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Glossary
Glossary

ANSI See American National Standards Institution.

API See Application Programming Interface.

ATM See Asynchronous Transfer Mode.

ATV See Abwassertechnische Vereinigung – Technical waste water fu-
sion.

CA See Control Area.

CORBA See Common Object Request Broker Architecture.

CSV See Comma Separated Values – File Format.

CU See Control Unit.

DCF See Time Signal for Synchronization Purposes.

DDE See Dynamic Data Exchange.

FML See Function Module Language.

GPS See Global Positioning System.

HD See Harddisk.

HMC See Human-Machine Communication.

HMI See Human-Machine Interface.

HTML See Hypertext Mark-up Language.

HW See Hardware.

IEC See International Electrotechnical Commission.

IDE See Integrated Development Environment.

IIOP See Internet Inter Object Request Broker Protocol.

I/O See Input/Output.

IPC See Interprocess Communication.

ISO See International Standard Organization.

LAN See Local Area Network – lokales Netzwerk.

LON See Local Operating Network.

LSC See Login-State Combination.
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MO See Magneto-Optical.

Middleware See Transparent software layer to IPC of other computers.

MIPS See Million instructions per second.

NFS See Network File System.

Notification See Notification / message (here: forwaring a Naming Server mes-
sage to client programs when modifications of objects occur).

OLE See Object Link Embedding.

OO-DB See Object-oriented Database.

OPC See OLE for Process Control.

OQ See Object Query.

OS See Operation Systen.

PES See Project Engineering System.

PLC See Programmable Logic Control.

POSIX See Portable Operating System Interface for UNIX (standardised in-
terface for UNIX).

PPS See Project Planning System.

PV See Process Variable.

Qnet See QNX network technology.

RAM See Random Access Memory.

Replication See Identical redoubling, reduplication, copying of database or
database parts to other network stations.

RGB See Red Green Blue.

RTDB See Real-time Database.

RTS See Run-time System.

SC See Sequence Control.

SCADA See Supervisory Control and Data Acquisition.

SMB See Server Message Block.

SMP See Symmetric Multiprocessor-System.

SOAP See Simple Object Access Protocol (XML based WWW-Protocol).

SQL See Structured / Sequental / System Query Language.

ST See Structured Text – programming language.

SWT See Standard Widget Toolkit of Eclipse IDE (www.eclipse.org).
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TCP/IP See Transmission Control Protocol / Internet Protocol.

UML See Unified Modelling Language.

URL See Uniform Resource Locator.

WAN See Wide Area Network.

XML See Extensible Markup Language.

RMI See Remote Method Invocation (Java-object request in networks).

RTU See Remote Terminal Unit.
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Chapter 1. Introduction
1. Synopsis
This manual refers to the software FlexCtrl 6.0 and all releases based on it. The issues described in
this manual are subject to certain alternations due to the ongoing development of the software. These
changes are explained in the respective release documentation.

2. Copyright
The software and documentation of FlexCtrl 6.0 are property of BitCtrl Systems GmbH and are, when
used, subjected to the license agreement held between the end-user/customer and BitCtrl Systems
GmbH. Any form of copying, lending or sale of the software and documentation from end-user to a
third party are strictly forbidden.

The documentation reflects the present development stage of FlexCtrl 6.0. Should you come across
any errors or unclear passages in the documentation, please contact:

BitCtrl Systems GmbH

Weißenfelser Str. 67

04229 Leipzig, Germany

Tel. +49-341-49067 0

Fax +49-341-49067 15

Email: <info@bitctrl.de>

3. Trademarks
BitCtrl Systems® and bitcontrol® are registered trademarks of BitCtrl Systems GmbH. FlexCtrl is
trademark of BitCtrl Systems GmbH.

References to products and trademarks of various manufacturers are used in the FlexCtrl manuals.
Amongst the trademarks and names mentioned are:

• QNX® - registered trademark of QNX Software Systems Ltd, Canada

• Photon – trademark of QNX Software Systems Ltd, Canada

• WATCOM, WATCOM SQL, Sybase SQL Anywhere, Powerbuilder – trademarks of Sybase, Inc.

• Microsoft® and MS® - registered trademarks of Microsoft Corporation, USA

• Excel, Access, Windows – trademarks of Microsoft Corporation, USA

• IBM, OS/2 – trademarks of International Business Machines Corp.

• Netware, Novell – trademarks of Novell Inc.
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• Intel®, Pentium® – registered trademarks of Intel Inc.

Other trademarks that are not mentioned here are property of their respective owners.

4. Liability
BitCtrl Systems GmbH (referred to as BitCtrl in the following) will not accept liability (whether specifi-
cally or implicitly) for the software FlexCtrl 6.0 and its components. This includes any claims regard-
ing usage and suitability of the software for a specific purpose. BitCtrl will in no way accept liability for
coincidental, indirect or consequential damage accruing from misuse or incorrect usage of the soft-
ware. This also applies should BitCtrl be informed prior to this of such possible damage.

The general terms of business for BitCtrl Systems GmbH will apply. Rights to change software and
documentation accrued through technical advancements are reserved.

Release Stages:

Documentation System Manual

Version 1.6

Created by: BitCtrl Systems GmbH

Reachable under: <info@bitctrl.de>

Stage: 31.01.2007

Copyright © 2007 by BitCtrl Systems GmbH -
Leipzig, Germany

We appreciate all hints concerning typing or verbalization errors.
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Chapter 2. Survey of FlexCtrl 6.0
1. Contents
1.1. Preliminary Remark
FlexCtrl 6.0 is based on OS QNX6.x (x greater/equal 2) and is a multi-platform system for QNX4,
QNX6, LINUX and Windows in single components. Both variations go together in essential character-
istics and architecture (in the following, FlexCtrl 6.0 is exclusively denoted as FlexCtrl). Differences
can be found in the project engineering manual.

The system manual describes the general architecture and the philosophy that stands behind the inte-
grated development- and run-time system FlexCtrl 6.0 despite of the respective release stage.

Das zugehörige Bedienerhandbuch beschreibt entsprechend den Umgang mit dem Laufzeitsystem.

Information on the concrete and currently significant features and parameters of FlexCtrl have to be
gathered from the present project engineering manual. The corresponding user manual explains the
usage of the run-time system.

1.2. Information on the System Manual
The system manual is about the integrated development- and run-time system FlexCtrl 6.0 in the
overview. It gives insights to the concepts and the architecture of FlexCtrl 6.0. The following issues
are discussed in the system manual:

• Hard- and software requirements for operating FlexCtrl 6.0

• Structure and components of FlexCtrl 6.0 and their cooperation

• Concepts of object-oriented development in FlexCtrl 6.0

• Concepts of mapping the technological process in FlexCtrl 6.0

• Facilities for monitoring and operating FlexCtrl 6.0

• Facilities for logging and evaluation, communication with foreign systems

• Aspects of security and error tolerance

• Application examples

The system manual is only restrictedly applicative for the installation, project engineering and opera-
tion of FlexCtrl 6.0. For these tasks, the appropriate manuals have to be consulted.

The system manual is recommended for the following readers:

• Automatization engineers

• Planning offices and project engineers

• Operating personal and master craftsman
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• Carrier

• Maintenance staff

• Students and university lecturers

2. Highlights
FlexCtrl 6.0 is an efficient object-oriented software for developing real-time capable systems for oper-
ation and monitoring, controls, data logging, message and alarm treatment, historical data evalua-
tions, etc.

FlexCtrl 6.0 can be used both for embedded systems as well as for SCADA systems - Supervisory
Control and Data Acquisition.

FlexCtrl 6.0 features the following characteristics:

Object-oriented project engineering
Of classes, interfaces and instances of elemen-
tary and complex process variables, graphic ele-
ments and other complex objects

Online parametrization and online project en-
gineering Automated distribution of changes and extensions

in the running system over the network – without
restart!!!

Distributable control components
Over LAN, WAN, serial, radio and modem con-
nections as communicating subprojects in more
hierarchical or net structure

Inheritance
Of object attributes such as alarm functions, limit
values, IEC61131-3 ST functions, rights of ac-
cess, allocations to Control Areas, kinds of histori-
cal storage among other things

Very high scalability
10, 100, 1000, 10000, 100000 and more process
variables (PVs), from an embedded system with 2
MByte RAM up to SMP with some GByte RAM

Different processor platforms
x86, (StrongArm, XScale in development; MIPS,
PowerPC, SH4 in preparation)

Flexible applicability
Procedural and technical industry, base material
industry, water/waste water and environmental
technology, building instrumentation, food and
chemical industry, communication and traffic engi-
neering, heating and energy engineering, metal-
lurgy, building of special purpose machines, de-
vice control, embedded systems

Modularity
Modular hardware and software, load and function
division of the individual components in the com-
puter network, client-server and publisher-sub-
scriber architecture
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Openness
Standardized and open interfaces, protocols, li-
braries and tools

International standards
IEEE, ANSI, ISO, IEC, POSIX, Internet, DIN,
DDE, SQL, ODBC, OPC, CORBA, XML, HTML,
PC-Industry standards, ATV and others

Low prices
Good value PC technology, modular price struc-
ture, effective adjustment

High real-time ability
Resolution and processing in milliseconds!!!

Various process connections
Dozens of standardized and proprietary interfaces
- Profibus, CAN, Interbus, LON, Industrial Ether-
net, Modbus, Modbus+, ModbusTCP, IEC-
870-5-101/104, SEAB 1F/1W, 3964R,
RK511/512, Entrelec/Schiele, Mauell, ...

Programming
IEC 1131-3 language standards for event driven
formula linkages and Soft-PLC controls

Terminals
1 to 255 and more terminals in full graphic, alpha
numeric, as remote supervision, as compound
and large screen displays

Visualization on all platforms
Native QNX Photon 1.x/2.x, Thin-Clients under
Windows 98/ME/NT/2000/XP, UNIX/Linux X-
Windows, Java-Applets for WEB Browser

Innovative network technology
Error tolerant, read-compensatory multiple and
parallel networks, Ethernet, based on TCP/IP and
Qnet - the QNX network technology

Error tolerance
Redundancy of the SCADA system in hot
standby, self-supervision

Stability
Tolerance against faulty operation, absolute dead-
lock free, large security in relation to total failure

Multiple languages
Menus and text on basis of UNICODE, German,
English, Russian, etc.

3. Characteristics of Selected Features
FlexCtrl 6.0 is a 32-Bit PC-based software product. Its components can be installed and operated
distributed on several computers of a standardized PC network or on a WAN and in the Internet.

An outstanding characteristic of FlexCtrl 6.0 is its object-oriented approach to project engineering and
Online Parametrization. With this approach general characteristics of a quantity of real objects are
summarized in a so-called class. The representatives of such a class are so-called instances, which
inherit the characteristics of the class. For applications with a high degree of repetition at equivalent
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objects the object-oriented approach supplies substantial temporal savings for the development.

The object-oriented approach is connected with the possibility of the online alternation and extension
of classes and objects in its structures as well as in its characteristics. Thus changes can be brought
in directly to the system without shutting down the application and reinstalling it. This decisively in-
creases the availability of a system based on FlexCtrl 6.0.

The objects in FlexCtrl 6.0 are managed and processed by constantly running tasks. These so-called
server tasks access the individual application programs (client tasks). FlexCtrl 6.0 consists of a whole
number of these tasks, e.g.:

• fcproc, fcterm - process management and process monitoring

• fccore - naming service and type management

• rtdb - real-time database

• history6 - long term processing

• fxrun - computing server and/or Soft-PLC task

• Protocol driver e.g.: RK512 - driver for Siemens SINEC RK512 process interface

• And more tasks

The computing processes can be started once or several times in the network. The following technical
features are supported:

• Redundancy - two processes fulfil the same task over the same objects

• Load sharing - same processes perform same tasks over different objects

• Functions sharing - processes have different tasks

The tasks communicate with one another and synchronize among each other. Some of the processes
support multiple protocols and native Qnet as well as protocols on basis of TCP/IP (QoIP – QNX over
IP, IIOP, HTTP, SOAP) and/or file system accesses (resource manager). The FlexCtrl 6.0 processes
are partly executable on different operating systems and processor architectures. In the QNX network
for instance, the sending process writes data directly to the address space of the receiving process
via Message Passing. Dead locks and blockings are impossible in FlexCtrl 6.0. For that, special con-
cepts of data flow and concepts of interprocess communication (IPC) were developed. Therefore
FlexCtrl 6.0 achieves a high level of security and robustness.

One of the most important characteristics of FlexCtrl 6.0 is its scalability. The number of necessary
process variables can be adapted for each project individually. The following PV capacity stages are
available: 50, 100, 250, 500, 1000, 2500, 5000, 10K, 25K, 50K, 100K, 250K and more process vari-
ables. The number of PVs on a computer is limited by the main storage size (with 64 MByte free main
storage, PV

max
is approx. 32000 PVs per computer).

The real-time processing in the definition of milliseconds and the process connections are based on
the multi-user -, multitasking -, real-time - and network operating system QNX® - POSIX standard.
Other FlexCtrl 6.0 processes can be started partly on other platforms (LINUX, Windows).

The visualization and operation can be executed partly on other operating systems (LINUX, Windows)
over TCP/IP (Internet/Intranet/ATM) and serial connections (direct, dial- and dedicated line modem,
ISDN, X.25):
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• In full graphic based on Photon microGUI

• In full graphic based on Thin-Clients under Windows and Linux with Phindows (Photon in Win-
dows) and Phinx (Photon in X11)

• Alphanumerically based on a terminal emulation (VT100 or the like)

• In WEB browsers using Java applets

• As Java application on different platforms, based on the J9VM of IBM and the SWT (Standard
Widget Toolkit) - in development

Thus FlexCtrl 6.0 can be integrated trouble-free into existing net structures. A transparent view from
the management level of the enterprise directly into the sensor/actuator level becomes possible. Man-
ufacturing data can be transmitted from the PPS system into the process. The operations manager
can monitor trends and alarms as well as the reactions of the personnel. Distances of data communi-
cation play nearly no role.

FlexCtrl 6.0 can be developed from a single-user system to an extensive multi-station system gradu-
ally. For this, further network licenses can be acquired for the run-time system as well as for the
project engineering system at any time. FlexCtrl 6.0 can be installed on common PC technology, on
industry PCs, on CompactPCI systems and on other hardware of various processor architectures: x86
- available; StrongARM, XScale – in development; PowerPC, SH-4/5, MIPS - in preparation.

A large number of interfaces are available for process connection, i.e. special PC adapter cards for
Fieldbus protocols, special cards for direct analog/digital I/O, umpteen serial interfaces with different
protocols. The interfaces to FlexCtrl 6.0 are open. The user may develop appropriate process con-
nection drivers for his own process hardware.

The data stored and processed in FlexCtrl 6.0 can be transmitted to other programs in various ways.
Reports can be displayed in present-day WEB browsers or imported into Windows text processing
programs, selected process data can be written to different SQL databases, pictures to graphic pro-
grams, etc. The possibilities of interaction between FlexCtrl 6.0 and other vendor’s systems are very
manifold.

4. Evolution of FlexCtrl 6.0
The following table gives an overview of the development stages of FlexCtrl 6.0.

Year Version Characteristic Feature

1992 FlexControl 1.0 Stand-alone system under OS
QNX4.0 and GUI QNX Windows

1993 FlexControl 2.0 Multi-station and network ability
in the QNX4 network

1994 FlexControl 3.0 Redundancy based on QNX-
FLEET

1996 FlexCtrl 4.0 GUI Photon 1.1 as new graphical
interface under QNX4

1997 FlexCtrl 5.0 Embedded version of FlexCtrl
4.0 (without graphical interface)
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Year Version Characteristic Feature

2001 FlexCtrl 5.5 Object-oriented concepts of
project engineering under QNX4

2003 FlexCtrl 6.0 LINUX, OS QNX6.2 and Photon
2.0 as new platforms

2004 FlexCtrl 6.x New Java clients with SWT

The individual versions are not upward compatible even though the basic concepts were transferred
from the older versions to the new. For the migration to a higher version and/or for the co-operation of
different versions, appropriate tools and programs are available.

