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Abstract


The SRS Control System is being progressively upgraded using a CERN ISOLDE style system based on a network of PC and VME systems. This upgrade is being introduced in such a way as to minimise disruption to scheduled running of the facility. To date, the SRS main magnets, steering magnets, electron beam position monitors and beam line tungsten vane monitors have been successfully transferred to the upgraded system. Funding for a  new light source, DIAMOND, is currently being sought and options for its Control System are being considered. Experience gained on the SRS control system upgrade is a useful  factor in these considerations. This paper will describe the SRS Control System Upgrade, its present status and future plans and will discuss current ideas for the DIAMOND Control System.


1  INTRODUCTION


The SRS at Daresbury Laboratory is a second generation light source based on  a 2 GeV electron storage ring. It provides synchrotron radiation to approximately 40 stations on 12 beamlines. Operations began in 1981 and in 1987 it was upgraded by re-designing the lattice to provide a higher brightness source.


The control system for the SRS is responsible for the remote monitoring and control of approximately 2000 separate devices each of which can include channels for analogue input, analogue output, status control and a 16 bit interlock word. Facility is also provided to operate stepper motors, analogue signal multiplexors and many other unique device types. The original control system design has worked well for many years but it became clear in the early 1990s that a radical upgrade would be required to meet the requirements over the second half of the decade.


Despite a policy of continual upgrade of the SRS it has been recognised that it will not remain a competitive light source much past the end of the century. Therefore, Daresbury Laboratory has been involved in producing a proposal to build a replacement light source known as DIAMOND.  The latest design shows this as a 3 GeV storage ring of approximately 340 m circumference with a circulating current of 300 mA. Funding has not yet been approved but thought has already been given to the possible design of the control system.


2  THE SRS CONTROL SYSTEM


The SRS control system was designed and built in the late 1970s. It originally consisted of an Interdata (later Perkin-Elmer) 7/32 and four 7/16 minicomputers - one each for linac, booster synchrotron, storage ring and beamline control. Interface to accelerator hardware was performed via a number of CAMAC serial highways connected to  a total of 17 CAMAC crates. These computers ran  a proprietary real-time operating system, OS-32, and were programmed in  a combination of assembler (CAL) and the Pascal-like language, RTL/2. By 1985 the 7 series computers had become obsolete and future support could not be guaranteed. For this reason the computers were replaced by Perkin Elmer 3200 series machines which were compatible with the existing software. At the same time it was decided to reduce the number of computers in the control system to 3 by combining functionality. Three Tektronix 4207 colour graphics terminals were used to provide the operator interface to the system, these terminals being connected to the control system computers via a parallel CAMAC highway.


In 1993 control of storage ring steering magnet power supplies together with all electron and photon beam position monitors was transferred to a network of VME systems connected together by an Ethernet LAN[1]. This sub-system interfaced to the existing control system via an Ethernet connection. This upgrade was necessary in order to improve the stability and precision of steering magnet control as well as allowing for the introduction of closed-loop servo control of beam position to improve the quality of beam provided to users of the SRS. The layout of the control system in 1993 is shown in Figure 1.


During the design of the steering upgrade it became clear that the control system as it stood in the early 1990s would not be able to adequately handle the increasing requirements that would be placed on it in future years. It was foreseen that the planned introduction of new intelligent OCEM power converters for the main magnets would also present  problems for the old control system. Therefore we decided to investigate ways of replacing the dated 3200 series CPUs with more modern and versatile systems. As a result of this investigation it was decided to adapt the CERN PS ISOLDE system for use on the SRS [2,3].
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Figure 1: Schematic showing the layout of the existing SRS Control System
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3  THE ISOLDE BASED UPGRADE


3.1 Upgrade Plan


The planned upgrade was divided into four main phases:


Phase 1.  Control of the OCEM power converters for the 5 main magnet families  on the storage ring. These comprise the main bending dipoles, F-quadrupoles, D-quadrupoles, F-sextupoles and D-sextupoles. These power converters contain intelligent controllers and are interfaced via a serial (20 mA loop) connection.


Phase 2.  Control of the storage ring steering magnets, electron beam position monitors and photon beam  tungsten vane monitors. There are 224 magnet windings, 32 beam position monitors and 12 tungsten vane monitors. These devices are all contained within the VME steering sub-system.


Phase 3.  Control of existing interface electronics via a serial CAMAC highway. Initially, the injector system (linear accelerator and booster synchrotron)  would be moved onto the new PC-based system.


