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ABSTRACT 
Many different proprietary fieldbuses, each one supporting 

different standards and targeting particular market 

requirements, have been installed in the industry in different 

time periods under different circumstances. The always-

growing need to integrate the control applications of the above 

fieldbuses makes interoperability in device and fieldbus level, 

as well as real-timelines, the key issues in the area of control 

applications. In this paper we consider the use of real-time 

Linux for the development of an interworking unit that 

constitutes the basic network element of our approach towards 

interoperability in the fieldbus level. The interconnection of two 

or more distant fieldbuses over a common backbone, comes to 

assist process and systems engineers in the development and 

configuration of distributed control applications. We present, 

the first step towards implementation, which was defined to 

include the interconnection of two fieldbuses of the same type. 

We chose as a case study Profibus due to its popularity and 

wide acceptance. 
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1. INTRODUCTION 
 During the development of industrial automation and 

process control information systems, the engineer has to 

consider computer networks since they are an essential 

component of their architecture. Fieldbuses have emerged as an 

effective way to overcome problems that prevent the accurate 

signal transmission such as electromagnetic pollution at the 

factory floor and high current switches. They are 

intelligent/smart transmitter protocols that ensure very reliable 

and self-correcting data communication. They provide control, 

alarm, trend and other services distributed to its devices. With 

their deterministic nature, fieldbuses let system architects 

distribute a process over the network even for applications with 

hard real-time requirements. A wide variety of fieldbus 

networks are available in the market, each one with its own 

special capabilities on the different levels of the hierarchical 

structure of Industrial Manufacturing [1]. These networks come 

from many vendors, support different standards and target 

particular market requirements around the world. Among the 

most famous fieldbuses are Profibus, Fiedbus Foundation, 

CAN, WorldFIP, P-NET and LonWorks. In spite of the 

technological advances, Industrial automation and process 

control industries lack the harmony that other areas of industry 

have. The final effort for an interoperable standard among the 

fieldbuses, which was carried by the  ISA'S SP50 standards 

committee, ended last year and resulted in an 8-standards 

standard [2].  

 Currently, the standards that are promoted from different 

vendors, are the International Electrotechnical  Commission's 

IEC-61158 (supported from SP50), and the Cenelec's EN-

50170. Fieldbus foundation promotes 61158 but also other 

major vendors are interested including ABB, Honeywell, 

Siemens and Yokogawa. Lining up against 61158 is the Profibus 

International organization, whose technology originates in 
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Germany. Senior Profibus vendors include Eurotherm, 

Mitsubishi and Siemens. Profibus has a large installed base with 

over 200,000 applications mostly in Europe. Cenelec's EN-

50170 embrace Profibus, P-NET and France's WorldFIP, but the 

mess already is apparent with Profibus-PA to be compliant with 

both 61158-2 and 50170! However, the end users in the 

industrial automation business don't care about all this political 

disagreement and wrestling for market share. They have a clear 

need for interoperability and they want proven solutions that 

can be deployed economically and maintained well into the 

future. Ideally these solutions would also be truly interoperable- 

the point of having any standard- but today's reality dictates 

otherwise [3].  

 In this paper we consider the interconnection of two or more 

distant fieldbus segments over a common backbone in a way 

that the interoperability in the fieldbus level would be achieved. 

During the design, we had in mind and examined several issues 

such as different industrial buses, current standards, network 

architectures, industrial technologies and the real-time 

constraints. Real-time Linux was considered for the 

implementation of the interworking unit and ATM was used to 

provide the quality of service (QoS) required by industrial 

control applications. 

 This paper is organized as follows: In the next section we 

refer to the term interoperability in the fieldbus level and we 

briefly present the adopted approach. In section 3, we describe 

the architecture of the interworking unit. We only refer to this 

part that covers the operational phase. In section 4, we present 

our case study: the real-time interconnection of two Profibus 

segments. We present in detail the first draft implementation of 

the interworking unit and the wrapper of the Profibus to our 

architecture. Performance measurements are used to 

demonstrate our draft implementation. Finally, in the last 

section, we conclude the paper. 

