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level with fast control algorithms, hardware locking, fast
Abstract , > e
feedback loops and signal conditioning hardware.

A task to develop control system (cs) for newly . .
designed compact electron linac which being planned 1 Control system helps to investigate the

be industrial installation was solved. During the firsaccelerator.

stage .Of €S deyelopment, _erX|bIe modern DAQ boards The cs fulfilled data acquisition functions other than
were installed in conventional PC and were used to

control subsystems of the accelerator. To malize control functions during the stage of initial testing of

) " . qiﬁerent parts of the accelerator: klystroagun, etc. It
signals for acquisition and generate signals to contral, . ) : .
IS important because main task on this stage is to study

existing analogue blocks were applied. All data :
.o ) . arefully newly created parts of accelerator as objects to
acquisition and control algorithms were mplemente@e controlled

under PC version of LabView 4.0 together with some Top level consists of PC-N1 running under Linux

simple operator interface to test and study subsystems X, It communicates with middle level through

the accelerator. The PC, played a role of front-end Iev%éparate segment of Ethernet
was connected through Ethernet to another remote Middle level consists of PC-N2 together with ISA-

worked under Linux and supported operator interface

. . ) compatible DAQ add-on boards running under
and simple datq-base. .Durmg the second, final stage Of\R/?ndows-NT. Boards of two types have the following
gzzg:gp;nden;ror:?gﬁztrgé J\%tphe anztl)gtruoei elsgcsttreonr:icsw\?vsoverall I/O characteristics: 32 channels of ADC with 12

ped. " g o S Wil 2 us/channel resolution; 2 isolated channels of DAC
replaced with few members of "Smart device" family --

. ) . . with 12 bits resolution and 32 digital I/O. Signal
intelligent front-end devices, while the same operator ..~ . o .
conditioning hardware and galvanic isolation were used

console under Linux was ”?ed- The gpproach a.llo%setween accelerator and DAQ boards. Interlocks and fast
parallel work of people involved in developmgf

eedback loops were implemented in hardware.
accelerator hardware, software and hardware of cs.

Eirst Stage Second Stage
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A new cs was developed for new small cw linac. It was PN Top i
. . . nux eve
necessary to design and construct cs as quick as possiblg, i
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to use as low financial resources as possible and to mak&| ————————— - -
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cs as smart as possible. Additional difficulties lied in the PCN2 ooz
fact that new accelerator planned to be constructed from Labview Linux

newly designed components: new rf channel with new oxq sears M
klystron, new acceleting section, new electron gun, % e e s s
OO0«

new set of high voltage power supplies. So, cs should i Front end
support providing of research experiments to study as ¥@f :':
separate components of accelerator as a whole

accelerator. At the saname, the acelerator and it's ¢cs
should fit the requirements imposed upon installationsSigure 1. Stages of control system development.
for industrial applications. Development of cs was . .

subdivided under two stages corresponding with thé-2 Control system of industrial style.

stages of accelerator constructing.

The cs should be converted from research style system

to industrial style finally.
2 STRUCTURE OF CONTROL SYSTEM CAN fieldbus is used on both levels of cs now. To

The cs (Fig.1) consists from three levels -- non reafupport work of operator knobs-type devices will be used
time top |eve|' soft real-time middle level whereOn the PC-N1. CAN adapter installed in PC-N2 controls

relatively slow algorithms are implemented and front-en@mbedded controllers belonged to family of “Smart
Devices"--intelligent controllers which support functions



of real-time digital feedback control, data acquisition andnd control an accelerator through segment of DSM.

processing [1]. Every module of application softwareccgésses the
segment of DSM through individual describing structure.
3 CONTROL SYSTEM SOFTWARE Data from particular blocks dDSM belonged to other

— . . f f.e. I f front- level
Application software of cs is based on archltecturgomponems of ¢s (f.e. modules of front-end level) are

with Distributed Shared Memory (DSM) [1,2]. reflected in the segment of DSM on top level (Figure.3).

