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Abstract -  
The purpose of the project was to create a Lab Spectrometer from the ALMA Test Correlator for use in the receiver lab.  
________________________________________________________________________

Introduction - 
This project involved converting the unused ALMA Test Correlator into a scale replica of the Spectrometer currently in use at Green Bank.  This scale replica, or Lab Spectrometer, would be one quarter the size of the original Spectrometer and be used in the receiver labs to test equipment.  The Lab Spectrometer would be smaller in the sense that the number of samplers would be fewer and the number of configuration modes would be reduced.  Also, in the original Spectrometer, the samplers could be placed in metaphoric quadrants; this feature would be removed from the Lab Spectrometer (only one quadrant would be available).  This project required several phases: First, hardware had to be examined and analyzed; second, software would have to be altered to mimic the original Spectrometer; third, a graphic user interface (GUI) would have to be created; finally, testing of the final product would have to be completed.  The first two steps of this project were completed while the third was near completion by the end of the summer.  

________________________________________________________________________

Hardware - 
Though much of the hardware was already assembled, three tasks had to be completed before moving on to the software stage of this project.  The first task was to set up serial communication with the hardware and determine if the devices were operating appropriately.  Second, installation of the Bit-3 Card and a VME card had to be completed.  Finally, a connection from the Lab Spectrometer into the NRAO-GB network had to be established.  The Lab Spectrometer would use much of the same hardware used in the original Spectrometer.  Several differences are present though and will be addressed in the following along with a description of the function of each component.

Samplers -
The sampler’s job is to provide a 3-level sampling of RF analog inputs.  This produces 16 parallel 100MHz signals.  The main difference between the original Spectrometer and the Lab Spectrometer lies in the number of samplers used.  While the original Spectrometer uses eight fast samplers (1.6GHz) and 32 slow samplers (800 MHz), the Lab Spectrometer uses only four fast samplers.  It can be seen how the number of sampling modes would be severely reduced due to this fact.  

SCC
 - 
The SCC’s main function is to determine which signals from the samplers go to which sample distributor card.  Since there is only one sample distributor card, we have no need for this device.  Therefore it was omitted from the design.  
SDC
 -
The sampled signals are routed to the SDC which determines what memory cards receive the signals.  There is only one SDC in the Lab Spectrometer due to the fact that there is only one quadrant and only one set of memory cards.  

MC
 - 
Based on the configuration stored in the SDC, a memory card may or may not receive data from a sampler.  If it does receive data, it will turn the 16 parallel 100MHz signals into 1.3 msec continuous sample streams.  These streams of data then flow into a set of four correlator cards (which correlator cards receive the signals from the MCs depends on the configuration stored in the FPGA on the MC).  There are four MCs in the Lab Spectrometer as opposed to the two MCs per quadrant in the original.  
CC
 - 
The function of the CC is to perform the actual correlation of the data.  The 1.3 msec sample streams are put through 16 correlator chips.  Depending on the configuration of the CC, the data may be auto correlated or cross correlated using varying amounts of lags.  The correlated data then moves to the long term accumulators.
LTA
 - 
The LTA takes the correlated data from the CC and integrates it over a period of time.  This time period, determined by the configuration of the card, can be long or short.  The purpose of this integration is to reduce the amount of noise and enhance the desired signal in the data.  There are two LTAs present in the Lab Spectrometer.  The data is stored in a buffer which, after filling halfway, sends an interrupt signal to a VME card.  

VMEC
 - 
The VMEC accepts the interrupt signal from the LTA and tells the interface card to handle the interrupt.  

IC
 - 
The IC handles the interrupt received by the VMEC.  The IC takes the data from the LTA buffer and sends it down the VME bus to the BIT-3 card.  
B3C
 - 
The B3C’s main function is to communicate with the Linux workstation.  The control commands and responses are sent along an optical cable from the workstation to the Lab Spectrometer.  The B3C also takes the data from the VME bus and sends it to the workstation for analysis.  

CCC
 - 
The CCC sets up the configuration modes for the SDC, MCs, CCs, and LTAs.  These configurations are loaded as Xilinx personalities into the FPGAs located on each card.  There is only one CCC in the Lab Spectrometer.  

SMC
 - 
The SMC has many functions within the Lab Spectrometer.  Its first task is to provide the 1.3 msec clock cycle for the MCs.  The SMC also buffered the two serial communication links available on the Lab Spectrometer.  Perhaps the SMC’s most important task is to monitor system voltages, currents, and temperatures.  This feature will prevent the destruction of the whole system in the event of an anomaly in a particular section.  

After examining several available modes and installing the needed VME cards, it was determined that the hardware was ready to go.  The next step was to start sending commands via a network connection and the B3C.  Before this could be done, software had to be changed to meet the needs of this new system.  
Software - 
The C++ code used on the original Spectrometer would be modified to fit the needs of the Lab Spectrometer rather than writing new code.  This decision was based on two facts: 1) the modes available on the Lab Spectrometer would be a subset of the original Spectrometer 2) the requirement that the Lab Spectrometer to work on the same network and the original was.  Much of the modifications involved simply removing code.  For example, the Lab Spectrometer only had one quadrant instead of four.  Thus certain code segments involving additional quadrants could be eliminated.  Also, the lack of certain hardware (the SCC) allowed for more code to be removed.  Some of the modifications involved adding code.  For example, the Lab Spectrometer has four MCs and CCs compared to the original’s two per quadrant.  Because of this, code had to be added to allow communication between the CCC and each MC and CC.  After each addition or subtraction of code, tests were run to determine if the code was still functional.  Only after all of the code modifications were completed and the tests successful could the construction of the GUI begin.  

GUI - 
The GUI was modeled after the existing Spectrometer GUI in CLEO.  Again, several parts of the GUI could be eliminated due to the fact that the Lab Spectrometer is a scaled down version of the original Spectrometer.  Also, since the GUI was only going to be used by on site technicians and engineers, the program could have features allowing for more complex mode assignments and deeper testing of the device.  Full functionality of this GUI was not realized during the course of the summer.  The code for this GUI was written using TCL and will be maintained by Ron Madallena.  

Testing - 
The testing of the Lab Spectrometer would involve sending real signals through the system and performing analysis on the resulting data.  This step was not completed during the course of the summer.   
________________________________________________________________________

Summary - 
Though this project was not completed, significant progress was made.  The hardware and software phases were fully completed while the GUI was very close to being finished.  All that remains now is the testing of the final system.  The project was estimated to be two weeks from completion at the end of the summer.  The Lab Spectrometer will be a valuable tool for those in the receiver lab who need to test their equipment without disrupting observations with the Green Bank telescope.    

� SCC – Sampler Control Card


� SDC – Sampler Distributor Card


� MC – Memory Card


� CC – Correlator Card


� LTA – Long Term Accumulator


� VMEC – VME Card


� IC – Interface Card


� B3C – BIT-3 Card


� CCC – Correlator Control Card


� SMC – System Monitor Card
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