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Abstract

The Control system for the new full energy injector [1]
will be entirely based on Tango with an Object Oriented
distributed architecture. The availability of the new and
modern software platform led us to design a new High
Level Software framework for model based accelerator
control. The new design is fully Object Oriented and fol-
lows a modular approach. The main modules provide a set
of different views or abstractions of the underlying accel-
erator: field module, machine description module, optics
module. The field module handles all the access and com-
munications with the actual devices of the accelerator, e.g.
power supplies, instrumentation, etc. Thefield modulealso
manages the conversion from actual values acquired from
the field into values meaningful to electron beam dynam-
ics. The machine description module handles the machine
|attice and layout description. The optics module performs
the calculations relevant to application programs like the
Twiss functions. An important characteristic of the new
library is the unified management of all the needed calibra-
tions and configurations by means of arelational data base.

INTRODUCTION

Tango [2] is a distributed control system with afull ob-
ject oriented architecture. The new High Level Framework
(HLF) will provide robust tools for the development of ap-
plication programs which will be needed for the commis-
sioning of the new injector, for machine physics measure-
ments and later for routine control room operations. A typ-
ical use of the HLF based program will be the manipulation
of thetunes, chromaticities, orbit, dispersion, etc. In order
to perform these tasksthe HLF will contain aset of acceler-
ator modeling classes. The new HLF isdesigned to be used
also for the Elettra storage ring, so it will include models
for theinsertion devicesand it will handleboth circular ma-
chines and transfer lines. In futureit will aso be used for
the operation of the transfer line and FEL undulators of the
FERMI@Elettra[3] linac-based free electron laser.

MODULAR OBJECT ORIENTED DESIGN

The new HLF design is fully object oriented and follows
a modular approach (see Fig. 1in UML notation [4]).The
analysis of model based accelerator controlsled us to split
the HLF functions in 3 distinct areas, which are mapped
to modules: optics calculations, management of configu-
rations and calibration, access to the actual settings of the
machine and unit conversion.The different modules group
together classes and functions performing strictly related
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tasks.The various modules are weakly coupled: a mod-
ule access the services provided by another module only
through a set of well defined interfaces.Theinternal design
and implementation of the module classes can be changed
without affecting the other modules.The framework iswrit-
ten in C++ and exploits as much as possible the Standard
Template Library and algorithms.
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Figure 1: HLF modules.

OPTICSMODULE

The optics module, nicknamed Vicky, packages all the
classes and procedures needed by application programs to
analyze and manipulate the accelerator from a machine
physicspoint of view. It makes use of the services provided
by the other HLF modules.

Object Model

The object model closely follows the machine physics
point of view of the accelerator. A set of classes, deriving
from AccelaratorComponent, is used to model the charac-
teristics of the accelerator building blocks (see Fig. 2). An-
other set of classes handles the actual assembly of Accel-
eratorComponents into an actual accelerator (see Fig. 3).
The Section class is introduced to map the common con-
cept of accelerator section or cell, rather useful for peri-
odic machines like our storage ring. Similar object models
are found also in other object oriented modeling packages

el. [7].

Machine Modedl Calculations

The mathematical model implemented by Accelerator-
Component classes is based on 6x6 transfer matrices,
which are sufficient to describe the transverse coupled dy-
namics of a constant energy electron beam. In view of
the utilization of the new HLF also for the Elettra storage
ring, complete models for the insertion devices, including
the exotic ones like Apple-11 and figure-8 type, is foreseen.
While the existing Elettra High Level Software library [8]
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Figure 2: HLF Optics classes.
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Figure 3: HLF Accelerator classes.

calculates only the optics of the ideal lattice, the Accel-
eratorComponent mathematical model supportsalso align-
ment and multipolar field errors. Thiswill permit a better
approximation of the real accelerator lattice and therefore
provide more accurate measurements and corrections.

MACHINE DESCRIPTION MODULE

The machine description module gives access to the
static data needed to build and initialize an accelerator
model. This data can be divided in 3 different areas: lat-
tice description, connection with control system devices
and calibration of electro-magnetic devices

Lattice Description

The lattice description produces the list of the elements
together with the data needed for its complete definition.
The data is presented to the user in a standardized format,
which can be easily used by the optics module classes. The
standard method to access the lattice description will be by
means of classes designed following the factory and builder
pattern [5] which automatically instantiate the whole lat-
tice structure. The initial lattice description will be stored
either in afree format text file or in arelational data-base.
Thefile based description is easier to edit and modify. The
data-base description, if correctly administered, provides
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better data protection. Moreover, due to the single central -
ized data source, guarantees the unambiguous definition of
agiven lattice. These characteristics are very important for
control room operations.

Connection Description

The connection to control system devices is defined by
associating the name of an AcceleratorComponent to the
name of the relevant Tango Device Server. The Tango con-
trol system will automatically and transparently translate
the Device Server name into the appropriate network ad-
dress. The number of different Tango Device Serversfound
in the connection description gives us the number of effec-
tive degrees of freedom of the accelerator model. In our
case this number is reduced by the fact that we have severa
magnets connected to a single power supply. This impor-
tant structural information will be available from the con-
nection description: given an AcceleratorComponent name
we can ask for the list of al the AcceleratorComponents
connected to the same Device Server. Asfor the lattice de-
scription, the connection description will be stored either
intext filesor in arelational data-base.

Calibration Tables

Calibration tables are mostly needed by magnetic ele-
ments. They contain al the available measured data for
each element. The format of the data depends on the type
or class of the element. For examplethe calibration table of
a SectorBend will list a number of excitation currents and
the corresponding nominal energy, field index and mag-
netic length. Dueto the large amount of datathe calibration
tables will be stored exclusively in arelational data-base.

Interfaces

The Machine Description module presents to the user a
set of interfaces. The purpose of the interfaces is to pro-
vide a uniform way to retrieve the wanted data, whether it
is stored in text file or in arelational data-base. The user
will only need to know the name of the source of data, all
the low level text parsing or table queries are then automat-
ically selected and performed by the relevant interface.

FIELD MODULE

The field module implements all the methods needed to
get the status, settings and readings of any Accelerator-
Component object. Inthe case of the magnets, for example,
it providesadirect translation of acurrent to astrength, and
vice versa

Accessto Field

In order to perform these operations the Field module
classes will interact with the actual hardware device by
means of the control system. We will hide to the user
all the non relevant details and make visible only what is
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needed to actually perform machine physics operations. In
the quadrupol e magnet example, the HLF does not need to
have a full knowledge of the relative power supply status,
but only whether it is working or not. Configuration data of
any element, like minimum or maximum of a power sup-
ply current, is directly available on line exploiting Tango
facilities.

Mapping with Calibration Tables

The field module converts machine physics quantities,
for example a quadrupol e strength, to field quantities, cur-
rent in the example. Thisis done with appropriate interpo-
lation functions on the above mentioned calibration tables.
Each class of magnet, including insertion devices, will use
an appropriate interpolation algorithm.

On-Line Field Model as Tango Device Server

As dready done at the SLS[9], we will implement an
on-line field model for our machines. It will have the form
of a standard Tango Device Server. Thiswill alow us to
use part of the HLF modules also with other simulation
packages, such as AT[10], and to exploit advanced Tango
features, such as event notifications, in HLF based machine
physics programs.
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