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Ahatract nel, which produces radiation that exhibits broadly distributed

This paper presents tile current status ol' the Adwmced energy. Tile other of the beamline pairs will each begin at ml
Photon Source (APS), its control, ystem and the Experimental insertion device (ID). These IDs can be either wigglers or

Physics and Industrial Control System (EPICS) tools being undulators. Wigglers produce very intense, energetic radiation
used to implement this conlrol system. Tile status of the physi- over a wide nmge of energies, while tmdulators yield radiation
cal phmt and each of the accelerators as well as detailed of selected energy at high brilliance. These tuned x-ray t_emns
descriptions of the software t(x_ls used to build the accelerator are further processed by optical instrumentation before they ,l-
control system _tre presented. The control system uses high- luminale the sample being studied. When the APS begins
performlmce graphic workstations mid tile X-windows graph,- operations in 1995, 16 sectors will be available to users.
cal user interface (GUI) at the operator interface level. It 11. CIVIL CONSTRUCTION STATUS

connects to VME/VXI-bitsed microprocessors at the field level The physical construction of the APS began on June 4,
using TCP/IP protocols over high-performance networks. This 199{).The predominant structure is the experiment hail, which
strategy assures the flexibility and expmisibility of the contrc,! encloses the storage ring; the other buildings lue either located
system. A defined interface between the system components within the infield of the experiment hall or appended to the
will allow the system to evolve with the direct addition of ,u- outer perimeter of the experiment hall. The exception IO this
ture, improved equipment _mdnew capabilities, close attachmcnt of buildings is the utility building which is

I. THE APS ACCELERATORS located some dist;mce from the experiment hall in order to re-

The Advmlced Photon Source will be a state-of-the-art ducc the ground motion-induced vibrations from the many

facility dedicated to the production of x-ray beams. Crcation of pumps, chillcrs, co|npressors, and motors required to supply
these bemns begins at an electron gun. The energy of the elec- utilities for the facility. The machine support structures which
irons is then raised to 200 MeV by the electron linac, a high- house the concrete-shielded bemn enclosures and tcchnic_d lh-
current machine whose 3()-ns bemn of 1.7 Amperes impinges cilities for acceleration and containment of the beam are
on a converter tin'get, creating electron-positron pairs. The located in the infield of the storage ring. They consist of the

positrons are then focused through a pulsed solenoidal mag- linac building, the synchrotron injection building, the synchro-
netic field into a 45()-MeV I_)sitron linac. These positrons are tron enclosure, the rf/extraction building, mid the storage ring
then delivered to the positron accumulator ring (PAR). Each enclosure (located within the experiment hall). The laboratory-
linac pulse generates approximately 1.5 x 1()9 positrons to be office modules (LOMs) are comprised of eight simihtr single-
delivered to the PAR. Since the desired number of positrons in story buildings each located m'ound the outer perimetcr of the
a storage ring bunch is much more them this, up to twenty-four experiment hall. A LOM cons,sis of lalxmLtories, offices, con-
linac pulses are generated in rapid succession (at a 60-Hz rate) ference rooms, lind support spaces and provides direct access to
and accumulated in the PAR the experiment hall.

The PAR is a DC storage ring that receives the bunches of It is expected that by December 31, 1993 all the technical

450-MeV positrons (1.5 x 109/pulse) at a 60-Hz rate from the bt|ildings will be completed. The laboratory-office modules
positron linac. The positrons m'c accumulated at a first harmon- are to be completed by December 3 I. 1994 and the central
ic frequency of 9.8 MHz during the first 1).4 second of the labonitory-office building by September 1, 1995. The first us-
booster synchrotron cycle. During the last ().1 second of the ers m'e expected in June of 1995.
cycle, the 12th har|nonic cavity is switched on (117 MHz) for II1. THE APS CONTROL SYSTEM

final compression of the accumulated bunch and subsequent The APS accelerator control system is a distributcc _ys-

extraction at a 2-Hz rote to the booster/injector synchrotron, tern consisting of operator interfaces, a network, _md interfac-
The synchrorton is a 368 m ring where the energy of the es to hardware. This implementation of a control system has

positrons is nfised to 7 GeV. The positrons m'e then injected come to be c_dled the "Standard Model."