2. INTEROPERABILITY IN THE FIELDBUS LEVEL 
 What is meant by interoperability in the fieldbus level, is the 

ability of interconnecting independent fieldbus segments, even 

from different vendors, in the enterprise's intranet backbone. 

For example, if an enterprise wants to transfer data among three 

buildings where every one has its own fieldbus, it has to 

interconnect the three heterogeneous fieldbuses. It is also a 

requirement from the corporate level to have monitor and 

control of these buses. The solution is to use interworking units 

between each fieldbus and the enterprise intranet, leaving 

unchanged in this way the already defined process of each bus, 

and transferring only the necessary values through the intranet. 

This would also result, in the least effort that the enterprise 

should spend over the configuration of the new process. Here, 

though, the most dominant requirement is the real-time 

transmission of data between the fieldbuses, how efficiently the 

interworking units can handle such requests and how the 

underlying intranet can provide the required quality of service. 

With the availability of cheap memory and processing power, it 

is far more practical to make a whole range of devices work 

with any bus through an interworking unit, without the need for 

converting the entire product line to operate with an “alien” bus 

and all its attendant hidden proprietary features. Interworking 

units will theoretically appear to have intrinsic delays and 

performance limitations - but practically, can be made to 

operate with very little disadvantage [1]. 

 Industry's solution to this problem is not very clear. For 

example, Softing's Profigate is an Ethernet-Profibus Gateway, 

which consists of a Profibus connector, CPU board and an 

Ethernet TCP/IP software interface [4]. The extra software that 

is offered for the access to the gateway, can be used for 

telemonitoring, remote diagnosis and remote access and it could 

also be used for interconnecting two or more Profibuses. The 

same company also offers an OPC server for open connectivity. 

Another example is Siemens' SIMATIC OPC SERVER[5], 

which offers libraries for distant connectivity. Two major 

reasons, though, put these solutions in question: first the real 

time transmission between two fieldbuses, due to the Ethernet 

backbone(CSMA/CD), cannot be guaranteed and second these 

gateways offer only Profibus connections, except OPC 

connectivity through a client. Another commercial product that 

promises connectivity between fieldbuses is SST-X-Link from 

SST Network gateways[6]. This product, a combination of 

hardware and software, is based on a custom kernel. It seems to 

provide connectivity between two independent fieldbuses, 

provided that the user has the proper drivers for each network. 

Although this product seems promising, it needs great effort 

from user's part for configuring networks, cards, etc, and 

additionally it doesn't offer the capability for remote 

configuration, diagnosis, monitoring, etc. Academic approach to 

this problem is limited. Recent paperwork focuses on issues for 

interoperability on the device level, Java devices, making 

Ethernet real-time, OPC and remote administration, fieldbus 

standardization etc. [7]-[9] 

 According to [10], interoperability in the fieldbus level 

suggests a framework that would make possible the 

interconnection of two or more distant fieldbuses over a 

common backbone. The primary objective of this framework is 

the distribution of the control application beyond the range of a 

single fieldbus network, even in great distances. The adopted 

framework consists of a network topology, an interworking unit 

and the definition of a Virtual Fieldbus. 

 Figure 1, shows the adopted network topology. The two 

fieldbus networks A and B are connected through an 

interworking unit to the ATM backbone, where the enterprise's 

Ethernet is also attached. A strong examination of several 

network technologies, for the backbone, brought ATM to be the 

most attractive one. Although ATM has lost the battle for the 

desktop, is the only technology today, that can comprehensively 

handle the QoS routing, essential to supporting traffic 

engineering and maintaining service quality in large networks. A 

possible solution could be Gigabit Ethernet for Ethernet 's wide 

acceptance, but since it's a new technology we avoided it [11]. 