5. Features
5.1. Object-oriented Project Engineering and Program-
ming
Object-oriented project engineering and programming covers:

• Providing prototypical units, so-called classes, as pattern to the formation of objects, process vari-
ables, graphic objects, process interfaces, etc.

• Inheritance of definitions between objects

• High efficiency in project engineering with many equivalent objects by re-use

• Clear hierarchical structuring of the process model

• IEC61131-3 ST programming for the processing of process values, for the manipulation of graphic
objects, for the computation of user rights among other things

• Project engineering and administration of complex user and right allocations for shift operation and
monitored areas (Control Areas) with automatic user-referred information distribution (alarms,
messages, process values) including automated substitute assumption in operator pauses and
case of terminal loss

• Automated allocation of an overall project and subprojects, incl. the installation of communication
relations

• Online updating and modification of a project at run-time, replication of project data

5.2. Data Acquisition and Real-time Processing
Data acquisition and real-time processing comprise:

• Event and/or interrupt driven recording of real-time data (external PVs) over:

• Process interfaces of a Fieldbus, a remote bus, an I/O card, a serial interface, etc.
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• Over the network

• Manual input

• Internal data coupling between different FlexCtrl 6.0 projects (RTDBs):

• On a computer

• In the network

• Over dedicated and/or switched lines

• Optionally, additional historical data synchronization

• Average processing capacity of data acquisition: maximum number of PVs per computer = 2
KByte RAM per PV, i.e. approx. 32.000 PVs per 64 MByte RAM multiplied by size of the ring
buffer

• Configurable intervals of data acquisition per process variable, minimum resolution of data acquisi-
tion at present 1 ms

• Possibilities of pre-processing in case of unintelligent process hardware (smoothing, correction
equation, characteristic allocation)

• Short time storage of each process variable (measured values and messages) with timestamp in
an assigned buffer (ring buffer) of the RTDB, configurable buffer size from 1 to over 64.000 cells
for one process variable at a time

• Assumption of external time stamps of drivers and/or formation of internal timestamps at the
value’s time of arrival

• Time synchronization from DCF-77 or GPS time signal – synchronized in the network (network
atomic clock)

• Administration and monitoring of PV states (empty, initialized, normal, disturbed, manual mode,
out of operation, etc.)

• Automatic allocation of replacement values in case of plausibility injuries (constant, other external
or internal PV)

• Derived and computed values (internal process variable) including limit- and state monitoring and
elementary base functions (average value, min/max, gradients, replacement values, linking and
counting)

• Internal reference of process variables over reference tables – also in several stages

• Average throughput of the PV processing by the real-time database = 12.000 PVs per second with
Intel® Pentium® processor III 1 GHz (dependent on the number of announced client processes)

5.3. Long Term Processing - History and Archiving
Long term processing, history and archiving covers:

• Compression and processing of real-time data (time-related absolute and relative average values,
instantaneous value processing, time-related absolute and relative maxima/minima, event mem-
ory, reporting lists, logical and arithmetic PV reference)
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• Storage of the processed real-time data into fast SQL long term databases on HD

• Very broadly based possibilities of selection in free and firm time slot pattern: searches, protocols,
lists, diagrams from the long term database

• Average memory throughput in long term database with Intel® Pentium® III Processor 1 GHz and
Fast SCSI HD with 10 ms average access time = 8.000 data records per second (supposition:
real-time database runs on another PC in the network and is connected to the long term database
with at least 100 MBit/s)

• Permanent self cleaning of the long term database over the life span (expiration date) per process
variable (deletion of expired data)

• Export of selected and processed data as formatted ASCII files, dBase files or SQL scripts into
other vendors’ systems (Windows, UNIX)

• Optional storage of selected process variables and processed data in long term database, if nec-
essary pre-compressed and in different stages (e.g. 15min- hour- day- average/min/max)

• Configurable selective archiving to external storage media (MO, tape, floppy, CD recording)

5.4. Visualization und Logging
Visualization and logging comprises:

• Consistent dynamic representation of data from the real-time database in full graphic or alphanu-
merical, mature window technology in various forms:

• Flow sheets, trends, tables, graphs, diagrams, overviews, scrolling lists, hydrographs, picture
changes, etc.

• Dynamization in different forms with color change, filling surfaces, text change, pointer instru-
ments, numeric display, symbol change, position, etc.

• Display of long term database data, freely configurable long term diagrams

• Optional DDE server for online data import by DDE capable programs like Excel, etc.

• User and technology-referred alarming in different priority levels and execution forms

• Automatic activation of representations (expiration or event-controlled)

• Number of visualization and control stations in the network is only limited by hardware resources,
typically > 250

• Hardcopy of representations, printing of configurable protocols and reports, e.g. according to ATV-
H260, ATV-H111

5.5. Operation and Control
Operation and control covers:

• Access authorization over user administration with unrestriced number of users having optional
particular authorizations for selected process variables, representations, buttons, alarms, etc.
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• Monitoring of limit values and/or system states of the technological process and triggering of ap-
propriate control procedures

• Visual and acoustic notification of the operator

• Sending City Call or SMS messages for alarms (alarm texts, PV identification, etc.)

• Manually affecting the process over freely definable HMC interface

• Person-bound logging of control actions by the user

• Integration of rule algorithms for the automatic control of process variables

• Integrated Soft-PLC tasks – programmable according to IEC 1131-3 (language ST)

6. Hardware Requirements
The FlexCtrl 6.0 components are partly executable on different operating systems and their hardware
platforms. Since these platforms constantly extend, no printed obligatory indication can be given in
this documentation. Information about the up-to-date supported hardware components can be ac-
quired from QNX Software Systems Ltd. (http://www.qnx.com/support/sd_hardware) for QNX-related
questions, from http://www.linux.org for Linux concerns, or send your inquiry to BitCtrl Systems
GmbH: <info@bitctrl.de>.

Caution

!!! BitCtrl grants no explicit warranty on the suitability of certain hardware for the application of
FlexCtrl 6.0 !!!

7. Software Requirements
The prerequisites for particular FlexCtrl components depend on their executability on different operat-
ing system platforms. The following overview is sorted by FlexCtrl versions and operating systems; it
corresponds to the state of knowledge at the time of printing. For up-to-date information on this issue,
please visit the homepage of BitCtrl Systems GmbH.

FlexCtrl 5.5 and FlexCtrl 6.0

From the following components, only the QNX operating system is mandatory to execute FlexCtrl
6.0. All other components are optional; they provide additional features.

FlexCtrl 5.5 FlexCtrl 6.0

Operating system
OS QNX 4.25 – the leading real-
time POSIX operating system for
PCs - version 4.25 and higher

Basis of the entire real-time pro-
cessing and driver connections
in FlexCtrl

OS QNX6.x, Linux

Graphic software (native)
Photon microGUI run-time ver-
sion 1.14 and higher

Photon microGUI run-time ver-
sion 2.0 and higher
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FlexCtrl 5.5 FlexCtrl 6.0

Additional component to QNX
OS starting from version 4.25

Optional: necessary for the use
of full-graphic visualization in
FlexCtrl as well as in the project
engineering system

Additional component to QNX
OS

Optional: necessary for the use
of full-graphic visualization in
FlexCtrl as well as in the project
engineering system under QNX6

Graphic software (remote)
PhotonRUI – remote user inter-
face

Phindows for Windows 98, NT,
2000, XP

Phinx for UNIX X Windows

Optional: FlexCtrl visualization
under MS Windows 98, NT, ...
and X Windows (UNIX, Linux, ...)

PhotonRUI - remote user inter-
face

Phindows for Windows 98, NT,
2000, XP

Phinx for UNIX X Windows

SQL database system
Sybase SQL Anywhere 5.5,
client-server-architecture for
QNX, MS-Windows, Linux and
other OS

Basis of historical database sys-
tem

Optional: SQL interface of the
FlexCtrl run-time system

PostgreSQL, Basis of historical
database system

Optional: SQL interface of the
FlexCtrl run-time system

Network software
TCP/IP

Optional: to communicate to
other vendors' systems over In-
tranet/Internet, for visualization
over Photon RUI

TCP/IP

to communicate to other ven-
dors' systems over Intranet/Inter-
net, for visualization over Photon
RUI

Foreign file systems
SMB File system / SAMBA

NFS

Optional: mutual access to file
systems between QNX, MS-
Windows NT, UNIX, Linux

SMB Filesystem / SAMBA

NFS

Optional: mutual access to file
systems between QNX, MS-
Windows NT, UNIX, Linux

IEC 1131-3 compiler
IEC 1131-3 language standard,
ST

Optional: FlexCtrl component for
control purposes (ST)

IEC 1131-3 language standard,
ST

Optional: FlexCtrl component for
control purposes (ST)

C/C++ compiler
Watcom C/C++ 10.6, GNU C/ GNU C/C++
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FlexCtrl 5.5 FlexCtrl 6.0

C++

Optional: prerequisite for driver
development

Optional: prerequisite for driver
development

RAD - rapid application devel-
opment Photon Application Builder - De-

velopment Toolkit

Optional: for the development of
user-own applications under
Photon microGUI

Photon Application Builder - De-
velopment Toolkit and/or QNX
Momentics

Optional: for the development of
user-own applications under
Photon microGUI

DDE - dynamic data exchange
Cascade - DDE Server for QNX
OS

Optional: for the development of
user-own applications with dy-
namic data exchange to MS-
Windows applications

8. Documentation
8.1. Volume
The documentation of the SCADA system FlexCtrl 6.0 consists of five manuals:

System manual
Integral part of each FlexCtrl 6.0 system

User manual
Integral part of FlexCtrl 6.0 run-time system

Project engineering manual
Integral part of FlexCtrl 6.0 project engineering
system

Developer manual
Integral part of FlexCtrl 6.0 development system

Workshop
Integral part of FlexCtrl 6.0 project engineering
system

Additional tools and drivers may sometimes contain their own supplementing documentation.

The current versions of the manuals are available for download at http://www.bitctrl.de.

8.2. Delivery

• The documentation is delivered as online documentation in HTML format. The printed documenta-
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tion corresponds to the online documentation in contents. It is liable to pay the costs and can be
ordered according to the valid price lists. The online documentation contains hyperlinks (LINK,
URL) which allow the user to cross reference between the FlexCtrl 6.0 manuals or to other online
resources. Additionally there are hyperlinks to Internet pages, which were valid at the time of pub-
lishing. Such a link is frequently marked by a nearby symbol. If there is no connection to the Inter-
net such a connection fails.

• The documentation is constantly adapted to FlexCtrl 6.0’s level of development. Users and autho-
rized dealers have the option of downloading the updated versions from the BitCtrl Internet server.

• Each manual is labelled by its own symbol. By mouse-clicking this symbol the table of contents of
the respective online documentation is displayed.

• The online documentation is supplied in two languages: German and English.

• Further translations are in work and/or preparation.

Chapter 2. Survey of FlexCtrl 6.0 FlexCtrl 6
System Manual

Copyright ©2007 by BitCtrl Systems GmbH, Leipzig 14



Chapter 3. FlexCtrl 6.0 in Detail
1. Architecture
1.1. Preliminary Remark
This section describes the FlexCtrl 6.0 components of which an executable FlexCtrl 6.0 system is
composed.

1.2. FlexCtrl 6.0 Project Engineering and Development
System - FlexCtrl 6.0 Run-time System
FlexCtrl 6.0 is a highly integrated software package. Users of the package are project engineers and
developers as well as the operators of the run-time system. The components of the project engineer-
ing and the development system (PES – Project Engineering System) and those of the run-time sys-
tem (RTS – Run-time System) can be used both individually and cooperatively. In the latter case, the
separation between PES and RTS is waived, e.g. when project engineering the run-time system on-
line. The FlexCtrl 6.0 components form installable units (programs, server processes, loadable li-
braries, files) for a specific configuration determined by the user.

The applied FlexCtrl 6.0 components are subject to licensing by the user.

1.3. FlexCtrl 6.0 Processes
The FlexCtrl 6.0 components consist of a set of processes and programs, which are executed on one
or more computers. The processes fulfil special subtasks of data handling. The holistic assignment of
FlexCtrl 6.0 for the user is realized only by the cooperation of all subtasks.

A process is understood as an executable program loaded in the main storage of the computer. Gen-
erally, i.e. under QNX, Linux and other UNIX OS, the FlexCtrl 6.0 processes comply with the POSIX
specification. Processes contain so-called threads. Details about this topic can be found in the re-
spective OS documentation.

Usually FlexCtrl 6.0 processes run as server tasks permanently, whereas programs are started only
occasionally and/or by user call.

FlexCtrl 6.0 processes accommodate the objects defined by the project engineer – in the RTDB they
are process variables (PVs), in the visualization they are graphic objects, etc. Processes themselves
are also objects of project engineering; the project engineer must configure them.

Figure 3.1. FlexCtrl 6.0 Processes
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In the run-time system the FlexCtrl 6.0 processes are grouped as follows:

Necessary processes They form the core of the run-time system. With-
out these processes FlexCtrl 6.0 is not ready for
use. Which processes rank among the necessary
depends on the FlexCtrl 6.0 variant.

Important processes They serve a determined purpose in the context
of the user task. Without this purpose the opera-
tion of FlexCtrl 6.0 would be of no sense for the
user.

Redundant server processes Multiple instances of these processes run in the
network. They synchronize their data and states
automatically.

Programs and other processes They are called as needed and for the execution
of a certain task.

Necessary processes are:

• fcproc - process for the global management and monitoring of FlexCtrl 6.0 processes

• fcterm - process for the management of FlexCtrl 6.0 processes on a local machine, whereby this
process logically acts as a representative of fcproc for the respective computer

• fccore - process for the management of all objects and names in the system

• rtdb - besides the recording of real-time and dynamic data, the process real-time database han-
dles the creation of alarms and messages, the forming of average values and the execution of
other typical tasks concerning primary data processing and control

For an expedient FlexCtrl 6.0 configuration the enumerated processes lack at least one process
(driver) or at best a program for data acquisition and data output. In the simplest case this could be
the FlexCtrl 6.0 visualization "fcphvis", in which the user inputs all data manually.
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1.4. FlexCtrl 6.0 Interprocess Communication - IPC
The objects in the particular FlexCtrl 6.0 processes communicate with one another. In interprocess
communication they avail themselves of so-called middleware.

The standard middleware in FlexCtrl 6.0 is FlexCtrl 6.0 Qnet. This communication mechanism is
based on the QNX proprietary message passing protocol Qnet. Qnet is a very effective technique; it
supports load balancing over parallel networks, error tolerance, dynamic scalability and transparency
by means of brouting (bridging and routing).

Figure 3.2. FlexCtrl 6.0 Interprocess Communication - IPC

Besides FlexCtrl 6.0 Qnet further middleware components are provided and/or developed for deter-
mined FlexCtrl 6.0 server processes and clients: NFS and SMB used as file system resource man-
ager, CORBA IIOP, RMI, SOAP / OPC-XML, DDE. If other middleware than FlexCtrl 6.0 Qnet is
used, attention has to be paid to the required real-time capability and dynamics of the process data
and to the availability for the particular FlexCtrl variant and version.

