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APSTRAKT

Predmet istraZivanja u okviru ovog rada su integrisane Zicne i beZicne komunikacione tehnologije u
procesnoj industriji, sa ciljem da se bude ukorak sa svjetskim trendovima u ovoj oblasti, a odnose se na
sljedece aktivnosti. Prvo ¢e biti dat kratak pregled istorijskog razvoja i bi¢e opisane tehnicke karakteristike
industrijskih protokola koji imaju najveéu primjenu u industrijskim komunikacionim mrezama. Zatim ce
biti opisane neophodne faze za integrisanje beZi¢ne tehnologije unutar postojeceg postrojenja sa vec
instaliranim Zi¢anim uredajima. Na kraju ovog rada bice predloZena integracija beZi¢nih tehnologija u
realizaciji industrijskih komunikacionih mreza, a koja ¢e biti verifikovana analizom dobijenih rezultata u
studiji opravdanosti za uvodenje modela integrisane mreZze u realnom postrojenju u rafineriji Se¢era u
Brékom

Kljucne rijeci: procesna industrija, automatizovani industrijski sistemi, fieldbus protokoli, WirelessHART
protocol

WIRED/WIRELESS COMMUNICATION NETWORK MODEL IN BUILDING
ENVIRONMENT: CASE-STUDY OF BRCKO SUGAR REFINERY

ABSTRACT

The subject of the research within the scope of this paper is integrated wired and wireless communication
technologies in the process industry, with the aim of keeping up with the world trends in this field, and
refers to the following activities. First, a brief overview of the historical development will be provided and
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the technical characteristics of the industrial protocols that have the greatest application in industrial
communication networks will be described. Then, necessary steps to integrate wireless technology within
an existing facility with wired devices already installed will be presented. At the end of this paper, the
integration of wireless technologies in implementing industrial communication networks will be
proposed, which will be verified by analysing the results obtained in a feasibility study for introducing an
integrated network model in a real facility in a sugar refinery in Brcko.

Keywords: process industry, automated industrial systems, fieldbus protocols, WirelessHART protocol

1. INTRODUCTION

Modern control systems in the process industry are increasingly using wireless data
transmission to send out information from a sensor located directly at the site of process to the
central control unit. There are numerous reasons for such an approach. The most common
reason for choosing a wireless industrial communication network is the cost of installation since
eliminating or significantly reducing cable usage means great savings in cable and installation
work. In other words, the cost of new installation, maintenance and repair is lower than the
corresponding cost for cable solutions, and thus wireless technology opens up a completely
new field of application in terms of how measured process data is transmitted. Costs in wired
networks can be even higher if there is a need to expand existing infrastructure in order to
include additional measurements, while adding new measurement locations in wireless
networks represents low costs and greatly reduces the economic barrier that exists in wired
networks.

For the last few years, several of the world's leading manufacturers of process measuring
equipment have focused on addressing these and other problems in industrial wireless
networks [1, 2]. The result is the integration of wired and wireless communication technology
based on the HART protocol, which can lead to significant cost reductions in manufacturing
processes [3]. That is, when these technologies are integrated, they need to provide almost
unlimited opportunities that range from monitoring and diagnostics of devices to controlling
production processes.

2. DEVELOPMENT OF THE FIELDBUS PROTOCOL

Complex automated industrial systems usually require hierarchical control organisation as in
Figure 1.
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Figure 1. Pyramid of control organisation

Typically, the user interface is at the top of this hierarchy, where an operator can monitor or
control the system. It is linked to the intermediate layer, consisting of the PLCs (Programmable
Logic Controllers), via a non-time critical communication system, i.e. by Ethernet. At the bottom
of the control chain is the Fieldbus that links the PLCs to executable components, such as,
actuators, motors, etc. [4].