Additionally, ATM proved to be a good solution for 

interconnecting fieldbuses[12]  and we had already a 
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description of how to install such a network under Linux[13]. 

Another promising solution that is currently under examination 

is switched Fast-Ethernet. Whichever is the backbone, packages 

can be transmitted from one fieldbus to the other, through the 

real-time path. Non real-time packages, that have to do with 

monitoring, trending and configuration of the interworking units 

are transmitted through the non real-time path.  

 

Figure 1. The adopted network topology. 

 3. THE ARCHITECTURE OF THE INTERWORKING 

UNIT 
 We adopted, for the development of the interworking unit of 

function block oriented IPMCSs, the robust, modular and 

efficient architecture, defined in [14]. In order to make the 

paper self-contained, we refer to this architecture briefly in the 

following. Figure 2, shows this part of the interworking unit’s 

architecture, which covers the operational phase of the system. 

It is composed of the following active modules: the Local 

Fieldbus Proxy (LFP), the Control Application (CA), the 

Remote Fieldbus Proxies (RFP) and the OPC server. 

 

  

Figure 2. Architecture of the inteworking unit. 

 The LFP module is used to abstract the specific fieldbus, to 

the IEC 61499 level so as the interoperability in fieldbus level 

may be achieved. It mainly consists of the local fieldbus 

exported function block proxies. For the implementation of the 

LFP module, a wrapper layer is defined to adopt the proprietary 

fieldbus API. The CA module is an optional module and is only 

required when there is a need to assign function blocks to the 

interworking unit. We usually discourage this design choice, but 

there are cases that such a decision is enforced by the system. 

The RFP module acts as a container for all the remote fieldbus 

proxies that must be present in the interworking unit. The OPC 

server module is also an optional module that is required when 

there is a need for commercially available SCADA clients to be 

connected to the controlled process. This module acts as a 

wrapper to our architecture, to provide an OPC-compliant 

interface. We selected the OPC (OLE for Process Control) 

interface that seems to be the industry standard [15].  

 For the implementation of the communication mechanism 

that is needed to support the interaction among the above 

modules, we use a daemon process and a set of data structures, 

as is shown in figure 2. There is an Event Connections Table 

(ECT) for each active module, except for the RFP module, 

where there is one  ECT per each filedbus proxy contained in it. 

The ECT contains, for every output event produced by the 

module, the information required by the daemon module to 

respond to this event. When an active module produces an 

event, it must send a request to the daemon module to handle 

this event. The daemon uses the information of the related ECT 

entry and forwards the event with the required data to the 

destination module. The other data structure used is the Data 

Connection Table (DCT). DCTs contain the required 

information that must accompany each data connection of the 

module’s function blocks that are considered as outputs and 

have as destinations, function blocks assigned to other modules 

or fieldbuses. Such information includes the value, the time 

stamp, the status, etc. This information has of course to be in 

the IEC 61499 format.  

4. CASE STUDY: INTERCONNECTING PROFIBUS 

SEGMENTS 
 

4.1. General 

 In this section, we present the first step towards 

implementation, which was defined to include the 

interconnection of two fieldbuses of the same type. We chose 

Profibus as a case study due to its popularity and wide 

acceptance. Profibus is a vendor-independent, open fieldbus 

standard for a wide range of applications in manufacturing and 

process automation. It is a multi-master system and thus allows 

the joint operation of several automation, engineering or 

visualization systems with their distributed peripherals on one 

bus. Profibus distinguishes between master and slave field 

devices. The maste device controls the data communication on 

the bus. It sends messages without an external request when it 

holds the bus access rights (the token). Masters are also called 
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active stations and are devices such as PLCs, PCs, etc. Slave 

devices do not have bus access rights and they can only 

acknowledge received messages or send messages to the master 

when requested to do so. Slaves are called passive stations and 

are peripherals such as I/O devices, valves, drivers and 

measuring transducers. 