The following first table contains the middleware that is currently used (1. stage). The second table
shows the middleware that is going to be available in the near future (2. stage):

Middleware - 1. Stage Supported operating systems

FlexCtrl Qnet QNX4 (FlexCtrl 5.5), QNX6, Linux (FlexCtrl 6.0)

NFS / SMB QNX4, QNX6, Linux, UNIX, Windows NT/2000/XP
(FlexCtrl 6.x)

Middleware - 2. Stage Supported operating systems

CORBA IIOP, RMI QNX6, Linux, UNIX, Windows NT/2000/XP

SOAP / OPC-XML QNX6, Windows NT/2000/XP
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Which FlexCtrl processes are executable under which operating systems and which of these pro-
cesses are able to communicate with one another can be found in the respective release documenta-
tion. At the time of printing only the protocols of the first stage are available.

1.5. Client-Server-Architecture and Publisher-Sub-
scriber-Architecture
FlexCtrl 6.0 uses an extended client server model in its architecture comprehensively. Like in the
classic model the server process and its objects await the request or the data of the server to process
them and eventually send the reply to the client.

This approach was expanded in FlexCtrl 6.0. A client (subscriber) can register with the server for cer-
tain objects (publisher) of which the client wants to be informed by the server in case a change occurs
(publisher-subscriber-model). That means, without having the client cyclically querying the server for
changes, the client receives reports on the changes of the registered objects. Thus not only the client
actively operates in the FlexCtrl 6.0 system but also the server. This approach uses the notification of
the subscribers by the publisher and has the following benefits:

• Steadily querying (polling) the server process is not necessary

• CPU load is substantially smaller

• Network load is substantially smaller

• Real-time ability of the system is not determined by the polling interval but by the interprocess
communication

Here are three examples for this procedure:

1. When a user opens a process picture in the visualization (client), the visualization registers all dy-
namic objects of the process picture with the real-time database (server). The visualization initial-
izes the dynamic graphic objects with the values from the real-time database and waits for
changes now. If a process connection, e.g. a fieldbus driver, sends the value of a process vari-
able to the real-time database next, then the real-time database informs the visualization about
the occurred change immediately after that. In this context, the term "immediately" means frac-
tions of a second!

2. Processes that are to change their objects dynamically at run-time register themselves with the
naming service "fccore" for these objects. If the project engineer changes one of these objects
now, e.g. by altering the alarm limit or by adding a PV, then the change is automatically brought
into the appropriate process by FlexCtrl 6.0. In this case, the real-time database would reload a
new alarm function and create a new process variable. In FlexCtrl 6.0 the described procedure is
called notification.

3. Two project engineers who perform changes on the same project from two different work sta-
tions, e.g. drawing a line in graphic class, see the changes of the other project engineer in a pro-
cess picture right away. This procedure appears like "play the piano four-armed".

1.6. Three-Tier-Architecture
In the future this architecture is going to be realized using XML interfaces in FlexCtrl 6.0.
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1.7. Overview of Server Processes
In FlexCtrl 6.0 there is the distinction into five major data types, which are managed by five server
processes:

• Project data in the object-oriented database "fccore" - naming services

• Real-time data in the real-time database "rtdb" - real-time database

• User, terminal and session data in the process management "fcproc"

• Long term data in the historical database SQL server

• Internet data on a WEB server

Other data of the FlexCtrl 6.0 system are located in files (archive, logging information, driver parame-
ter, bitmaps for process pictures, etc.). During the development of FlexCtrl 6.0, attention was paid to
keep the variety and quantity of such additional files as small as possible.

Figure 3.3. Overview of Server Processes

All FlexCtrl 6.0 servers are able to exchange data of their objects among themselves. Which server
requires which data from which other server depends on the respective application task and has to be
designed by the project engineer. The data exchange takes place either directly between the servers
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or with the assistance of a client. For this purpose the developer has appropriate APIs at his disposal.

1.8. Jobs of the Particular Server Processes

1.8.1. FCCORE

Using "fccore", all objects of a FlexCtrl 6.0 project are handled in an object-oriented database
(OO-DB). Elements of this database are classes, types, instances and interfaces, their names, types
and structures as well as their functions, function modules and methods. Therefore the server "fccore"
is understood as database management system for the FlexCtrl 6.0 object database. Programs can
access the object database exclusively by "fccore". A direct manipulation of objects is impossible.

The elements of "fccore" are not arranged tabularly as it is in a SQL database. These objects and
their elements (members) are structured according to their relations. Although these relations can
only be mapped in a multi-dimensional network, the representations of object relations in FlexCtrl 6.0
programs are mostly implemented as tree topologies. These multiple tree-like views simplify the de-
velopment of a task for the project engineer.

Besides the process variables, graphic elements, user rights, etc., "fccore" contains all necessary in-
formation to launch and configure the application system, like e.g. which computers and users are de-
fined, which processes have to be started on which computers among many other things. That
means, after the initial start-up of the process managements "fcproc" and "fcterm", the OO-DB "fc-
core" is queried for all necessary information to boot the overall system and to launch all necessary,
important and redundant processes.

Each of the initiated processes connects itself to the process managements "fcproc / fcterm" and to
the OO-DB "fccore". Each process gathers all objects relevant to it out of "fccore". The processes es-
tablish (design) the objects in their own data space and initialize them according to the "fccore" defini-
tion. With this procedure, the objects are transferred from their "static existence" to an "active, dy-
namic life".

Another important function of "fccore" is the so-called notification. Using this procedure, changes of
the structure or behaviour of objects, which a project engineer brings in "fccore" when performing
modifications, are also conveyed to the dynamic objects in the particular processes. Consequently the
processes are in the position to put the changes into action at system run-time and without having to
reboot the system. This dynamic possibility of modification applies to not only the variables and con-
stants of the objects but also to their functions, as far as they were loaded using the FlexCtrl 6.0
shared library manager. If functions are overloaded at run-time, their behaviour changes according to
the new function. The activation of the objects' modifications takes place immediately after their notifi-
cation.

From the facts listed so far it is evident that "fccore" is needed for both the run-time system and the
project engineering and development system of FlexCtrl 6.0. However, in order that not every modifi-
cation on the project comes into effect immediately, there are two types of "fccore":

• fccore-RTS - object database of the run-time system

• fccore-PES - object database of the project engineering and development system

Both "fccore" need to be started if modifications on the running system have to be accomplished. The
two object databases synchronize themselves using replication. The replication is neither carried out
permanently nor automatically for all objects. It has to be started manually. Which objects have to be
replicated from fccore-PES to fccore-RTS and vice versa needs to be specified by the project engi-
neer. Thereby the liberties are restricted, e.g. no classes may be created or changed in the run-time
system fccore-RTS. However the project engineer is permitted to create so-called replication rules
that specify which object with which priority may be updated and overwritten from the project engi-
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neering system to the run-time system and reverse.

1.8.2. RTDB – Real-time Database

At run-time the real-time database contains all dynamic data of the application system. These data
appear in form of so-called process variables (PVs) and so-called Event Variables (EVs). During the
project engineering of the run-time model the variables (PVs and EVs) are derived as instances of
classes of equivalent objects from the OO-DB fccore.

Usually the process variables describe values of the material world (pressure, temperature, position,
time, etc.). Process variables cannot only represent scalar data types but they can also present a very
complex structure. The PV "engine_1", for instance, could consist of the elements PV "speed_1" and
PV "switch".

Each process variable has a name and a type. Elementary process variables, which have simple data
types like BOOL, INTEGER, etc., own a value, timestamp and other attributes. A complete list of all
simple data types, the so-called base types can be found in Chapter 4.3. The base types are compli-
ant to the data types of the IEC61131-3 programming languages.

Event variables embody the so-called state machines that generate an event at the time of transition
from one state to another. In the FlexCtrl 6.0 system events are treated as messages and alarms.
For further information on this topic see the project engineering manual (IV), Chapter "Event Mod-
elling".

The initialization of real-time database PV values takes place while the system boots. The values are
gathered from the OO-DB fccore and from a "download file", which was created at the time of the sys-
tem's last shut down and contains the values and states of the PVs. The Event variables are com-
puted from the PV and output as messages and alarms.

During the operation the real-time database receives the values of its process variables from other
processes and programs via the middleware. Arriving data are instantly processed according to the
parametrized and/or developed processing routines. The processing contains either the integrated
build-in functions of the RTDB (averaging, limit value monitoring, generation of messages, etc.), or it
executes function modules and functions of the loaded IEC61131-3 Soft-PLC.

The handling of the dynamic process values is event-driven as a basic principle. This means, while in
a classic PLC the function modules are called cyclically; in FlexCtrl 6.0 the Soft-PLC functions acti-
vate themselves only if a function parameter was modified.

1.8.3. SQL Server

The SQL server stores historical data (values, messages, alarms, control actions, etc.). It is not a nec-
essary process for operating FlexCtrl 6.0. It can be omitted in the embedded FlexCtrl 6.0-E for in-
stance.

At this time, two SQL servers are available:

SQL Server Operating Systems

Sybase SQL Anywhere 5.5 QNX4, Solaris, AIX, HP-UX, Windows
98/NT/ME/2000/XP

PostgreSQL Server QNX6, Linux, Solaris, AIX, UNIX, etc.
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SQL Clients Operating Systems

Sybase SQL Anywhere 5.5 QNX4, Solaris, AIX, HP-UX, Windows
98/NT/ME/2000/XP

Postgres SQL Client QNX6, Linux, Solaris, AIX, Windows
98/NT/ME/2000/XP

Two front-end FlexCtrl 6.0 programs, "fcdb" and "history6", decouple the SQL server in direct access
from the other FlexCtrl 6.0 components. The program "fcdb" realizes these accesses to the SQL
server. It is optimized for the fast storage of mass data and possesses a cache to intercept peaks in
the data flush and/or to handle in the workload of the SQL server caused by other programs. In addi-
tion, it resolves the object-oriented structure of the process variables into a flat image for the SQL ta-
bles. The logical structure of the historical database is described in the project engineering manual.

The program "fcdb" is already prepared for the connection to other SQL servers of different manufac-
turers as far as these are executable under QNX4, QNX6 or Linux, or if they offer a SQL client for
these operating systems.

The FlexCtrl 6.0 client history6 is another interface to FlexCtrl 6.0 programs. It transfers the data
from the real-time database RTDB and other FlexCtrl 6.0 programs event-driven to the SQL server
using fcdb.

Figure 3.4. Structure of the SQL database
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1.8.4. WEB Server

The WEB server has the purpose to output and/or input FlexCtrl 6.0 information over the Internet
and/or the Intranet. As WEB server both the powerful Apache server and the QNX proprietary and
very small WEB server Slinger can be used. The latter is suitable for embedded systems. Besides a
CGI interface there are a number of Java applets to access particular objects and components. (The
WEB server is not part of the version FlexCtrl 6).

1.8.5. FlexCtrl 6.0 Clients and Interfaces

Using either clients or interfaces, which allow the connection and access to other programs, the ac-
cess to the FlexCtrl 6.0 servers becomes possible.

The following table exemplarily shows a selection of FlexCtrl 6.0 clients and the FlexCtrl 6.0 servers
connected to them. A complete list of all FlexCtrl 6.0 programs is available in the project engineering
manual (IV), annex B program index:

Client Server Purpose

Visualization – fcphvis rtdb, fccore, fcdb (SQL), fcterm
(fcproc)

Representation of dynamic and
static data in process pictures, in
control pictures, in information
windows, in alarm and message
windows

Real-time trends – trview rtdb, fccore, fcterm (fcproc) Representation of dynamic val-
ues in dynamic diagrams

Login – fcphlogin fcterm (fcproc), rtdb, fccore User login to the run-time system

Alphanumeric monitor fcmon rtdb, fcterm (fcproc) Representation of the dynamic
process image on a alphanu-
meric console (vt100, ANSI)

Soft-PLC - fxrun rtdb, fcterm (fcproc) Processing of control procedures

Notes - fcphnote fcdb (SQL), fcterm (fcproc) Input of notes concerning an ob-
ject

Visualization Editor - fcphved fccore Editing of process pictures and
other windows

Type Editor - fctypeed fccore Editing of types and classes

If the manifold possibilities of existing FlexCtrl 6.0 clients do not suffice to cover the necessary func-
tionalities of the application interfaces of higher flexibility are available.

As can be seen from the following picture, the user of FlexCtrl 6.0 is given many possibilities for his
own developments. With the help of the "native C/C++ interface", comprehensive developments can
be realized. In FlexCtrl 6.0, however, common script languages as UNIX Shell, AWK, Perl, etc. can
be used in order to manipulate resources of particular objects and their data.

With the supply of further middleware (IIOP, SOAP-XML, etc.) a smooth transition to foreign systems

Chapter 3. FlexCtrl 6.0 in Detail FlexCtrl 6
System Manual

Copyright ©2007 by BitCtrl Systems GmbH, Leipzig 23



becomes possible.

The following picture gives an overview of the existing (signified by a blue point) and future interfaces
(signified by a white point):

Figure 3.5. FlexCtrl 6.0 Interfaces

2. Basics of the Object-oriented Development
in FlexCtrl 6.0

2.1. Objects, Classes, Instances
One of the most essential characteristics of FlexCtrl 6.0 is its object-oriented approach. This ap-
proach has its roots in the object-oriented modelling and programming. In order to understand the im-
pact of the object-oriented design of FlexCtrl 6.0 better, the study of appropriate literature is recom-
mended. This applies particularly to the "Unified Modelling Language" (UML). However the project en-
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gineering and development environment of FlexCtrl 6.0 is different from the classic UML develop-
ment environments (see IDE "Rational Rose") by the fact that the FlexCtrl 6.0 design tools are also
used to modify the running system which is not possible using a classic IDE. This feature causes the
object-oriented approach of FlexCtrl 6.0 to have certain restrictions.

The main elements of FlexCtrl 6.0 form objects in the sense of abstractions from the article range of
the material world. Similar attributes, structures, states as well as similar behaviours of real objects
are summarized to abstract objects, so-called classes. They are processed as concrete objects, so-
called instances.

Figure 3.6. Objects, Classes, Instances

A FlexCtrl 6.0 system already knows elementary base classes, among other things for graphic ob-
jects, process variables (PVs), etc. For instance, for all analogue values with timestamp a process
variable class called "ANALOG_PV" is available. It combines similar characteristics of analog values
like upper limit and lower limit (value range), measurement unit, storage size, storage interval, etc. as
well as a number of processing procedures like averaging, limit monitoring, etc. The set of available
PV classes and other base classes can be found in Chapter 4.3.

2.2. Complex Class
From the extensive set of these base classes, the project engineer can create any complex PV class,
e.g. the usage of the classes "switch" and "speed" as components in the new class "engine". The
class "engine" as an abstract object can now represent all engines that are to be handled in the Flex-
Ctrl 6.0 system. Such designed classes are called complex classes. They are the aggregation of sev-
eral classes in an "is-part-of" relation as seen from a static point of view. Classes can be part of differ-
ent complex classes; also, complex classes can be used as components of a new complex class.

If an instance, i.e. a concrete object, is generated from a complex class, then all components, even
the instances of the embedded classes, are automatically generated as well. The existence of these
elements depends on the wrapping instance. If this instance is destroyed, all elements of the instance
are eliminated too.

In FlexCtrl 6.0 the maximum nesting depth of such a complex class currently amounts to 20 levels,
e.g.:

Position of the Switch (On/Off) # Switch in Engine # Engine in Actuation # Actuation in Lift # Lift in
House # ... etc.: e.g. in the notation H.L.A.E.S to access the switch.