into the storage ring located inside the experiment h_dl. The operator interlhce is a UNIX-based workstation with
The storage ring is ! 11.)4m in circumfummce an is divided an X-windows graphical user interfilce. The workstation may

into 40 sectors, 34 of which are avaihtble tbr experiments. Each be located at any Ix_int on the facility network and maintain full

experiment sector consists of two photon bemnlines that extend function_dity.

tangenti_dly from the ring inside the experiment hall. One ol the The function of the network is to provide a generalized

two bcmnlines in each sector will originate at a bending mag- communication path between the host computers, operator
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The crate or input/tmtput controller (IOC) provides direct The storage ring system installaticms will start in January
c_)ntrol and input/output interfaces for each accelerator 1994. Two)complete setters oI' the storage ring are scheduled to
subsystem, he operating by January 1995 to test the injection process.

Design challenges for the group irnplementirlg the APS There are approxilnately 30 crates used in the storage ring con-
controls included protecting investment from rapid obsoles- trol system with plans lor about 50 additional crates to ctmtrol
ounce and designing into the system the ability to quickly insertion devices.
incorporate imp,'oved equipment and software. The APS ap- V. EPICS
proach to solving these problems is to use a distributed control The APS control system sot'tw_u'e ha:; been constructed

system _md st_mdm'ds, to provide "tools" to the greatest extent using the Experimental Physics and Industrial Control System
possible instead of custom programming, and to collaborate (EPICS) toolkit.

with other laboratories and groups whenever possible. EPICS is a set of softw_u'e tools and applications jointly
IV. CONTROL SYSTEM INSTALLATION developed by Argonrle National Laboratory _md Los Almnos

The electron gun _m(l the first two sectors of the linac National Lahoratory for tile purpose of controlling particle ac-
have been successfully tested. The control system in,,;tallation celerators and lm'ge experiments. Present and future develop-
in the linac is complete _md has been in use from the start of ment is being done cooperatively by Argonne (ANL), Los
commissioning. Approximately 120 operator screens have Alamos National Laboratory (LANL), Lawrence Berkeley
been developed to provide the linac operations crew with in- Laboratory (LBL), the SupurcondtJcting Super Coilidur Labo-

fi+rmation on all of the installed equipment. Present plans c_fll ratory (SSCL) and the Continuous Electron Beam Accelerator
fur completing linac commissioning by December 31, 1993. Facility (CEBAF). The details of the EPICS collaboration is
The linac control system contains eight input/output controllers covered elsewhere at this meeting.

(IOCs), five of these are housed in VXI crates ;rod the remain- EPICS-ba.,;ed control systems include operator interfaces
ing three use VME crates. Allen-Bradley (AB) I/O modules m'e which consist of multi-screen UNIX workstations using a

used extensively in the linac ccmtrols system. The AB I/O rood- graphical user interface based on the X-windows Motif model.
ules are supported by EPICS through AB scanner modules The workstations suplx+rt external software interfaces includ-
mounted in both the VXI and VME crates, ing: Wingz, Mathematica, accelerator modeling codes, C++, C,

All subnets have been insuflled and tested. Connections _md any application software a physicist may write. Auxili_u'y
to the IOCs is fiber-based Ethemet using redundant hub and displays using X-window termimfls and projection and large

transceiver technology. The linac timing system installation screen displays in the re:fin control roum and seminar roums _ue
and testing is complete. Loc:fl consoles, implemented with X- easily implemented using commercitfl equipment.

terminals, are now operational in the klystron gallery. File serv- VI. SPECIFIC EPICS FEATURES
ers and OPIs have been insutlled in the injector control room to
support iinac commissioning. An FDDI link between the Build- EPICS provides a numt+er of tools for creating a control
ing 362 development tirea and the injector control room has system. This minimizes the need for custom coding and helps
been installed and is operational. This allows continued con- ensure uniform operator interfaces.
trois development and supports network growth into the final An arbitrm'y number of IOCs and operator interfaces
APS site. (OPIs) can be supported, and as long as the network is not sat-

urated, no single I_+ttleneck is present. If a single IOC becomes
The initial commissioning of the positron accumulator

ring (PAR) will begin in January of 1994. Construction is rap- saturated, its functions can be spread over several IOCs. P_tthur

idly proceeding +fftersome initi+fldelays in the procurement of than running all applications on a single host, the applications
the dipoles, can he spread over numy OPls.