 For a Profibus system to be installed, its devices must be 

initialized with global parameters, i.e., station address, token 

target rotation time and control timers. A connection list, 

residing on each master station, contains its pre-defined 

communication relations to other devices, including both 

masters and slaves. This allows for a deterministic behavior of 

Profibus. During a message cycle, a slave responds first in a 

diagnostic package request, then the master sends the data 

request and the slave responds with the actual information. 

 

4.2. Setting Up The Project 

 Figure 3 presents our experimental network for the 

interconnection of two profibus segments. We selected PCs for 

the implementation of the interworking unit having as  primary 

criteria performance, throughput, and delay, all balanced against 

cost. We had to prevent PC performance from grossly limiting 

overall performance. We choose two PC’s (2), (3) with 

166MHZ x86 CPUs, 64 Mbytes of RAM, and a 3-Gbyte hard 

drive as experimental generic Linux workstations.  

 
 

Figure 3. Interconnection of two Profibus segments via ATM. 

 

 The Profibus distribution supports several commercially 

available network interface cards. For our development 

platform we chose the Softing ProfiBoard DP Master cards that 

have the advantage of an easy to use API and support the Linux 

operating system. Both Profibus segments run at a baud rate of 

12 Mbits/sec. From the plethora of available slaves that support 

the Profibus interface we chose the Siemens IM 153 (ET 200M) 

modular Input / Output station (1), and the Siemens ET200B 

6ES7 134-0HF01-0XB0 (4). The first slave supports a total of 

16 Digital Input, 16 Digital Output and 4 Analogue Outputs 

through the three Siemens’s I/O modules 6ES7 323-1BH00-

0AA0 8DI/8DO, 6ES7 374-2XH01-0AA0 and 6ES7, 332-

5HD01-0AB0 4x12bit AO. The second slave supports 4 Analog 

Inputs. A pulse generator (5) provides the system with data 

while an Oscilloscope (6) is used for the observation and the 

calculation of delays. 

 As discussed above, ATM was used as the backbone. The 

interworking units were equipped with IBM's Turboways 25 

Mbps ATM adapters and they were connected to an IBM's 8285 

ATM switch. The switch supports standards such as LAN 

Emulation or Classical IP over ATM, ATM UNI Specification 

V3.0 and V3.1. It also provides full support for ATM Quality of 

Service (QoS) and PNNI-1 support.  

  

4.3. Implementation of the Interworking Unit  

 As operating system of our target platform, we chose Linux 

that was patched with the Real-Time kernel of RTLinux. Linux 

is a freely distributed, 32-bit, pre-emptive multi-tasking, multi-

user operating system. Once developed for educational 

purposes it has become an attractive counterpart to its 

commercial competitors. Nowadays, Linux has been expanded 

from a simple UNIX kernel to a huge suite of applications and 

utilities developed by means of GNU, C/C++, JDK, TCP/IP and 

X-Windows. RTLinux is a hard real-time operating system 

following the POSIX specification for RTOSes. It handles time-

critical tasks and runs Linux as its lowest priority execution 

thread. In RTLinux, a small hard-realtime kernel shares one or 

more processors with standard Linux. This allows the system to 

run accurately timed applications to perform data acquisition 

and system control, while still serving as a standard Linux 

workstation [16]. Worst case between an interrupt being 

asserted and  a real-time handler starting is about 15 μsecs for a 

generic x86. Interprocess communication is provided through 

real-time FIFOs or via shared memory. We chose RTLinux 

because of its stability, networking via Linux, user community, 

extensive tools and price. It's a solution that offers the 

advantages of real time OS on a low-end Pentium, close in 

price, with low maintenance and without requirements for 

special software/hardware. 

 Figure 4, presents the block diagram of the interworking 

unit. This diagram covers only the operational phase of the 

system. The figure shows all the processes that constitute the 

interworking unit. RTFIFO is used for the inter-process 

communication even though RT-Linux implements the RTFIFO 

inter-process communication mechanism as non- blocking. To 

over come this restriction every RT-FIFO has to be attached a 

handler which servers the data-exchange between a Linux and a 

RT-Linux process, and a special RT-handler which servers the 

data-exchange between two RT-processes. 

