Poster presented as TUP46G at EPAC 98, The Sixth European Particle Accelerator Conference
Stockholm, 22-26 June 1998

ConSys - A New Control System
for ASTRID and ELISA

J.S. Nielsen, K.T. Nielsen, and T. Worm
ISA, University of Arhus, Denmark




Introduction

The development of the new control system for ASTRID, ConSys, was
started at ISA in the beginning of 95. The aim of the project has been
to develop a site and machine independent control system based on
modern tools and design ideas. Although UNIX workstations is
widely used for control systems elsewhere, ConSys is developed for
Windows NT on PC’s. A major advantage by this choice is the enor-
mous amount of commercial software and hardware for the PC plat-
form. Furthermore, the Windows NT user interface is well known by
most users.

Hardware Model:

The system is based on the standard

Software Components

model for present days control systems -
an Ethernet based system with dis-
tributed front-ends and console/client
computers. There is a central server for
domain management, file server and con- E
figuration database. The control system
is connected to the in house network.
Since front-ends as well as console com-
puters are PC’s running Windows NT, it
has been possible to use the same control system core software on all computers.

Software Model:

When a client program
wants data from or con-
trol access to a parame-
ter on a device, it first has
to subscribe to the pa-
rameter. The system
works much like subscrib-
ing to a newspaper: When

. CFloatRequest
there is a new value/ 9

newspaper available, it is

delivered to the sub- é CRacketRequest
scriber. The subscriber
can send comments/com-
mands to the publisher,
which then takes the
proper action.

A total object oriented ap-
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proach of the software
design - with a high prior-
ity of code reuse and flex- CSNIC_ScraperDevice

ibility - has been adopted.

Central objects are: ad-

dress labels, requests, @ Core classes © General classes © SpecificlUser classes
data values, data servers

and devices.
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Each parameter registered at a device has its own data server. When- 1
ever the device has new data it triggers the data servers registered at
the device. Based on the initial request from the client, the dataservers [ Data Servers ]
decides whether the data should be transmitted to the client or not. ¢
[ Devices ]
Has a generalized interface for client registration and data 10 to the 1
control system. [ Drivers ]

Itis in the devices the values of the parameters are remembered. A special subset of devices is the virtual devices, which
do not have direct hardware access. They instead serves as storage for information parameters, or for intelligent data
manupulation/reaction (for instance calculation of lifetimes, or automatic choice of multiplexer values, as viewers or cups
are taken out of the beam. It is also an important feature of ConSys, that devices also can be a client, i.e. subscribe to any
parameter on the system.

The G64 units used as primary |0 for ASTRID are interfaced through a new PC card, the PC-Doct, developed at the IFA
computer department. A Windows NT driver has been developed for this card. Most new hardware bought in the future
will include NT drivers.

Creating a subscription

At present, two request types exist; A Parameter Request which is a request for a single parameter on the system, and a
packet request, a request containing a list of Parameter Requests. The basic request includes the address object needed
to locate the parameter, and specifies the dataserver object to be used with the request.
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When the Kernel receives a packet request, the requests it in- @-—I‘ OO0 O Remote 2
cludes are sorted by front-end name and placed into separate re- O N
quests for each front-end. If a packet request is for the local ma-

chine, the request is processed locally as described below for the
remote front-end. Other requests are forwarded to their respective < Local Kernel >

front-ends. r * N

When a request has reached the front-end computer specified in @O O i @000 @O0
its address object, it is ready for the final connection. First, the 3 i 3 | 3
dataserver object specified in the request is created. The (o | O : O |

dataserver then registers itself on the device addressed by the re-
quest. Finally, the dataserver establishes a connection to the
transport layer for communication of data between itself and the Connected to
client. local devices.
A special dataserver, the packet server, handles the packet re-

quest. The Packet Server collect data value objects from the

dataservers created by the packet request. The received data val-

ues are stored in a Data Packet object, a special data value object

that can store a list of data values. The packet server sends the

data packets to the client at rates given by the current workload on the system and conditions set by the client. Devices
can signal data servers to send data immediately.

The collected data values objects are stored in a Data Packet object - and the corresponding type for data transmission,
the data packet. All data transmitted between the client and the device inhered from a common class, the data value
class. Data packet, are like Packet requests, a list of data values.
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Database

/ Database Joint Request

Parameter information:
Name, description, access
method, update rates etc.

Address information:

Front-end, device no,

Address type:

General parameters for device
depended address type.

Conversion Type: Display Type:

The database is build by a number of related tables. The
object-oriented structure of the control system cannot be
represented directly in a relational database. Therefore,

Display information
General parameters used
depended on display type

Conversion information

Data Server,

General parameters used
depending on conversion type

/

many tables representing a class hierarchy has some com-
mon fields used to initialize the base class and a number of

generalized fields to initialize the inherited objects. A num- [ Other joint inform. ]

ber of helper tables describe the actual meaning of the

generalized fields for a specific ConSys class. With the aid \

from the helper tables an object oriented database editor

has been created.

Most ConSys requests to the database use the same joint parameter request, build from a series of
central database tables. The joint data request includes almost all information available for a given pa-
rameter, like addressing, interpretation/conversion information, data type information and display in-
formation.

Commercial Tools

Policy: Commercial tools used whenever possible:

+: Fast development cycle, professional look.
- : Limitations (bound to one solution).