EPICS consists t)l"a set of core s¢+t'twareand a set of op-
Insttdlation of control system components for the PAR

tiomd componer_ts. The core software components _ue ch;umul
has begun and will be complete by the beginning of December. access-client and servel software, database sc_mners-monitors,
The PAR control system will use seven VME crates and four

_uida database configur;ttion tool. All other softwm'e ctmlpo-
VXI crates. The VXI cnttes tire interfaced using MXI bus tech-

nents are optional.
nology to the IOCs located in VME crates. Allen-Bradley

A. Channel Accessinterfaces m'e used extensively It) obtain data from the rf sys-

tems and to monitor the power supply and magnet tooling Channel access is the mechanism that provides network-
water, Bitbus is used to control the magnet power supplies u'anspm'ent access to IOC databases ;rod is based on a client-
which are b_med on G-64 bus technology, server model. Each IOC provides a clumnel access server which

The synchrotron installation is approximately 5()% is willing to establish communication with :m arbitr_iry number
complete. It is expected that commissioning of the synchrutron of clients. Channel access client services ;Lreav[Lilable on both
will begin in June 1994. The synchrotron control system will OPls and IOCs. A client can communicate with an arbitrary
ctmsist of 11 VME IOCs, 10 VXI IOCs, _uld 5 Allen-Bradley number of servers.
I/O chassis. The IOCs will he housed in two equipment rooms B. IOC Core 3'ofiwar'e
located on opposite sides of the synchrotron. IOC core sol'tw;ire consists of a memory-resident data-



hast together with vm'ious memory-resident structures describ- dements are included for monitoring and modifying any pal-
ing the contents of the database. EPICS supports a large and rameter on the network, producing display hierarchies, strip
extensible set of record types, e.p. _fiOmalog input), ao (analog charting, and plotting synchronous events.

output), etc., each of which has a ttxed set of fields. Some fields The display editor and display anamager run under UNIX
are common to adl record types and others are specific to par- amd the X-window system.

titular record types. Every record has a record mute and every C. The Sequencer
fichl has a field name. Tile first field of every database record

The complete sequencer consists of two components: tile
holds the record name which must be unique across _dl IOCs state notation language (SNL) and tile run-time sequencer
atttached to the stone TCP/IP subnet. A number of data struc-

tures are provided so that tile database can be accessed (SEQ). Tile SNL provides a simple tool for programming se-
efficiently. Because they access the database via database ac- quential operations based on the state transition diagram

concept without tile complexity that task scheduling, event ham-
cess routines, unost software components do not need to be dling, and input/output programming involve.aware of these structures.

C. Database Access

With the exception of record and device support, all ac- VIII, APS-DEVELOPED TOOLS
cess to the database is via the channel or database access Early in the EPICS development APS identified tile need
routines. Database scanning is the mechanism for deciding ft;r tools which either were not pm't of the original GTACS sys-

when to process a record. Four types of sc_mning m'e possible: tern or which the APS staff felt had to be subst_mtially changed
periodic, event, I/O event, _md passive, to provide the function_dity required to development the APS

A request c_m be made to process a record periodic_dly; a system.
number of time intervals are supported. Event scanning is A. l)atubuse Copgiguration Tool (I)CT)

based on the posting of an event by any IOC software The central feature of an IOC is atmemory-resident data-

component. The I/O event sc_mning system processes records base together with various memory-resident structures describ-
based on external interrupts. An IOC device driver interrupt ing the contents of the database. EPICS supports at large mid
routine must be awfilable to accept the external interrupts, extensible set of record types, e.g. ai (an_dog input), ao Cmalog

output), etc. This ttxol allowa the system designer to configure
the database as required. This is a text-based tool. This toolVII. ORIGINAL EP!CS TOOLS
was built on the ideals of the original GTACS DCT but tile

