M2 RC2800-PRK Dual Controller
Operating Procedures
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The RC2800-PRK Dual Controller is the primary controller of the MidSTAR antenna.  Unlike its predecessor, the 2800P, the PRK Dual Controller has both azimuth and elevation control.  The purpose of these procedures is to outline basic operation of the Controller using manual input (the actual buttons on the unit) and computer input.  

FRONT PANEL
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Each axis control consists of a digital display, two MODE buttons, two SPEED buttons and two directional control buttons.  The power switch is located in the lower left corner of the panel and two override switches have been installed in the upper right corner.  

Display Screens
The display screens show the same information in the same places for each axis.  From left to right, digit 1 shows the operating mode of the controller, which will be discussed later.  The digit 2 shows the maximum speed the antenna will be allowed to achieve when moving to a desired azimuth or elevation.  The last four digits (3, 4, 5, and 6) are reserved for the position of the antenna (in degrees).  
Modes
The mode buttons switch the operating modes of the controller to whatever operating mode is needed (digit 1 on display).  To cycle through the Run Modes, press and release either mode button until the desired mode is displayed.  To access the Program Modes, the upper mode button must be depressed for 3 to 5 seconds.  The display will show mode 3 as the default program mode, and the user can cycle through the Program Modes in the same manner as the Run Modes.  There are fourteen modes total, numbering from 0 to 9 and 20 to 23.  These instructions are valid for both the Azimuth and Elevation controls. 
Mode #
Function            

Run Modes:  These modes are for normal operation of the antenna.                           
0
Manual Operation Mode:  Whenever a directional button is pressed and held, the antenna begins to move at once, first at the minimum programmed speed and then ramping up to the maximum speed displayed on the screen (digit 2 on display).  The antenna continues to move until the button is released, stopping instantly without a ramping down delay.

1
Manual Preset Mode:  When a directional button is pressed and held in this mode, the display will show the position of the antenna changing while the antenna itself remains stationary.  Once the display shows the position desired by the user and the button is released, the antenna will begin moving to that preset position.  There is no ramping phase in the manual preset mode; the antenna will move the entire time in whatever speed is shown on the display screen.  There is a slight delay after the directional button has been released and before the antenna begins to move in order to make minor adjustments to the preset position as necessary.  The movement of the antenna can be stopped during travel by pressing any one of the mode buttons for that particular axis.  
2
Programmable Preset Mode:  There are default positions saved into the controller that can be accessed through this mode.  The antenna movement works the same way as for Mode 1, with a slight delay before the antenna begins to travel in order to make adjustments.  The antenna can be stopped during travel by pressing either mode button.  Modes 20 thru 23 are reserved specifically for these preset positions.   

Program Modes:  These modes are for changing the parameters of the controller. 
3
Calibration Mode:  This is the default mode that is displayed when the upper mode button is held for 3-5 seconds.  This mode allows the user to enter a known position into the controller in order to calibrate it.  

4
Upper/Clockwise Rotation Limit Mode:  The controller allows the user to select a limit or “soft stop” that the antenna cannot cross.  This mode sets an upper soft stop for the elevation control and a clockwise rotation soft stop for the azimuth control.  

5
Reduction Ratio Preset Mode:  Reduction ratio describes the number of times a magnetically actuated reed switch on the motor shaft is triggered during one rotation of the positioner output shaft.  For Azimuth, the factory preset is “3960” which is a ration of 3960:1.  For Elevation, the preset should be “19307.”
6
Factory Default Settings Mode:  When this mode is saved, all the factory settings are restored in the Program Modes. 

7
180° Offset Mode:  Along with soft stops that can be programmed into the controller through program modes 4 and 8, a “hard stop” exists in the system which is default at North.  This mode will offset that stop 180°; in other words, it will move the hard stop from North to South.  This will affect the location of the soft stops.

8
Lower/Counterclockwise Rotation Limit Mode:  This mode sets the lower soft stop for Elevation and the counterclockwise rotation soft stop for the Azimuth.

9
Ramp/Speed Configuration Mode:  There are nine speed configurations inherent in the controller.  The “1” speed denotes starting from the slowest speed and ramping up to maximum during antenna travel (vice versa for stopping).  The “1” setting also denotes the longest ramping period.  As the speed setting increases from 1 to 9, the start speed increases and the ramping period decreases.  Speed “9” does not have a ramping period at the beginning or end of a movement; it simply starts and stops at maximum speed.  Maximum speed cannot be changed; however, the minimum speed that is accessible by the speed buttons during Run Modes is set in Mode 9.  Unlike Modes 1 and 2, Mode 0 does not have a ramping down period.   
20-23
Preset Position Modes:  These four modes are reserved for the preset positions used in Mode 3.  


