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Abstract

The use of Information and communication technology (ICT) enabled wired process control systems has become an incumbent trend in
process industry. In order to facilitate it, they commonly use Distributed control system, Supervisory control and data acquisition systems
with wireless open loop control systems. Still, wireless closed loop control systems are not introduced in the process industry. So; here
the authors try to analyze the inhibitors of implementing ICT enabled control system in the process industry, effectively establishing
their correlations by interpretive structural modeling (ISM). Here is an attempt to unfold ISM with the use of structural self-interaction
matrix, Initial reach ability matrix, and final reach ability matrix. During the second phase, a diagraph is prepared and converted to ISM.
We conclude the paper with an action plan to concentrate on high driving power elements and with managerial implications.
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1. Introduction
There are numerous benefits for the adoption of ICT technology [1].Implementation of different types of educational programs using

ICT has become a new trend in education [2]. A Surfeit of research is going on in internet based control systems by accessing data
wirelessly from a remotely located process. Wireless and Internet communications technologies are used to monitor and control of such
systems [3]. Apart from the mobility of the device within the environment, a wireless communication system has numerous other

advantages. It is easy to add a communication device to the system or to remove it without any disruption to the remainder of the system.
Once the initial outlay of setting up cell sites are over, there is only minimal cost for running and maintaining a radio based
communication solution. There are numerous other factors too to prove the appeal for a radio communication system in the office
environment. Wireless interface is extremely risky for official private information, as it is a public frequency network. The rapidity and
feasibility of the wireless signals decline with the increase in the number of users who utilize the same frequencies. With the use of high
speed point-to-point wireless networking and wireless backhaul, these shortcomings of the wireless network can be overcome to a great
extent. Point-to-point wireless networking uses series topology instead of mesh. This increases the radial distance coverage and
overcomes geographical barriers. The network is invisible and so not easy to hinder. There is also an alternate solution that helps
restoring the connectivity when interrupted. Wireless backhaul is an economic connection with numerous applications. It can handle a
huge amount of data uploading, and down loading in a blink of an eye [4].

Enough researches are not yet done in emerging systematic design methods using this technology or in designing ICT enabled process
control systems. Many open loop wireless control systems like wireless transmitter and ICT enabled Control valves are available in the
process industry. Yet industrialists have not dared to implement these innovative methods for a closed loop system. With the introduction
of security methods like wired equivalent privacy 2 (WEP2),point-to-point wireless networking and wireless backhaulin the network, ICT
enabled process control system can be effectively used in industry. In the current work, authors make an attempt to analyze the inter
relationships between the inhibitors of implementing such a system in industry using Interpretive Structural Modeling (ISM).

2. Interpretive structural modeling (ISM) Methodology

ISM can be used to effectively access the interrelationships among the various elements and their degree of associations. The most
prominent knowledge sharing barriers that should be seriously considered can be determined using ISM. Based on correlation, an overall
pattern is carrying out from the complex set of variables [6; 7; 8 and 9].The methodology can be seen effectively used in determining
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the critical success factors of R&D Performance in Indian Manufacturing Firms [10]. For framing the aims and objectives of this work,
a brainstorming session with about 15 experts from industry possessing in-depth knowledge and high potential in the field derives the
inhibitors of ICT enabled process control systems. ISM interrelates these inhibitors. Structural self-interaction matrix, initial reach ability

matrix, final reach ability matrix and diagraph have been made for this purpose; and diagraph is converted to ISM. After the observation
of the driving power-dependence graph, an action plan is prepared for the study.
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Figure 1: Diagraph of inhibitors of ICT enabled process control system

2.1. Inhibitors of ICT enabled process control system.

Direct and telephonic interviews are conducted with about 15 experts from leading process industries with thorough knowledge in the
field. Also from conducting surveys, the inhibitors of ICT enabled process control system have the following attributes:

1) No standard from any international organization (ISA etc) recommending wireless for closed loop.

2) Since existing systems are available with controllers, Separate micro controller increases cost and installation difficulty.
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3)
4)
5)
6)

7)
8)
9)

10) More complex to configure than wired network.

Reliability of network hardware is difficult to ensure when used in industrial conditions.