The limit of the nesting depth will be substantially increased or entirely abolished in future FlexCtrl 6.0
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6.x releases.

However typical applications should not exceed a complex class nesting depth of 7 levels because
with increasing complexity of objects the practical control of the project by the project engineer be-
comes increasingly more different. The development of recursive complex classes is not permitted.
FlexCtrl 6.0 returns this with an error.

In FlexCtrl 6.0 there is no possibility to derive a class from several other classes (multiple inheri-
tance). A new class can only be derived from at most one existing class (simple inheritance). Addi-
tional members may be added to the new, derived class. In contrast to the complex class the descrip-
tion path of a simple inherited class is not extended. For instance, the supplied class ANALOG_PV
having two lower and upper limits could be expanded by two other limits. This new simple inherited
class could now be declared under an arbitrary name, e.g. SIX_LIMITS_ANALOG-PV. Such kind of
derivation of a class from another by adding new elements represents an "is-in-the-kind-of" relation.

Classes cannot be declared as part of classes. Therefore the declaration of all classes is situated on
one level in FlexCtrl 6.0. Complex classes or classes embedded as elements into simple inherited
classes hold derived, so-called template classes that must be declared previously. The class names
have to be unique throughout the entire project.

Classes can of course contain several usages of the same class as element. For example, if each
drive of a lift is always composed of two engines and if each engine has always three switches, then
the complex class "lift" is defined as follows:

Figure 3.7. Complex class "lift"

2.3. Addressing
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Specifying the position in the object hierarchy accomplishes the addressing of an element of the com-
plex class. Thereby, a separator divides the hierarchy levels. Subsequently, a "." (point) is used as
separator.

The example

station.lift.drive.engine.switch.state

describes the addressing of the switch state from the picture displayed above.

Internally, FlexCtrl 6.0 partly operates using numbers instead of names. Some of the FlexCtrl 6.0
tools permit the access to objects by using addressing with numbers. Thus the latter example could
have an addressing like this:

3.182.55.1022.5.97

FlexCtrl 6.0 assigns these numbers automatically. The addressing range on each level amounts
2^16.

2.4. Templates and Template Classes
The embedded elements (members) of a complex class are derivations from the used classes, which
for their part pass on their attributes. This inheritance is possible in FlexCtrl 6.0 because elements of
a class always own a value. Such classes are called template classes. In connection with their initial-
ized elements they serve as pattern for the construction of the derived class or instance.

If the "state" of the "switch" is OFF, then all "switch(es)" are OFF in the complex class "lift". If in-
stances, i.e. concrete lifts for concrete stations, are created, then all "switch_xyz" are in "state_xyz" =
OFF.

2.5. Inheritance
Both the elements of an embedded component in a complex class and the instances directly used
from them adopt the values of their base class, i.e. they inherit the values. The inheritance of at-
tributes is a fundamental characteristic of object-oriented systems.

The time saving for a project with many similar objects can be significant when using the object-ori-
ented approach. In addition, the maintenance of the objects is very easy. If a parameter of an object
changes, then this change is immediately brought into the entire system. However before the devel-
oper sets up large complex objects the inheritance relations have to be taken into exact considera-
tions. Subsequent changes on complex structures can be expensive.

In FlexCtrl 6.0 not only the values of classes are passed on to their instances, but also classes can
be defined from other classes by inheritance. Thereby the derived class automatically receives all
members of the base class and can add new attributes and methods; it is a simple derived class.

Within the class structure it is almost impossible to replace a member by a member of another type.
The only exception is the possibility to replace a member of a class by a member derived from it since
this member inherits all attributes. Vice versa, a member of a class can be reduced to its base class
also. Thereby, it has to be noted that contingent connections to elements, which were added to the
derived class, will be irreparably lost.

Besides the inheritance of structures in derived classes, the values defined in the classes are, of
course, "inherited" as well, i.e. a value defined in a class applies to all uses as long as it was not over-
written in one of these uses (standard value inheritance).
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2.6. Association Class
If two classes stand in a certain relationship, then this relation can also possess characteristics that
are summerized in a so-called association class. A typical example for a relation in FlexCtrl 6.0 is the
right that is granted to a user as access to an object.

Figure 3.8. Association Class

Here the association class "System right" for reading or writing stands between the complex classes
of a PV type and a user group. In this example the typical character of an association class becomes
apparent: it can exist usefully only if a relation between two classes is established. In addition, this ex-
ample shows how complex the inheritance of association class elements can get. It seems to be clear
that the system right of "Engine" is valid for all embedded elements also, i.e. for "Switch" and "State".

In FlexCtrl 6.0 the rights are assigned just when the instances of the classes are created, e.g. En-
gine1, Switch1, State1, Fritz, Right1. If the user Fritz has the right to read and write, then he can both
gather information from the engine and operate the switch. But what happens if there is a second as-
sociation class "System right" for the class "Switch" in which the rights are withdrawn from the user?
How is this conflict solved? Is Fritz allowed to operate or not? These questions are treated in detail in
the project engineering manual (IV), Chapter "Rights Management".

In FlexCtrl 6.0 there are a number of further association classes, e.g.

• Affiliation to the superordinated or subordinated project in distributed FlexCtrl 6.0 systems

• User-defined predicates (so-called user rights) that are evaluated in IEC61131-3 programs

• Precedence in the replication of objects between project engineering system PES and run-time
system RTS
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The usage of association classes is predefined in FlexCtrl 6.0. In the currently available version the
user cannot import own association classes into his application.

2.7. Categories of Objects
Processes are the carriers of the objects at run-time. In FlexCtrl 6.0 processes cannot assimilate ar-
bitrary objects but only of a certain category. This is caused by the processes' division of responsibili-
ties. The real-time database processes the values of process variables, but it cannot deal with graphic
objects and graphic classes. Particular processes contain the assigned processing routines of the re-
spective class category.

FlexCtrl 6.0 differentiates the following categories of objects:

• Type-like objects, e.g. base types, user classes, ...

• Instance-like objects, e.g. real-time PVs, Photon widgets, ...

2.8. Methods
So far variables (data) were only regarded as elements of classes. Without the description of the be-
haviour of a class, the class would be, strictly speaking, no more than a data structure of a certain
data type and not a class. The behaviour of a class is determined by its methods (functions, function
modules, procedures, operations).

In FlexCtrl 6.0 there are two basic approaches to the use of methods:

• Built-in – embedded methods (functions, procedures) of the respective process as host of the ob-
jects for the respective class category at run-time

• Loadable – loadable methods (functions, procedures) during the run-time of the process

The build-in methods (functions) are implicitly assigned to the objects of a particular category, e.g. the
averaging of an object of the type "ANALOG_PV". Therefore the built-in methods are not explicitly de-
fined when project engineering the classes. Strictly speaking, during project engineering in FlexCtrl
6.0, no classes are defined but only structures of data types in predefined categories – as long as no
loadable methods are used. The build-in methods are supplied together with the FlexCtrl 6.0 pro-
grams; they cannot be modified and overloaded by the user.

Loadable methods (functions) have to be implemented in the programming languages of the
IEC61131-3 standard by the project engineer. After their definition, the functions and function mod-
ules can be brought into classes as elements. The functions behave similar to the methods of object-
oriented programming languages although the type conventions function somewhat different.

Loadable methods (functions) are administered by FlexCtrl 6.0's shared library manager, which is
also a server process. If an object intents to call a method that is not loaded at run-time, then the ob-
ject (the process) refers to the shared library manager, which makes the method available. The pro-
cess loads the method and executes it for the object.

The objects in FlexCtrl 6.0 do not wait for a command to execute a method like perhaps in Smalltalk
or C++. The FlexCtrl 6.0 objects execute the function automatically as soon as a parameter of the
function is changed, i.e. event-driven. If an object contains several functions with the same parameter,
then all functions are executed in the order of their definition. Note: This may lead to side effects.

The loadable methods can be overloaded just like the other elements of the objects at run-time. For
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that notification is used as well. Built-in functions cannot be overloaded.

2.9. Groups
All classes are defined on the same level in the object database. Nevertheless, in order to preserve
the comprehensibility for large projects, so-called groups were introduced. The groups work like con-
tainers for the admission of classes and instances. Groups can be structured hierarchically, thus a
large clarity can be achieved. Groups are no classes or instances; they serve only administrative pur-
poses in the project engineering. During the addressing of objects in the run-time system the groups
remain unconsidered, i.e. they are not itemized in the path!

2.10. Interfaces
In FlexCtrl 6.0 the classes and their instances are processed in different processes and threads on
one or more computers:

• The process variables in the real-time database,

• The graphic instances in the visualization,

• Storage types in the history, etc.

The classes are assigned to certain class categories like described above. The exchange of informa-
tion between instances of different class categories is realized over so-called interfaces by the use of
middleware.

For example, if the value of the PV "Speed" is to be dynamically displayed as a graphic object, then
an interface needs to be defined, in which the resource "Value" of the graphic "Numeric Float Widget"
object is connected to the value of the PV "Speed". The middleware of the run-time system makes
sure that the modified value is automatically transferred from the real-time database on one computer
to the graphic object on another computer once the speed is changed.

An interface can be a complex structure, e.g. if besides the value of a PV further information is sup-
posed to be represented, like timestamp, validity, etc. Therewith, arbitrary attributes of graphic ob-
jects, like fill color, text, position and visibility, can be linked to dynamic values of the real-time
database. In case the types of the graphic resource do not match the type of the value supplier, trans-
formation functions in IEC61131-3 ST notation can be used to ensure a type conform connection.
This way the speed can also be mapped to the continuous color value of a graphic object although a
RGB color value is composed of three integer values instead of one.

2.11. Persistent and Transient Objects
Objects have a certain life span and validity in FlexCtrl 6.0. Objects whose existence is secure be-
yond the shutdown of the computer are called persistent. They are stored in the object-oriented
database system "fccore". Similar to the CORBA naming ser-vice, this database system knows all
names and structures of objects as well as their initial values, class categories, etc.

Both the project engineering system and the run-time system use the FlexCtrl 6.0 naming service,
namely the database system "fccore", to create, modify or destroy objects. In contrast to the object-
oriented programming in C++, Java or the like, the FlexCtrl 6.0 objects are normally defined without
methods and functions in the database "fccore". The processes that assimilate objects at run-time al-
ready contain the necessary methods for their processing. After loading they are made available to
every object according to their class category, e.g. the floating averaging method for the PV "Speed".

Chapter 3. FlexCtrl 6.0 in Detail FlexCtrl 6
System Manual

Copyright ©2007 by BitCtrl Systems GmbH, Leipzig 30



If necessary, user-specific functions and function modules can be added in IEC61131-3 language no-
tation as an element of a class. They can solve special problems. Some of the objects are created
only at run-time. They are destroyed once the process is terminated. These so-called transient ob-
jects have a limited life span, for instance the graphic objects of the visualization that are removed af-
ter the user logs out.

2.12. Online Project Engineering, Online Parametriza-
tion, Notification and Replication
In large application systems there is the demand to be able to bring in changes and additions at run-
time. Particularly such systems have to deal with recurrent changes due to the large amount of ob-
jects. A frequent shutdown of the system for importing modifications would be absolutely unaccept-
able. With 100.000 PVs, the loading procedure might take some minutes already. Therefore FlexCtrl
6.0 contains mechanisms for the online project engineering and the online parametrization at system
run-time.

The important run-time processes in FlexCtrl 6.0 react to the so-called notification. This means that
the FlexCtrl 6.0 naming service "fccore" informs a process that one or more of its objects have
changed in structure or in their elements or that new object definitions were added. The process is
now in the position to reload the changes and/or create new objects, both at run-time.

This way introducing new process variables to the real-time database is as easy as it could get.

The notification is also effective in the project engineering system. For example, if a project engineer
designs a process picture using a graphic class which another project engineer changes at the same
time, then the changes of the class become immediately visible in the process picture on the first
project engineer's monitor. In this case, "fccore" notified the graphic editor of the first project engineer
about the changes done by second project engineer.

Like all other real-time processes the notification operates event-driven. This means that immediately
after an accomplished change in "fccore" the respective processes are informed about the changes,
and again they incorporate the changes into themselves. In order to have a project engineer easefully
carrying out the desired system changes without affecting the run-time system right-away, the
database system "fccore" exists twice, firstly in the project engineering system and secondly in the
run-time system.

Either database system can be synchronized online or offline by replica-tion. The synchronization of
the object changes takes place into both directions, from the project engineering system to the run-
time system and reverse. Using this procedure in FlexCtrl 6.0, online project engineering and online
parametrization on the running system become possible. Conflicts in the replication are solved with
the help of configurable priority rules.

These rules are firmly defined for the following types:

• Data types cannot be changed in the RTS, PES always has priority

• Process model cannot be changed in the RTS, PES always has priority

• Graphic classes and graphic objects cannot be changed in the RTS, PES always has priority

• Add/remove rights cannot be done in the RTS, PES always has priority

• CU definition/change cannot be done in the RTS, PES always has priority

These rules can be defined for the following types/data:
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• User RTS/PES priority rule

• User groups RTS/PES priority rule

• Control Area RTS/PES priority rule

• Scheduler (fccron) RTS/PES priority rule

• PPV (configuration settings of the programs like visualization, trend) RTS/PES priority rule

• System rights assignment RTS/PES priority rule

• User rights assignment RTS/PES priority rule

• Terminal definition RTS/PES priority rule

• Terminal groups RTS/PES priority rule

The replication from PES to RTS takes place in several steps:

1. fccore PES to RTS replication: fccore requests cannot be processed at this time

2. File transfer of:

a. Shared library functions (directory ./runtime/code)

b. Pictures (directory ./runtime/pict)

c. Driver configuration files (directory ./runtime/drivers)

d. Fx programs (directory ./runtime/fx)

3. fccore RTS real-time database notification: RTDB takes over process model changes

4. Client notification

Based on the type and extent of the changes the clients decide whether these changes are taken
over at run-time or after a necessary reboot.

The replication from RTS to PES:

All data that can be changed in RTS like:

• User,

• User groups,

• CA,

• Scheduler definitions,

• PPV parameter,

• System rights assignments,

• User rights assignments,

Chapter 3. FlexCtrl 6.0 in Detail FlexCtrl 6
System Manual

Copyright ©2007 by BitCtrl Systems GmbH, Leipzig 32



• Terminal definitions and

• Terminal group definitions

can be replicated from RTS to PES according to the rules describes above.

While the fccore RTS to PES replication, fccore does not process requests.

3. Objects, Types, Classes and Instances
3.1. General Information
All data in a FlexCtrl 6.0 project are defined as objects within the database filed in fccore. Objects are
descriptions class definitions or class instances.

All classes are derived from the abstract base class "OBJECT", which is implicitly defined in the sys-
tem and does not have to be explicitly stated when setting up new classes.

For the representation of data additional abstract classes exist. The actual base types are derived
from these classes:

Class Base Class Description

ANY OBJECT General class which holds arbi-
trary data

ANY_NUM ANY Class which represents an arbi-
trary number

ANY_REAL ANY_NUM Class which represents an ana-
logue value

ANY_INT ANY_NUM Class which represents an inte-
ger value

ANY_BIT ANY Class which represents a bit field

ANY_DATE ANY Class which represents a date

The classes mentioned above are abstract, i.e. there cannot be instances of these classes. They only
serve for the categorization of the base types derived from it and guarantee the conformity with
IEC61131-3 ST programs.

3.2. Base Types
Base data types are classes that define the elementary data types of which all other classes can be
composed.

