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Abstract 

This paper presents recent developments of the control 
system for ALPI, the new superconducting linear accelerator 
that will begin to operate at L.N.L. next year. 
Both hardware and software architectures are described and 
some base choices are discussed. Results of tests performed in 
the last two years are also reported. 

I. INTRODUCTION 

ALPI is the name of a new heavy ion linear accelerator 
to be used as booster of the 16 M V XTU Tandem at LXL. 
The accelerator will consist of 93 quarter wave 
superconducting resonators with B varying from O.OSS to 0.15 
and whose resonance frequencies are 80 and 160 MHz. 
The installation of a first set of 48 cavities at 160 MHz and 
with B= 0.11 is now in progress and it is expected to be 
completed within the beginning of next year. 
The components of the LINAC that need to be controlled may 
be grouped according the following scheme: 
- beam pulsing system 
- resonators and related devices 
- cryogenic system 
- vacuum system 
-magnets 
- beam diagnostic system. 
The control system components that directly interact with the 
accelerator hardware are mostly supervised by embedded 
controllers. For instance the helium refrigerator and the 
magnet power supplies were bought with their own 
controllers; for other critical functions, such as resonators 
amplitude and phase lock, microprocessor based units were 
developed at L.N.L. In this way feedback loops, where 
necessary, are closed locally and the time constrains for the 
higher levels of the control system, where general purpose 
computers are involved, are much less tight. 
The control system for ALPI has to supply the following 
capabilities: 
- man-machine interface: a set of utilities to monitor and set 
all the operational parameters of the accelerators components 
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- data base management, tiiat is the access to a centralized sets 
of calibration tables, set points, pre-configured machine setups 
- recording, as the system must periodically dump the machine 
status and collect, display and record exceptional events 
(alarms) 
- computer communications, as the system includes a number 
of computers which are connected through a high speed 
network. 

tt SYSTEM OVERVIEW 

From the hardware point of view the ALPI control 
system has a three level, network based, architecture (see 
figure 1). 
At the first level there are some workstations (DECstation 
5000/200), supplying the man-machine graphical interface. 
They will be mainly placed in the accelerator control room; for 
maintenance and test purposes some graphic computers or 
X-terminals will be distributed also in the LINAC room. 
The second level of the system is made of network 
concentrators, which are VME machines, based on Motorola 
68030 microprocessor. In the base configuration of these 
computers there is a Motorola MVME147 CPU board 
comprehensive of 8Mb RAM, an Ethernet controller and a 
SCSI controller, plus a 150Mb hard disk, 3 serial 
communication boards (each with 8 RS232 ports) and a set of 
4 boards for analog and digital I/O. 
The main functions of network concentrators are to read and 
send back commands and data from workstations to the low 
level embedded controllers. Besides, through analog and digital 
I/O boards, they directly supervise those sensors and actuators 
for which no intelligent controller is available. So, at the 
moment, network concentrators mostly work as configurable 
routers, but in the near future more complex capabilities are 
planned to be added to them: 
- execution of pre-defined sequences of actions (resonators 
tuning, resonators amplitude and phase lock,...) 
-data recording (towards a network file server) 
- supervising of selected subsystems (liquid helium 
distribution to cryoslat tanks, resonators baking,...). 
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Figure 1. The hardware architecture 

Workstations and network concentrators arc connected through 
an Ethernet link. 
At the third level of the control system there are 
microprocessor based units, completely dedicated to specific 
tasks. They are connected to the network nodes by standard 
RS232 serial lines. 

HI. SOFTWARE OVERVIEW 

The goals in software design and development for the 
ALPI control system are: 
- a simple man-machine interface, to be used even by people 
not trained on computers 
- a fast response to the operator's commands 
• a distributed control capability, to get the best performances 
from the hardwire architecture 
- standardization, maintenability, hardware independence 
together with a sufficient flexibility and a relatively short 
development period 
- reliability. 
To reach these goals a standard development environment 
providing graphics and networking tools has to be used. 
Standardization, maintenability and portability from one side, 
flexibility and a short development period from (he other side 
may be achieved using C-language in an UNIX environment, 
together with X-Windows graphics and socket based 
interprocess communications. 

Therefore, the base choices for ALPI software are: 
-UNIX 
-X-Wndows 
- sockets with internet addressing and TCP protocol. 
UNIX is used both on the graphic workstations (Ultra 4,2) 
and on most network concentrators (System V). 
Concerning with the graphics, besides XI1 and Toolkit 
libraries, Athena Widget library (a collection of built-in high 
level graphic objects) is also used. 
An important goal of the software design and implementation 
is to have a quick response to the operator's commands, that is 
the system must reply to most commands in some tenths of a 
second. This goal is achieved by using stream sockets and a 
client-server paradigm for networking and interprocess 
communications. 
To reach a sufficient degree of reliability the software under 
lest is given lo the final users as soon as possible: in this way 
an immediate feedback is available and most bugs are early 
reported and fixed. 

IV. SOFTWARE ARCHITECTURE 

Software architecture includes a set of distributed processes 
running on the graphic workstations and on the network 
concentrators which read data from ASCII files 
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Figure 2. Software Mchitecture:Nawork ami Inieiprocess communications. 

containing calibration tables, default values and network 
configuration data. 
As shown in figure 2 there are four kinds of processes: 
- a graphic process (man-machine interface) 
- a network manager, which acts as a network configurator at 
sum lime (on the basis of a configuration data file), and as a 
router at run lime 
- network servers, which directly manage low level devices 
• an alarm dispatcher, which has to collect and dispatch to Ihe 
operator alarm messages coming from network servers. 
The graphic process, Ihe network manager and Ihe alarm 
dispatcher run on workstations, while network servers run on 
network concentrators. 
The man-machine interface is hierarchic: from a main menu 
the different control subsystems may be selected and each of 
them appears with a general page that summarizes ihe 

subsystem status (i.e. for die RF subsystem, the status of all 
resonators is displayed). Then, more detailed informations may 
be requested about a group of devices (i.e.: cryostat selection), 
or about a single component (i.e.: resonator selection). 
Generally, it is possible to move both vertically (from a page 
to a more detailed one and back) and horizontally (from a 
group of devices to an other of the same class, from a single 
device to an other of me same class). 
Virtual channels tor interprocess and network communications 
are stream sockets for commands and data and datagram sockets 
for warning and alarm messages. Communication software is 
based on client-server paradigm. Internet domain and TCP/IP 
protocol are used. 
There is a difference characterizing the control system for 
diagnostics: on the network concentrator a real time kernel 
(VxWorks) is loaded instead of UNIX. This is due to tight 
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constrains on the response time in beam profile data 
acquisition. 
As this kernel configuration as far as application processes 
may be easily downloaded through die ethemet network to die 
VME machines, it is planned to bring all network 
concentrators to run Vxworlcs instead of UNIX, so eliminating 
hard disks from them. This will increase the system 
reliability. 

V . C O N C L U S I O N S 

In July 1990 a prototype of RF control system was 
used for a beam test on a cryoslat containing four resonators. 
As test results were satisfactory both from the hardware and 
the software point of view, no substantial change was made on 
the base choices. The RF control package is now completed. 
Last summer the software modules for helium distribution 
control system were developed. They are now operating for the 
tests of the refrigerator and of helium distribution lines. 

In die meanwhile the alarm management package was designed 
and some successful tests were performed. 
Most of ALPI control system software is planned to be 
completed within 1992. 
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