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Abstract


	Using commercially available software tools, we have developed a portable data acquisition and simple control system for measuring various beam and machine parameters on the Low Energy Antiproton Ring (LEAR) at CERN [1]. Applications of the system range from simple data logging to the quasi on-line measurement of the cooling times of Pb54+ ions.


	In this paper we will describe the software solutions that were implemented and give an example of how an application program is generated.








Introduction


	The technological developments [2] and the sharp drop in price of personal computers over the last five years makes it logical that certain control and data acquisition applications for particle accelerators can benefit from this type of architecture.


	We started a number of years ago to develop a PC system based on a 386 machine for simple data logging [3]. With the arrival of more powerful PCs and also reasonably priced data acquisition (DAQ) boards and user-friendly software, our system was soon converted into an Olivetti 486 DX2 PC with 2 free slots for DAQ boards. The other two slots were occupied by an Ethernet board and an IEEE 488.2 interface board for communication with instruments connected on the general purpose interface bus (GPIB). This system was mounted on a trolley so that it could be easily transported between the various control rooms.


	To complement these systems we also purchased a Toshiba T4850 CT laptop computer which was equipped with two PCMCIA data acquisition cards. In the office it is connected to the local area network via the desk station IV and in order to use the full length ISA boards it can be docked on to the DacPac which can hold two such boards.
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The hardware configuration


	The hardware configuration of each PC depends on the type of measurement we want to make. The older 386 machine is used primarily on the electron cooling testbench [4] for the control and acquisition of the main parameters. It has one 100 kHz 16 channel A/D board and a 6 channel D/A board. The 486 is used in the control rooms for making measurements on instruments using RS232 and GPIB interfaces. It also uses a faster (333 kHz) A/D board for the observation on the Schottky signals of the beam circulating in LEAR. The laptop, which is designed to be fully portable, is equipped with a GPIB interface card and an 8 channel 100 kHz A/D card, both of which use the PCMCIA interface. It can also be attached to the DacPac which has two high speed D/A boards installed in it. Signal conditioning units are used for filtering and amplifying the input signals on the A/D board and a screw terminal accessory board is used for distributing the output signals. In addition we have made a number of anti-aliasing filters having different cut-off frequencies for all measurements where an FFT is needed to be made on the input signal.





Data acquisition and interface boards





The KPC-488.2  board is a high speed IEEE-488 interface (GPIB) for the PC/XT/AT and compatibles. This interface can read or write data at rates up to 1.5 Mbytes per second with 64 kbytes block transfers. On the laptop the KPC-PCMCIA performs in much the same way.





Analogue output is provided via the DDA-06 analogue output board. This board provides 6 channels of 12 bit analogue output and 24 lines of digital I/O. Each analogue input has an independent D/A converter and each is individually switch selectable to any of the following ranges :


0 to +10 V, 0 to +5 V, -2.5 V to +2.5 V,


-5 V to + 5 V, -10 V to + 10 V, 4 to 20 mA current loop.


24 bits of digital I/O are provided on the rear connector consisting of 3 ports of 8 bits. Each port can be programmed independently as an input or output and is TTL/CMOS compatible.





The DAS-1802 HC is a high performance DAQ board offering 64 single-ended or 32 differential inputs at up to 333 ksamples/s. The analogue inputs are multiplexed into a high-speed 12 bit analogue-to-digital converter and all inputs are software configurable for single-ended or differential inputs and bipolar or unipolar input ranges. The model used on our system has software programmable gains of 1, 2, 4 and 8 allowing input ranges from (1.25 V to (10 V.


	The board offers flexible clocking, triggering and gating modes. It will accept an external pacer clock input or use the onboard timebase to provide a conversion rate from 4.32 samples/hour to 333 ksamples/s. The burst mode capability enables one to acquire data from a series of channels at high-speed with a programmed interval between scans thus emulating a simultaneous sample-and-hold function.  External trigger and gate inputs allow precise control over when data is acquired. Several triggering modes, including the following: post-trigger, pre-trigger and about-trigger, allow the user to acquire data in relationship to a specific event.


	Also available are 8 digital outputs, 4 digital inputs, and 2 12 bit analogue outputs with output voltage ranges of (10 V, as well as a strobe signal for latching the digital output signals into external circuitry.





In addition we also use the DAS 16F board which provides 16 single-ended or 8 differential analogue inputs with a maximum sampling rate of 100 kHz. 2 D/A channels with 12 bit resolution are also available along with 4 channels of digital output and 4 channels of digital input. The A/D inputs have switch selectable ranges enabling a maximum resolution on low amplitude signals. Similar performances are obtained on the laptop which uses the DASCard 1003 which has a maximum throughput of 140 kHz with 12 bit resolution.











The software


	The data acquisition software consists of two packages ; VIEWDAC and TestPoint [5] which allow data acquisition, instrument control and data analysis in the MS-DOS and Windows environment respectively.





