the 75 watt load running for three days with only one day of sun in
December.

Therearesomecaveatdo consider

{ Actual battery capacityis unknown without a completecharacterizatiortest of the
batteries

f Using new more efficiency solar panelswould dramaticallyimprove the solar power
outputfor thesamepanelarea

{1 Usinga moreefficientcontrollerandlargehookupwire would reduceloses



Further Work

1 Do a better solar panel characterization with a continuously
variable load bank.

1 Improve the measurement with a solar flux instrument or
radiometer.

1 Do a load /time characterization of the batteries.

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

1 Characterize and include the battery charge/discharge loss ir
the calculation.




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 Explorabiciatsp Deep Space Exploration Society



60 foot Dish
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Multiband Feed and Installation Team
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Communications Trailer and Equipment Racks
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Position Indication System Circuitry Block Diagram

timuth Encoder —— Slgnal Conditioning > Data Acqulstion 4‘

Elevation Encoder Signal Conditioning Data Acqui sition ‘
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12 Bit Encoder and Signal Conditioning Board
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DAQ Board and Rasberry Pi

Figure 10: Rasberry Pi Computer and 2 Line 16 Character Display
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Multi-voltage Power Supply




Azimuth Motor Controller and
Elevation Variable Frequency Drive
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Software Capabilities

1. Providesasoftwareinterfaceto the AntennaAxis PositionEncoders
A Interfaceto eachEncodetis via anindividual serialcommunicatiorport
A Eachaxisencodercanreturnavaluebetweer0i 4095
A TheDCSinterpretshe encodempositiondatato generatézimuth andElevationpositions
A TheSystemPropertiedile containsEncodelto PositionMappingconstants

2. Providesa GraphicalUserInterface(GUI) to displaythe AZ/EL andencodeipositiondata

A Additionally, the GUI displaysa calculatedRA and DEC position basedon the current AZ/EL
position,locationandtime.

3. Providesa 16x2 Charactet.CD displayof thecurrentAZ/EL Position

A TheLCD displayalsoprovidesanoperatoiinterfaceto shutdownthe RaspbernpPi.



Hardware/Software Block Diagram




Raspberry Pi 3 Model B

Rasberry Pi 3

Raspberry Pi 3 with LCD Display
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Real vs. Simulation Block Diagram

ENCODER

Real Execution

Command/Response

Encoder Position Data
DCS - ! DAC -3

1. DCS Sends “I\r” command string to the DAC to ask for Input (\r = Carriage return)
2. The DAC Sends “Ixxxf\r” response string to the DCS where xxx is the encoder position
3. The DCS converts the String xxx value to an Integer value, then calculates the position value

Simulation Execution

Command/Response

DCS - > ASIM

1. DCS Sends “I\r” command string to the ASIM to ask for Input
2. ASIM calculates the current encoder position based on the current state of the simulation

3. The ASIM Sends “Ixxxf\r” response string to the DCS where xxx is the encoder position
4. The DCS converts the String xxx value to an Integer value, then calculates the position value
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DCS Software Classes

DishMountGUI 1 Systemi ma i mBuilds and displaysthe DCS GUI then starts the main processingthreads
(DishMountinterfacg

DishMountinterface i Startsupthe LCD Displayandthe Azimuth andElevationprocessinghreadshenquerieseach
axisthreadevery250msto updatethe DCS GUI positiondata

MountAxisThread 1 A threadfor eachaxis. This threadcommandghe DAC, via the serialport, for encoderposition
data,it thenreadsthe positiondatafrom the serialport The encodermpositiondatais thenconvertedto an AZ or EL
Position The encoderpositionand AZ/EL positionare savedinternally for display processing The AZ/EL position
datais convertedo Ra/Decfor display

SerialPortDevicei A classfor eachserialport This classmanageghe initialization andthe softwareinterfaceto a
serialport (read/write) Thesystemhastwo serialports,onefor eachDAC/Encoder

LcdDisplayGUI i This manageghe initialization and the softwareinterfaceto display position dataon the 2 Line
LCD Display:.



ASIM Software Classes

AxisSimulatorGUI 7 Systemit ma i Budds anddisplaysthe ASIM GUI then startsthe main processing
threadqAxisSimulatol).

AxisSimulator T This classmanageghe startupof the two axis simulationthreads(AxisSimulationThreapl
andthe startupof thetwo axisthreadqAxisThread.

