
 
22x Misc_Aux_C  Composite FB 
1x  E_Auxiliaries Basic FB 
1x E_Motor Basic FB 
1x E_Inspector Basic FB 
1x E_Technician Basic FB 
 
1x Misc_Aux_LC  Composite FB 
1x  E_Auxiliaries Basic FB 
1x E_Motor Basic FB 
1x E_Inspector Basic FB 
1x E_Technician Basic FB 
 

where L is used for Locomotive,  and C for Coach. 
 
Figure 5 presents the IEC 61499 function block 

diagram of the train simulator application. 

Figure 5. Train Simulator diagram. 

3.3. The Orchestra  

The third application is used: a) to demonstrate the ability 
of IEC 61499 to be used for synchronizing and 
coordinating a significant number of controllers and b) to 
measure the performance of the implementation of such a 
complex system. .  

The way to demonstrate this was to design an orchestra 
application. A conductor sends a tempo event to a set of 5 
sub-conductors who read their part of an orchestra 
partition, and send to the musicians under their control a 
note and a time to play it. Each musician commands a 
MIDI player function block the actual info to play in MIDI 
terms that is wavelength, channel, time, etc.  Since all 
these functions are on different controllers and all signal 
have to arrive at the same time at the PC that is playing the 
music, this would show how rigorous is an IEC 61499 
program implementation.  Figure 6 shows a schematic 
diagram of the concept demonstrated by the Orchestra 
application. 

 
 
 
 
 

Figure 6. Architecture of the Orchestra 
application 

When the user switch “Starting playing music” the 
application is activated, and the orchestra is performing. 

The Conductor of the Music has several Conductor 
Assistants (Score reader, one for one or several 
instruments). The sub-conductors have “under his order” 
as many players as needed to play his partition.  

Each player is “playing” one or several notes (light a 
led, and send the note to the main PC).  

One main PC is playing the Music. The challenge here 
is that we are initiating at a pre-defined tempo an event to 
indicate which part of the partition to play. 

The Conductor of the Music sends to the 5 Conductor 
assistant (score readers) the Rhythm of the partition 
(event) and the number of the current step in the partition. 

Three Conductor Assistants are running on the 
conductor PC and the other two on the second PC. 

When each conductor assistant receives the Rhythm 
event, he is looking in his partition which is the note to be 
played at this step. He then sends to the right player a 
playing event with the note, the duration of the note to be 
played as well as the volume. 

The player is lighting the “playing a note” led when he 
is playing. He also sends to the Main PC the note and the 
velocity during the duration of the note. 

The following function blocs were used for the 
development of the Orchestra application:  

50x PlayMidi  Basic FB 
50x E_Musician  Composite FB 
1x IO_LED   Basic FB 
1x Musician  Basic FB 
5x ConductorAssistant Basic FB 
1x Conductor  Basic FB 
 
The complete IEC 61499 FB network diagram is shown 

in Figure 7. 
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Figure 7. The Orchestra application Function 
Block diagram 

All three applications were implemented on the testbed 
at the same time and some basic logic was done to activate 
one or the other. The screen shot of the ISaGRAF 
workbench given in figure 8, shows how it can be viewed 
from the development environment. This “Device View” 
shows a distribution of the FB application across devices. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. A snapshot of the ISaGRAF Workbench. 

4. Discussion 

Several fundamental decisions were taken during the 
development process. IEC 61499 is based on the 
occurrence of events. Some researchers have interpreted 
the IEC 61499 architecture as an event only driven system, 
and this has led to the need to find ways to predict how 
events would propagate and how this would behave in real 
world situations.  

In reality, the use of events does not mean that the 
events should be processed at the instant it reaches the 
controller where a function block is instantiated. The event 
has to be processed within a time frame consistent with the 
system capability and with the application timing 
requirements. 

In designing industrial control application, mechanical 
equipment and electronics are always sized to meet the 
specific requirements. The approach taken here has been to 
maintain the system under full load.   

It is understood that event based only systems may have 
a better response time if 1 event occurs. But for a system 
where 1000 events would need to be handled at the same 
time for example, the sequence of execution needs to be 
determined. And it is assumed that the next occurrence of 
the same event could not be handled until the 1000 events 
are treated unless a priority scheme be introduced, which 
would considerably increase the complexity of the system.  

By using the scan-based model and implementing the 
Producer-Consumer model (Figure 9) data and events are 
produced at each scan. This means that the system is in 
quasi-full load mode. Under that mode, the overall 
network traffic is known and the scan execution cycle is 
fixed resolving any ambiguity as how the system would 
perform under stress, it is always at maximum capacity.  
The system is therefore deterministic and very stable. The 
only difference in performance between the scan-based 
system and the event-only based system would be the idle 
time between two scans. 
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Figure 9. Producer-Consumer model. 

If we apply industry standards to maintain CPU usage 
below 75-80% we can assume that the performance of the 
two models would be identical under full load. Yet, the 
scan based model will be totally predictable. 

The following formulas are used describe the Event x 
Handling Time. 

With the Scan based approach 
 Exht = ∑ Cd + CTvm 
With the event based approach 
 Exht = ∑ Cd + E1..nCT + ExCT 
Where 
 Exht = Maximum Event X handling time 
 Cd=  Consumer driver processing time 
 CTvm= Virtual Machine computing time. 
 E1..nCT= Event 1 to n computing time 
 ExCT= Event X computing time. 
 