2.1. TECHNICAL FEATURES OF THE FIELDBUS PROTOCOL

Fieldbus technology provides improved quality, reduced costs and increased system efficiency
[5]. These capabilities of fieldbus technology come partly from the fact that information
received or transmitted by the device can be sent out digitally. Each device has a built-in
processor unit, making it a "smart device" and capable of performing independently simple
functions, such as maintenance and diagnostics [6]. As a result, it is possible to receive
information if the device is defective or requires manual calibration. It increases the efficiency
of the system and reduces requirements for system maintenance. The main advantage of
implementing a fieldbus compared to the 4-20 mA standard is associated with reduced wiring
since multiple devices share a wire pair in network communication. The disadvantages of using
a fieldbus compared to the 4-20 mA standard are:

= Fieldbus systems are more complex, so the user has to be more qualified.

= The price of fieldbus components is higher.

One of the significant features of the fieldbus protocol is that it only includes three or four
layers of OSI (Open Systems Interconnection) models, as shown in Figure 2:

= Physical Layer: Defines the communication medium and can be considered a replacement
for the 4-20 mA standard.

= Data Link Layer: Defines communication between devices and fault detection.
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= Application Layer: Designs messages so that each device on the network can understand

them, serves them to process control, and forwards them to the user layer.

= User Layer: Connects individual parts and ensures an environment for applications.

Fieldbus model

User Application
[zender]

User Application
[receiver)

User Application
[zender)

User Application
[receiver)

|Application Layer

Presentation
Layer

Application Layer

Session Layer

Presentation
Layer

Transport Layer

Session Layer

Data Link Layer

Transport Layer

Application Layer

Physical Layer

Data Link Layer

Data Link Layer

Application Layer

Physical Layer

Physical Layer

Data Link Layer

The advantage of fieldbus is that a user does not have to worry about the data link layer and

Physical Layer

Figure 2. OSI Reference Model and Fieldbus Model

the application layer, i.e. they only have to worry about the physical and user layer [1]

In the following, the focus is on fieldbus protocols that are most widely used in industrial

communication networks, and they are:
= FF H1 (Foundation Fieldbus High1)

= FF HSE (High Speed Ethernet)

= Profibus PA (Process Automation)

=  ProfiNet

= Profibus DP (Decentralised Peripherals)

= Modbus

= HART (Highway Addressable Remote Transducer)

For the listed protocols in Table 1, technical characteristics are shown by layers.
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Table 1. Technical characteristics of protocols by layers [7]

DATA LINK
Fieldbus PHYSICAL LAYER LAYER APPLICATION LAYER
Protocols Comm. Mammum Error . Standards Data transfer
speed distance detection
1.9 km IEC 61158, ISA | Al, AO, DI, DO,
FF H1 31.25 kbs 9'5 km‘ 16-bit CRC SP50, IEC PID, PD, CS,
’ 61804 MIO
Profibus | 51 o5 kps | 22 km 16-bit CRC IEC 61158 Al, AO, DI, DO
PA 9.5 km
FF HSE iOGObIZ/Ibs, 100 m 16-bit CRC IEC 61158 Same as H1
ProfiNet iogb';/'bs' 100 m 16-bit CRC IEC 61158 Same as DP
9.6 kbs, . .
Modbus 12 Mbs 1512 m 1-bit IEC 61158 Registers
Profibus 9.6 kbs, .
PA 12 Mbs 1512 m 1-bit IEC 61158 Al, AO, DI, DO
HART iogb';/'bs' 3km CRC IEC 61158 Commands

3. WIRELESS COMMUNICATION PROTOCOLS IN THE PROCESS INDUSTRY

WMN (Wireless Mesh Network) and communication protocols are being actively explored to
find new applications and possibilities of their use. Standardisation is very important for the
commercial use of these networks and for interoperability among different network equipment
manufacturers. New specifications for wireless networks are under development by various
standardisation groups such as the IEEE (Institute of Electrical and Electronics Engineers), where
the IEEE 802.11 group is working on standardisation of WLAN (Wireless Local Area Network)
and the IEEE 802.15.4. group is working on standardisation of wireless networks that use the
capabilities of Mesh networks [8, 9, 10, 11, 12].