The primary development tool. The control system has a strong bound to MFC, Microsoft Foundation Classes. The communication proto-

col is based on pipes, an intrinsic part of Win-
dows NT.

Used to store all configuration data.

o Faraday Current

Used a editor for the DAF-files (function tables).

@ File Edit ‘“iew ‘“window Help

Examples of applications using Component Works:

ass Scan - [yb-971106-1_mass]
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1e-008

Can be compiled into the ConSys code. Used
for device drivers and some displays. Also used
as mathematical library.

1e-009 |

Used for documentation, and for status display.
In the future possibly also for control (Java).
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1e-011

Is supported through the ConSys API (a Win- L L

dows DLL) for user programs.
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Front-end hardware

Most parameters are controlled though G64 (small-scale bussys- .
tem). Each G64 communicates with a PCDoct card with a 19200 : . ]
baud serial connection.

The PCDoct is a homemade (by the IFA computer department) PC
card with an onboard 80186 processor, which serves up to seven
G64’s. To interface with high level code a Windows NT device driver
has been developed.
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Original a CERN standard the IFA-G64 system has been further de-
veloped with new |0 cards. The system consist of a Z80 processor
(4 MHz) communicating with up to 10 10 cards via a 8 bit backplane.
The 10 cards available at IFA are:

Digital 10 card (32 bit individuable in/out, optocoupled/direct),

ADC cards (1x16 bit or 16x12 bit),

DAC cards (2x16 bits or 14x12 bits),

DAF (Dfi Autonomous Functiongenerator) card: up to 512 vectors,
update time: 100 us externally synchronized, minimum vector time:
2 ms, maximum vector time 300 h,

FAF (Fast Autonomous Functiongenerator) card: Specially devel-
oped 10 card with DSP processor for RF frequency calculation from
bending dipole field.

Frequency counter card: 16 bit, 0.01 s, 0.1 s, or 1 s gate time

Puls generating cards: Several cards with different resolutions,
user configurable.

Other hardware can be divided into two groups: Instruments com-
municating with a standard interface (Serial, GPIB, etc.), and instru-
ments which are or require special PC cards (PCIl or ISA). For PC
cards a Windows NT driver is needed, which is the case for most
new PC cards. For standard interfaces, there exist many good prod-
ucts, which also support Windows NT. We have chosen to use Na-
tional Instruments products for many of these applications, because
we have found these products to work well under NT and they have
good support.

PCDoct card

Status

System is running with most of our parameters

* Most of the G64 crates without DAF’s are running under ConSys.

 The system has been testet with all parameters (except for FAF-

load (RF-frequency ramp)) and will be deployed for next El-run
starting beginning of August 1998.

For lon-runs we are waiting for an update of user datataking software

to work with ConSys. This is expected to be ready for the next lon-run

starting end of October 1998.

Completed

 System core (Transport, data structures, database, definitions

etc.)

« PC Doct card & device driver for Windows NT.

Twentyone G64 units are controlled by ConSys. (Fifteen still on old

control system)

* Virtual devices for ASTRID and ELISA diagnostics implemented.
Lifetime calculations, current calculations, automatic selection of in-
put (cameras following viewers, Faraday current measurement follow-
ing cups), etc.

* All parameters on ASTRID are defined and can be controlled

through the old control system.

2602 parameters defined divided into 750 groups. (One group is typi-

cally one supply.)

4 dedicated frontends, 3 combined frontend/client computers, 6 dedi-

cated client computers, and a number of office computers.

 General purpose Console.

 DAF load (function generated load)

 An APl interface allow general Windows programs to connect to

the control system (a Windows DLL).

o Other applications:

Database editor, Data logger, Soft ramps, Log viewer, Store/Restore of
control settings, Beam plot (CVI appl.), Tunechange program,
Simpel Web Writer, Small utility programs.

Missing

* Important auxiliary applications.

General plot program, Orbit correction, Alarm and Surveillance pro-
gram.

 Few auxiliary system parts.

Conversions for vacuum gauges, “one to many” virtual device, Photon-
energy control (setting) of Undulator, Other small devices.

* Improved robustness.

Autoconnect of clients, small memory leak.

Experiences/
Conclusion

Cost/Development time
* Project design considerations: 1 man-year
* Kernel & Database design/impl.: 172 man-year
* Applications: 2 man-year
Performance
Good: Data rates limited by the network -or in
practice, by display capabilities on Console
PC’s
11 Console PC’s connected to 1 Front-end PC, 125

Clients, each having 8 parameters updated with 4 Hz
<=> Front-end CPU 50 %, network 10 %.

Stablllty
The Windows NT domain: Very good
* Individual Windows NT workstations: Very
Good
* SAQL Server: Initially, some problems with net-
work,settings.
* ConSys: Reasonable;
* Front-end with PCDoct: Good - never
down.
 Console PC’s: Applications may fail - but
the kernel on the PC survives in most
cases.
Limitations
» Strong bounds to Windows NT & MFC.
* For the moment no interface to other plat-
forms.
* Not drivers for all hardware (especially old
hardware)

More information

http://isals.dfi.aau.dk

This is the homepage of the the ConSys system.

Here you will find all the online documentation.

http://isals.dfi.aau.dk/pdf/
EPAC98ConsysPoster.pdf

This poster.
http://isals.dfi.aau.dk/pdf/
EPAC98ConsysArticle.pdf

The accompaning EPAC98 article.
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