3.1 Application and system software on PC-N2.3'3 Mirroring mechanism.

While the software of top level is the same for both Segments of DSM together W'.th mirroring mechanism
are used to reflect data describing current state of an

stages of cs development, the software of middle levgccelerator and necessary for aierg of application
differs from stage to stage. y #19 P

software. Mirroring mechanism lies hidden from

For research stage of development, applicatiof lication software. It depends on type of used feildbus
software was developed under LabVIEW 4.0 and consis?gp . ) pena: P .
and could be implemented partially in hardware as it was

of three components: data acquisition and processiné]one in one of the cs designed previously where MIL-
software control algorithms (for example, slow PID

. . 553B fieldbus was used [1].
feedback control), local man-machine interface an oo : . .
I Mirroring mechanism was completed in software with
server program to support mirroring of DSM. Flekit

of combination composed of LabVIEW afAQ boards Ethernet interlayer comm_unlcatlon in cs described in the
. . . : . article. It allows to use different hardware and software
allowed to provide different kind of experiments with

: components at front-end level during first and second
accelerator hardware, develop and improve contrg f cs devel ith r h
algorithms. Stages of cs development without any software changes

N (gtop level.

On the second stage, PCs see as operator as con?r .
) : . oftware components accessing the segment of DSM,
object through CAN. We have selected DeviceNet high . T .
.~ 2and not responsible for mirroring, could know nothing
level protocol for CAN -- one of the three most widely . I :
. . ... ~about inter-level communication construction and not to
used protocols for industrial applications

(CAL/CANopen, DeviceNet, SDS). Software supportin worry wherever _dat_a appeared._ This appro_ach ensures
. : . g[ather clear application program interface which simplify

DeviceNet for Linux is under development now. Kemework of broarammers. It allows develon independently as

driver for CAN-bus adapter has been developed for Prog ' P P y

. i . T parts of application software as mirroring algorithm for
Linux. PC-N2 will be run under RT-Linux, so kemeldiﬁerent types of hardware.

real-time module for RT-Linux for CAN-bus adapter is
under development. Man-machine Database
interface A

32 SOftwaI’e Of tOp Ievel Shared Memory
it
. —_---
As was mentioned above, PC-N1 runs under non real- mimteintets (Sl S N
time OS Linux 2.1.x. Man-machine interface is based on - ‘“‘t“ AN
X-Windows The structure of top level software is shown [ Progr?::wp-glrient J \\
on Figure 2. 2 — Bt \
Transport \\
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— il Figure 3. Structure of Distributed Shared Memaory.
Mirroring
Mechanism . . i .
A\(ég?i::monlws Manager Mirroring mechanism on top level could be modified
dynamically by Mirroring Mechanism Manager --
Figure. 2. Structure of top level software. special-purpose software process. The process controls

software module responsible for transportation and
Modules of application software (man-machineaeplication of different segments of shared memory.
interface, control algorithms, database, etc.) could watdPhysical properties of measuring parameters and type of



communication are usually clear at the initial stage of executive runs a non-real-time kernel as it's lowest
development and define order and period of replicatigpriority task, using a virtual machine layer to make the

of different DSM blocks. standard kernel fully pre-emptable [8]. All interrupts are
] initially handled by the real-time kernel and are passed to
3.4 Why Linux? the Linux task only when there are no real-time tasks to

Notice that during the process of development, Linu"- Thus, when Linux has disabled interrupts, the
should finally replace any other OS running on pcemulation software will queue interrupts that have been

Linux is one of the dynamically developing modernPassed on by the real-time kernel. Real-time and Linux
POSIX-compatible UNIX-like OS. It is freely available USer tasks communicate through lock-free queues and
together with its source code and well documented. TIs8ared memory in current version.

idea of free distribution has unified around itself rapidly S: @pplication of Linux on top level and RT-Linux on
growing society of Linux users. middle level will allow us to use unified software

Linux OS is going well known and more widely usedievelopment technology and tools for both real-time and

among teams working under development of cs all ov&on real-time parts. It would allow to make good use of
the world. For example object oriented control systefjardware resources of PCs.
TACO supports Linux OS [3]. Client of EPICS could be
run under Linux. There are few implementations of 4 SIMPLEX ARCHITECTURE
CORBA under Linux which is discussed as considerably The Simplex Architecture, a real-time software
promising technology for cs development [4,5]. CORBAechnology developed at Carnegie Mellon University
is one of the object oriented environments for distributedoftware Engineering Institute, was designed to make the
systems which provides the ability to build distribute¢s software changes in a safe and reliable fashion while
applications, running on heterogeneous systems, witha@e system is running [9]. The Simplex Architecture is
knowledge of the underlying network. built upon fundamental concept of analytic redundancy.
Our four years experience shows that wide set ¢f js achieved by implementing different types of control
application software and tools, high level of reliabilitya|gorithms. Basic architecture of Simplex Architecture
and supportability could be achieved with OS Linux inFig.5) contains User Interface module, a decision
desktop, network and server applications. We use Linyodule, an 1/0 module and three control modules: a

successfully more than two years to support operatggaseline controller, safety controller and an experimental
console of upgraded rather old control system of electrgyntroller.