Phase 4.  Following successful completion of Phase 3, the next step will be to control the storage ring and beamlines serial CAMAC highways. It will also be necessary to provide means of ramping the RF system and the two superconducting wiggler magnets. For the beamline system the present user consoles would need to become PC consoles. The final move in order to remove the Concurrent computers would be to provide PC control of the personnel safety system.


3.2 Present Status


The first step in converting to the PC-based system was to introduce PC consoles to the Main Control Room desks to replace the Tektronix 4207 colour terminals. A commercial Tektronix 4207 emulator was purchased to run under Windows 3.11 to allow access to the old control system from the PCs.


In mid 1994 the main magnet power converters were replaced by converters designed to CERN LEP standards[4]. The five converters are interfaced to the control computer using 20mA current loop serial connections. To convert to the new PC-based control system it was necessary to write a new equipment module for the DOS PC Front End Computer (FEC) containing power converter specific code. A console application capable of setting up the power converters for an energy ramp was written in Microsoft Visual Basic using  Microsoft Excel worksheets for the ramp information accessed using OLE automation. This system was installed and became operational in early 1995 completing Phase 1 of the upgrade.


The first 6 months of operational use of the system used Windows 3.11 on the operator consoles (486-66MHz). However problems were experienced when running more than one application at a time particularly when many DDE links were in use. This was believed to be due to the limited multitasking nature of Windows 3.11. The problem was largely solved by moving to Windows NT which additionally provided a more stable environment. Further benefits of Windows NT include integrated network support and easy system management.


For Phase 2 of the project it was necessary to take the DOS PC FEC code and port it to OS-9 V2.4 so that the existing VME hardware could be utilised (see 3.3 below). Three equipment modules were written to run on the VME FEC. These modules provide basic access to steering system parameters as well as handling more complex situations such as three magnet steering bumps and group array read/write of magnet and monitor families.


A comprehensive set of applications software had to be provided as accurate control and monitoring of beam steering is crucial to the successful operation of a light source. On-line commissioning time for this phase of the upgrade was limited to a few hours every couple of months during routine beam studies periods. In order to ease the problem a second, off-line, VME FEC was set up to act as a simulator for steering applications software. This helped considerably but full testing of the dynamic behaviour of software still required dedicated accelerator access. Microsoft Visual Basic V4.0 was used almost exclusively for production of the application software.


Early in 1996 the system was ready to be introduced into operation but it was necessary to familiarise operations crews with it during normal operations. There is pressure on operations staff to refill the storage ring in the shortest time possible and so any serious malfunction of the software during the course of a refill led to immediately switching back to the old control system. For most weekday morning refills over the period of a few months the control system was switched over to the PC-based  system and operations staff were able to try the new system. The switch over, which could be done in 10 minutes, involved swapping one network connection and reloading software. Over this period some final improvements to the software were made and the system became permanently operational in April 1996 completing Phase 2 of the upgrade [5].


Since completion of Phase 2, some effort has been available to work on interfacing serial CAMAC through a PC FEC (Phase 3). Considerable progress has now been made and it is hoped to be able to conduct live trials of Phase 3 in early 1997. Some work on Phase 4 has also been possible in parallel with Phase 3 development (see 3.4.2 and 3.4.3 below).


The present configuration of the upgraded control system is as depicted in Figure 2.
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Figure 2: Schematic of present control system.
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3.3 System Software Development


The original ISOLDE system software obtained from CERN has been modified to meet requirements for its operation on the SRS.


3.3.1  32-bit DLLs


Moving to the Windows NT operating system cured most of the problems observed under Windows 3.11 due to heavy DDE demands, but occasional faults gave a less than satisfactory reliability. This was thought to be due to inter-process DDE communication across separate 16-bit address space boundaries. In order to take full advantage of the 32-bit pre-emptive multi-tasking properties of Windows NT it was necessary to port the ISOLDE system software to be 32-bit compatible.


	The two main DLLs, which handle database access and the API functionality for communication with the RPC server, have been re-written using Visual C++ 2.0 to produce 32-bit run time libraries. These routines are now called from Visual Basic 4.0 32-bit applications, eliminating the use of 16-bit programs running in their own address space, and has now reduced instabilities.


3.3.2  OS-9 FEC port


The ISOLDE PC front end code has been modified to run under OS-9 V2.4 for the VME steering system. In addition to matching the code to the requirements of the operation system, advantage was taken of the multi-tasking features of OS-9. An event mechanism was introduced to the network part of the code to allow the other processes on the system, mainly beam servo software, to run unhindered.