The IEEE 802.15.4 standard defines the physical and MAC (Media Access Control) layer for the
needs to implement low-speed wireless networks. One of the goals of developing the standard
was to network a large number of sensors in industrial applications, using devices with
significantly lower prices and less power consumption [13, 14].

Those devices are mainly battery-powered, where the low data transfer bit rate, low price and
long battery life are the basic design requirements that need to be fulfilled. Based on the IEEE
802.15.4., several industrial protocols have been developed, and the WirelessHART protocol is
commercially the most applicable [15].

3.1. WIRELESSHART

The WirelessHART protocol is compatible with existing HART devices and applications. It is cost-
effective and has a rational approach to wireless communication, supporting the industrial
demands for simple, reliable and secure wireless communication technology [16, 17].

The WirelessHART protocol is organised as an I1SO/0SI 7 communication model that supports
four OSlI layers [18]:



ACEG+ [8] 2020 8[1] M. Kostadinovi¢ et al Wired/Wireless Communication Network Model in Building...

Physical Layer,
Data Link Layer,
Network Layer and

Application Layer.

It meets the necessary communication requirements for compatible equipment to support, i.e.
ensure interoperability, so that all types of wireless devices of other manufacturers can be
replaced without disrupting network performance or system performance [19,20].

The WirelessHART protocol is controlled at a relatively low data transfer rate compared to the
IEEE 802.11b standard for computer wireless networks and operates at a frequency of 2.4 GHz
in the ISM (Industrial Scientific and Medical) radio band [21, 22]. The basic attributes of the
WirelessHART protocol are shown in Table 2.

Table 2. WirelessHART protocol attributes

Attributes Description

Wireless standard IEEE 802.15.4-2006

250 kbps
Frequency 2.4 GHz
Distance Up to 200 m on a directly visible pathway
Charging Battery or solar power
Number of devices No limit is defined

HART — IEC 61158

EDDL - IEC 61804-3
Radio & MAC

IEEE 802.15.4. (TM)-2006

Based on industrial standard

4. OBJECTIVES

The main objective of introducing an integrated wired/wireless network model is the new
architecture of communication networks in the process industry, which are accompanied by
appropriate features, such as:

Each network device, i.e. node, acts as a router.

Almost all network devices are static.

New radio technology, such as multi-channels, is used.

Gateway is used to link devices in a network and enable communication among them.
Network generally represents a combination of wireless and wired devices.

WMN is a self-configuring and self-organising network.

These networks are considered to be one type of Ad-Hoc Networks where nodes are static, but
they are also wireless sensor networks where nodes contain one or more sensors and act as
routers [23, 24, 25].
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Wireless technologies for most applications in the process industry offer a wide range of

solutions that provide a higher return on investment, such as [26, 27]:

= Remote applications. When the devices used are kilometres away from the place of data
usage, cabling is impractical. Wireless technology offers a more practical solution, for
example, using wireless technology, existing communication networks can be utilized to
transfer data from such remote devices.

= Applications near facilities. The devices for obtaining necessary data are not very far from
the place of data usage, but there are obstacles, such as: rivers, highways, railways, etc.,
which can make cabling impractical. It is especially the case for hard-to-reach locations
within facilities, e.g. tanks. Wireless technology can easily link tanks to a control room or
any other location within the facility, so the process control function can be realized.

= Applications within facilities. Although communication distances within facilities are
relatively small, wireless technology, i.e. wireless Mesh networks are often preferred due
to the high cost of wiring devices. Since they are easy to install and expand, such wireless
networks reduce the cost of adding new measuring devices.

5. SOFTWARE TOOLS

Emerson's I/0 on Demand Calculator has been used to calculate labour costs, install devices,
set up electrical installations, install cable guideways, etc. It provides flexibility with installed
devices in a facility, containing the following options:

= wired device connection,
=  Foundation Fieldbus,
= wireless device connection,

= Electronic Marshalling (an innovative solution for connecting devices within a facility to
Emerson's DCS (Distributed Control System) DeltaV system).

