Prototype BCM Electronics 

Shipped to LBNL February 2002

The prototype electronics includes a 2U Rack mounted PC, and comes equipped with software that permits it’s operation as an independent instrument with no monitor or keyboard.  A keyboard and monitor will permit local control.

The system will boot and automatically locate the hardware, run LabVIEW, and load appropriate vi’s to set up the PCI card for data acquisition, and will start the “BCM data server 0.5.vi”.  This server software is set to interface with client software loaded on a PC connected via network.  The client software is called “BCM data client 0.5.vi”.

Engineering software can be called “locally” that permits local observation of engineering data and is “BCM 0.4.vi”.  A detailed of this software follows.

The client software will permit remote operation of data collection, and will pass process variables to the server software and retrieve process variables for display on the client.  The process variables displayed include the number of charged particles, as a number, and a graph of beam current.  This graph is a filtered version of the beam current and displays only 256 total points.  The segment of beam to be viewed is adjusted by choosing a delay process variable and a duration process variable.

The number of charges is computed from the data. The segment of data being analyzed can be controlled by a delay process variable and an integration time variable.
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Software BCM0.4

1. General Description:

The prototype beam current monitor (BCM) electronics is comprised of a 2U 800MHz, Pentium III, PC with a PCI board and analog front end (AFE) board mounted in a PCI slot.  One of the slot access plates has been removed and replaced with an insulated feed-thru connector strip.  This strip of feed-thrus provides signal input capability to the AFE via coaxial cables.  The connections are SMA.  The AFE handles two (2) independent channels.

1.1 Prototype BCM electronics:

This is intended strictly as a prototype apparatus to aid in commissioning the SNS Front End at LBNL.  The unit is composed of first artwork prototype PC boards for the AFE, incorporates many artwork corrections and suffers from typical first artwork problems.  As a result certain functions are inoperative.  All of the basic capability is present, providing a working BCM electronics AFE for LBNL.  Although it uses first artwork it is capable of delivering the performance and specifications agreed upon with Accelerator Physics.

Software development continues, and we have not yet resolved the issue of dual channel software operation and wrong polarity trigger edge.  As a result the software is presently set to provide a single channel processing capability with a front panel switch that selects which channel is to be processed, and triggers on the falling edge.

2. Capabilities:

This prototype provides the basic capability of the BCM and provides analog signal conditioning, digital interface to the PC, and digital signal conditioning software described below.

2.1 Analog Signal Conditioning; 

This function includes amplification, filtering and digitization of the beam current signals provided by a Bergoz FCT with 0.5V per amp sensitivity and 0.1% per microsecond droop.

2.2 Digital interface to the PC;

This is handled by a digital interface board (PCI mother board) provided by LANL.

2.3 Digital Signal Conditioning Software;

Software is provided using LabVIEW as the basic package.  This software:

1- initializes the LANL provided PCI board to transfer data to the PC

2- delays data taking in response to an externally provided timing pulse

3- stores raw data , and provides data processing to:

a- determine the DC offset, and restore the offset to zero

b- measure transformer droop time constant

c- compensate for transformer droop

d- calculate number of particles for a given time

e- present a “comfort” display of the macro-pulse current with only 256 points presented for a time slice determined by the operator.

f- Provides engineering displays of the raw data collected and the DC restored and droop compensated data used for calculations.

3. BCM Software (BCM0.4)
The software provided with this prototype hardware is a LabVIEW system based software package. 

3.1 Initialization:

A window is made available to the operator that comes up with initialize selected to start. This runs once clearing the data the first time through.  This software locates the circuit board in the PC, and initializes communication with the PC.

3.1.1 Initialize Hardware:

The selections selected in the initialize section of the window are used by the circuit board initialization routine to establish the data FIFOs read by the PC and the time delay and data width in sample points (at 40MHz) that will be passed to the PC.   A check box is provided to allow selection of the initialization routine.  This box is automatically checked upon starting the software.  It will automatically uncheck itself after it runs.
3.1.2 Initialization entry variables:

A number of options are available while preparing the PCI card to operate with the computer.

3.1.2.1 Size, Values Read;

Size represents the number of points to be stored in the data file.  The “SIZE” must always be set to 4 times the “Width”, and is limited by the software provided by LANL to 64374.  Values read is a confirmation display that reports how many points have been read by the software.

3.1.2.2 Channels to acquire;

This variable selects the appropriate FIFOs to activate for data transfer.

Three (3) selections are available.


1 Channel 1,


2 Channel 2,


3 Channel1 and Channel 2

3.1.2.3 Trigger Select;

Two variables can be selected.


1 Front Panel; starts data acquisition upon receipt of a trigger pulse


2 Immediate; a carry over from a selection from LANL initialization software controls that permitted triggering by pressing a button on the panel.  

3.1.2.4 Delay;

This variable sets the number of data samples to skip before starting to transfer data to the PC.  It basically provides a delay from the start trigger.  

3.1.2.5 Width;

This variable reports the number of data points to store.  It must be ¼ of the total number of points desired and input to the size variable.  For 64000 points this variable must be 16000.

3.2 Process Variables

3.2.1 Two (2) output process variables are provided:

1- The integrated number of particles for the channel selected, for a time desired by a user input process variable “time to integrate (s)” is one variable.  This is provided as a single data point and is also presented as a chart plot in the operator window area.