FlexCtrl 6.0 knows the following Base data types:
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Class Base class Description

BOOL
ANY_BIT (BOOLean) Boolean value

SINT
ANY_INT (Short INTeger) signed integer

8bit value

INT
ANY_INT (INTeger) signed integer 16bit

value

DINT
ANY_INT (Double INTeger) signed integer

32bit value

LINT
ANY_INT (Long INTeger) signed integer

64bit value

USINT
ANY_INT (Unsigned Short INTeger) un-

signed, integer 8bit

UINT
ANY_INT (Unsigned INTeger) unsigned,

integer, 16bit

UDINT
ANY_INT (Unsigned Double INTeger) un-

signed, integer, 32bit

ULINT
ANY_INT (Unsigned Long INTeger) un-

signed, integer, 64bit

REAL
ANY_REAL Floating point value of simple ac-

curacy (32bit)

LREAL
ANY_REAL Floating point value of double

accuracy (64bit)

TIME
ANY Space of time

DATE
ANY_DATE Date

TOD
ANY_DATE (TimeOfDay) Time

DT
ANY_DATE (Date&Time) Date and time

STRING
ANY String

BYTE
ANY_BIT Bit field of bit depth 8

WORD
ANY_BIT Bit field of bit depth 16

DWORD
ANY_BIT Bit field of bit depth 32

LWORD
ANY_BIT Bit field of bit depth 64
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3.3. Process Variable Types (PV Types)
Process variable types are classes that contain additional information on the base types from which
they are derived. Generally process variables are used to capture data including associated time and
state information from the technological process that has to be controlled. In order to fulfil that pur-
pose, corresponding classes are derived from the base types. These classes possess additional
members to store data and/or to configure the respective class.

The standard system avails PV types with various properties.

3.3.1. Properties of Process Variables

The following properties are available for process variables and user types:

Property Description

Subproject Member Marks PV for a FlexCtrl 5.0 sub project

Mainproject Member Marks PV for the FlexCtrl main SCADA project
(default) – serves the possible combination of
Subproject Member and Mainproject Member

Input Flag Marks PV as Input Variable (for fx programs).
Fxrun uses these variables as input variables.

Output Flag Marks PV as Output Variable (for fx programs).
Fxrun uses these variables as output variables.

Terminal Input Flag Marks PV as Terminal Input Variable (for fx pro-
grams). Terminal fxrun uses these variable input
variables.

Terminal Output Flag Marks PV as Terminal Output Variable (for fx pro-
grams). Terminal fxrun uses these variables as
output variables.

Session Input Flag Marks PV as Session Input Variable (for fx pro-
grams). Session fxrun uses these variables as in-
put variables.

Session Output Flag Marks PV as Session Output Variable (for fx pro-
grams). Session fxrun uses these variables as
output variables.

TAV Marks PV as session-independent variable. For
each session an instance of this PV is created.

PTAV Marks PV as terminal-independent variable. For
each defined terminal an instance of this PV is
created.

3.3.2. Simple PV Types
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Simple PV types store the associated timestamp in addition to the value of the I/O point.

Class Base Class Description

SIMPLE_BOOL_PV BOOL
(BOOLean) Boolean value

A Boolean PV can be specified by the following elements:

Text0: The text which describes the state 0 (FALSE)
Text1: The text which describes the state 1 (TRUE)

Class Base Class Description

SIMPLE_STATE_PV DINT
State value (0 ... 31, texts)

A State PV can be specified by the following elements:

StatText_0 bis 31: The text that describes the state 0 to 31

Class Base Class Description

SIMPLE_INT_PV DINT
Integer value

An Int PV can be specified by the following elements:

Limit min: lower value range limit
Limit max: upper value range limit

Class Base Class Description

SIMPLE_ANALOG_PV LREAL
Floating point value

An Analog PV can be specified by the following elements:

Limit min: lower value range limit
Limit max: upper value range limit

Class Base Class Description

SIMPLE_TEXT_PV STRING
String

Class Base Class Description

SIMPLE_PULSE_PV BOOL
"Monoflop" with pre-selectable
time constant
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A Pulse PV can be specified by the following elements:A Pulse PV can be specified by the following
elements:

Delay: Time of the pulse in milliseconds
Unpulsed value: Value of the PV in idle state

Class Base Class Description

SIMPLE_ICNT_PV DINT
Edge change counter

An Icnt PV can be specified by the following elements:

Source: Source PV of the value to count
Mode: Counter mode (0-1 changes, 1-0 changes, 0-1 and 1-0 changes)

Class Base Class Description

SIMPLE_RCNT_PV BOOL
Operating hours counter

A Rcnt PV can be specified by the following elements:

Source: Source PV of the value to count
Low count: Value that is to be counted in terms of time
Unit: Unit (hours=1, days=24, etc.)
Resolution: Poll interval in seconds

3.3.3. Standard PV Types

Standard PV types are derived from their respective simple PV types and therefore inherit the ele-
ments described above.

The following standard PV types are available:

Class Base Class Description

BOOL_PV SIMPLE_BOOL_PV
Boolean value

STATE_PV SIMPLE_STATE_PV
State value

INT_PV SIMPLE_INT_PV
Integer value

ANALOG_PV SIMPLE_ANALOG_PV
Floating point value

TEXT_PV SIMPLE_TEXT_PV
String value

PULSE_PV SIMPLE_PULSE_PV
"Monoflop" with pre-selectable
time constant

ICNT_PV SIMPLE_ICNT_PV
Edge change counter
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Class Base Class Description

RCNT_PV SIMPLE_RCNT_PV
Operating hours counter

The standard PV types are defined in the real-time database of the run-time system as ring buffer in
which the last saved values are stored together with the associated timestamp. The parameter "Store-
Size" determines the size of the ring buffer.

For PV values with timestamps, which predate the timestamp of the last mentioned value and/or that
are identical with it, a default time offset can be set up. This value is used as time difference, if the
data supplier supplied no timestamp. If no offset is defined the current system time is used as times-
tamp.

For all the described PV types, for which it is useful, an additional parameter can be defined that de-
termines whether an unchanged value is accepted or not. For instance, this can be useful if the af-
fected values trigger a calculation and resources would be wasted, or if current values of a PV were to
be stored historically.

In addition, another parameter can be defined which determines how large the minimum time interval
between two timestamps is supposed to be before an arriving value is accepted. This functionality
causes a minimization of the data amount to be processed and is therefore a performance enhance-
ment.

Within a standard PV type there is the possibility to install an input-sided filter function. If such a filter
function was used the real-time database does not receive the initial arriving value but the result of
the function call instead.

Standard PV types offer the option of plausibility monitoring, for which any number of monitoring func-
tions can be set up. Standard functions like value range monitoring, current state monitoring, simple
gradient ascertainment and value interval ascertainment are available. However any function derived
from BOOL can be used. A value is rated as plausible until one of the defined plausibility functions re-
turns the value FALSE.

An essential part of the standard PV types is the state treatment:

For that purpose, the following members are included:

"State" to describe the current state of a PV and "External State" to store the state word sent by a
client.

The state of a Bit represents different characteristics of the process variable. It is composed of the fol-
lowing parts:

State - exclusive description of the value source:

Name Description

Empty
Variable has no value, i.e. it is implicitly "invalid".

The PV in the RTDB holds no value, i.e. the value
cannot be used for calculations.

Init
Initial value from the project engineering is set.

Since the launch of RTDB no value has been sent
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Name Description

by a client and the value has not been calculated
from other values within the RTDB. The initial
value is the one defined by the project engineer in
the process model.

Loaded
Initial value from the download file is set.

Since the launch of RTDB no value has been sent
by a client, and the value has not been calculated
from other values within the RTDB. The initial
value is the one read from the applied download
file.

Normal
The I/O units set the value.

A client has determined the value, or the value
was calculated by functions in the RTDB. Before
registering the value, it is examined for its validity,
which may lead to an "invalid" state instead.

Inactive
Value is not used.

The value is set up in the RTDB. However it can-
not be read or written by neither the RTDB nor
any connected client.

Replaced
Variable contains a replacement value according
to the definition.

A value that possibly received the state "invalid"
can be replaced by a substitute value if the project
engineer has installed such functionality.

Invalid
Value is invalid.

The value is invalid if the functions defined by the
project engineer return an appropriate value. Any
number of functions that return a BOOL value as
result can be used. The PV value is valid if none
of the functions returns TRUE.

Before a PV is set to the state "invalid" a contin-
gently existing replacement value treatment is
performed, which might lead to the state "Re-
placed".

Flags (independent of values)

Flag Beschreibung

Blocked
Value is not forwarded to connected I/O units
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Flag Beschreibung

(default).

The flag can be set by the use of functions. How-
ever it has no influence on the behaviour of the
RTDB, i.e. each client receives the data anyway
and is supposed to react to the flag appropriately.

Variant: Each client can log on with the option:
"NoBlockedData" and does not receive data
changes set to "Blocked" even if it is registered for
that.

ManualForbidden
Value can be manually overwritten in the state
"Manual" only.

This only works properly if all visualization pro-
grams and/or programs with user input forward
their data to the RTDB using the function "SetzeW-
ertPerHand" ("SetValueManually"). The RTDB re-
jects each value that is sent via this function if the
flag "Manual" is not set at the same time. That
could facilitate the project engineering. A slider for
instance, which is used to display, would not write
back the coupled value automatically when it is
moved using the mouse. If this were not intended,
it would work out without having to edit the slider
in the visualization using functions and parameter
settings.

Manual
Input can only be entered manually (corresponds
to the manual operation in FC4).

The RTDB rejects all values that are forwarded
via the function "SetzteWert" ("SetValue") and not
via the function "SetzeWertPerHand"
("SetValueManually").

ReadLock
Value is read locked (implicitly write blocked).

Only the client that locked the value may read
from it and write on it. All other requests are re-
jected returning the respective error.

WriteLock
Value is write locked.

Only the client that locked the value may write on
it. All other requests are rejected returning the re-
spective error.

ReadOnly
Value is read only.

The value may only be read. This corresponds to
the LOCK in FC4. Usually this state is computed
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Flag Beschreibung

from values of other PVs or from the PV itself
within the RTDB.

OutputResponse
The value is supposed to be output to a client;
however, it has not been requested and/or ac-
knowledged by the appropriate monitoring mode
yet. The flag automatically sets the flag "Read-
Only".

It is computed only if an appropriate monitoring
function was project engineered.

This flag only makes sense if a client can log on
with the special attribute IO-Client. Otherwise
each visualization or each program with visualiza-
tion characteristics would be regarded as output
driver.

OutputFailed
This flag is a supplement to "OutputResponse". It
is set if an output monitoring was project engi-
neered while no client is logged on to the RTDB
as IO-Client.

Comment
A comment was issued for the PV.

This flag must be set and/or unset by all comment
input programs.

Flags (in association with values)

Flag Description

Forced
Value was overwritten manually.

The flag is set for each value that was using the
function "SetzeWertePerHand"
("SetValueManually").

IsReplaced
Replacement value marking

The flag is set if the internal replacement value
treatment has overwritten a value with a substitute
value.

If a client forwards a value with this flag, the value
is set in the RTDB independent of the possibly
project engineered replacement value treatment
routines in the database.

OverFlow
Value range was exceeded.
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Flag Description

The flag is set if the project engineered value
range of a PV (Analog PV or counter) was ex-
ceeded. Simultaneously the state is set to "Re-
placed" or "Invalid" if the conditions defined in the
treatment routines apply.

If the client forwards the flag along to a value no
check is performed within the RTDB and the ac-
cording treatment routines are carried out in spite
of those project engineered in the database.

Subst
Value was replaced by substitute.

The flag is set if the examination routines project
engineered in the RTDB have overwritten the
value in the RTDB by a substitute.

If the client forwards the flag along to a value no
check is performed within the RTDB and the value
is marked with the state "Replaced".

NotTopical
Value is not topical.

The flag is set if the examination routines project
engineered in the RTDB have recognized the
value in the RTDB as not topical.

If the client forwards the flag along to a value no
check is performed within the RTDB and the treat-
ment routines for non-topical values are per-
formed.

IsInvalid
Invalidity marking

The flag is set if the examination routines project
engineered in the RTDB have recognized the
value in the RTDB as invalid and/or if the PV is in
the state "Empty".

If the client forwards the flag along to a value no
check is performed within the RTDB and the value
is submitted to the RTDB having the state "In-
valid". If replacement treatments are defined they
are activated.

3.3.3.1. Markings

Boolean values can be used for marking purposes. These values are inserted into the list of markings
(a member of each PV).

3.3.3.2. Flag: External Process Variable
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External process variables are process variables that are usable for all drivers and processes that
were developed using the supplied API. If a process variable is marked as non-external, then it is only
accessible for the following processes:

• Fxrun (SOFT-PLC)

• Visualization

• Fcmon

• Real-time trend

• Historical database

• fc6gen, simulation program for PVs (sinus, saw tooth, toggle)

All drivers can only operate with external process variables.

3.3.4. Standard PV Types with Standard Alarming

PV types with alarm treatment are derived from their respective standard PV types; therefore, they in-
herit the elements described farther above.

PV types with alarm treatment contain an integrated alarm treatment routine dependent on the spe-
cific type.

Class Base Class Description

AL_BOOL_PV BOOL_PV
Standard alarm function BOOL
value

AL_STATE_PV STATE_PV
Standard alarm function STATE
value

AL_INT_PV INT_PV
Standard alarm function INT
value with 4 limits (2 lower and 2
upper limits)

AL_ANALOG_PV ANALOG_PV
Standard alarm function ANA-
LOG value with 4 limits (2 lower
and 2 upper limits)

AL_ICNT_PV ICNT_PV
Standard alarm function INT
value with 2 limits (2 upper lim-
its)

AL_RCNT_PV RCNT_PV
Standard alarm function INT
value with 2 limits (2 upper lim-
its)

Treating the individually computed conditions (event modelling) is the project engineer's responsibility.
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The project engineer may overwrite these standard alarm treatment routines.

3.4. Special Types

3.4.1. Enumeration

Enumeration types serve the purpose to define symbolic constants, which can be used in programs
and functions or assist in textually displaying defined values within the HMI. The user may define
ENUMs. The describing text values must be unique throughout the entire system, i.e. there can be
neither two identical ENUM constants nor one class or instance name identical with an ENUM con-
stant.

3.4.2. HW Resource Types

Hardware resource types are special I/O points, which are computed by the real-time database and
represent particular system parameters.

Type Base Type Description

HwResTimer DINT
Value of the current UNIX timer

(seconds since 1.1.1970 GMT)

HwResSecond DINT
Second value of the current time

(0 … 59)

HwResMinute DINT
Minute value of the current time

(0 … 59)

HwResHour DINT
Hour value of the current time

(0 … 23)

HwResDay DINT
Day value of the current date

(1 … 31)

HwResMonth DINT
Month value of the current date

(1 … 12)

HwResYear DINT
Year value of the current date

HwResWday DINT
Weekday of the current date

(0=Sunday, … 6=Saturday)

HwResYday DINT
Current day in the year

(1 … 366)
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Type Base Type Description

HwResIsdst DINT
Current date lies within summer
time

HwResRam DINT
Size of free main memory in MB

HwResHd DINT
Size of free hard disk space in
MB

3.4.3. Internal Types

Internal types are special data types having a pre-defined meaning and functionality in the system:

Type Base Type Description

InternalCuFlag BOOL
The variable is a terminal-in-
dependent variable that signifies
whether the object, in which it is
defined, is assigned to the re-
garding terminal or not.

InternalTimeValid BOOL
The variable is used in the Flex-
Ctrl 5 sub systems to valuate the
validity of the system time.

3.4.4. Special Types

The special types map variables of the FlexCtrl 5 system with their driver couplings. They should be
used for this purpose only.

