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190 Tools for function block design

At the same time, not all concepts of IEC 61499 have been implemented. The communication between
the application parts is achieved through network variables instead of service interface FBs. The appear-
ance of FBs in ISaGRAF follows IEC 61499, but their internals look a bit different. The Execution Control
Chart of a basic FB, for example, is defined in a way similar to the IEC 61131-3 Sequential Function Chart
language. The event-driven IEC 61499 FBs are executed on top of a cyclic-scanned and time-triggered
IEC 61131-3 runtime system. 

ISaGRAF allows the use of the traditional PLC programming languages of the IEC 61131-3 standard
in function blocks; for example, it allows ladder logic, which is shown in Figure 19-2.

Reference example
The ‘LED Chaser’ reference example provided with the ISaGRAF demo kit (Figure 19-3) will be used to
illustrate differences between this implementation and its FBDK interpretation. The demo kit consists of 3
identical microprocessor devices with some input/output ports connected with 2 buttons, 2 switches and
four light emitting diodes (LED).

The ‘LedChaser’ application works as follows. On start up, the light begins ‘running’ from the left-
most LED (LED3) to the right. The direction changes when the light reaches the rightmost LED, and so on.
Pressing the B1 button on either device increases the speed of running, and pressing B2 decreases it. At
any given time there is only one lit lamp in all three devices. An FB network controller for this system in
the ISaGRAF version of IEC 61499 function blocks is shown in Figure 19-4. The control is decentralised;
pressing a button in any device will immediately impact on the speed of the run, even when the light is
already ‘running’ in another device. 

If you press a button on device 3 while the light is in device 1, for example, the event will go to the
PeriodManagement block, and then a new period will be transmitted to LedSequence1. As a result, the
speed (of the light movement in device 1) will change instantaneously.

The program includes six instances of the ‘ButtonManagement‘ FB, one per button. This FB detects a
depressed button, and generates an event signal, which is sent to the ‘PeriodCalc’ FB, and that generates
the value of time interval between the illuminations of two neighboring LEDs. This value is passed to the
FBs responsible for sending signals to the lamps within one device. These are the three instances of the
‘LedSequence’FB type. This FB has two input events: ‘Inc’ and ‘Dec’. When Inc is received, the FB
sequentially displays all 5 possible patterns, in binary coding: ‘0000’, ‘1000’, ‘0100’, ‘0010’, ‘0001’ and
‘0000’, delaying the duration between each change of the output pattern. 

The ’LedSequence’ is a basic function block, whose logic is defined by means of an Execution Control
Chart (ECC). In ISaGRAF, the ECC is implemented using a Sequential Function Chart (SFC) program-
ming language. Apparently, ISaGRAF developers wanted to re-use the existing SFC editor, on account of
control engineers’ familiarity with this language. 

Figure 19-1 Structure of ISaGRAF: Workbench and Firmware for IEC 61499 and IEC 61131-3 system 
development. 

IEC IEC
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Despite the similar look, the ECC semantics is different from pure SFC semantics in IEC 61131-3. In
the “pure” SFC, no more than one transition per scan can occur. After a transition, SFC is “put on hold”. 

In IEC 61499, the ECC execution continues until there is no transition that evaluates to TRUE. If eval-
uation of a transition between steps ends in FALSE, the block’s execution in this scan stops. In the next
scan, it will be resumed at the same place with a new evaluation of the transition. Consider, for example,
the SFC of the ‘LedSequence’ FB, shown in Figure 19-5.

Figure 19-2 ISaGRAF workbench enables the use of Ladder Logic to program algorithms in basic func-
tion blocks.

Figure 19-3 LED Chaser system.
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microprocessor code using a cross-compiler. It is linked with the run-time libraries responsible for
scheduling events. 

NxtStudio supports device class 2 specification, i.e., it allows uploading new function block types to
remote devices. Thus, it extends the capabilities of FORTE, which (like FBRT) supports only class 1
devices. 

One should note some difference in the ECC execution rules of FBDK and ISaGRAF. The differences
are illustrated in the reference example in Figure 19-28.

All three outputs will be emitted simultaneously on arrival of the first event of the sequence, because
the lifetime of events in NxtStudio differs from those in FBDK and ISaGRAF. An event is “alive” until
some state has not been visited twice (to avoid loops), or until no more ECC transitions evaluate to TRUE. 

Pilot applications
NxtControl has already applied its technology in a few dozen projects in the domain of building automa-
tion. The largest project is a training centre building with 19 control devices controlling about 2500 I/Os
(heating, ventilation, air-condition, lighting, etc.) with IEC 61499. 

The range of hardware platforms compliant with NxtStudio, includes industrial personal computers
(IPC) of Siemens (MicroBox), Beckhoff (CX 1020), and WAGO (IPC 871). Some of these devices are
shown in Figure 19-29. Like PLCs, these devices are hardened and certified for use in tough industrial
environments.    

Figure 19-27 The “TwoCylinders” application distributed to two devices.
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Focusing on the European automation market, NxtControl has developed support for field area net-
works, such as Profibus and Ethernet. Through these interfaces, the compliant devices can communicate
with a broad spectrum of automation devices, such as motion control devices. 

NxtControl software is especially efficient in applications involving highly modular machines, such
as material-handling systems. Figure 19-30 shows an example of a material-handling automation appli-
cation implemented in NxtStudio. Observe the similarity between the structure of the physical part
(right top) and the structure of the program (right bottom). The function blocks are CAT instances,
implementing control and visualization of a conveyor group.

4DIAC IDE and Forte
The 4DIAC consortium was formed in 2007 by several academic and industrial organizations with the goal
of delivering open source design tools and run-time platforms for IEC 61499 (4DIAC, 2009). The

Figure 19-28 Execution of the benchmarking FB in NxtStudio.

Figure 19-29 a) WAGO IPC 871; b) Beckhoff CX 1020.

(a) (b)