Less secure.

Monitoring the conditions of components in a highly distributed system will be difficult.

Most networks related hardware and protocols are frequently enhanced for security and other reasons. So a number of system
components may face obsolescence very quickly.

Comparatively low speed of communication.
Wireless technology is an unstable network.
Wireless signals are prone to disrupt by the infrared and radio signals.

11) Highly expensive.

12) Limited spectrum available for communication

2.2. Formation of the Structural self-interaction matrix (SSIM) of inhibitors.
Structural self-interaction matrix (SSIM) provides the direction of appropriate relationships among the components of inhibitors.
Column one shows the inhibitors and columns two to thirteen show the same elements arranged in reverse order. SSIM thus developed

is shown in Table 1.

Table 1: Structural self-interaction matrix of inhibitors

inhibi {12 |11 |10 |9 |8 |7 |6 |5 |4 |3 |2
tors

1 A V O O |[O|X|O|A |A|JO [X
2 O O) X O |AIA|IX|V |AJA |1
3 \Y V O O |[V|V|O|O |A]|1

4 \Y O) O X |V|V|IO[X |1

5 A O) X A |A|O]O]1

6 O X O O |O]A]1

7 X O] O X A1
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8 0 \ X X |1
9 \Y 0 X 1

10 X O 1

11 0 1

12 1

2.3. Initial Reachability matrix (IRM) of inhibitors.

Here the SSIM of the table above has been converted into a matrix of binary elements named as IRM. In this regard following rules are
used 1)If the (i,j) entry in the SSIM is V then substitute in the (i,j) entry in the reach ability matrix as 1 and (j,i) entry as 0.(2) For the
letter A in the SSIM ,(i,j)entry in the reach ability matrix is 0 and (j,i) entry is 1.(3) For X in the SSIM, (i,j) entry in the reach ability
matrix is 1 and (j,i) entry is 1.(4) If O is in the SSIM , then substitute 0 in both the (i,j) and (j,i) entries of the reach ability matrix. IRM
thus developed is shown in Table 2.

Table 2: Initial reachability matrix of inhibitors of ICT enabled process control system
inhibitors [ 1 |2 3|4 |5|6]7|8]9]10]11 |12
1 1/1]0]0J0|0|1]0]0]0O |21 |O
2 1/1]0j0J1|1|/0]0]0O]|1 |O |O
3 0Ol1]1]0]0]O]J2]1]0]|0 |1 |1
4 1]1]1)]1j1jof1]1]12]0 |O |1
5 1/0j0jJ1]1|/0|/0]0]0O]|1 |O |O
6 0l1]0]0|0O]2]0J0OJ0O|O0 |1 |O
7 1/1]0]j0J0|1|1]0]2]0 |O |1
8 ol1]0]0O|2]|O]J2|1]1|1 |1 ]|O
9 o(0]O0]2]2]|O]2]|1]1|1 |Oo |1
10 0[1]0]0|2]|O0]JO|1]1|1 |Oo |1
11 0l0]0]O|O|2]0|OJO|O |1 |O
12 1/0|0j0J1|0|1]0]0]1 |JO |1
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2.4 Final Reachability matrix

While forming the correlation between various enablers transitivity is also considered here. According to the transitivity rule, if a variable
A leads to a variable B and if B leads to another variable C, then A leads to C[11]. So here, a final reach ability matrix is developed for
deriving the driving power and dependence of inhibitors. Driving power is the total number of ones in the equivalent rows of final reach
ability matrix and the total number of ones in the equivalent columns symbolizes dependence. Final reachability matrix of the inhibitors

is shown in Table 3.