As originally developed, EPICS had sevend reels which changes between GTACS and EPICS required receding the
were ported directly from the original GTACS _md could be complete tool.
used to develop control systems. These included a display man- B. The Alarm tlandler (ALH)

ager/editor, _marchiver, _mda sequencer. The al_mn m:mager is used to create fault trees for al_mn

A. The Archiver (AR) presentation to the operator, The wm'nings and ahtrms are coil-
The archive," tool _dlows the operator to save data for later figured in the database. The alarm manager monitors and

amdysis. This tool has two components: the storage module groups these al_u'm conditions into a fault tree for presentation
and the retrieval module. The AR storage module acquires to tile operator. The ahmn manager provides a useful tool for
re,d-time daut and stores the data in disk files. ARR, the ar- steady state operation, _dlowing the operator to react to excur-
chive retrieved utility, retrieves data from AR files, displays the sions from normal operations.

data in textual or graphic_d form, ,and exports the data for use by Tile alarm manager runs on the UNIX workstation, and its
other progr,'uns, interface to the control system is via channel access. The alarm

The _u'chiver runs on the UNIX workstation and uses
manager c_m be run on many workstations where each instam,:e

chamnel access to access parameters of interest on the network. can run any adarm configuration.
Many instances of the archiver can be run on the control Ahmn configureation files are currently created using a
network, text editor. The format of tile text files is predefined. Tile con-

B. The Display ManagerEditor (DM/EDD) figuration files are converted to a binm'y file at initi_dization.
The display manager provides ,an interface between the The system engineer who sets tip the tdarm configuration c_m

operator and the control system. The display m,'mager is capa- put in guidance for the operator. An MI::_DM screen c_m be in-
ble of monitoring or modifying any field in any database yoked from the gdann manager to aid the operator in h_mdling

distributed throughout the network via the channel access colt- the exception.

munication bus. C. The Motij-based Display EditorManager Tool (MEDM)

Tile screens for display ,are configured using a graphic Tile Motif-based Display Editor/Manager Tool (MEDM)

display editor (EDD). EDD c_m be used through text input or _dlows staff to easily create, configure, ',rod modify displays _md
interactively. The displays ,arc automatic_dly connected to the then activate and connect displays to actual hardware. The dis-

opemt;on_d parameters by name. No knowledge of the I/O 1o- play editor portion of MEDM provides pr_ess connections via
cation is needed at display configuration. Predefined display an interactive display editor/control. Editing/drawing corn-



m_mds_u'eused to huild displays with little or n¢)cuslolu pro- lm)gnun is a M_)tifapldicali()n which tlisl_lays or monitors sin-
gr;unming required to buihl applications, Process connections gle or nlultiple clumnels of _my [OC. The prim_u'y functions of
It) the data are entered as process wtriable name and field the XMCA _u'eto provide Ilexihle loading of troy database file
name; no other knowledge of the hardware configuration is or IOC device file based on user selection, to allow monitoring

required. This tool allows the,designer to modify _my aspect of of single or multiple channels with the Motif window display
the display element, its well its copy, [dign, _md group display system, to easily display _ultl generate an information report of
elements. Standard drawing tools can be used to create back- the loaded IOC, to provide a convenient IOC debug tool on the
grounds whicll elm then be imported into MEDM via GIF files, workstation, and to provide a simple backup _mdrestore feature

This t{x91Ires been developed using the Motif toolkit. It is a su- for the monitored channel.

pcrset of the DM/EDD display manager developed at LANL. G. UNIX-based Sequence 7bol

DM/EDD was developed at the x-lib level. Ttus was [m area The ability to quickly change the steps in a sequence has
wllcrc ANL and LANL disagreed about how to provide a tool led to the development of a UNIX-based sequencer. The pur-
and thus each lab provided its own solution, pose of this tool is It) make the sltme setluencer available on the
D. The Backup at_dRt,store Tool (BURT) UNIX lind VxWorks platforms, lind It] integrate lind automate

