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Abstract— In this paper we are studying and developing the 

permanent function of the industrial automation using graph 

theoretical approach. The permanent function provides us 

with the numerical value of system with all its characteristic 

features. Any change any of the subsystems or there 

interaction will change the numerical value of the permanent 

function. The comparison of the changed numerical value 

with that of the original value will tell us whether the system 

will move towards better or not.    
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I. INTRODUCTION 

It is very essential to recognize the structural components, 

network interface, control parameters and the physical 

process/application for development of the mathematical 

model of the industrial automation in a structured way.  For 

this, total five systems have been recognized explicitly; 

physical process, sensors, network interface, actuators and 

controller subsystem. These are dependent on the product and 

the process of automation. The anticipated methodology is 

appropriate for modelling a specific industrial automation 

system and also for the consideration of any variation in 

structure. The following sections discuss the importance of 

the identified subsystems. 

II. PHYSICAL PROCESS SUBSYSTEM  

Manufacturing tools, equipments, processes and machines 

are involved in number of physical process subsystem. 

Industrial automation design and its specifications depend 

upon the physical process upto which extent it automates. 

Martin et al. (1990) made an attempt; In order to reach at a 

more or less automated manufacturing process optimally 

matching to an explicit manufacturing problem.  In the 

beginning of the new challenges to design and leane; firms 

tried a lot to achieve a coherent system to interact between 

technology, organisation and to meet this challenge. 

Almannai et al. (2008) established an approach with the usage 

of both the Quality Function Development (QFD) and Failure 

Mode and Effects Analysis technique for the supportive 

management in order to address technology, organisation and 

people at the beginning stage of decision making in 

manufacturing automation.  

A. Network Interface Subsystem 

To make industrial automation system communicable 

between subsystems with earliest response time and 

marvellous flexibility in terms of hardware changeability 

network interface plays a major role. Replacement of 

traditional industrial network including some of the 

technologies like Ethernet switch, real-time operating system 

kernel etc., with modern network interface conforms the 

technical trend change to develop framework (hung et al. 

2004). 

B. Sensors Subsystem 

Sensors produce signal with respect to some physical 

quantities which help in creating instructions and fluent 

feedback for the industrial automation system. Their design 

and specification are very important in respect to detection of 

quantity and the physical law it governs. Now days for the 

control applications, the role of sensors is increasing 

desperately.   More acumen and less power consumption in 

the sensor, reduction through use of extremely integrated 

microelectronics and microsystems technologies, vigorous 

measurement methods and a smaller amount installation and 

wiring costs, enhanced performance (Reininger et al. 2006). 

C. Actuators Subsystem 

To move and control of mechanism the mechanical device 

used is an actuator. It consumes energy usually transported 

by air, electric current, or liquid, and transforms that into 

some kind of motion. For the characterization of actuator 

performance is judged in terms of force, power, current 

consumption, work output, and efficiency (Plante and 

Dubowsky 2007). Closed loop functional unit is formed by 

the sensors and actuators for improving the performance. The 

future is beyond imagination from sensors and actuators to 

micro electro mechanical systems (MEMS), to 

nanofabrication, smart materials and smart structures (Wen 

1996). 

D. Controllers Subsystem 

Controller delivers an effective and stress-free way to control 

the categorisation of the actuators movement and the states 

Industrial Automation system (Swider et aI. 2005). As per the 

guidelines, the designing process involves 3 steps viz. activity 

analysis, functional design and implementation design for 

structuring and designing if the Industrial Automation system 

to better the requirements and capabilities of the controller. 

The designed controller can perform various functions like 

welding etc. Any new capabilities can be applied optionally. 

(Ferretti et al. 1996). 

III. GRAPH THEORETIC MODEL OF THE INDUSTRIAL 

AUTOMATION SYSTEM  

Figure 1 shows the schematic diagram of industrial 

automation system along with interactions between various 

subsystems. There are large numbers of applications of 

systems models using graph theory (Deo 2007) and such 

models have a solid mathematical background. 

Thus, for the modelling of the industrial automation 

system, a linear graph, H has been defined as a function of 

vertex set and edge set as H = f(A,M), where A corresponds 

to a set of vertices A = {A1;A2; . ;An} and M corresponds to 

a set of edges M =. {m12; m23, .. mmn} joining different 

vertices.(Deo, 2000). 
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Fig. 1: Schematic diagram of industrial automation system 

The vertices (Ai) and the edges (mij) correspond to 

subsystem and interaction/interdependency respectively. The 

graph developed for the system is directed graph with 

interactions specific to the edge direction. The graph is useful 

mathematical entity and helpful for visual analysis of the 

system. 

 
Fig. 2: Structural diagram of industrial automation system 

A. Matrix Representation for the Industrial Automation 

System Graph 

The graph in the matrix form can be represented by many 

methods and incidence and adjacency matrices are two of 

them (Deo 2007). The adjacency matrix is more suitable for 

the algebraic results as it is a square matrix. 

B. Adjacency matrix 

The adjacency matrix with five nodes will be five order 

binary square matrix, A. The matrix is  

 

C. Industrial automation system characteristic matrix 

The above matrix only represents the connectivity and not the 

characteristics of the system. Hence industrial automation 

system characteristic matrix, B is developed. 

