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THE INTEGRATION OF TWO CONTROL SYSTEMS®
M. Bickley, K. White, Continuous Electron Beam Accelerator Facility, Newport News, VA 23606 USA

Dharing the paat yesr the Continsoas Elecron Beam Ac-
celerator Facility (CEBAF) has instalbed & new machine coa-
uﬂmhudmdlﬂmhmﬂphﬁuudw
Contral System (EPICS). The migration from CEBAF's ald
contral  ysiem, Automaizd Comtral Laogic
{TACL), had to be dons concurmently with commissioning of
the CEBAF scoslerator. The smooth transition to EFICS was
made passitile by the similarity of the coatrol systems’ topo-
gysiems have operator display computer nodes which are de-
coupled from the data acquisition and costrol nodes. The com-
murication between display and control modes of both control
sysiems i based on making named requests for data, with data
being passed on change of value. Due to TACL'S use of & cen-
tral communicatioas process, it was possible 1o integrate bath
control systems’ metwork communications in thal process.
This in turn meast that CEBAF did nat require changes to any
other software kn ceder 1o support network commumication be-
pween TACL and EPICS. CEBAF implemented the machise's
controd under EPICS in &n evelutionary, controlled manmer,

. TACL NETWORK

TACL adheres to the “classic” control system model, with
distributed front-end computers performing data acquisition
and control, and dedicated consols compuiers for aperator dis-
plays. The front-end compuiers are Hewlen-Packard UNIX
workstations communicating with CAMAC crates through a
GPIB port on each workstation. Client processes execute on
HP workstations, typically displaying machine dats in @
puters and client processes uiilizes a "Star” process, which
mediales communications betwesn all fromt-esd compuiers
ard clients of the control data originating oa the froni-ends,
Figars 1 [1]. Communication between the Star and cther pro-
cesses it based on named data. Availability of data on the
front-end compulers is made known to the Star by name, and
when client processes wish 1o obtain data values they make
that request by name. A data request sets up a logical stream
far the data. On first request the data value is sent. and subse-
quently only changes in data value are passed 1o the requester.
The data stream remains in place until either the client dies ar
terminabes the stream.

II. EPICS NETWORK

The Experimental Physics and Industrial Coatrol System
(EPICS) also follows the "classic” control sysiem model. 1n
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Figars 1: Commuanication Links in TACL

EPICS, distributed single-board compuiers serve & fromt
ends, acquiring data and executing control algorithms, EFICS
uses independent workstations that function as operator dis-
plays. The single-board computers ane typically M&8040-
based, and execute the operating system VsWarks, Client pro-
cepses can execuie on & wide variety of plaforms, from San
and HP mackines renning UNIX o VM5-based VAX com-
pusers amd even machines running WindowsNT.

There is no mediation between client processes and fromt-
end computers in EFICS, Figure 2. A client brosdcasts a dala
request by dats name, and the front-end computer which is the
source Tor that data responds. As with TACL, each dats re-
quest is a Jogical stream, and data is passed on change.
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Figure 2: Communication Links in EPICS




L INTEGRATION TECHNIQUE

In TACL, the Star is 2 point source for failure of the con-
unim.“hlhuh:mﬂn:h:ﬁimmﬁ:hm
erally indicative of a poor system design, it made the
imtegration of the two control sysiems quite masageable. The
Star served as the focal poist for all isler-conbrol sysiem coim-
munications, &nd made accelerator operations feasible while
CEBAF msed & hybrid of both control sysiems.

The migration was evolutionary, so that aperatars eculd
costinue 1o use the TACL display tools with which they were
familiar, even though some of the datn they viewed criginated
om & different control sysiem. From the point of view of the
Star process, all of EPICS was treated & a single TACL froni-
end computes, figure 3. This meant that small pisces of the
comirol system could be maved to EPICS independently, with-
il aliering client processes in the TACL part of the syitem.
If 8 TACL client process made a request for a chasnel which
came from & TACL front end, the TACL sysiemn worked as be-
fore. If the channel came from EPICS, the Star established a
logical data stream with the appropriase EFICS fromi-eed
computer. When data updates were provided 1o the Star from
EPICS, the data was forwarded 1o the client process. The
source of the data, either TACL or EFICS, was trasspaseal 1o
the client.