The following FlexCtrl 5 data types are available:

• Fc5BoolPV

• Fc5StatePV

• Fc5IntPV

• Fc5AnalogPV

• Fc5TextPV

• Fc5RcntPV

• Fc5IcntPV

All FlexCtrl 5 special types have the following members:

Chapter 3. FlexCtrl 6.0 in Detail FlexCtrl 6
System Manual

Copyright ©2007 by BitCtrl Systems GmbH, Leipzig 45



Type Base Type Description

Data SIMPLE_INT_PV
Derived from Simple PV type.

Driver STRING
Driver name

Parameter 1 to STRING
Parameter 1 to

Parameter 6 STRING
Parameter 6

3.5. Event Types

3.5.1. Structure

Events form a special data type within a FlexCtrl 6.0 process model. They represent a state machine,
which can be described by the user using appropriate functions. The determined state can be used to
map alarms and messages, which are acknowledgeable and which may trigger congruous functions
within the FlexCtrl 6.0 system.

An event is derived from the base class SIMPLE_INT_PV and is defined by the following additional el-
ements:

Name Type Description

Comment STRING
A free comment in order to give
assistance to the project engi-
neer

Statefunction DINT
The function that computes the
current value of the state ma-
chine. In the type definition this
is a simple DINT value. However
according to the inheritance
rules, this value can be replaced
by a function derived from DINT.

Statedefinition STATEDEFINITION CLASS
List of defined states

State DINT
Initial value

3.5.2. State Definition

States (STATEDEFINITIONCLASS) are those junctions within the state machine described by the
state function, which are supposed to be interpreted as message and/or alarm. As a matter of princi-
ple, an instance of an event type may accept any DINT value, however, only the states specified in
the state list are processed.

A state is described by the following elements:
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Name Type Description

Name STRING
Name of the state

Comment STRING
A free comment in order to give
assistance to the project engi-
neer

Messagetext STRING
Message text, which can be dis-
played on the graphical interface
of the SCADA system.

Priority DINT
Priority of the state

IsAlarm BOOL
Indicates whether the state is to
be included in the alarm pro-
cessing

IsMessage BOOL
Indicates whether the state is to
be included in the message pro-
cessing

Process/System BOOL
Classifies the alarm for further
processing

Require acknowledge DINT
Determines the number of how
often a state has to be acknowl-
edged.

Multiple acknowledgement is vi-
sualized as follows:

On the terminal of a user who
acknowledged the alarm is ac-
knowledged and displayed as
acknowledgement-required.

On all other terminals on which
the alarm was not yet acknowl-
edged the alarm is indicated as
unacknowledged and acknowl-
edgement-required.

If the given number of acknowl-
edgements is reached, then the
alarm is displayed as acknowl-
edged on all terminals.

Actions
List of the actions that are to be
performed when reaching the
state.

Gone Actions
List of the actions that are to be
performed when leaving the
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Name Type Description

state.

Quit Actions
List of the actions that are to be
performed when acknowledging
the state.

3.5.3. Actions

The following actions may be inserted into the respective action lists:

Acknowledge with Comment list

Name Type Description

AchnowledgeState BOOL
Acknowledgement with or with-
out comment

Color DINT
Line color in the visualization

BkgdColor DINT
Line background color in the vi-
sualization

FullWindowAlarm BOOL
Large red alarm window is dis-
played in the visualization

AlarmPicture
Picture Picture, on which is to be

switched in the visualization

Left Click BOOL
Acknowledge using the left
mouse button in the visualization

CommentList STRING
List of predefined comments

HelpUrl STRING
Help-URL, which can be called
from the visualization

Font STRING
Font of the alarm line in the visu-
alization

Open Window in Visualisation

Name Type Description

Picture
Picture Picture, which is opened in an

additional window in the visual-
ization
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Time Out

Name Type Description

State DINT
New state after timeout

Timeout DINT
Timeout in milliseconds

Set State

Name Type Description

State
PV, whose state is to be set

Value DINT
New value of the PV

Set PV

Name Type Description

PV
Types PV whose state is to be set

Value DINT
New value of the PV

Sound

Name Type Description

AlternativeSound BOOL
Main sound or alternative sound

Remote alarming

There are no adjustable parameters here. It is activated by the common remote alarming algorithm.
The formatting and content of the message is defined by the particular remote alarming action (see
Chapter "Remote Alarming").

Play sound file

Name Type Description

MusicRes
ResSoundFile Name of the sound resource

Count DINT
Loop x-times or infinitely (0)

Break DINT
Pause between loops
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Print out

Name Type Description

Printers
ResPrinter List of printers, on which the

alarm is to be printed out

3.6. User Types
User types are structure compound data types defined by project engineer. Value defaults in user
types are passed on to all applications of the type. This applies both to members of this type in further
database structures as well as to "genuine" instances of this type, i.e. to run-time objects realized in
the real-time database.

3.7. Instance Declarations
In a way an instance declaration represents the template for a real process variable in the FlexCtrl
6.0 run-time system. An instance declaration may also contain individual preconfigurations for values,
which are considered when the "genuine" variable is set up in the runtime system.

Instances are derived from the templates of the respective types and/or instance declarations consid-
ering the value pre-configurations. They are physically kept available in the real-time database at run-
time.

Process variables in the meaning of real-time data availability have not necessarily been derived from
a PV type but may also be of any base or user type.

3.8. The Path Concept of FlexCtrl 6.0
Any object in FlexCtrl 6.0 (type, class, variable, etc.) is internally addressed by a multipart, reversibly
unambiguous path.

Both final users and project engineers never get in touch with these paths directly. They must not ma-
nipulate the paths either; however, they should be aware of the paths' existence because this concept
determines the design and the behaviour of the FlexCtrl 6.0 system fundamentally.

In principle, the structure of a FlexCtrl 6.0 path looks as follows:

Category.Ident<.as_type.member>[.as_type]

Examples:

USER_TYPE.0815
= User type 0815;

PV.4711.INT_PV.Value
= process variable 4711 -> regarded as INT_PV, member value;

PV.4712.USER_TYPE.Pump1.BOOL_PV.Value
= PV 4712 -> regarded as USER_TYPE, member Pump1, regarded as BOOL_PV, member value.

FlexCtrl 6.0 paths are not intentionally planned as data types for the project engineering system, i.e.
project engineer and user may not perform operations directly on the FlexCtrl 6.0 paths. However,
any permitted operation on objects would be impossible without the FlexCtrl 6.0 internal addressing
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using paths!

4. Process Model
The process model forms the basis of all functionalities of the RTS to be built. Being part of the PES,
the process model administration handles all necessary process variables and their attributes.

FlexCtrl 6.0 allows the linkage of process variables by means of predefined computations (internal
calculation of average values, minima, maxima and counter values) or by the use of functions as part
of a function library. This function library may be extended independently.

The process model can be structured by defining groups. Groups are abstract administrative objects
and serve the better overview of the process model "only".

4.1. Process Variable
A process variable is an instance of the data types described in Chapter 4.3. Process variables are
identified by names that have to be unique.

In process variables all members of the base class may be used and overwritten. Likewise the flags,
states and attributes of each process variable may be overwritten. Otherwise the PVs inherit all set-
tings from the base class.

5. Functions and Programs
5.1. Internal Function Calls

5.1.1. General Information

Internal function calls are functions that are explicitly existent in FlexCtrl 6.0 and automatically com-
puted by the RTDB.

5.1.2. "Internal Drivers"

Internal drivers are represented by special data types, the so called template-value-members. The fol-
lowing data types are available:

• Average value

• Minimum value

• Maximum value

• Gradient

5.1.3. Filtering and Plausibility Check

Filtering and plausibility check are features of each PV data type. The default configuration does not
include filtering and/or plausibility check. The respective monitoring functions and/or filter formulas
can be overwritten for initialized data types individually.

5.1.4. Linking Values
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The particular values of data types can be computed from to other values. That requires appropriate
methods that have to be defined within a class and coupled to the according input and output objects.

5.1.5. Replacement Value Computing

The replacement value computing is a special case for the computation of a PV value that results
from a PVs change of state. As a manner of principle, this functionality corresponds to the common
value computation.

5.2. Function Modules and Programs According to IEC
1131
Using the modul Fx, the user is able to program control sequences which run as a FlexCtrl 6.0 pro-
cess in communication with the real-time database (Soft-PLC). At present, there is the possibility to
develop a sequence programming according to IEC61131-3 in structured text (ST). The program code
that was built this way is translated to an intermediate code. This intermediate code is processed by a
special control server (run-time component fxrun) at run-time.

More detailed information about project engineering tools, syntax, etc. can be found in the project en-
gineering manual, Chapter "Programming with IEC61131-3".

5.3. Remote Alarming

5.3.1. General Information

The remote alarming is an action of an event type (see Chapter 4.3.5.3.). A parametrization on the
event types is not possible.

A remote alarming is separately described by the following attributes:

• Target

• Schedule

5.3.2. Targets

A target specifies the point at which the alarming is to be output. It is described by:

• Type (SMS, email, fax) and

• Address

5.3.3. Schedule

The schedule can be assigned to an object in the process model. It describes a list of actions to be
carried out for a certain time range. The following parameters are used to describe the time range:

• Weekday

• Holiday yes/no
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• Start time / End time

The specified schedule applies for all alarm states with the action remote alarming, which are part of
the given object. All actions that arise from the inheritance in the process model structure are carried
out. The sequence of execution is determined by the priority specified by the user. Having the same
priority the more special definition is given precedency. In addition, each entry in the schedule con-
tains an option whether the subsequent entries are to be executed in the case of success or not.

6. Schedules / Shift Administration
6.1. Calendar
A calendar is available for planning temporally controlled actions and remote alarming. The calendar
contains all public holidays for the run-time of the system. In addition, the user may define special pe-
riods (e.g. holidays), which are used as criteria for the executability of action lists.

6.2. Action Lists
An action list describes the actions that are to be executed at a certain point in time. Elements of an
action list are:

• Elementary actions:

• Setting values or attributes of PVs or

• Executing system actions like the creation of protocols, logout of users, archiving of data, etc.

• Complex actions:

• Calling methods of class instances,

• Executing scripts and programs

6.3. Schedules
The action lists are assigned in schedules whereby an entry of a schedule is characterized by the ex-
ecution time, the repetition interval, the time of last execution and/or the number of executions and re-
strictions like:

• Execution on particular weekdays only

• Execution in certain periods of a day only

• Execution on public holidays yes/no and/or within or not within special periods (see calendar)

7. Historical Storage
In FlexCtrl 6.0 the historical data are stored in a SQL database. The access to this database is real-
ized over a gate - the program fcdb. Further information can be found in the Chapter: 4.1.8.3.
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7.1. Historical Storage Types
FlexCtrl 6.0 provides freely configurable storage types. The following entries can be selected for each
storage type:

• Storage kind:

• In case of value change

• Cyclic storage

• Interval in x

• Years

• Months

• Hours

• Minutes or

• Seconds

• Storage value:

• Current value

• Average value

• Minimum value

• Maximum value

• Life cycle:

• In days

According to the product of (time interval) * (frequency of value change), the size of the PV's ring
buffer must be adjusted for calculated values (average, minimum and/or maximum value).

Example:

Laboratory values are inquired once a day. These values are supposed to be calculated to average
values on a monthly basis. The ring buffer size of these PVs should be at least 31.

Thus with a few actions it is possible to create typical data compression types such as:

• 5 minutes-,

• 15 minutes-,

• 1 days-,

• 1 months-,

• 1 year compressions.
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Besides these types, freely definable data compressions become possible using the parameters men-
tioned above.

One or more of these storage types can be assigned to each PV or each user type.
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Chapter 4. Operating Concepts
1. Graphic Data Types
1.1. General Information
Graphic data types form the basis for describing a user defined HMI. Starting point are the system
given widgets of the Photon microGUI, on which the "Photon documentation" offers further informa-
tion. In FlexCtrl 6.0 the user has the possibility to build individual, more complex graphic classes from
the graphic base classes.

Eventually the actual visualization pictures are composed of the graphic base classes and the more
complex types defined by the user.

1.2. Base Widgets
The base widgets represent the elementary graphic classes, which the user can employ in pictures di-
rectly or to construct individual, more complex types. The widgets own a multiplicity of free parame-
ters with which their appearance and behaviour can be configured. The following groups of widgets
are available:

Groups Description Examples

Container Widgets
Elements which can contain
other widgets or user defined
graphic classes

Pane, group, graphic container,
scroll, area, tool bar, background

Button Widgets
"Switch" elements as user inter-
face

Button, toggle button, on / off
button

Text Widgets
Elements to display text informa-
tion

Balloon area, combo box, DT la-
bel, label, list, multi text, text

Vector Graphic
Elements which can be de-
scribed by coordinates

Arc, ellipse, grid, line, polygon,
rect

Pixel Graphic
Graphics in Bitmap format Animated GIF, pixmap, scale

pixmap

Run-time Widgets
Special elements for the repre-
sentation of atomic data from the
real-time database

Meter, progress, analog display

Utility Widgets
Elements with specially prede-
fined functions

Clock, HTML container, numeric
integer, numeric float, scrollbar,
slider, up down, web client (Flex-
Ctrl 5.5 - HTML3.2, FlexCtrl 6.x
– HTML 4.0 with CSS), message
list

OQ Widgets
Elements for the realization of OQ button, select box, from box,
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Groups Description Examples

dynamically changeable informa-
tion from queries of the FlexCtrl
name server

where box

SQL Widgets
Lists and forms to query and dis-
play data from the SQL database

SQLList, SQLForm

Real-time Trend Widget
Real-time trend, writer Since FlexCtrl 6.x under

QNX6.x

MPEG-2 Widget
Display of a MPEG-2 stream Since FlexCtrl 6.x under

QNX6.x

1.3. User Defined Widgets
User defined widgets are graphic elements, which the user composes of available base classes or in-
dividually built graphic classes. Thereby the above described principles of object orientation and in-
heritance apply. The user has the means to define the parameters and "interfaces" with which his cus-
tomized elements can be adjusted in appearance and functionality. The interfaces can possibly be
simple base types that pass on their widget's basic characteristics. They can also be complex data
types, which enable the user to couple a just defined complex data type of the process model to a
graphic representation directly.

1.4. Pictures

1.4.1. General Information

Pictures are those graphic objects that are to the user's disposal in the visualization eventually. They
are used to monitor the process data and to convey data to the real-time database. There is a basic
distinction between process pictures, control pictures and data type pictures. These picture types are
connected to the data of the run-time system in different ways.

1.4.2. Process Picture

Process pictures are images that are displayed as full frames within a container of the visualization.
The FlexCtrl 6.0 visualization offers three vertically grouped containers (header, main section and
footer), which can be faded in/out optionally and changed in height. Generally, the header displays a
picture with menu functionality, the main sections holds the actual process picture and the footer con-
tains a picture in which a list of alarms and messages is shown. The picture elements are directly cou-
pled to instances of the process model.

1.4.3. Control Picture

Control pictures are images with an interface that corresponds to a class. A control picture can be de-
fined for each graphic class. The control pictures are displayed as popup or dialogue window in the
process picture. In the visualization they are called from the context menu that is attached to a
graphic class' instance. Calling a control picture, a coupling is made dynamically between the inter-
face and the instance, from which the picture was called. For instance, these pictures serve the pur-
pose of inputting control actions. The main advantage of this approach is the fact that the control pic-
ture has to be designed only once but can be applied to all instances of the graphic class. This saves
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substantial project engineering costs.

1.4.4. Data Type Picture

Data type pictures are the data types' graphic representations. The process model is composed of
data type pictures. For each user defined data type exactly one data type picture can be specified.
These pictures are used within the object query widgets (OQ widget). They are dynamically inter-
linked with the objects gathered from a query.