Using the I/O on Demand Calculator, it is possible to determine the best type of device and the
best installation method for each network integration situation. Some of the key calculation
factors are:

= the average distance from devices to the control room,

= the percentage of devices that can be installed using the wireless technology and Electronic
Marshalling

There are two distances as an analysis factor of integration costs:

= distance, i.e. cable length from the control room to the junction box, and

= distance from the junction box to the installed device in the facility.

A feasibility study for the introduction of an integrated wired/wireless communication network
model was carried out on a real facility in a sugar refinery in Brcko in such a way that the results

can be applied to other types of facilities by adjusting the installed devices and their average
distance between a control room and junction boxes.

6. MODELS AND METHODS OF THE RESEARCH

The data required for the feasibility study for introducing an integrated wired/wireless
communication network model in a sugar refinery in Bréko were obtained from the process
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maintenance service. As can be seen in Figure 3, a cabinet with the DCS DeltaV control system
containing a controller and I/O cards [28] is located in the control room.

Control room

Junction
- Control cabinet box W
o~ Fieldbus
loop

D5 DeltaV system

Cable guideways and cables ‘f]

"

Junction
beox

Figure 3. Wired devices in a sugar refinery [29]

In order to introduce an integrated wired/wireless communication network model as in Figure
4, it is necessary, according to the requirements of the process maintenance service at a sugar
refinery in Brcko, to pass through the following scenarios [28]:

Scenario 1: 75% of wired devices and 25% of Foundation Fieldbus

Scenario 2: 33% of wired devices, 44% of Electronic Marshalling and 23% of Foundation

Fieldbus

Scenario 3: 26% of wired devices, 39% of Electronic Marshalling, 23% of Foundation Fieldbus
and 12% of wireless devices.

Control
roeCim

Junction box

.
1

Cable guideways and cables Fieldbus

loop

Electronic Marshalling
junction box

ar

HART
. loop

Wireless
1/0 card

WirelessHART
loop

ﬂ.

Wireless
Access Point

1

I
D5 DeltaV system

Figure 4. Model of an integrated wired/wireless communication network in a sugar refinery [29]

7. RESULTS OF THE RESEARCH

Each of these scenarios is calculated at distances of 30 metres, 60 metres, 90 metres, 120
metres, 150 metres and 180 metres from the control room to the junction box. In each scenario,
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the maximum wiring distance from the junction box to the device in the facility is about 10
meters, and for the Fieldbus loop is, on average, about 5 metres between the junction box and
the sensor. The average cost of installation is $ 10 per metre [28].

A feasibility study for introducing an integrated wired/wireless communication network model
starts from Scenario 1, where potentially 1500 out of a total of 2000 process measuring devices
in a sugar refinery can be wired, which is 75%, and 500 devices can use Foundation Fieldbus,
which is 25% (Table 3).

Table 3. Number of I/0 devices for Scenario 1

70
! 15 CHARMS :
Instrurnert Wired EhTIEE LS [AlE] || 118 ERE e e || il sy || PSS By Wireless
et || (e o 4 | | SEMIE WS || WEe B || EemiE [HEEm Bo Murnber of L (il Mumber of 140
Murnber of 0 | Humber of /0 | Mumber of 1f0 Mumber of /0
Murnber of [F0
Humber of
Field
Instruments
[
A0
ol
oo
RTD
Total Ne of IFD
1500 i ] 0 0 500 500 0

After entering the data into the I/0O on Demand Calculator, the total cost for this scenario is $
7634 and is shown in Table 4.