There was no developmeni effort to sapporn EFICS cli-
ents oblaining values of data directly from TACL. This deci-
gion was based on the philosophy that the hybrid sysiem was
mﬂimmﬁhm#vﬂqdﬂpﬂilnhmilg
EPICS, and completed development of the coatrol system ap-
mm“:mlmmmm
camt effon required 1o provide this functionality was not worth
the limited benefit, since operators would slways be able 1o
eperate on the EPICS portion of the control sysiem wsing EFP-
ICs

In TACL, the Star is made known of the names of existing
dats on fropt-end computers dynamically, when the comput-
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1o duplicate this functionality with EFICS. Instead a disk file
was used 1o define which channels wese available from EI-
IS, This was a limitstion, becaise the addition of sew dat
chasmnils to the EPICS side meant that changes 1o the channel
definition file were also required. This was aulo-
mabed to simplify the burden on software developers. A side
benefis of this iechnique, howeves, was thisl it enabled the de-
velopment of name afinces for EFICS fields Without the
aliasing, sdditional EPICS records would have been required
umqmnhmmlmnmdmmmnm:u-
dimensionsd nemespace (<recocd> <field>}.

Purhing Data inte EPICS

CEBAF needed a mechanizm 1o suppaort EPICS cositrol
applications which obtained information from TACL fromi-
ends, An example of this is the viewer system, which has com-
ponents sprinkled around the entire accelerator. Viewers give
teristics of the beam a the viewer insertion point. However, in
order 1o prevent their destruction, viswers can only be inserted
when the electron gun is in & coment-limited stste. The cur-
repd-limited conisol was implemented in TACL (a5 was the
rest of the gun control softeare), but the contral algorithm 1o
manage individual viewers could be in EFICS, depending on
the viewers” locations. In crder to insert a viewer, the individ-
ual controd had 1o obtain from TACL &n authorization that the
gan was in fact current-Emited.

It would have been very difficult to make the Siar process
act like an EPICS front-end compoter. Whils this solubion
would have made the two contral sysiems completely irams-
parent 1o esch other, the time required to implement this was
on the order of 1 man year, Instesd, s different approsch was
used, In effect, the Star process was wld 1o push particular
TACL dats values isto the EFICS conirol system, creating a
virraal client process which was the entire EPICS control sys-
tem, Once the data was in EPICS it could be distributed 1o oth-

Figure 3: A Combined TACL and EFICS Control System



er EPICS froni-end compuiers using standard iools available
with thal control sysiem.

IV. MIGRATION PROCESS

CEBAF began the process of migrating the control sys-
sem from TACL 1o EPICS by converting the existing low level
applications ransing on HP workstations to nn oa EPICS
100, The comversion was planned as a phased implementa-
thon with the Star albowing TACL and EFICS ta peacefully co-
exist.
phase, the low level controds fiar the BF appli-
eation were convened. The TACL local compuater devoted 1o
comtral of two full cryomodubes in the injector was replaced
with an EPICS 10C, and the TACL logic was replaced by an
EPICS database. The GPIE crate controller wsed for TACL
were replaced with an L2 crate contraller attached to & Serkal
Highway. The EPICS data was passed through the STAR to
allcw the TACL user interface to remain in place during test-
ing. Omee this proof of principle progect was shown to wark,
the RF control database was replicated for the ather 40 RF
zomes throughout the acoelerator and was used for commis-
sioning. The TACL screens were then replaced with EPICS
ECTBENE.

As soon as the RF control of two cryomodules was flunc-
tioning in EPICS, work was begun on the conversion of con-
trol algorithms for CEBAF's magnets and other diagnostic
hardware. For most hardware the effort was devoted 1o simply
reproducing the fanctionality of the TACL control gystem in
EPICS. The devices in this esegory include harps, BPMs,
BLMs, F3D, viewers, vacuum and valves, CEBAF ook ad-
wantage of the control system changeover, however, 10 exiend
the capability of the magnet conirol software and add some

were Imstalled on operational EPICS TOCs, first in the linacs
and kater in the arcs.

The devices mentioned above are duplicated and instalied
in many locations in the sccelerator, Because cantrol of thess

duplicates is idesics] for all copies (other than hardware ad-
dresses), it was possible to replicate in shoet order tbseir control
algarithms throughout the acosleralor comtral sysiem, as
TACL locsl computers were replaced with new EPICS 10Cs,
The conversions and installations deok place duning CEBAF
commissioaing and with the exception of a few shant sched-
uled downtimes for hardware installation, the control system
was operalionsl during the enline migration process,

Afier EFICS was put into wse in the linacs and arcs, the
CEBAF injector was converied. Changeover of this regiom of
the sccelersion invalved comvering comtrol algorithms for
several unique devices, §o opportumities for algorithm replica-
tion were imited.

Currently, the CEBAF acceleraior is ranning under EP-
1S control. The Ceatral Helium Liquafier {CHL) remains un-
der TACL comirol. A “spy” program is wsed o allow
communication between the two sysiems, through the Sear.
Work is in progress 1o convert the CEBAF Cryogenic Test Fa-
cility to EPICS, which will serve as a first step io comverting
the CHL. Dwue the high reliability need for CHL and CEBAF's
operating schedule, it is anticipated this comversion will not
take place immediately, bat will be phased in over time.
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