3.3.3  OLE Server


The RPC Server, providing the link between client applications and the front end computers, has proved through experience to be restricted by its heavy use of DDE and so a method was sought to provide a different communication mechanism.


A new version of the RPC Server has been written as an out-of-process OLE Automation Server, providing methods and properties to other OLE Automation Controllers. At present, methods are available for reading and setting the plant hardware. The server has been written using Visual Basic V4.0 to provide the graphical and OLE Automation interfaces with the network handling functions residing in a 32-bit DLL. Client applications must now be produced with OLE Automation controller functionality which is simple using both Visual Basic and Visual C. Existing applications can easily be adapted with little modification, by using a module definition file containing helper functions. 


This replacement for the RPC Server has not been put into routine operational use yet, but early indications show that its speed equals, if not betters, that of the RPC server and should lead to improved reliability.


3.3.4  LabVIEW VI Interface


LabVIEW offers graphical programming technology, and among other things is used for controlling data acquisition hardware. It’s easy-to-use programming paradigm has led to several Accelerator Physics staff becoming familiar with the product, and being able to write software tailored to their individual experiments. An interface has been designed to allow process control LabVIEW VIs to be integrated into the ISOLDE PC control system.


As the existing front end PCs run DOS, it was necessary to replicate the functionality of the network server software on the FEC with a Windows program performing a similar task. This has been achieved by writing a standalone RPC server installed on a Windows NT FEC running LabVIEW, which processes requests from an operator console. A specialised VI has also been produced for inter-process communication between the RPC server and LabVIEW. This calls the data acquisition VI associated with the request received from the remote machine.


The interface has been implemented such that a request for equipment status information is independent of the type of front end computer, allowing existing applications to read and set the hardware without modification.


3.4 Future Plans


3.4.1 OLE Server Further Enhancements


The existing methods for reading and writing hardware are being expanded to include the ability to create and remove ‘hot-links’ and for accessing hot-link data. An OLE Control (OCX) has also been developed for use with hot-link data, which generates an event each time an equipment’s value changes.


Another possible scenario for the OLE Server is to use it on a dedicated machine, serving remote OLE client applications on the consoles. This would provide a gateway mechanism for restricting access to certain parts of the plant.


3.4.2  RF FEC


Work is now underway to give better control, but primarily monitoring, capabilities for the SRS RF system. The design brief for the project includes providing an RF power monitoring system and RF cavity temperature monitoring and control. This is being implemented using LabVIEW for Windows on a PC controlling an HP Power Meter and HP Switch Control Multiplexer, and using Eurotherm Temperature Controllers for the cavities. The majority of this work is being undertaken by members of the RF Group to produce a standalone system, but access from the ISOLDE control system will be provided through the LabVIEW VI interface and RPC Server.


3.4.3  Beamline Control


The ISOLDE System is being used to provide control of new beamlines which are being planned presently for the SRS. A VME front end is being used for the first of these beamlines and the code which was ported to OS-9 for the steering system is being used. Equipment modules for status and analogue control are currently under development with this system scheduled to go online towards the end of 1997. It is also planned to use a similar system for the additional beamlines which will be built as part of the SRS Upgrade project over the next three years.


3.4.4  File Server Upgrade


The original design of the ISOLDE System was based around a Novell Netware file server and LAN and used a combination of IPX/SPX and TCP/IP network protocols for communication between FECs and the consoles. The SRS system now uses TCP/IP exclusively for communication and so utilises the Netware file server just for storing applications, databases and collected data. The existing 486 PC file server will be replaced at the end of 1996 by a new Pentium PC running Windows NT Advanced Server. This will eliminate the need for specialised knowledge of the Netware system with the new server using the already familiar Windows environment.


