A CONTROL SYSTEM UPGRADEOFTHESPEAR SYNCHROTRON AND INJECTOR*R. Garrett, S. Howry, C. Wermelskirchen, J. YangStanford Synchrotron Radiation LaboratoryStanford Linear Accelerator Center2575 Sand Hill RoadMenlo Park, CA 94025ABSTRACTThe SPEAR electron synchrotron is an old and venerable facility with a history of great physics. When this storagering was converted to serve as a full-time synchrotron light source, it was evident that the facility was due for anoverhaul of its control system. Outdated hardware interfaces, custom operator interfaces, and the control computeritself were replaced with off-the-shelf distributed intelligent controllers and networked X-workstations. However,almost all applications and control functions were retained by simply rewriting the layer of software closest to eachnew device. The success of this upgrade prompted us to do a similar upgrade of our Injector system. Although theInjector was already running an X-windows based control system, it was non-networked and Q-bus based. By usingthe same Ethernet based controllers that were used at SPEAR, we were able to integrate the two systems into onethat resembles the ’standard model’ for control systems, and at the same time preserve the applications software thathas been developed over the years on both systems.INTRODUCTIONSPEAR was originally commissioned in the early 1970Õs as an electron-positron collider, and, when the PEP ringwas built at SLAC, the control system at SPEAR was upgraded by installing a version of the PEP system [1]. ThePEP system used custom built CAMAC hardware which had a parallel crate architecture. This system used aGrinnell graphics processor to provide the operations displays and the background display for the touch-panelcontrols. This processor provided primitive graphics and text with color capability. The PEP system also usedModcomp computers to enable distributed control to the CAMAC crates due to the physical separation of thecontrol room from the various parts of the PEP ring. The Modcomp system was not required for SPEAR because ofits more compact physical layout. The port of the PEP system to SPEAR was done in the early 1980Õs, and ran theSPEAR ring for more than ten years using VAX 11/750 and 11/780 computers. In 1990, the SPEAR ring became adedicated synchrotron radiation source operated by the Stanford Synchrotron Radiation Laboratory.The SPEAR Injector was built in 1989 and utilized a control system that was transferred from a system developed atthe ELSA ring in Bonn, Germany [2].REQUIREMENTS AND OPTIONSOur motivation for doing the upgrade of SPEAR (and then using that experience to upgrade the Injector as well),was to replace a couple of very old systems which were either already obsolete and unsupported, or soon to be. Thetwo systems that were of most concern were the VAX 11/780 that ran the control system software and provided theUNIBUS interface to the CAMAC hardware, and the Grinnell graphics display processor.The 11/780 was already obsolete and very expensive ($15k/year) to maintain, and was an obvious candidate forreplacement. The problem was that the current interface to the CAMAC hardware was via a proprietary UNIBUSbased controller called the VAX CAMAC Channel (VCC) [3], a SLAC built device. Since none of the modern

* Supported in part by the Department of Energy, Office of Basic Energy Sciences, High Energy and Nuclear Physicsunder Department of Energy contract DE-AC03-76SF0015 computer systems currently available supported the UNIBUS, it was going to be necessary to replace the VCC aspart of the upgrade.The Grinnell graphics processor drove the operator displays and the touch-panels. It provided only primitivegraphics capability, and the manufacturer of the hardware had gone out of business many years previous, makingmaintenance difficult as spare parts became scarce.Our basic requirements for replacing the existing system were:· Provide CAMAC performance no worse than the current system which operated at about 3 Hz.· Provide an X-windows based graphical user interface (GUI).· Continue to provide a capability to knob operator selected parameters.· Eliminate the VAX 11/780 and Grinnell processor.Several proposals were submitted on how to meet these requirements, and a design review was held in November of1992. The proposals submitted consisted of:1) Obtain a VAXBI based computer and using a specially built fiber optic interface (which was similar to unitsbeing built for the SLC project at SLAC) to connect to the CAMAC crates.2)Expand and install the control system used at our Injector to SPEAR. 3)Replace the current VCC and crate controllers with VCC emulation software and MicroVAX crate controllersfrom Kinetic Systems.All proposals involved replacing the Grinnell system by converting the Grinnell graphics calls to X-windowsequivalents, and replacing the old touch-panels and color monitors with X-terminals.The result of the design review was to choose the MicroVAX controller option.THE UPGRADESHardware -- Crate controllersWe replaced the outdated SPEAR VCC interface and aging parallel crate controller with an Ethernet-baseddistributed intelligent controller. The advantage was that the Ethernet solution leaves the SPEAR control systemopen to the option of non-CAMAC hardware such as VME.Kinetic Systems model 3968 was adopted for both SPEAR and the Injector. The controller features a 2.7 VUPrtVAX 300 processor including both floating point and advanced Ethernet co-processors, as well as 8 megabytes ofRAM memory, two terminal ports, a CAMAC interface, and 8 kilobytes of dual-ported memory.Hardware -- Knob boxesThe existing knob boxes at SPEAR were home-built, old, and the person responsible for maintaining them wasretiring. They connected to the existing VAX system via an RS-232 link. After some searching, only onecommercial unit was found that could provide similar capability, and this was a knob box manufactured by Hytec.The Hytec unit only has two knobs, as opposed to the four knobs on the old boxes, but is programmable in such amanner as to actually provide the capability to control twice as many parameters from one box as compared to theold knob boxes. These new units also use an RS-232 link, but are connected to an Ethernet based terminal serverinstead of directly to a VAX.Hardware -- Computers and X-terminalsOnce the decision to go with an Ethernet-based control system, it allowed us to choose virtually any computersystem that could run VMS to replace the VAX 11/780. Given our budget constraints, it was decided to get a VAXstation 4000-90 system with two 1 Gbyte hard disks and 128 Mbytes of memory. This system provides more than

30 times the raw CPU power of the 11/780 and gives us the ability to do more compute intensive activities locally,such as machine modeling, that would have been extremely slow or impossible to do previously.It was also decided to provide several operator stations in the control room area using Tektronix X-terminals. Themain operator station has an X-terminal with dual display capability, allowing the operator to display much moreinformation in one place at one time. These units are all Ethernet-based.Software -- SPEARAs mentioned previously, the original SPEAR control system was built on top of VCC hardware that interfaced theCAMAC crates via a parallel data link and was connected to the VAX UNIBUS via the VCC (see figure 1).Title:Creator:DECwriteV3.0-2CreationDate:

1

Commands

VMS Driver QIO Interface

VCC Interface UNIBUS ACP Ethernet

Controls Applications Controls Applications

Parallel Highway

CAMAC Crates with

MicroVAX Controllers CAMAC Crates with parallel highway Controllers

unmodified

Status

Data Commands

Status

Data