Table 3: Final reachability Matrix of inhibitors
inhibitors 1 12 |3|4|5 |6 |7 |89 |10|11]|12 Driving
power
1 1 |1 111 |1 |1 1 |1 ]1 1 10
2 1 |1 111 |1 1 J1]1 |1 ]1 |1 11
3 1 |1 )1 1 |1 1 j1]1 |1 |1 |1 11
4 1 |1 J1j1]1 J1 |1 [1]1 1 |1 |1 12
5 1 |1 J1]1]1 1 |1]1 |1 |1 ]1 11
6 1 |1 1 |1 1 |1 6
7 1 |1 111 |1 1 J1]1 |1 ]1 |1 11
8 1 |1 111 |1 1 J1]1 |1 ]1 |1 11
9 1 |1 J1j1]1 J1 |1 [1]1 1 |1 |1 12
10 1 |1 111 |1 1 J1]1 |1 ]1 |1 11
11 1 1 1 3
12 1 |1 111 |1 1 J1]1 |1 ]1 |1 11
Dependance | 11 |12 49|11 |11|10|9|10| 11| 12|10

2.5 Level partition

The final reachability matrix develops the reachability and antecedent sets of each element of inhibitors. Reachability set of inhibitor
one can be obtained by collecting the elements having the value “one” in the first row of final reachability matrix. Antecedent set of
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inhibitor one can be obtained by collecting the elements having the value “one” in the first column of final reachability matrix. The
inhibitors that are common in the reachability sets and antecedent sets are assigned at the intersection set. For some elements the
reachability and intersection sets are the same; they occupy the topmost level group (level | group). These elements are avoided while
forming the set for the next table. This process is repeated till finding all levels of each element. All these levels are made use of for the
formation of diagraph and the ISM model. These subsequent iterations are shown in Tables 4 to 6.

Table 4: ITERATION |

Enablers | Reach ability set Antecedent set Intersection set Level
1 1,2,45,6,7,9,10,11,12 1,2,3,4,5,6,7,8,9,10,12 1,24,5,6,7,9,10,12
2 1,2,45,6,7,8910,11,12 | 1,2,3,45,6,7,8,9,10,11,12 1,2,45,6,7,8,9,10,11,12 | |
3 1,2,35,6,7,8910,11,12 | 3,459 3,59
4 1,2,3,45,6,7,8,9,10,11,12 | 1,2,4,5,7,8,9,10,12 1,2,45,7,8910,12
5 1,2,3,45,7,8910,11,12 | 1,2,3,45,6,7,8,9,10,12 1,2,3,4,5,7,8,9,10,12
6 1,2,5,6,10,11 1,2,3,4,6,7,89,10,11,12 1,2,6,10,11
7 1,2,45,6,7,8910,1112 | 1,2,3,45,7,89,10,12 1,2,45,7,8910,12
8 1,245,6,7,8910,1112 | 2,3,45,7,8,9,10,12 2,4,5,7,8,9,10,12
9 1,2,3,45,6,7,8,9,10,11,12 | 1,2,3,4,5,7,8,9,10,12 1,2,3,4,5,7,8,9,10,12
10 1,2,45,6,7,8910,1112 | 1,2,3,45,6,7,8,9,10,12 1,2,45,6,7,8,9,10,12
11 1,611 1,2,3,4,5,6,7,8,9,10,11,12 1,611 I
12 1,245,6,7,8910,11,12 | 1,2,3,45,7,8,9,10,12 1,2,45,7,8910,12
Table 5: ITERATION II
Enablers | Reach ability set Antecedent set Intersection set Level
1 1,45,6,7,9,10,12 1,3,4,5,6,7,8,9,10,12 1,4,5,6,7,9,10,12 I
3 1,35,6,7,89,10,12 | 3459 35,9
4 1,345,6,7,89,10,12 | 1,45,7,8,9,10,12 1,45,7,8,9,10,12
5 1345,7891012 | 1345,6,7,8910,12 1,3,45,7,8910,12 | Il
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156,10 1,3,4,6,7,89,10,12 1,6,10
1,45,6,7,89,10,12 1,3,4,5,7,8910,12 1,4,5,7,8,9,10,12
1,45,6,7,89,10,12 3,4,5,7,8,9,10,12 4,5,7,8,9,10,12