BURT addresses the problem of backing upand restoring all the multi-f_latform steps formally required to build a
sets of values in a dynamic database. Backing up lind restoring sequence. This allows it user to easily create, modify, compile,
arc simply read and write operations with respect to the execute, _u_tltest the state program using a menu-driven system.
datab_u,;e. Although the values used during restoration are typ- XMSEQ is atmenu-driven X-Window Motif application.

ic_dly the product of a previous backup, reading and writing _u'e tt. 7'bird-party Software Intetfctces

inherently independent. Third-p_u'ty softw_u'e now interfaced to EPICS via than-
The primary means of input to BURT is via ASCII files, nel access calls include Wingz, No&d, DevTest, Malllematica,

These files deline the set of names to be read. Snapshot files are _md _minterpretative version ol'C _mdC++. An automatic cav-
the primm'y output of BURT. These ASCII files start with :t ity conditioning system has been developed using atMathaunat-
header section fi)lh_wed by tile data values thai were success- ica routine running under EPICS.
fully read.

BURT _dlows the user to check that certain conditions _u'e IX. WORK IN PROGRESS AT APS
true before writing its vadues. The user does this by specifying
predicates in an ASCII file called a dependency file. A. Channel Acc_,ss Sec,ritv

As an implementation, BURT is limited to reading and Channel access is being modified to restrict access to the
writing the first n wdues of a fieht. For ex_unple, BURT is not IOC database panuneters from _dlchannel access clients except

those specifically authorized to monitor or control thatcapable of reading only the second value from a field that con-
tains more than one value, parameter. Authorized control or modification of a particuhtr

parameter will be dependent on several factors: who is making
E. Graphical Database Configuration 7"ool (GDCT) the request; what type of access is requested, e.g., read or

GDCT _dlows the user to build EPICS databases _md vi- write; where the request is from, e.g., control room, office
sualize links between records and process wtriables, buih!ing, or ofl' site; and when is the request being made, e.g.,

Two windows appear on the screen when the tool is start- stored beam mode, storage ring orbit studies.
ed; one is the tool p_dette, and the other is the main drawing Consideration of the atxwe criteria to determine access to

area with menu b_u'.The ttx)l palette contains items that act on the IOC database will be dynamically alterable by some ap-
the drawing area. propriate administrative procedure. Ultimately, APS Opera-

Short lbrm reports from DCT can be converted to the new tions will have overall control of the who, what, where, lind

".db" format lind then imported into a GDCT session. The tool when of IOC access. This modification is expected to bc re-
does not automatically render an existing DCT-generated leased in Janu;try of 1994.

database. B. Alarm Cot{figuration 7bol

F. ?'he Knob Manager (KM) The ;.thtrln configuration tool will be used lor the design
The knob manager (KM) is a tool which enables the user _mdconstruction of a hierarchical _d;u-mconfiguration structure

to use the SUNDIALS knob Ix]x to adjust the settings of pro- to be input to the ahmn handler. The ahmn handler tool is used

tess variables. KM allows dymunic knob assignments from an by operators in the detection lind h_md!ing of _darm states. As
X-windows-compliant screen, user-defined gain for each indi- part of this project the existing user interface for the alarm hm>
vidual knob, graphical displays for the operating range and dler will be changed to ensure consistency in the EPICS ahu'm
status of each process wtriable, the ability to backup and restore tools.

one or multiple process variables, lind the ability to save current The objective of development effort on _midarm ctmfig-
process vltriable values to a file _md rec_dl these v_dues from uration tool is to provide a rapid _mdefficient way forcngineers
that file in the future, lind physicists, who may or may not have computer expertise,
(;. XMCA to interactively specify, build, _mdview an allum configuration