 
The determinant of the matrix is 

Det(B) = λ5 + λ3 – λ2 – λ                                             (3) 

D. Industrial Automation System Characteristic and 

Interdependence Variable Matrix 

The characteristic matrix forms the basis of characterisation 

of the system but fails to distinguish different subsystem and 

their interactions. To overcome this limitation another matrix 

called industrial automation subsystem characteristic and 

interdependence variable matrix (IASSCIVM), C is 

developed. 

For these purpose two square matrices, D & E are 

defined. D is a diagonal matrix representing different 

subsystems and E is an off diagonal matrix representing 

different levels of interactions. 

The matrix C is represented as 
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The characteristic features of the subsystems and 

their interactions are distinctly represented by the above 

matrix. 

The determinant of the matrix C is an invariant of the system. 

Det(C) = [A1A2A3A4A5] + [-A2A4A5L13 + A2A3A4L15 – 

A2A3A5L14] + [– A3A5L124] + [-A5L1324] 

E. Composite Performance Index and the Permanent 

Function 

Composite score serves an important role in the total 

performance analysis. Its numerical value can be obtained by 

substituting appropriate values of the subsystems and their 

interactions in the Det(C). In this case because of the 

subtraction, some of the information may be lost. 

The use of permanent matrix and permanent function (Jurkat 

and Ryser, 1966, Minc, 1966) is proposed to overcome this 

limitation. 

F. Industrial Automation System Permanent Matrix 

The negative sign from the IASSCIVM is removed to obtain 

the permanent function. The matrix developed is called the 

industrial automation system characteristic and 

interdependence variable permanent matrix (IAPSM), P. 

 

G. Industrial Automation System Characteristic and 

Interdependence Variable Permanent Function 

The permanent function has exactly same number and type of 

terms as in Det(C) with a difference in signs only. It is unique 

and complete structural representation of the system with 

advantage of using numerical value. 

Per(P) = [A1A2A3A4A5] + [A2A4A5L13 + A2A3A4L15 + 

A2A3A5L14] + [A3A5L124] + [A5L1324] 

Structural components of the function are  

1) Subsystems 

2) Dyads of two subsystems in the form of closed loop, Lij. 

3) Closed loops of subsystems, Lijk, Lijkl, Lijklm. 

The composite score of the system is obtained by 

assigning the numerical value to each structural element in 

the permanent function. There will be (n+1) groups for the nth 

order permanent matrix. 

The characteristic features of all the 6 groups in the matrix 

are summarised as below: 

1) A set of 5 subsystems singularly representing each 

subsystem comprises of first group. 

2) This group doesn’t exist as it should have 4 single 

subsystems and one self-dependent subsystem which is 

not possible. 

3) It comprises of 3 singular subsystems and a 2 subsystem 

loop. 

4) It consists of 2 singular subsystems and a 3 subsystem 

loop. 

5) It comprises of 1 singular subsystem and a set of 4 

subsystem loop. 

6) This group doesn’t exist as it contains a set of 5 

subsystem loop. 

Group (a) (b) (c) 

First Group 

 

No Term No Term 

Second Group No Term No Term No Term 

Third Group 

   

Fourth Group 

 

No Term No Term 

Fifth Group 

 

No Term No Term 

Fig. 3: Graphical representation of the permanent multinomial 
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H. Assigning the Numerical Values 

Based on different outputs, the numerical values of various 

subsystems and their interactions can be chosen by the 

experts in the field studying the behaviour of the system 

closely. 

If the system is complex, then the values can be 

chosen by decomposing the subsystems further into sub-

subsystems. 

I. Quantification of Factors and Their Interdependencies 

The several factors which are affecting the CIMS are 

acknowledged and listed in table 3.1. Also the subsystems are 

presented in the same table. Using the table permanent 

functions presented in each of subsystem Per(P) is evaluated. 

For this process, the variable function is selected from the 

lowest order of the table. To avoid complication, an 

appropriate numeric value is to be allocated at both levels. 

The numeric value depends on weightage of the subsystem to 

the total system. The below table 3.1 suggests that the value 

which is interdependent of the computer integrated 

manufacturing system.  

S.No. 
Qualitative measure of  subsystem 

Si 
Weightage 

1 Excellent 6 

2 Very good 5 

3 Good 4 

4 Average 3 

5 Poor 2 

6 Very poor 1 

S.No. 
Qualitative measure of 

interdependencies 
Weightage 

1 Strong interaction 4 

2 Average interaction 3 

3 Weak interaction 2 

4 Very weak interaction 1 

Table 1: Qualitative measure of CIMS subsystems and their 

interdependencies 

IV. CONCLUSION 

By solving the above permanent matrix, a numerical value is 

obtained. This value tells us about the system characteristics. 

Now by varying any parameter, the subsystem and 

interactions values will be changed and the permanent matrix 

value will also be changed. The experts by comparing the 

changed value of the permanent matrix to the original value 

can determine whether the system will improve or not. The 

earlier processes available to see any change in the system by 

changing any parameters is to be done on the machine only 

which takes a lot of time and capital. But by using this 

technique we will be able to predict which way the system 

will go using numerical values provided by experts in the 

field without doing any physical process. 
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