linac.
. . . Safety
3.5 Linux in real-time. L contol —
L . . . Module Decision
As about application of Linux for operation in real-| user Module
time, it is impossible to use it “as is” but there are som M Baseline s | o Physical

Module System

decisions and projects aimed to improve Linux to bl and L] control >
applicable for real-time application [6]. One of the sucl update
project is Real-Time Linux, or RT-Linux [7]. Managemen

o o Experimental
Application Application Control
< e ~ Module

- = T

System calls, POSIX
Figure 5. Basic structure of Simplex Architecture.
Linux OS
Devies dn ~ RT-Task These software modules run simultaneously and
evice drivers
\
110

AA - execute control algorithms in real-time. The decision
o N N \\ A module is a central part of the architecture. Although all
_ K T w/ three controllers may be running and generating
RT-Linux . R
[ Scheduler commands simultaneously, only one of the command will
110 be chosen to be sent to the object to control. /O module
vy th Nlm measures response of the physical system and distributes
HARDWARE them over other processes. I/O module transmits
. . . commands from chosen controller to physical system.
Figure 4. RT-Linux architecture [7]. Each of controllers can control physical system to satisfy

) _ ) ) ) certain requirements. The experimental controller
RT-Linux is operating system in which a small realyontains the system upgrade to be tested. It could be

time kernel coexists with Linux kernel (Fig.4.). RT-pewly designed algorithm, more fast or more optimal but
Linux is based on an approach when simple real-time



with uncertain reliability. The safety controller is a high
reliable controller that, in a known domain of the
physical system state space, it is able to maintain the

implementing yet another reliable controller, the baseling
controller, which is designed to achieve the controuu
objectives, but to operate within a smaller domain of the
state space.

As a control system is upgraded, both the experiment
controller and the safety controller are runnin
simultaneously with the experimental controller actually
controlling the physical system initially. The state of the
physical system is monitored as the system runs. If the
experimental controller drives the physical system to ad]
undesirable state, which signifies possible errors in the
controller, it will be disabled and the safety controller
will take over. While the safety controller is controlling
the physical system, the experimental controller can be
checked and fixed, and than re-installed to take back tfg
control. Such a process can be repeated dynamically
while reliability of experimental controller achieves
satisfactory level. So high reliability and high availability
can be achieved during the system upgrade without
shutting down the system.

During the development of cs for new accelerator oné]
of the task was to stabilise amplitude of rf field in
acceleating section. The rf system was newly designed
and we did not know exactly dynamic parameters of the
system in advance. We used simplified Simpley]
Architecture and found it very useful. Analogue PID
feedback controller designed former time served instead
of Safety Control Module. Reference level and closing of
feedback loop of analogue controller is controllablefs]
digitally. Properties of controller were known well and
distinctive level of safe operation with not enougH6]
tracking accuracy could be achieved just after starting up.
Digital PID algorithm was implemented as Cod{37
Interface Node in LabVIEW and played a role o 8]
experimental controller. It allowed us to study object ofg]
control and successfully develop digital control algorithm
for new rf system of new accelerator.

5 CONCLUSIONS

DSM approach hasllowed to develop application

stability of physical system. But the safety controller maiopftlware for cs more quickly and reliable due to simple

not be able to achieve the control objective of the syste}srgcc'0
in a precise manner. The problem is solved bXttra

Future upgrading of the system is simplified too.
rding our experience, Linux OS looks very
ctive as basic OS for development acekerator cs,

t additional investigation and improvement of real-

me compatibility should be done. Simplex Architecture

could be proposed when safe dynamic upgrading and
%Il?velopment of feedback control algorithms are

necessary, which is often occur in development cs for
9, ccelerator.
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