 As is shown in figure 4, the Profibus Driver is in the Linux 

user space. This driver was obtained from Softing [4] as a 

compiled module in beta version. Unfortunately, we have no 

access to its source code and we cannot for the moment proceed 

to its porting in RTLinux. This is why we developed the 



ASME - GREEK SECTION, First Nat. Conf. on Recent Advances in Mech. Eng., September 17-20, 2001, Patras, Greece 

 5 

Profibus wrapper as user space Linux Process. The wrapper’s 

main tsk is the transformation of Profibus values to IEC61499 

types and vice versa. The task of the Communication 

Mechanism process is reduced, for this first implementation, to 

package transfer between LFP and RFP. The task of the Remote 

Fieldbus Proxy is defined currently to transform the package, 

add header information to the package and pass it to the 

destination module. We defined the Net Wrapper process to 

encapsulate the Local and Remote Connection threads 

introduced in this implementation due to the lack of an RT-

Linux implementation of the ATM driver, and the ATM protocol 

stack. This intermediate module, would enable us, when the 

drivers should be available, to smoothly replace them. The 

Local and Remote Connection threads were defined in Linux 

user space since ATM protocol stack and ATM driver are only 

available as Linux user space processes. The first one  "listens" 

for packages having as destination our interworking unit, and 

forwards them to the Net Wrapper. The second one is 

responsible for the encapsulation of the socket API. 

 

Figure 4. Configuration of the Linux interworking unit. 

 

 

4.4. Wrapping of Profibus 

 Because of the intention to interconnect heterogeneous 

fieldbuses a scheme was implemented in order to transform the 

data that exist in each one according to the IEC61499. The 

virtual fieldbus in which the implementation is based deals with 

data of specific and well-determined items. An ID uniquely 

addresses each item that is of a specific IEC61499 data type. 

Input or output data of a DP slave might consist of more than 

one items and are represented in a Profibus specific manner. 

Most of the times the representation is vendor specific and the 

engineer has to deal with them according to the directions of the 

device vendor. For example the module 6ES7, 332-5HD01-

0AB0 4x12bit AO has 8 bytes of output data. Each set of 2 

bytes represent an analogue value but only the 12 bits of the 

total 16 are used. Moreover the user can choose of three 

different ways to represent the number in those 12 bits. 

 According to the virtual fieldbus in order to represent these 

DP analog values we create 4 distinct items. These items have a 

unique ID and are of type ANALOG, which means that their 

data type is a 4 byte float. More factors have to be taken in care 

so the system finally will know where to find these DP outputs 

and how to deal with them. The details are not in the scope of 

this paper.  

 As it is shown in figure 5, the Profibus wrapper is composed 

of 4 threads. The getProfiData thread (1) is responsible for 

reading the data from the Dual Port Ram of the Softing’s 

ProfiBoard (DP Master) and moving them to the outgoingData 

buffer, where the other threads can access them. If there is a 

change in the slave’s data (a comparison is carried out with data 

of the previous read), a signal is send to the profi2Iec thread 

(2). This thread transforms the slave’s data to the IEC61499 

format, puts them in a packet that represents an IEC item and 

then posts them to the rest of the system through the LFP 

RTFifo. The iec2Profi thread (3) is responsible for listening in 

the ProfiWrapperRTFifo for IEC items that have as destination 

its DP slaves. When an item is received, its value is compared 

with its corresponding previous one. If there is a difference the 

transformation takes place and a signal is sent to the 

putProfiData thread. This thread writes the DP data to the 

corresponding slave device.  
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Figure 5. Architecture of the Profibus wrapper. 