2. Users and Rights
2.1. Users
Before accessing any data in a FlexCtrl 6.0 system the user must authenticate with a login name. A
user is basically characterized by its name. The access to the system is secured by a user password.
A user can be assigned to one or more user groups in order to designate certain rights for accessing
the system. Users have to opt for one user group on login. The rights assignment takes place group-
related exclusively.

2.2. User Groups
User groups summarize users. User groups are granted certain rights, which then apply for the actu-
ally logged in user. A user can be member of several groups. At run-time however, he can be logged
on to one group only.

2.3. Login-State Combination
The Login-State Combination (LSC) is a union of user groups, login and states (inside, outside, irrele-
vant). This means that a LSC is determined by the presence of the users. A LSC, just like the user
groups, can be granted certain rights, which are then valid for the actual logged in user in addition to
his user group rights. No rights can be withdrawn by LSC. Several LSCs can be valid for users. A
LSC is determined by the user groups that exist or do not exist at run-time. A LSC is always defined
for an actual user group.

Example: A LSC named 'WithoutAdmin' is defined for the user group 'Operators'. This LSC is as-
signed a state entry for the user group 'Administrators' setting the login attribute to 'outside'. Thus this
LSC becomes valid if no administrator is logged in.

The LSCs are administered using the Rights Editor.

2.4. User Rights

2.4.1. System Rights

System rights apply to the given object and/or the instances or classes derived from it if the rights
have not been overwritten differently within the used class or instance. System rights may be as-
signed and/or withdrawn. The following system rights are implemented:

• Read

• Write
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This way for instance, either the right "write" -> "+" or "do not write" -> "-" may be assigned. If a right is
displayed in parentheses "(+)" or "(-)", then it is inherited.

If no right is assigned for a data object, then the right that has been defined for the parent object
within the class hierarchy applies. If no definition is found there the system searches for a right defini-
tion in the classes from which the object was created using the same pattern. If this search fails the
default system rights read "(+)" and write "(+)" apply.

Pre-defined by the system, there are the rights to "read" and "write" and their negations. The signifi-
cance for the particular system elements is shown in the following table:

Object Type Read "+" and/or
"(+)"

Read "-" and/or
"(-)"

Write "+" and/or
"(+)"

Write "-" and/or
"(-)"

PV and data types The value of the
object may be read
by the user (it can
be displayed in the
visualization for ex-
ample)

The value of the
object may not be
read by the user

The value of the
object may be
overwritten by the
user

The value of the
object may not be
overwritten by the
user

Control pictures The control picture
is displayed in a vi-
sualization

The control picture
is not displayed in
a visualization

Operating the con-
trol picture in visu-
alization is possible
(e.g. button opera-
ble, text input field
editable, slider
movable, etc.)

Operating the con-
trol picture in a vi-
sualization is not
possible

Programs Program may be
executed

Program may not
be executed

No relevance No relevance

Event variable
types

RTDB issues the
state of the event
variable (alarms
and messages) to
visualization

RTDB does not is-
sue the state of the
event variable
(alarms and mes-
sages) to visualiza-
tion

No relevance No relevance

Action types No relevance No relevance Action group is ex-
ecuted

Action group is not
executed

Members of the
state definitions

Selected states
(message/alarm)
are displayed in vi-
sualization

Selected states
(message/alarm)
are not displayed
in visualization

No relevance No relevance

Member IsMes-
sage = TRUE of
the state definition

Selected mes-
sages are dis-
played in visualiza-
tion

Selected mes-
sages are not dis-
played in visualiza-
tion

No relevance No relevance

Member IsMes-
sage = FALSE of
the state definition

No relevance No relevance No relevance No relevance
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Object Type Read "+" and/or
"(+)"

Read "-" and/or
"(-)"

Write "+" and/or
"(+)"

Write "-" and/or
"(-)"

Member IsAlarm =
TRUE of the state
definition

Selected alarms
are displayed in vi-
sualization

Selected alarms
are not displayed
in visualization

No relevance No relevance

Member IsAlarm =
FALSE of the state
definition

No relevance No relevance No relevance No relevance

Member IsQuitre-
quired = TRUE of
the state definition

Selected mes-
sages/alarms re-
quire acknowl-
edgement

Selected mes-
sages/alarms do
not require ac-
knowledgement

No relevance No relevance

Member IsQuitre-
quired = FALSE of
the state definition

No relevance No relevance No relevance No relevance

Members from
StateAction

No relevance No relevance Actions are carried
out

Actions are not
carried out

The respective programs of the FlexCtrl 6.0 system perform the evaluation of the object-related sys-
tem rights automatically.

2.4.2. User-defined Rights (Predicates)

User-defined rights are predicates, which are freely definable by the user. A predicate is characterized
by the Boolean value "TRUE" or "FALSE". The assignment of user-defined rights is possible for user
type classes only.

The user must initiate the evaluation of these rights within a function or a program. For this purpose
the ICE syntax was extended by a right query function. The syntax reads: object-type:user right name.
The result of this term is either TRUE or FALSE.

Example for a function EngineOperability (type BOOL):

IF (Engine:EngineOperationRight) THEN
EngineOperability:=TRUE;

ELSE
EngineOperability:=FALSE;

END_IF;

or:

EngineOperability:=Engine:EngineOperationRight;

3. Operator's Terminal Administration
3.1. General Information
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In complex systems with a multiplicity of operator's terminals it is necessary to specifically distribute
tasks of the overall system among the particular workstations. For this purpose FlexCtrl 6.0 offers the
following elements:

• Terminals

• Sessions

• Session groups

• Control units

• Control areas

3.2. Terminals
Terminals represent the actually existing computer nodes within the system. FlexCtrl 6.0 offers the
possibility to individually describe which processes are to be activated on each terminal. That essen-
tially depends on which tasks are assigned to the respective computer. In FlexCtrl 6.0 a terminal is
necessarily a control station as well. This also applies servers, which administer the data of the pro-
cess model or archives. They are to be defined as terminals in FlexCtrl 6.0. Typical terminal types
are for example:

• FlexCtrl 6.0 system server

• History server

• I/O server

• Operator's terminals

For each terminal a user may configure a list of processes, which are automatically started after
launching the terminal administration program fcterm.

3.3. Sessions
Sessions are logical terminals that can be configured for certain tasks within the system. A session
becomes active once a user logs in to a terminal. Within the project the project engineer has to define
which sessions may potentially exist in the system. It is possible to restrict certain sessions to certain
terminals.

Just like for terminals the start of a session can be configured in order to specify programs that have
to be launched automatically after the user logs in. For a common operator's terminal this will gener-
ally be the visualization.

Each session defined by the project engineer can be activated only once within the run-time system.

3.4. Session Groups
A session group is, like the name already indicates, a group of sessions. It serves the purpose of dis-
tributing similar tasks among several sessions. For example, a session group could contain n ses-
sions, i.e. n concurrently active operator's terminals, which are responsible for the monitoring of a cer-
tain part of the technological process.
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Control Areas can be assigned to session groups only. This means that if each operator's terminal is
supposed to be arranged individually, then a session group containing exactly one session must be
introduced for each session.

In each case, a session may belong to only one session group.

3.5. Control Units
Control units are used to collect elements from the FlexCtrl 6.0 system into a group for which visibility
and operability is to be assigned. A control unit can contain the following elements:

Pictures
The user who this control unit was assigned to
can operate the pictures included in the control
unit. All other pictures are potentially visible for
each user; however, they cannot be operated.

Elements of the process model
All event types (alarms, messages), which are
contained in the selected elements of the process
model, are forwarded to the user who this unit
was assigned to. If these elements own a PV of
the type "InternalCuFlag" the RTDB automatically
computes this PV according to the CU distribu-
tion.

3.6. Control Areas
Control areas describe a set of control units. In the current FlexCtrl 6.0 version each control unit can
be assigned to exactly one control area. As a matter of fact, it is required that each control unit is as-
signed to a control area.

In this way the control areas describe task fields that have to be completely distributed within a ses-
sion group. This means that each control area in each session group must be assigned to at least one
session whereby the session must not be the manager session of the session group.
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Chapter 5. The Run-time System
The FlexCtrl 6.0 run-time system comprises all components necessary to accomplish the intended
control and monitoring tasks.

This includes the process management, the name server, the real-time database as well as the
drivers for connecting to the hardware. In addition it holds the actual project data and the hardware.

Figure 5.1. Components of the run-time system

These components are briefly described in the following paragraphs. Further information can be found
in the appropriate chapters of the user and project engineering manuals.

1. The Process Management
1.1. General Information
The process management (also referred to as the process manager) is an essential process of the
FlexCtrl 6.0 run-time system. It administers information about:

• Terminals,

• Sessions,

• System processes,
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• Users,

• Login states,

• Control area distribution,

• Time synchronization,

• Redundancy operation

This process is usually the first started server process in a FlexCtrl 6.0 system. Some of the informa-
tion is conveyed to the real-time database of the run-time system and can be monitored just like pro-
cess variables.

The following sections explain the different tasks of the project management in detail.

1.2. Starting the Name Server
The project manager automatically starts the necessary name server, which contains all information
about the process model and the data required for the particular run-time system. This task is an inte-
gral component of the process management and does not need to be separately defined and/or con-
figured by the user.

1.3. Terminal State Management
The process management handles all terminals logged on the FlexCtrl 6.0 system. It holds informa-
tion on whether terminals are in operation and active and which sessions are active on the specific
terminals.

1.4. Process State Management
The process manager administers all processes started in the FlexCtrl 6.0 system including the infor-
mation concerning the connected terminals and sessions. In case of failure of processes that are
logged on to the process manager the appropriate pre-defined actions are initialized, e.g. redundancy
toggle, notification of other still existing processes or deactivation of terminals.

The actions are implicitly defined in the system and can be affected by the user as follows.

The following flags have an effect upon the process state management:

• "Monitor Process Management"

If this flag is enabled the terminal management monitors the process manager and Fccore. In case
the process manager or Fccore fail the terminal is logged out and, if configured that way,
restarted.

• "Important Process"

If processes are marked "important" and these processes fail, then the terminal is logged out and,
if configured that way, restarted.

A restart of the terminal can be configured as follows:
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• Terminal reset with Watchdog

• Terminal reboot with Soft-Shutdown

Furthermore, important processes report "green", i.e. operable. The message "green" means end of
the initialization – start the real-time data processing. The following programs set these characteris-
tics:

• RTDB

• Driver (e.g.: IEC870-5-104)

• Fcdb (SQL gate)

• Soft-PLC fxrun

• SQL data synchronization fcdbcomp

1.5. Process Publication
The process management owns an interface over which clients can request information about the
processes registered with the process manager. It is therefore the decisive component for organizing
the communication of FlexCtrl 6.0 processes among each other.

1.6. Redundancy Monitoring
A substantial task of the process management is monitoring the system redundancy. It supervises im-
portant processes within the system and enables the redundancy changeover in case an "important
process" breaks down. The user may affect the redundancy concept in a complex distributed system
by defining the "importance" of processes, i.e. it can be decided which parts of the system are to be
implemented redundantly for each individual case. Further information on this topic can be found in
Chapter 6.12 "Redundancy Concept".

1.7. Session Management
The process manager determines which sessions are to be implemented on which terminals, i.e. it
holds information about which users are logged in to which terminals with which sessions and which
tasks these users execute. In the system this information is used to distribute data to the correct tar-
gets according to the project engineer's definition.

1.8. Control Area Management
An important task of the process manager is the distribution of the data to the correct terminals, ses-
sions and users, provided the project engineer defines such a distribution in appropriate control areas
and terminal groups.

The following rules apply to the distribution:

• The global CU is assigned to all sessions.

• Sessions that are assigned to no session group are always assigned to all CUs.

• Session managers are always assigned all control areas of their session group.
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• The global control area is always assigned to all sessions that are members of the session group,
even if they do not have any control areas.

• The first non-manager-session of a session group is assigned all control areas that are assigned
to the session group on login.

• Each further session is assigned no control area (except for the global CU). The manager of the
session group can only do an allocation manually.

• When a session is terminated, i.e. the user logs out, the control areas assigned to him are newly
distributed. The project engineer can define which session shall be the substitute of the session.
This substitute session gets assigned the control areas. If the particular session is not active, its
substitute session is used and so on until an active session is found.

• When the session manager performs a manual redistribution of the control areas, then those are
assigned to the respective sessions. If one of the affected sessions is not active the distribution
procedure described above comes into effect.

1.9. System-State-Representation in the Real-time
Database
The process manager conveys the following information to the real-time database of the run-time sys-
tem:

• Control area distribution

• Terminal state

• Session state

Terminal and sessions state are variables that are automatically disposed to the real-time database
when generating terminals and sessions in the project engineering system. In the RTDB they can be
used just like process variables within the process model.

The control area distribution is evaluated by the real-time database in order to engage the process
variables of the type "InternalCuFlag" with the correct values (see 4.3.4.3). Usually PVs of the type "In-
ternalCuFlag" are integrated in process variables that are integrated in control units.

1.10. Network Time Synchronization
The active process manager holds the time that is valid for the entire system. In order to receive the
correct time, the process manager is provided various possible time sources:

• System time of a node in the QNX network

• Time from a DCF server

• Local computer time (implicitly)

When starting the process manager an arbitrary number of time sources can be defined. All sources
are queried until a time information is provided.
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The actual time synchronization on the computer is performed by the terminal adapter (see 6.2) since
this component owns all necessary privileges within the operating system and has to be enabled on
each terminal in the FlexCtrl 6.0 systems.

The time synchronization is done as follows:

• Initially the process manager marks the time as invalid.

• When a terminal adapter queries the time from the process manager a data set of the following
structure is returned:

• If the terminal adapter runs on the same terminal as the process manager, then the process
manager queries the defined time sources until it is provided with a valid time information. This
data is marked valid and forwarded to the terminal adapter. Otherwise the terminal adapter de-
livers its current system time with the current validity flag.

• If the terminal adapter received a valid time it adjusts the system time of the computer as nec-
essary. If the terminal adapter runs on the same terminal as the process manager, then the
process manager is disposed to mark the time in the system as valid.

If a computer of the local network is used as time source, then the time is not adjusted on this particu-
lar machine.

2. The Terminal Adapter
2.1. General Information
In opposition to the process management, a terminal adapter must be started on each computer
(terminal) within the FlexCtrl 6.0 system. The terminal adapter is the connective link between the lo-
cal system and the process management of the FlexCtrl 6.0 run-time system. It manages the local
FlexCtrl 6.0 processes and realizes the local failure monitoring. The tasks of the terminal adapter are
described in the following.

2.2. Time Management
The terminal adapter ensures that all terminals within the FlexCtrl 6.0 system operate with an identi-
cal time base. The adapter releases the terminal only when the process manager has provided valid
time information. If this is done the terminal adapter sets the time of the local node.

An active terminal adapter cyclically polls the active process manager in order to keep its own state
up to date. Within the scope of this communication the terminal adapter is permanently provided with
the valid time base in FlexCtrl 6.0.

2.3. Starting Local Processes
For each terminal the project engineer can define an individual list of processes that have to be
started automatically. The contents of the list depend on the purpose of the respective computer
(terminal).

2.4. Local Process Management
After the terminal adapter has performed the initial time synchronization and has started the defined
processes, it takes over the monitoring of the processes defined as important by the project engineer.
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When an "important" process fails the terminal adapter ensures that the terminal is deactivated within
the FlexCtrl 6.0 system in order to carry out the necessary actions like, for example, the redundancy
changeover.