Blank Display Mode:  This mode can be used to exit the Program Modes without saving any changes.  
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ANTENNA CALIBRATION

Feed horn Alignment

Equipment Needed:

Philips head screwdriver

Ballpoint laser with plastic cover

7/16’’ wrench (two would be best)

The feed horn alignment process is an extremely easy process. It goes as follows:

1. Remove the black feed horn cover by unscrewing the three Philips head screws located around the base of the cover.  The cover is on pretty tight, so it will not remove easily.  A little twist and pull should free the cover and then pull it back until it is clear of the actual feed horn.  

2. Remove the blue cover off of the back of the feed horn assembly.  This is where the laser will be placed to align the feed horn.  

3. There are three bolt/nut combinations holding the feed horn in place.  It will require the manipulation of each of these bolt/nut combinations in order to align the feed horn with the center of the dish. It is recommended that each bolt be loosened before alignment is attempted.  To loosen or tighten the bolt/nut combinations, hold use one wrench to keep the screw from turning while using the other wrench to loosen or tighten the nut. 
4. Place the plastic cover that comes with the laser in place of the blue cover that was removed in the previous step.  There is a whole in the plastic cover in the center; the lip around the whole should protrude away from the feed horn towards the dish.  This is where the laser is to be placed, pushed in far enough to where the lip around the hole depresses the switch to turn the laser on.

5. Once the laser is in the whole, a red dot should appear on the dish.  Make sure the plastic cover is on the feed horn straight, otherwise the calibration will be off.  The location of the red dot is where the feed horn is aligned to.  That dot should be in the exact middle of the dish, equidistant from the four screws located in the center of the dish.  If the red dot is not in the center, the bolt/nut combinations that hold the feed horn in place must be loosened and manipulated until the red dot is in the center of the dish.  

6. Once that is complete, tighten any loose bolt/nut combinations.  The feed horn has a small degree of freedom for minor adjustments in case the red dot is not exactly in the center of the dish.  Once the bolt/nut combinations are tightened, however, it should be pretty close to center. 

7. Remove the laser and the plastic cover and replace the blue cover on the back of the feed horn assembly.  Take the black assembly cover and slide it back over the feed horn assembly.  Make sure the three holes around the cover match up with the three holes in the assembly and screw back in the Philips head screws.  Try not to move the feed horn assembly around too much when this is being done.  That is all there is to it.  

G/T Measurements 
G/T measurements are necessary in order to provide an accurate measure of the sensitivity the receiver system.  The actual G/T testing results are located in a separate document; this is just the procedure on how to do the measurement.  The equations used in this calculation can be found at http://seti1.setileague.org/articles/g-t.htm. This article was written by Richard Flagg and published by SETI League.  
G/T is a ratio of the gain of the receiving antenna to the total system noise temperature of the receiving system.  The noise of the receiving system can be found by looking at each component of the receiving system and adding together its contribution to the overall noise temperature.  This was done for the MIDSTAR system in the groundstation, and the results can be found in the Link Budget document (can be downloaded by going to the MIDSTAR website/Ground Station/Mission and Requirements /link budget).  

Another way to find G/T is to take measurements using a known signal source (the Sun).  The received signal can be compared to the signal when the receiving dish is pointed toward the cold sky, and this ratio can be used to indirectly find G/T.  

To ease the calculations, a multimeter is put in place to measure the voltage of the received signal.  We are not necessarily interested in the voltages, but in the power of the signal from the sun and the signal from the cold sky.  Power can be found by the equation: 
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Equation 1
The power cannot be calculated directly without knowing what the resistance value is, but we do know that the resistance values are the same for both the sun and the cold sky voltages we collect.  Therefore, the power ratio can easily be calculated as: 
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Equation 2
This Y value is the basis for our calculation.  

There are some other factors which need to be considered in order to find G/T.  The equation for G/T is:
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Equation 3
L is the beamsize correction.  Since our antenna has a beam size much larger than 3 degrees, this term can be set equal to 1.  

k is the is Boltzmann’s Constant and is equal to 1.38e-23 J/K.

F is known as the solar flux density.  This term changes from day to day and is also dependent on the frequency in which the antenna is operating.  F can be found for some common frequencies at USAF Space Command website.  If our particular frequency is not there, it must be interpolated between the existing frequencies.  