2- A comfort display with a maximum of 256 points is presented of the current waveform as a second variable.  This is filtered to provide an average over the requested time interval for the channel selected, by two input process variables; “points to discard at beginning” and “time to display”.  The displayed comfort graph is the filtered output, and as the requested time for display is reduced the bandwidth of the filter increases until the data displayed reflects very closely that of the processed data.  The filtering function is a 5 pole Bessel filter with a cut-off frequency of half Nyquist (1/4 sampling frequency).

3.2.2 Four (4) input process variables are required:

1- “Points to discard at beginning 2”; establishes a starting point for the integration process

2- “Time to Integrate”; establishes the time duration of the integration of the current to calculate number of particles.

3- “Time to Display”; establishes the time duration displayed by the comfort graph.

4- “Points to discard at beginning”; establishes the number of data points to skip before providing the comfort display.

Operator control is also provided for a number of data processing constants.  The engineer, during initial timing adjustment and calibration studies, can establish these constants.

3.3 Engineering Graphs:

Two engineering graphs are provided to allow the engineer to view the raw data captured by the system, and the DC restored and droop compensated data used for process variable computations.  There exists a reversal in sign due to amplifier inversion, and these graphs may appear to be upside down.  The reversal is removed later by the inclusion of a negative sign in the “Channel conversion gain” constant.  The updating of these graphs can be deselected by removing the check in the box “update graphs”.  This will reduce computation time.  These graphs assist the engineer in data segment selection for the various data conditioning routines.

3.4 DC Restoration:

DC restoration is critical to proper data analysis.  The calculation of all process variables depends upon a good estimate of the DC offset, and restoration of the data to zero offset.  To select an appropriate section of the data for calculation of the DC offset two constants are available to the engineer.

1- “Points to skip at the beginning”, establishes the number of points to be ignored before computing an offset value.  This is initially set to 10 (the LBNL software seems to have initial errors in data transferred within the first 10 data points), however, by adjusting this value the section of waveform to be averaged can be selected to assure the data represent zero contribution of beam.  

2- “Points to average”, establishes the number of points to include in the averaging subroutine.  This is initially set to 1900, which seems to provide good statistics.  Adjustment will permit selecting a certain section of waveform for analysis.

3.5 Calculate Transformer Time Constant:

This calculation need not be performed for every macro-pulse, and is equipped with a check box to turn it off to save computation time.  This subroutine operates on the DC offset corrected data (DC restored data). It is important to select a section of the data stream that does not include beam, and yields a relatively well behaved droop signal.   The routine used to make this calculation can not tolerate bipolarity signal values.  Therefore, care must be taken to assure the signal is above zero or below zero, but does not include positive and negative values.  The selection of the section of data is made by the “points to skip” and “points to process” constants.  Droop has been calculated using the “tail” of the transformer response after the beam is off.  It can also be done on a stable (constant) calibration signal. 

3.5.1 This subroutine can be turned on or off by checking a selection box.  

1- When not checked, the time constant used by the droop compensation algorithm is the one appearing in the data processing window (this can be changed manually by the engineer).

2- When checked, the results of the transformer time constant calculation is passed to the droop compensation subroutine, updating the value in “Transformer time constant” for the data processing channel selected.

3.5.2 Two inputs are required to perform this calculation.

1- The number of “points to skip at the beginning”; establishes how many points to wait before using data for droop calculations.

2- “Points to process”; establishes how many points to include in the calculation of transformer droop time constant.  Note: an adequate number of points must be stored for processing the time constant.  A minimum of 8000 (200 us at a 40MHz rate) is recommended, better and more stable results are obtained with points that would cover a larger portion of the exponential decay (350 us has been found to provide a very good statistical value).  

3.6 Droop Compensation (Data Processing area):

To properly calculate the integrated charge, and present an appropriate beam current comfort display of the number of particles, the droop of the transformer must be compensated.  Three constants are required by this subroutine.

1- “Sample Frequency“; establishes the frequency used as the sampling frequency of the digitizer.  This is set to 40MHz in this prototype unit, and is established by hardware on the LANL provided PCI board.  This constant is available for adjustment manually.

2- “CH1 Xformer tc”, CH2 Xformer tc”; establishes the time constants to use to compensate for channel 1 or channel 2.  These numbers can be changed by the engineer manually, or will update automatically when the “Calculate X-Former time constant” subroutine is selected.

3- “CH1 conversion gain”, CH2 conversion gain”; establishes the conversion gain to use to convert the ADC counts data to meaningful current engineering units in Amps.  In this prototype unit, these numbers can be manually entered by the engineer (they have been defaulted to -1.34277E-5, as an initial calibration value for both channels, and have been made negative to accommodate amplifier inversion).  Note: to accommodate current reversal due to transformer reversal or mis-wiring (yielding negative number of particles, and a negative current waveshape), the conversion gain constants must be made positive.  This provides a simple software correction to errors made during installation.

The droop compensation is highly sensitive to errors in transformer time constant (0.1%/0.1%).  Making small changes to the transformer droop time constant value will allow the compensation to move from under compensated (excessive droop) to over compensated (negative droop).  The compensator is designed to provide about 0.1%/ms, however, small errors in DC offset can cause errors in the calculation of transformer droop time constant. 
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