4  PLANS FOR THE DIAMOND CONTROL SYSTEM


4.1 Requirements


The main requirements for the DIAMOND control system are likely to include:





1.�
Remote operation and monitoring. �
�
2.�
Parameter Archive. �
�
3.�
Easy to use Graphical User Interface�
�
4.�
Integration with standard software packages. �
�
5.�
WWW access to control system data. �
�
6.�
Modular I/O system. �
�
7.�
Status / Interlock system.�
�
8.�
Alarm System. �
�
9.�
Comprehensive, easy to access Database.�
�
10.�
Ease of Expansion.�
�
11.�
Fault tolerance.�
�



4.2 Current Control System Design


The overall layout of the proposed DIAMOND Control System is shown in Figure 3. This is an expanded version of the "standard model" with the addition of two extra layers: the Server layer (SRV) to provide general distributed computing services and the Plant I/O (PIO) layer to provide pre-processing  and filtering of plant signals. The technology involved in both computer hardware and software continues to evolve at a high rate so detailed specifications of individual computer systems at this stage would be premature. However, the recent developments involving EPICS and Windows provide an excellent combination of the easy to use, familiar Windows user interface with the high-performance, sophisticated, distributed data access mechanisms of EPICS.


4.2.1 Layer 1 (Operator Interface - OPI)


This layer provides the interface between the operator and the rest of the control system. Present plans suggest that multi-media, Windows NT systems will be used with facilities for on-line application development using tools such as Visual Basic, Excel and LabVIEW. Access to the distributed control system may be via the channel access mechanism provided by EPICS.


 4.2.2 Layer 2 (Server systems - SRV)


The "standard model" does not include this layer, but all real control systems rely on a collection of servers to support its operation and to handle specialised tasks such as intensive processing requirements, data archiving, file and print services etc. In order to simplify support and maintenance requirements Windows NT Server  will be the first choice for these systems although inclusion of UNIX based server systems  will be supported if necessary.
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Figure3:  Schematic showing the layout of the proposed DIAMOND Control System.





4.2.3 Layer 3 (Input/ Output Controllers - IOC)


The most suitable arrangement for this layer will be VME based crates using Motorola 680x0 series processors. Existing projects on the SRS have used the OS-9 real-time embedded operating system but vxWorks is a strong alternative especially as it is fully supported by EPICS. Both this layer and layer 4 (see below) should make maximum use of modular I/O hardware such as Industry Pack (IP) modules for network, field-bus and direct I/O.





4.2.4 Layer 4 (Plant I/O - PIO)


The PIO  layer will interface to a variety of different machine instrumentation. In recent years this instrumentation has become more sophisticated  through the use of the microprocessor controllers. This layer will support all types of instrumentation from the more sophisticated devices with serial or GPIB communication interfaces to the simplest of devices that require a direct analogue or digital interface. It is advantageous to locate the PIO  layer as close to the instrumentation as possible so reducing cabling and marshalling costs and providing a regular structure to the low level design. This requires an inexpensive, modular system possibly using 3U format VME. Plant interlocks remote to the PIO  layer will be read through a field bus system, most likely CANbus, with a plant interface module located close to the source of the interlocks. Interlocks will be processed in the PIO layer to give plant security and protection and provide information to the higher levels. Other information will be processed into a standard form for the control system. Communication from the PIO layer to the IOCs will be by a high speed serial interface, possibly  a field bus standard or a network connection such as Ethernet.


4.3 PCs and EPICS


Over recent years considerable interest has been shown in the Experimental Physics and Industrial Control System (EPICS) for use on new and existing accelerators including several light sources[6,7]. EPICS  is a complete set of software tools and applications designed to speed and simplify the creation of new control systems. It was originally developed by a collaboration between Los Alamos National Laboratory (LANL) and Argonne National Laboratory (ANL) but it is now in use at over 40 accelerator and commercial sites throughout the world. It is a considerably more sophisticated system than ISOLDE and is well suited to use on large to medium scale projects. Until recently the EPICS software has only been available to run on a limited number of UNIX workstation platforms but recent work within the collaboration has concentrated on expanding the range of supported systems to include Windows 95/NT. This development offers the promise of combining the high performance and extensive world-wide support of EPICS with the user interface advantages pioneered by the ISOLDE system.


5  CONCLUSIONS


An ISOLDE-based control system has been is use on the SRS for over 18 months allowing control of the main magnet power supplies and the beam steering and monitoring system. The adoption of Windows NT on the operator consoles has greatly improved the stability of the system and provides the operations and accelerator physics staff with a familiar user interface providing many facilities not available on the old control system. The ability to access plant data using standard software such as Excel and Visual Basic has proved extremely versatile and popular with users of the system.


Design of  a control system for DIAMOND is still at an early stage but current thinking tends towards a combination of EPICS for front end access together with an ISOLDE style Windows user interface. This arrangement will combine the sophistication and wide-spread support of the EPICS collaboration with the ease of use and versatility of the ISOLDE style operator interface[8].
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