VIEWDAC


	Viewdac provides an extensive set of data analysis tools, graphics, control and application interface development capabilities as well as the ability to acquire data from DAQ boards and GPIB-based devices. It runs in MS-DOS protected mode on 80386 and higher PCs using a windowing interface to provide the ability to tightly control timing and perform pre-emptive multi-tasking functions. Multitasking allows different parts of an application to run in parallel without complicated managers or disk-swapping methods.


	Applications are created via point-and-click selections from menus and dialogue boxes. A function is selected using a mouse, and then the blanks on a dialogue box representing the application’s properties are filled in. In this manner an application programme is ready for testing in a very short period of time (Fig. 1).
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Figure 1. A typical VIEWDAC display showing a FFT of a zoom of an acquired trace.





TestPoint


	TestPoint is a software package that supports acquisition from DAQ boards, IEEE-488 instruments, and RS232 devices, and combines this with analysis and display capability. It provide contemporary, object-oriented graphic style of creating custom test, measurement, and data acquisition programmes. By dragging and dropping objects, which are icons representing related tasks, to an action list in the desired order of execution, it is easy to create applications quickly without any complicated programming (Fig. 2)
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Figure 2. Example of a TestPoint programme. Objects from the stock are dropped into an action list which determines the order of execution of the different tasks.





	Professional looking applications are created by simply placing the input, output, display, and control-button objects where you want them on the display window. Libraries for many popular instruments including Hewlett Packard oscilloscopes, spectrum analysers etc. are supported. Data acquisition boards and GPIB cards are accessed through the same drag and drop action. During application development or test, a handy demo mode is available, allowing application development without the actual presence of hardware.


	TestPoint is an open architecture environment, and by adhering to the Microsoft Windows environment standards it supports direct data pipelining through Dynamic Data Exchange (DDE) to other popular Windows-based software packages such as Microsoft Excel and Word. TestPoint is also extendible via C, Visual Basic, or other Windows languages through a Dynamic Link Library (DLL) interface.





Applications programmes


	Numerous applications have been written for use on the LEAR machine, especially for machine experiments using electron cooling. Such applications range from the measurement of machine parameters (tune, beam intensity, cooling efficiency) and parameter monitoring to the interfacing of GPIB instruments.





An example - the longitudinal cooling time of Pb54+ ions


	LEAR is expected to be used as a lead ion cooler and accumulator ring for LHC [6]. Experiments have been performed at LEAR in order to check the feasibility of this scheme. Due to the high charge state of  the lead ion beam and also using the possibility to increase by a factor of 10 the electron current in the electron cooling device, the longitudinal cooling time is estimated to be of the order of  50 ms. In order to observe such a fast cooling process, the PC system was used to acquire the Schottky signal from a longitudinal pick-up. The necessary mathematical  manipulations are then performed in order to display the frequency distribution with a very small time resolution.


	The set-up is shown in figure 3. The signal form the pick-up is down-mixed via an image reject mixer (IRM) to a frequency at which the DAS1802HC board can be used effectively. To avoid aliasing, a lowpass filter having a cut-off at 150 kHz is inserted at the board input which runs at a sampling frequency of 300 kHz. In this way very clean frequency spectra are obtained.
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Figure 3. Experimental setup for the measurement of the cooling time with a PC.





	To set up the measurement a continuous display mode is available. One can set the board gain, the number of samples to be acquired, and the number of points to be used for the FFT prior to the actual measurement.


	The cooling time measurement is performed in the time capture mode where the acquisition is triggered via an external event (e.g. the injection of a new beam or the switching on or off of some external beam excitation). The acquired data can then be analysed in the frequency domain by performing an FFT on slices of the time capture buffer. Individual traces or a waterfall display of all the traces showing the evolution of the cooling process can be displayed on the PC screen.


	A complete analysis of the signal is available through a second TestPoint programme. This application reads in previously stored data and displays it in a variety of formats. The joint time-frequency display shows a 2D representation of the cooling process, whilst a time analysis of the Schottky signal at a fixed frequency, similar to the receiver mode operation of a spectrum analyser, gives a quick estimation of the cooling time. Computation of the e-fold cooling time is made by plotting the time evolution of the signal FWHM, smoothing the data and then fitting an exponential decay curve to the points.


	For the measurements with Pb54+ ions, 40960 points were acquired at a sampling rate of 250 kHz. This gives a total acquisition time of 164 ms. By analysing slices of 1024 points, the momentum distribution of the circulating beam could be monitored with a time resolution of 4 ms.





Conclusions


	We have shown that a PC base data acquisition system can be used on particle accelerators to perform a wide variety of tasks. Programme development time can be limited to a strict minimum by using commercially available software packages. The gain in cost is also appreciable where an appropriately configured PC can replace very expensive instruments such as digitising oscilloscopes and spectrum analysers.


	At LEAR we plan to upgrade our software to TestPoint 3.0 which includes a very powerful data analysis/display package called MathPoint. We also hope to purchase faster DAQ boards (boards up to 1 GHz are now available) and are looking closely at the evolution of PCMCIA cards.
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