AxisSimulationThread T This classcontainsa threadthat modelsan Axis (encoder)ositionandmovement
Thereis a AxisSimulationThreadobject for eachaxis Axis movementis simulatedbasedon movement
commandsnitiatedfrom theASIM display

AxisThread i This classcontainsa threadthatinterfaceswith an Axis serialport. It acceptsi | commands
from the DCS and usesi t associatedAxisSimulationThreadobject to respondwith the currentencoder
positiondata Theresponses in theform flxxxf\r wherexxx isthefi h eexnandelposition



JAVA Software Classes

DishMoutGUI
Dish Control Software (DCS) Classes main
MountAxisThread v MountAxisThread
DishMountinterface
Bevaton g Azrmuth A
» [(MountissThread ] [(Mountixshread | » .
SenalPortDevice [ SenaPortoevce ] (Lca i ay GOl ] [ SenarortDevce | SerialPortDevice
Bevivon Seral fon aAzmuth Serial Port
- -1
——) =
I — | Cem ]
LedDisplayGUI
SeralPort Serial Port
A
_ L
S Bevaton Simulation AZruth Semutanon Azmuth
mSruGtonThread | > [
AxisThread - AxisSimulationThread AxisSimulationThread . AxisThread
'y ' o
[(AdSimuationTivead] [AdSimuatonThread )
AxisSimulator
'Y
Axis Simulator (ASIM) Classes (EsSmusisr
man

AxisSimulatorGUI




DCS JAVA and LCD Displays

DCS Java Display LCD Display

fount Display

AZIMUTH

349.1016 =u

RA

288.7358

\\\ - -
ELEVATION _____— Encoder Positions
6.1523 s *

DEC

56.2914



Hand Paddle Buttons

ASIM Display

Azimuth/Elevation Axis Simulator

AZIMUTH
349.10 an

cw ccw

STOP

ELEVATION
6.15 3498

DOWN Up

STOP

Encoder Positions
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DCS Network




DCS Testing

ATheDCS softwaretestingwascompletedn threephases

a. DevelopmentalTesting - Theinitial developmentalestingwascompletedusingthe mounthardwardan
a standalone environment The Encoderwasfi h a riudhedwhich changedthe illumination of 12
L E D bcatedon the Signal ConditionerBoard The LED display was usedto verify the encoder
positiondatareportedby the Javasoftware

b. Initial Site Integration T The RaspbernPi/DCS softwarewasconnectedo the azimuthandelevation
encodersand the mount was slewedto known fixed azimuthand elevationpositions Resultswere
capturedanda zeropointfor eachaxiswascalculatedandstoredin the DCS systenypropertiedile.

c. BeaconTesting- WhentheD i s Reédhorrhardwarebecameavailable,known radio beaconswvere
identified and their site azimuth positions were calculated The Dish was slewedto each of the
positions and a radio receiverwas usedto establishand verify their reception(at their expected
frequencies) The displayedazimuthpositionwas comparedo their calculatedposition In eachcase
thereportedazimuthpositionandthe calculatedpositionswerewithin 1 degreeof eachother



Software Future Development

1. Separatehe GUI softwarefrom Axis Interfacesoftware
a. Allows the GUI softwareto run from anydevicewith communicatiorto the RaspberryPl via TCP/IR

b. Allows the useof moreaccuratdime to be usedin positioncalculations The RaspberryPl doesnot have
a RealTime Clock (RTC) sothe calculationof AZ/EL andRA/DEC will be completedon a client system
thathasmoreaccuratdime.

2. AddAdditional Display Capabilities

a. GraphicalDisplay showingthe currentAxis Positionin RA/DEC space

b. Pulldownswith lists of knownradiosourceobjects

c. Operatorcontrolof the RaspberryPl in the Pedestal Remoterebootandshutdowncapabilities
3. Createstandalon¢oolsto supportobservingdatacollectionandsystentesting

Long term modificationswill include commandingand realtime tracking of the antennavia softwarehardware
controlalgorithms



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

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



Control Chart Example

Data
00000 10
;:z 1: Control Chart Example
30000 S0 120
40000 15 Before Process Change
Afrer Process Change 100
50000 50 1 ual N
60000 30
70000 55 N
80000 &0
9:00:00 35 f w
wmhmm#omel Value 2 [Time-Low |Time - Max ™ . d
Mean &7 &7 ooooo] 40000 - \ [/
Standard Deviation 441 441
Jpper Control Limit | 911]  911] 00000] 40000 2 \a
ower Control Limit 18 1% 00000 40000 L
Mm w*l uz Tm Tm-h :?ocao 13200 22400 330N 44200 SO0 71200 B24a0 5
Mean 42 &2 50000 S0000 LMST
Standard Deviation 04 104
Jpper Control Limit 524 524 50000 S0000
Lower Control Limnt 316 316 50000 $0000




Control Chart Rules

1 or morepointsoutsideof controllimits

' Fourof flve consecutivgointsbeyondthe onesegmentimit

" A run of eightconsecutivgointson onesideof thecenterine
- SIX pointsin arow steadilyincreasingor decreasing

- An unusuabr nonrandonpatternin thedata

he assumptionfor the prototype is that the majority of the data
receivedwould be backgroundnoise causedby the environmenta
temperatureariationsof theantennapreampandreceiver

—- & _a _a _a




50 Ohm Test Sample Set 1