λ is the wavelength in meters at the operating frequency.  This can be found from the equation:
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Equation 4

where c is the speed of light (3e8 m/s).

The G/T can be found by plugging in all these terms into Equation 3.  Obviously, the higher the G/T ratio, the better our system is at receiving weak signals.  In order to maximize G/T, it is necessary to ensure that the feed horn is center on the dish and that it is the proper distance away from the dish to maximize signal collection.  This is the whole reason for the measurement.  We can take different G/T ratios from different feed horn positions, plot it, and determine the position that gives us the highest G/T.
  That is it.  
NOVA AUTO-TRACKING OPERATION

The program chosen to auto-track MIDSTAR is NOVA for Windows, created by Northern Lights Software Association.  This is a very easy program to operate, and once it has been set up, there should be no reason to have to go through these steps antenna calibration needs to be done or a new antenna controller is purchased.  These procedures outline how to set up NOVA to track an object, but these procedures do not include how to operate every aspect of the NOVA program.  There is a manual in the ground station that can be referenced if specific questions arise. 
NOVA Operation

1. Open NOVA by double-clicking on the NOVA icon on the Window’s desktop and wait for a minute while NOVA loads. 

2. A window will appear titled View Creation Wizard   

a. Under the Satellite Tab
i. Choose the object that you are interested in tracking.  The objects are categorized depending on what they are (Satellites, Celestial Objects, etc.)  Choose the category in which the object exists by clicking on the down arrow.

ii. Click the object you want to track in the Database box and drag the name of the object into the View’s Contents box.  

iii. If there are any extra objects in the View’s Contents box that you do not want to track, you can delete them by clicking on the object and pressing the delete button (icon is a trash can)

b. Under the Observer’s Tab
i. Select Annapolis, MD from the Database box and drag it to the View’s Contents box.  Delete any other observers in the View’s Contents box 

c. Click the Create button at the bottom of the View Creation Wizard window

NOVA should now be set up to track the object you selected.  There are other ways to change the observer or the satellite being tracked without having to start the program over.  These procedures will be covered now. 

3. There should be 4 windows that appear after the Create button is selected.  Each window has some information about the antenna position or the position of the object being tracked.  These windows can be manipulated and closed at your discretion.  They include:

a. Link information between antenna and satellite being tracked window

i. If this window displays information about a different satellite than the one you want to track, click the Satellite button at the bottom of the window

ii. A familiar window should appear with the names of objects you want to track.
iii. Drag the name of the object you would like to track from the Satellites window to the AutoTracking Satellite window

iv. Click OK
v. The name of the object you are tracking should be in the title bar of this window now

b. Map of Object Groundtrack

i. This should include a lot of information that the computer has on the object being tracked.  Refer to the NOVA manual about what each button on this window does.

c. Auto Tracking Window

i. This is the most important window on the screen.  It provides the azimuth and elevation of both the satellite being tracked and the antenna.  The azimuth and elevation of the satellite and antenna should be close but not necessarily the same.  This depends on how the antenna has been set up to track the object, whether it is moving along with the object or whether it is ahead of the object waiting for it to pass.  Refer to the NOVA manual about the different methods of tracking an object and which one is best for your case.  

1. The top right corner of this window should say either off or on: this is the on/off switch for auto-tracking.

a. Left Click this button to turn auto-tracking on and off. 

b. Right click this button and a menu will appear.  There are a lot of items in the menu but here are the most important ones for our case:

i. AutoTracking Observer: allows you to change the location of the observer (should always be Annapolis, MD for the ground station)

ii. AutoTracking Satellite: allows you to change the object being tracked

iii. Configure Rotator: allows you to pick the interface that is being used to connect the PC to the antenna (the type of antenna controller); if you click this item, a window will appear:

1. Under the Interface Tab
a. Rotator Interface box: This should be set to M2 RC2800P (new) 

b. Serial port:  This depends on which port the controller is connected to on the CPU (should be 1 or 2)
2. Under the General Tab
a. Antenna Az Offset and Antenna El Offset: These let you include an offset in the antenna location in case the computer does not have the location of the object being tracked correct
3. Under the Advanced Tab
a. Baud Rate: This should be set at 9600. 
b. Update Interval: This should be between 250 ms and 1000 ms. 
ANTENNA TROUBLESHOOTING

� Richard Flagg, “Determination of G/T.”  SETI League Publications Dept. (23 November 2004).  � HYPERLINK "http://seti1.setileague.org/articles/g-t.htm" ��http://seti1.setileague.org/articles/g-t.htm�. INTERNET. 
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