Optionally, the terminal adapter reboots the affected computer (terminal).

2.5. Process Management Interface
The terminal adapter is the interface for the communication between each client of a FlexCtrl 6.0 sys-
tem and the process manager, i.e. no client communicates with the process manager directly but al-
ways with the terminal adapter as deputy process.

2.6. Local Process Notification
The terminal adapter ensures for defined events that the clients, which are registered with it, receive
notifications about changes in the current FlexCtrl 6.0 run-time system. This function is essential, for
example, if terminals are taken out of service or fail in order to re-establish necessary communication
connections.

2.7. Terminal Shutdown
Shutting down the terminal adapter causes a shut down of all processes that have been registered
with it before. Thus a terminal can be taken out of service by terminating the terminal adapter.

2.8. Watchdog
Optionally, the terminal adapter can be connected with a Watchdog card installed in the computer.
Thereby an additional mean of supervision is provided for the case that parts of the terminal's soft-
ware or hardware do not work properly.

The use of the terminal adapter in connection with a Watchdog card is especially recommended if
short redundancy changeover times are required. This applies because that way the deactivation of a
terminal in the FlexCtrl 6.0 system and a possibly caused necessary redundancy saving action can
be realized very effectively.

3. The Name Server
The name server of FlexCtrl 6.0 manages all information on objects and their behaviour among each
other. It makes this information accessible by using uniform addressing (FlexCtrl 6.0 paths).

From the user's point of view these tasks are processed in the background. Only FlexCtrl 6.0 system
components and/or special software developed for FlexCtrl 6.0 have direct access to the name
server. Programmers find information about developing with the FlexCtrl 6.0 toolkit for software de-
velopers in manual V.

4. The Shared Library Server
The shared library server dynamically administers all IEC61131-3 ST functions that are required by
the process components.

These functions contain the supplied library functions as well as the code developed by the project
engineer. From the user's point of view the shared library server is a background application and does
not need to be configured as process.
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5. The Real-time Database
The real-time database (RTDB) of FlexCtrl 6.0 manages all process values relevant to the running
system (e.g. the current values of PVs) and guarantees their consistency. Furthermore, all events and
alarms are computed. In addition, process variables for terminals and sessions are automatically cre-
ated. More detailed information can be found in Chapter 4.1.8.2.

6. The Process Visualization
The process visualization serves the purpose of displaying all process actions and states in accor-
dance to the project guidelines. In addition, it shows alarm messages and accepts user input. Thereby
the actual data is managed by the real-time database. Thus the process visualization is the user inter-
face of the run-time system.

By the way, it is correct and intended that a FlexCtrl 6.0 control operates properly even if the process
visualization is inactive.

7. Creating Reports
For creating reports of the run-time system data and the historical storage, a universal interface is
available. This interface consists of three fundamental parts.

7.1. Query Definition
The query definition is specified in a given syntax and describes an event table containing these ele-
ments:

• Data source (real-time database, name server, historical database)

• Selection of the elementary data field to be queried

• Restrictive criteria for the selection of the objects to be queried as well as for textual restriction of
the data set (time range, value range, etc.)

The query definition can be written with any text or XML editor. It is saved as a file in the file system.

7.2. Form Definition
The description of the form is also done in a XML file using a predefined syntax. Essentially, a form
description consists of two parts. Firstly, the description of the interface, i.e. the description of the an-
ticipated data table with columns and the types expected therein. Secondly, the actual form descrip-
tion that defines how the expected data table is to be converted into an appropriate layout.

The following basic forms are supported:

• Simple table

• Form for single data record

• Form for trend diagram

• Global form, i.e. a form built up from different forms
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7.3. Form Generator
The form generator produces the actual report from a combination of query definition and form defini-
tion. The result of the procedure is a file in HTML 3.2 format, which can be viewed and printed using
the Voyager browser in QNX4. Any other available HTML3.2 compatible browser can be used like-
wise.

8. Archiving
For the data saving there is the distinction between two primary tasks:

• The saving of project states. Appropriate tools are available to generate a backup of the current
data as well as to optionally save the currently installed software at any point in time.

• The saving of historical data:

• The historical data can be saved as archives in defined intervals. The intervals are fixed (day,
month, year). For each value that is to be saved, one can define in which archive it shall be
stored.

• The archives are filed in a selectable format:

• As SQL database in the same format as the original database

• As SQL script for the export into any other SQL capable database system

• As ASCII files in CSV or XML format for the import in arbitrary suitable systems

In addition to the actual data, an output-format conform information unit is generated. It contains all
the information from the run-time and/or project engineering system that is necessary for the historical
evaluation.

Saving of other system information:

The archiving program enables the user to administer the reports generated by the system.

9. Drivers – Interfaces to the Hardware
Hardware drivers are general programs that simplify and/or provide the communication means to ac-
cess external devices. In a typical FlexCtrl 6.0 run-time environment, for example, special protocol
drivers serve the arranged communication with the peripheral devices.

Which drivers belong to a SCADA system depends on the conditions of the hardware and the require-
ments to the system.

10. FC Console
The FlexCtrl 6.0 console is a program that displays the log information of all FlexCtrl 6.0 programs at
run-time. This way the individual program's start- and run-time behaviour can be observed and anal-
ysed.

The following filters can be enabled:
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• Errors

• Warnings

• Information

• Program state information

The FlexCtrl 6.0 console contains the complete set of log information from all FlexCtrl 6.0 programs
of the local machine. Thus the FlexCtrl 6.0 console program needs to be started prior to all other
FlexCtrl 6.0 programs. If the console program is started later, then only the newly arriving log mes-
sages are shown. A historical view on the data is not possible with this program. The program FC-Log
is available for the subsequent evaluation of log information.

Parallel to the output on the FlexCtrl 6.0 console, the log information is written to log files. Those can
be viewed using the program FC-Log.

The program is available as both Photon and terminal program.

11. Evaluation of Log Files
The program FC-Log makes the comfortable evaluation of the log files possible. The program runs on
the graphical interface Photon and allows the following settings:

• Node / computer selection

• Date – time filter

• Program filter / selection with pattern filter

• Filter for:

• Errors

• Warnings

• Information

• Printer function

12. Redundancy Concept
Redundancy can only be ensured by hardware redundancy and software redundancy. Hardware re-
dundancy is accomplished by redundant network and redundant computers. Software redundancy is
realized by redundant, self-synchronizing software in connection with a comprehensive process moni-
toring. Therefore the Watchdog cards "only" serve for the system's state information and for the quick
system reboot in case the Watchdog triggering fails (task of the terminal adapter – fcterm).

12.1. Software Redundancy
The following processes are implemented redundantly.

• Drivers
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• Real-time database (RTDB)

• Process manager (fcproc)

• Naming service (fccore)

• Historical database (fcdb, history6, SQL server)

• Soft-PLC Fxrun

All programs operating redundantly have special command line options for the redundancy operation.

The broad functionality is portrayed in the following image. The dotted lines are active in the case of
redundancy.

Figure 5.2. Software Redundancy
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Functionality of the Drivers:

• The drivers explicitly register with a defined real-time database.

• If this real-time database fails the driver tries to connect to the second RTDB.

• Redundant drivers send their values doubly into the field -> PLC ignores identical values (same
value and same timestamp).

• When the first RTDB is "green" again, the driver reconnects to "its" RTDB.

Functionality of the Real-time Database:

• Both real-time databases are "active" and should be declared as "important" processes.

• All operator's terminals (visualization), which do not need to run redundantly, log on to the first
database.

• The real-time databases synchronize among each other.

• In case a real-time database fails, the process manager announces to all clients that an important
process has gone out of service.

• A failure of the RTDB (if declared as "important" process) leads to a server reboot.

• The clients individually decide whether a connection to the second RTDB needs to be established.

• The after-started real-time database is synchronized by the still active real-time database.

Functionality of the Process Management:

• Only one process manager is active.

• All operator's terminals (visualization), drivers, history log on to the active process manager.

• The process managers synchronize among each other.

• In case the active process manager fails the passive process manager is activated and notifies all
clients that an important process has gone out of service.

• If another process manager is started, then it is in passive mode and synchronized by the active
process manager.

Functionality of the History:

• The history logs on to the real-time database explicitly.

• If this real-time database fails, the history tries to connect to the second RTDB.

• When the first RTDB is "green" again, the history reconnects to "its" RTDB.

• The history program automatically starts the synchronization process in order to ensure the data
consistency of the SQL database.
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Functionality of the Soft-PLC Fxrun (global Fxrun):

• Fxrun logs on to the real-time database explicitly.

• Usually RTDB and global Fxrun work in redundant operation on the same computer and both are
declared as "important" processes.

• There is an active and a passive Fxrun, which both implement the same computations, however,
only the active Fxrun sends data to the RTDB.

• If an important server process of the active Fxrun or the active Fxrun itself fails, then the passive
Fxrun becomes active.

• A failure of the active Fxrun (if declared as "important" process) leads to a server reboot.

• The latter Fxrun is the passive Fxrun.

Timestamp:

• Input values fcphvis, fcmon: the timestamp is built locally and send to only one real-time database

• RTDB event computation: timestamp of the computed event from the timestamp of the input pa-
rameter's latest PV

• Fxrun, functions: build no timestamps

• Fxrun: computed PVs receive the timestamp from the end of the cycle

• Redundantly operated drivers: field must deliver all PVs with timestamp

12.2. Hardware Redundancy
A hardware redundancy presupposes a redundant network with:

• each computer having two network controllers

• and both network controllers connected with two different switches / hubs.

Figure 5.3. Hardware Redundancy
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Chapter 6. The Project Engineering
System
1. General Information
The FlexCtrl 6.0 project engineering system comprises all components necessary for the project en-
gineer in order to define the functionalities of process procedures as well as the appearance of pro-
cess components in the visualization.

The Project Engineering System consists of the name server, the project manager, the data type edi-
tor, the process model editor, the visualization editor, the terminal editor, the function editor and oth-
ers.

Figure 6.1. Components of the Project Engineering System

These components are briefly described in the following sections. Further information on their usage
can be found in the project engineering manual (IV).

2. The Name Server
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The FlexCtrl 6.0 name server manages all information about FlexCtrl 6.0 objects and their be-
haviour. It makes these data available to the system by using uniformed addressing with FlexCtrl 6.0
paths.

From the user's point of view, these tasks are processed in the background, thus as daemon pro-
cesses. Only the other components of the FlexCtrl 6.0 project engineering system and/or software
especially developed for FlexCtrl 6.0 can access the name server directly.

Software developers find further information about programming with the FlexCtrl 6.0 toolkit for soft-
ware developers in the FlexCtrl 6.0 toolkit manual.

3. The Shared Library Server
The shared library server dynamically manages all functions necessary for the process components.
These functions comprise the standard library functions as well as the code developed by the project
engineer.

The shared library server also operates as a daemon process.

4. The Project Management
Using the project management (also referred to as project manager), it is possible to create new
projects, rename, copy and start / stop them. Furthermore, it serves as "central office" for calling other
project engineering components like, for example, the visualization editor.

5. The User Administration
The user administration serves the management of user and user group descriptions.

6. The Process Model Editor
In the process model editor objects can be added to, removed from and edited in the process model.
For instance user data types can be specified and PVs can be declared here.

7. The Visualization Editor
The visualization editor (also graphic editor) fulfils the purpose to display process values and operat-
ing elements as well as their functional connections with the respective graphical means in the pro-
cess pictures.

Here, the project engineer configures the appearance and functionality of the SCADA system's user
interface.

8. The Visualization Configurator
Using the configuration editor, the project engineer is able to configure fundamental settings of the
process visualization (run-time system). That way for instance, the user can set up window attributes,
symbol bars, menus and process pictures for header, visualization area and status bar.

9. The Function Editor

Chapter 6. The Project Engineer-
ing System

FlexCtrl 6
System Manual

Copyright ©2007 by BitCtrl Systems GmbH, Leipzig 77



Utilizing the function editor, the user can realize functions and function modules, which are later linked
to other object like, for instance, process variables or graphic resources.

More information on 'how to realize a function in the function editor' can be found in the project engi-
neering manual, Chapter 6.

10. Project Documentations
In the FlexCtrl 6.0 project engineering system, project-specific documentations in HTML format can
be generated automatically. There is the distinction between single documents and a complete docu-
mentation.

The following documentations can be created:

Complete – all Objects:

This documentation emulates the tree structure of all the project's objects. The navigation throughout
the tree is realized using hyperlinks.

Single Documents:

• Process model

• Rights

• CU / CA

• Users / user groups

• Coupling tables of a process picture

• Schedules

• Physical / logical terminal list

• Alarm list

• Historical storage list

Process Model:

This document lists all process variables (PVs, base types, enumeration types) of the project. All
members (e.g.: default value, state texts, etc.), their usage in functions (especially alarm functions),
historical storage types and flags of process variables are documented.

Rights:

The rights document allows two views on the rights configuration:

• Object – user groups view

• User groups – object view

CU / CA:
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The following information is presented in this document:

• List of CU definitions with the PV and picture list

• CU / CA matrices (default and standard)

• CA / terminal matrices (default and standard)

User / User Groups:

This document contains the following information:

• List of users

• List of user groups

• Users – user groups list

• User groups – users list

Coupling Tables of a Process Picture:

The following information is represented in this document:

• Table of the direct PV - widget couplings

• Table of the interface - widget couplings

• Table of the functions – widget couplings

• Table of the local variables (of the picture) - widget couplings

• Table of the global variables (of the visualization) - widget couplings

• Table of the visualization's functions - widget couplings

Schedules:

Overview of all configured time-dependent control operations in the scheduler. The following views
are created.

• Daily overview (independent of the weekday)

• Weekday overview

• Sunday and public holiday overview

These lists contain the respective actions and their execution time.

Terminal List / Session List:

This document contains the following tables:
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• List of the physical terminals with the programs to be started

• List of the logical terminals (sessions) with the programs to be started after login

Alarm List:

This document contains the following tables:

• List of the PVs containing alarms:

• Alarm documentation

• State documentation

• Action lists

• List of the process alarms

• List of the system alarms

• List of the messages

Historical Storage List:

This document contains the following tables:

• List of the storage types with their parameters

• List of the storage types with their PVs

11. Multi-Language Support
FlexCtrl 6.0 Photon programs are supplied in two language versions:

• German

• English

FlexCtrl 6.0 console programs are supplied in one language version:

• English

Beyond that there is the possibility to apply own language environments in the graphical programs
(Photon programs). The program "phablang" is enclosed in the FlexCtrl 6.0 project engineering pack-
age; it allows the convenient adjustment to new language environments. All language description files
for FlexCtrl 6.0

are saved to the path "/usr/fc6/data/language". From there the appropriate files can be opened
and edited.
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The following table shows the language and its corresponding value of the variable ABLANG:

Language ABLANG Value

Belgian French Fr_BE

Canadian English En_CA

Canadian French Fr_CA

Chinese Zh_CN

Danish Da_DK

Dutch Nl_NL

French Fr_FR

German De_DE

Italian It_IT

Japanese Ja_JP

Norwegian No_NO

Portuguese Pt_PT

Polish Pl_PL

Swiss French Fr_CH

Swiss German De_CH

Slovak Sk_SK

Spanish Es_ES

Swedish Se_SE

UK English En_GB

USA English En_US

This listing can be found in the file "languages.def". This file must be in the same directory as the
program "phablang" and can be expanded by own language – ABLANG values.

Further information is provided on the help page:

"/usr/help/product/photon/prog_guide/languages.html".
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Note

If already existing language tables have been edited and changed, then the editor is liable for
possible malfunctions of the program (e.g.: exchange of the text "Yes" by "No").
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