1,3,45,6,7,8,9,10,12

1,3,45,7,8910,12

1,3,45,7,8910,12

1,45,6,7,89,10,12

1,3,4,5,6,7,8,9,10,12

1,4,5,6,7,8,9,10,12

R RO No

N|O

1,45,6,7,89,10,12

1,3,4,5,7,8910,12

1,4,5,7,8,9,10,12

Table 6: ITERATION IlI

Enablers | Reach ability set | Antecedent set Intersection set | Level
3 3,6,7,8,9,12 34,9 3.9
4 3,4,6,7,8,9,12 4,7,8,9,12 4,7,8,9,12
6 6 3,4,6,7,8,9,12 6 Il
7 4,6,7,8,9,12 3,4,7,89,12 4,7,8,9,12
8 4,6,7,8,9,12 3,4,7,89,12 4,7,8,9,12
9 3,4,6,7,8,9,12 3,4,7,89,12 3,4,7,89,12
12 4,6,7,8,9,12 3,4,7,89,12 4,7,8,9,12
Table 7. ITERATION IV
Enablers | Reach ability set | Antecedent set Intersection set | Level
3 3,7,8,9,12 3,4,9 3,9
4 3,4,7,8,9,12 4,7,8,9,12 4,7,8,9,12
7 4,789,712 3,4,7,8,9,12 4,7,8,9,12 v
8 4,789,712 3,4,7,8,9,12 4,7,8,9,12 v
9 3,4,7,8,9,12 3,4,7,8,9,12 3,4,7,8,9,12 v
12 4,789,712 3,4,7,8,9,12 4,7,8,9,12 v

Table 8: ITERATION V
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Enablers | Reach ability set | Antecedent set Intersection set | Level

3 3 34 3 \
4 3,4 4 4
Table 9: ITERATION VI
Enablers | Reach ability set | Antecedent set Intersection set | Level
4 4 4 4 VI

2.6 Diagraph of inhibitors ICT enabled process control system
The diagraph simply shows the relationship between the elements of inhibitors according to the numbers assigned to them. The arrow
which points from | to j represents the relationship between elements j and i. Diagraph of inhibitors is shown in figure 2.
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Figure 2: ISM of inhibitors of ICT enabled process control system
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2.7 ISM of inhibitors of ICT enabled process control system
For getting the complete depiction of the inter relationship among the elements, diagraph is converted to ISM. In the ISM nodes of the
inhibitors are represented by the statements. ISM of inhibitors of ICT enabled process control system is shown in Figure 3.

2.8 Driving power-dependence diagram of inhibitors ICT enabled process control system

12 4 9
11 3 38 |7 10 2
Cluster IV 12
0 (Independent) Cluster 1T I
9 (Linkage)
8
7
I3 6
3
Cluster 11
4 Cluster
3 (Autonomous) (Dependent) T
| \ | \ I I I

2.8 Driving power-dependence diagram for inhibitors

A graph which classifies the inhibitors into four clusters is drawn (as shown in the graph 1) based on the driving power and dependence.
These clusters are (i) Autonomous. (ii) Dependent (iii) linkage and (iv) independent [12]. Among this the Autonomous group shows
low driving power and low dependence inhibitors; so they can be eliminated from the system. Dependent group has low driving power
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and high dependence inhibitors. Linkage group is with high driving power and high dependence inhibitors which are the most important
ones. Any action on this will affect the entire system. Independent group has high driving power and low dependence.

2.9 Action plan based on study
An action plan is developed to enhance the elements of linkage group as a result of the discussion with three industrial experts in the
GM level and two experts from academia.

3. Results and Discussions

This is an endeavor to identify and summarize the interrelationships among the inhibitors that influence the implementation of ICT
enabled control system in process industries. The following findings are reported based on the interrelationship:

1) There are many obstacles for the successful implementation of ICT enabled control system in process industries; they could be
understood in advance.

2) Determination of major inhibitors using ISM will help to make the installation easy.

4. Conclusion

This is an attempt to illustrate the inter relationships between the inhibitors of ICT process control system using ISM.The common
practice to study the performance of a system is to develop a standard model. Here in this work, twelve inhibitors of ICT enabled process
control system were identified and considered for analysis. This identification and understanding of their driving power and dependence
help the experts in industry to focus on inhibitors and steer clear of them for the successful implementation of ICT enabled process
control systems. Further analysis also is possible for fuzzy ISM of inhibitors of ICT enabled process control system, which is under
progress.
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