While Cd and CTvm are known and pre-defined, 

guaranteeing a deterministic processing time, the other 
approach would yield often faster but always unpredictable 
processing time. 

4.1 Challenges in performing the test 

This project was initiated to demonstrate the 
performance and viability of large IEC 61499 applications. 
Although the ISaGRAF product has been used worldwide, 
no test bench of that size were put in place. 

The decision to use Ethernet with TCP/IP was based on 
convenience and the fact that Ethernet is becoming the 
defacto standard in the industry. Part of the challenges 
were to identify the proper communications parameters to 
use for a system of that scale since the PCs for example 
had more than 100 sockets opened at the same time.  

The technology could be used over any industrial 
network, but in depth analysis of the default limitations 
should be made and assessment that the actual final 
configuration would not exceed the capacity of the 
selected media is found to be paramount. 

The following elements had to be adjusted for these 
applications to be manageable. 

 

• TCP/IP socket limitations on each controller, 
• Maximum application diagram screen width, 
• Debug communication algorithm to make the 

Debug mode useable, 
• Programming using IEC 61499 methodology 

instead of standard IEC 61131. 

5. Test results 

1st Application: Signal propagation 
The performance and behaviour of this application was 

very interesting. The signal propagation was performing as 
expected and the transition between blocs interacting 
within a single controller and between two function blocs 
residing on separate controllers was unnoticeable to the 
human. Descriptions of the various function blocs used are 
presented in an annex of this document. We can show that 
the event propagation (LED propagation) follows the 
model defined by ISaGRAF (scan based, producer-
consumer) 

2nd Application: Train Simulator 
In this case as well, the performance and behaviour of 

the application was as expected. The signal propagation 
was in line with the plan and the emergency stop was 
instantaneous. The time spent on writing the project 
specification was longer than the time it took to actually 
write the application. The ability to create composite 
function blocs and reuse them was a major advantage in 
reducing the development time. Once the application was 
defined, the actual programming was straight forward. 
Subdividing the control elements in basic function blocs 
and assembling those in composite function blocs enabled 
us to test the functionality with one coach and then all that 
was needed was to instantiate these on the other coaches. 
A complete description of the spec is given in another 
document. 

3rd Application: Orchestra 
The results of this test were beyond expectation. The 

challenges in this application were to write function blocks 
that could drive the MIDI player of a PC at the same time 
and to find the proper settings for the memory space, the 
number of opened sockets and the buffer size adequate to 
run the application.  The most astonishing part of this was 
that, at once, during one test sequence where we were 
adjusting the TCP/IP buffer sizes, the whole system started 
to work perfectly. For use this was the ultimate proof of 
the long term viability of IEC 61499. Integrity of the data 
trigged by an event was essential in this application. The 
note, time and volume are needed to be in synchronization 
to get the proper sound. Any deviation from the predicted 
timing would be perceptible in the music.  

In all cases, the difficult par was not the programming 
of the application or the configuration of the system. Most 
of the problems were related to the limitations of the 
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selected hardware the fine tuning of the operating system 
on the Netburner microcontrollers. 

6. Conclusions 

In March 2002, the ISaGRAF R&D team initiated an 
evaluation of the actual potential of IEC 61499. Soon it 
was recognized that this standard might very well be the 
backbone of the next generations of automation 
technologies. In January 2003, in isolation, the ISaGRAF 
R&D team started to implement the required components 
to meet the IEC 61499 standard and had to address each 
and every challenge posed by this new standard in 
combining its vast industry experience in designing a 
leading edge software solution and it’s assessment of the 
essential requirements to meet end user expectations of an 
industrial grade automation software product. 

The resulting solution has been released in December 
2005 and been improved and used since then in small scale 
application. The results of the tests described in this 
document are confirming the long term viability of IEC 
61499. Automation vendors around the world should 
immediately act to migrate toward the integration of IEC 
61499 technology within their product line. 

Several areas need to be explored; the design of a 70 
controller’s application was within reach. The next step 
will be to extend this knowledge to application with more 
than 1000 devices cooperating.  

IEC 61499 is formally defining the cooperation 
between devices. Formal testing and simulation methods 
will be needed to be able validate any application on a 
large scale. 

The combination of UML [4][5] and formal testing 
methodologies are among the areas that will need to be 
explored to make the large scale use of  IEC 61499  in 
industrial application acceptable to the end-users.  

The new knowledge economy will be characterized by 
the encapsulation of different types of intellectual property 
(IP) present in automation into reusable portable software 
modules (FBs), and by creation of interfaces between 
various kinds of automation IP [6]. 

Despite the success of the ISaGRAF IEC 61499 
implementation, others will need to have equivalent 
implementations that will meet the spirit of the standard 
for Compatibility, interoperability and portability.  

The ISaGRAF implementation is a viable industrial 
grade solution for control. If used with other technologies 
such as the agent technology developed by Rockwell 
Automation for High level, non time critical management, 
and if made compliant to reconfiguration standards such as 
FIPA, the way to design complex, agile manufacturing or 
automations systems will be forever changed. 
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