The X-window monitoring of ch_mnei access (XMCA)



smJcture and save it into a file in the formal required by tile X. NETWORKS AND SUBNETS

ahu'm handler. This file can then be used by tile alttrln handler The communication network will be a combination of

to monitor dalab_u,;e_darms. FDDI, Ethernel over fiber, _uld Ethernet over copper. Future

C. Device At'tess Layer plans call liar Iile introduction of I()0-MB Ethernet and ATM

The puq_ose of adding a device access layer is to change when these protocols have been standardized. The cable pi_mt
the manner in which the equipment is referenced. The original will be installed using fiber with a hub and spoke topology. All

EPICS has an engineering tlavor. Process variables are used for l'ibe_ will terminate in the main control room. This technique
all data references. The pnx:ess v_triables are mapped one-to- will allow APS to tailor network bandwidth as required by the
one with device I/O points. The machine physicists and system application running in a particuhtr IOC,
engineers want to refer to devices, not a group _f I/O points, Subnets can be driven from the IOC. GPIB, RS-232, _md
e.g., a quadrupole magnet _mdnot the five to ten process wtri- Bitbus are presently supported. These subnets allow various
ables that may be required to fully chm'acterize this magnet, instruments and low-cost, few-point interl)tces to be connected

The device access layer considers a device to be ;ul ob- _mdcontrolled. The Bitbus can be used to make remote, mul-

jcct which responds to a set of messages. The sere;reties of tidrop connections to GPIB and other interface subsystems.
devices has been designed to con'espond as closely as possible Xl. CONCLUSION

to object orientated progrmnming methods. The pace of APS installations is accelerating. The main
The first version of this library is now available. Other control room is scheduled to be rele_Lsedfrom construction sta-

tools such as MEDM and the KM will be modified to have tus in December 1993. lnsltdlation of all these systems, while

knowledge of devices, actively developing _md improving the control system, will re-
D. Scripting Language main our greatest challenge. We want to thank all the members

As previtmsly mentioned, we have examined and ported of the APS-ASD Controls Group, the APS-XFD conlrols peo-
several scripting languages to EPICS. These include Nodal pie and all the other laboratories who have contributed idetts,
from CERN, DevTest from NSLS, Mathematica, Wingz, and software, and harttwm'e to our oftort.

Object Center (C++). The APS physicists were dissatisfied XII. REFERENCES
with aspects of _dl these solutions and asked for a simple, in- !11 Y. Chung _mdK. Kim, "Development _mdApplication
teractive language without the baggage of a commercial of Gener_d Purpose Data Acquisitioll Shell (GPDAS) at Ad-
package or the remnants of solutions from other accelerators. v:mced Photon Source," Proc. 1991 IEEE Particle Accelerator
To this end two APS physicists have developed _ulinteractive Conf., S_m Francisco, CA, Vol. 2, 1299, (1991).
language called GUS [11 (General-purpose data acquisition
UNIX Shell). This hmguage h_usbeen used extensively at the

APS magnet measuring facility running on IBM-PCs _mdh_us
been ported to UNIX. The APS Controls Group is adding an
EPICS device access layer mid facilities to use MPL, a graphics

and file manipulation program developed by a third APS

physicist.
E. Online Documentation

APS has selected to use World Wide Web (WWW) tech-

nology, origimdly developed at CERN, and the NCSA Mosaic
web browsers to place all the control system documentation
online. This technology _dlows the user to e_usilyaccess net-
worked information. NCSA Mosaic is designed to provide

trtmspm'ent, semnless access to nearly all of these inl'ormation
sources and services. In addition, it gives the user a mechtmism

to retrieve _mddisplay tt wide variety of data types, These types
include text, images, movies, animations, sound, mid scientific
data. Readers are welcome to browse the APS WWW server at

http://w w w.aps.tud .gov/welcome, htm 1.

F. Device Display Page

Many accelerator control systems have a device display
page where each selected device _md cerudn pm'_uneters asso-
ciated with the device are displayed in a spreadsheet-like
fashion. This ttx_l is being added to the EPICS toolbox at the

request of the APS physics group. The display will have the
ability to fire off shell scripts which may be used to call up
more detailed MEDM displays.
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