 

4.5. Performance Measurements 

 We report, here, the performance characteristics of our 

implementation. In order to measure the delay introduced by the 

Interworking Unit, we transmit a package with a time stamp and 

we calculate a roundtrip time required for the package to travel 

to a remote interworking unit and transmitted back without 

further processing. If TIUD is the Interworkin Unit's delay time 

and  TIP is the transfer delay introduced by the network, then the 

total roundtrip time is TRT=2* TBD+2* TIP. TRT found to have a 

mean value of 2.25msec and TIP about 0.4msec. Thus, TBD has a 

mean value of  0.725msec.  

 The most important time to be measured is the end-to-end 

time between the appearance of an input value in the input slave 

and the appearance of the same value in the output slave. For 

the calculation of this time a digital oscillator and a pulse 

generator were used. It was found to have a mean value of 
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40msec. This time includes: the time needed for reading and 

writing the slave through the SOFTING's driver TRW, the 

message cycle of Profibus network  TMC and the processing 

time of the wrapper module TWRAPPER . TMC and TRW have 

delays less than 0. 05ms, thus TWRAPPER is about 40msec, which 

is further analyzed to TWRAPPER-READ+ TWRAPPER-WRITE or about 

20msec for each one. TWRAPPER-READ, is the time needed to read 

a value from a device and TWRAPPER-WRITE is the time needed to 

write a value to a device   

 The major problem for having such a big time interval is 

that the continued access to the driver demands a delay of 1ms 

otherwise the driver hangs up. Unfortunately the function 

nanosleep that Linux uses for making delays is restricted to a 

minimum of 10ms period of time. This is increased further with 

the time introduced by the task switch between the threads. So 

these 40msec include a delay of at least 30ms that can be 

avoided in the future when the driver will be ported to RTLinux. 

 We measured the Wrapper delay without the delay 

introduced by Linux nanosleep and it was found about 10ms but 

the system hanged soon. This period of time depends on the 

number of items, variables or slaves that are connected to the 

filedbus. In our experiment the total average time an item needs 

to be read, transformed, send, transformed again and written is 

about 40msec. Furtermore, 30msec of them cannot be avoided 

until a new real time version of the driver is available. 

 From the above, the total time from the time a value is read 

from a local slave until it is written to a remote one is TTOTAL= 

TWRAPPER-READ + TBD+ TIP + TBD + TWRAPPER-WRITE, giving us a 

time of 41.85msec. Table I, summarizes all the performance 

related measurements.  

 

Table I. Performance characteristics. 

 

TBD : Interworking Unit delay time 0.725msec 

TIP  : IP transfer delay 2.25msec 

TWRAPPER : Wrapper Time delay 40msec 

TWRAPPER-READ: Wrapper Time delay read 20msec 

TWRAPPER-WRITE: : Wrapper Time delay write 20msec 

TTOTAL= TWRAPPER-READ + TBD+ TIP + TBD + 

TWRAPPER-WRITE 

41.85msec 

 

5. CONCLUSIONS 
 Currently, there is a great interest in the automation industry 

for distributed architectures, especially for these that give 

solutions to the problem of interoperability. In this paper, we 

presented our approach for interoperability and a first 

implementation of interconnecting two independent fieldbus 

segments. Our approach attempts to facilitate the 

interconnection of two or more distant fieldbuses over a 

common backbone. We have examined the network architecture 

and the interworking. We proceeded a step further and made a 

prototype implementation, by interconnecting two Profibus 

fieldbuses over ATM. We used new technologies such as RT-

Linux and examined how they perform in such environments. 

We are currently planning to use switched Fast Ethernet instead 

of ATM that results in a more simple and low cost 

communication system.   

 Although the final implementation was designed to have all 

the processes in RT-Linux, the lack of the Profibus driver's 

source code, and the lack of availability of ATM protocol stack 

and driver in RT-Linux, forced us for the moment to the solution 

of running the system both in RT-Linux and Linux kernel 

spaces. However the results are very encouraging and we are 

currently working for the porting of ATM driver and protocol 

stack to RTLinux. We hope that we soon would be able to do 

the same for the Profibus driver. 
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