Table4. Costs for Scenario 1

Cost $,000
CHARMS 15 CHARMS 15 CHARMS
Traditional Electronic CHARMS Field Electranic Field Junction Fieldbus by
Surnrnary i red Marshalling Junction Box Marshalling Box Fialdbus W11 Others Wireless
Inztallation Materials ¥ 508 F 0§ 0§ - ¥ - ¥ 64 ¥ mETOF 150
Installation Costs (Labour
Only) ¥ 1017 § - 0§ - % - & - ¥ 161 % 69§
Terminations ¥ 20 % - B - B - ¥ - B ®F T ]
Quality, Configure and
commission 143§ - -5 -5 ] 0% % -
Total 4538 § 50§ 50§ - 4 - % 1362 § 1454 § 130
Cormbined Swstern Total T.E34
Savings In Cost $,000 Ease o 0 0 £l $3.177 $3.055 40
% Savings in Cost Base 0,009 0,00% 0,00% 0,00% T0,00% E7.21% 0,00%
CHARMS 15 CHARMS 15 CHARMS
Electronic CHARMS Field Electronic Electronic Fieldbus by
i red Marshalling Junction Box Marzhalling Marzhalling Fieldbus= W11 Others Wiireless
Cost per pairt (§) i 2751 § - 3 - 4 - 4 - 3 24 4§ 2697 §

In Scenario 2, where out of a total of 2000 process measuring devices, 660 can be wired, which
is 33%, 880 can use Electronic Marshalling, which is 44%, and 460 can use Foundation Fieldbus,
which is 23% (Table 5).
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Table 5. Number of I/O devices for Scenario 2

70
! 15 CHARMS :
Instrument Wired RIS RETE A |1 CRS | e o stem || miems i || SRS Ey Wireless
serizham || (e e i || e (e | | dmediem S || e e Bow Nurnber of 110 il Number of [0
Murnber of /0 | Murber of 10 | Mumber of 170 Murnber of 10
Humber of IF0
Humber of
Field
Instrurnents
al
A0
ol
oo
RTD
Total Mo of W0
660 o 880 o 0 460 450 ]

After entering the data into the I/O on Demand Calculator, the total cost for this scenario is $
6742 and is shown in Table 6.

Table 6. Costs for Scenario 2

Cost §,000
CHARME 15 CHARMS 15 CHARMS
Traditional Electronic CHARMS Field Electronic Field Junction Fieldbus by

surnmary Wired Marshalling Junction Box Marshalling Box Fieldbus W11 Others wireless
Installation hiterials ¥ 34§ 50 % 592 & ¥ ¥ T 338 % 150
In=stallation Costs (Labour
Onlyy ¥ 452§ ¥ 471 & - % ¥ 149§ 156§
Terminationz ¥ 127 % ¥ M § - ¥ ¥ 3§ 4 %
Quality, Configure and
comMmission 1066 & ] 08§ S ] k3 % g8 -
Total 2038 9§ 0§ 1881 § - & § 1254 § 1.367 ¢ 130
Combined Systern Total 742
Savings In Cost $,000 Base $0 §1.989 $0 $0 §785 §672 $0
% Savings in Cost Base 0,00% 97.55% 0,00% 0,00% 28,50% 22.97% 0,00%

CHARME 15 CHARMS 15 CHARMS

Electronic CHARMS Field Electronic Electronic Fieldbus by

Wired Marshalling Junction Box Marzhalling Marshalling Fieldbus W1 Others Wireless

Cost per point [§] 3 2.809 % - % 52§ - & - 4 2479 4 27§

In Scenario 3, where out of a total of 2000 process measuring devices in a sugar refinery, 520
can potentially be wired, which is 26%, 780 can use Electronic Marshalling, which is 39%, 460
can use Foundation Fieldbus, which is 23%, and 240 devices are used for 8 wireless networks,
which is 12% (Table 7).
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Table 7. Number of I/0 devices for Scenario 3

[
) 15 CHERMS )
Instrumert Wired CHARMS | GHARMS Field | 13 CHARMS | by inction | Fieldbus wag | Fieidbus by Wireless
Beserien || umiser o (g || SemiE] e || il B || (e R Box Nurnber of /0 s Nurnber of 140
Murnber of Y0 | Mumber of Y0 | Mumber of 1/0 Murnber of 1f0
Murnber of 1/0
Murnber of
Field
Instruments
ul
i
ol
oo
RTO WIOC Systerns
Total No of 10
520 0 a0 0 0 450 450 240 H

After entering the data into the I/0O on Demand Calculator, the total cost for this scenario is $
6374 and is shown in Table 8.

Table 8. Costs for Scenario 3

Cost §,000
CHARME IS CHORME IS CHARME
Traditional Electronic CHARMS Field Electronic Field Junction Fieldbus by
Surnrmary Wired Marzhalling Junction Box Marshalling Box Fieldbus W11 Others Wireless
Installation Materials ¥ X T 0008 536§ - 3 - % sl I o I 261
Installation Costs (Labour
Only) § bl I - % 45 F - % - 3 149 % 158§ TE
Terminations 3 00§ -8 22§ - 3 - ¥ 33 % 4 F 1
Quality, Configura and
commission 40§ - § 627§ - 3 - 3 rEr 538§ 65
Total 1622 § ElE] 1677 4§ - 4 k] 1254 4§ 1367 § 404
Combined Systern Total 6574
Savings In Cost $.000 Base J0 §1.572 40 40 $a6s §255 .17
% Savings in Cost Base 0,00% 96,92% 0.00% 0.00% 22,67% 13.72% T3.06%
CHARMS IS CHARMS IS CHARMS
Electronic CHAERMS Field Electronic Electronic Fieldbus by
Wired Marzhalling Junction Box Marshalling Marzhalling Fieldbus W11 Others Wireless
Cast per pairt [§) F] 2835 § - 3 55§ - 3 ] 2479 § 271§ 44944

Analysing the costs obtained by the I/O on Demand Calculator for each scenario, the following
results of the cost dependence on the distances are gained, as shown in Figure 6. The costs
increase linearly at a rate of $ 6.42 per metre for Scenario 1, at a rate of $ 3.88 per metre for
Scenario 2, and at a rate of $ 3.28 per metre for Scenario 3.
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Figure 6. Analysis of the costs in dependence on the distance
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The obtained diagrams in Figure 6 show that an integrated wired/wireless network model in
industrial process control applications is cost-effective in each scenario, both over long
distances and in applications where distances are relatively short. The total costs for the
feasibility study for introducing an integrated wired/wireless communication network on a real
facility at a sugar refinery in Br¢ko are shown in Table 9.

Table 9. Total costs of all scenarios

Scenario 1 Scenario 2 Scenario 3
Costs (Sm) 6.42 3.88 3.28
Installation savings (Sm) 2.54 3.14
Savings (%) 39.56 48.9
Total number of devices 2000 2000 2000
Wired network 1500 660 520
Electronic Marshalling 880 780
Foundation Fieldbus 500 460 460
Wireless network 240

At the end of this study, by analysing the results presented in Table 9, we can conclude that
there is a justification for introducing an integrated wired/wireless communication network at
the sugar refinery in Brcko. The results show savings between 39.56% and 48.9%, i.e. those
potential savings of 48.9% are achieved using Scenario 3 where 26% of devices are wired, 39%
of devices use Electronic Marshalling, 23% of devices use Foundation Fieldbus and 12% of
devices are connected wirelessly.
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8. CONCLUSION

In order to obtain a satisfactory industrial communication network based on the results
presented in this paper, we can conclude that there is a justification for introducing a model of
an integrated wired/wireless communication network in a real facility at a sugar refinery in
Bréko. The application of the latest integrated wired/wireless communication networking
technology is a highly reliable and efficient industrial solution and represents a great
opportunity for industrial production to rise to a higher level of reliability and performance.
Integrated wired/wireless solutions in industrial communication networks provide access to
important information from parts of manufacturing facilities that have not been available
before and provide the possibility to add new measurement points where access was
previously too expensive and inaccessible.

In general, the study results show that the presence of a wireless network in the integration is
cost-effective and contributes positively with additional savings at any distance and much more
at great distances, which is of great importance for engineering in terms of Building
Environment and Architecture.
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