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ABSTRACT 

While globalisation has bridged the boundaries in terms of playing field of products, services 

as well as manufacturing practices, it has also resulted in great degree of market volatility. 

This market dynamics has hit the chord all across the value chain of a production process and 

with no surprises; the effect of this has propagated to the shop floor. ‘Responsiveness’ has 

now attained the centre stage in the success story of any manufacturing organisation which in 

turn  has led to a paradigm shift from ‘reactive’ to ‘proactive’ control of the shop floor.  The 

latest edition of Industrial revolution referred to as ‘Industry 4.0’ projects an unprecedented 

growth in this agility within the manufacturing systems and suggests the development of 

active systems that can respond in real time to the complex and diversified situations of 

manufacturing environment. At the core of Industry 4.0 is the notion of leveraging the 

advantage of emerging information technologies which aim at creating data intensive 

environments which if used rationally may facilitate effective and accurate decision-making 

in real time. In the context of a typical manufacturing shop floor, prediction based control is 

quite complex and extends a deep and an elaborate sense. It is complex because it 

encompasses various shop floor functions i.e. production scheduling, maintenance and 

quality with each of them extending an inter-functional influence. And it is deep and 

elaborate as it can actively influence the business strategy and dictate an organisation’s 

market presence.  

The thesis is an attempt to devise a prescriptive decision support system for a manufacturing 

shop floor while considering production scheduling, maintenance and quality functions 

jointly. The underlying schema of the reported research is to develop a control mechanism for 

shop floor that is able to predict the expected behaviour of environmental variables on a 

projected timeline and hence identify those which need intervention. The flow of thesis is 

hence designed from prediction to intervention which ultimately leads to a prescription. 

In the present work, mathematical models for predictive control measures have been 

presented. The proposed prediction scheme includes two types of prediction models. In 

model 1, three predictive measures namely complexity, desirability and penalty have been 

modelled.   These multiple predictive probe measures, referred to as approach 1, take into 

account the various uncertainties associated with each of the shop floor functions and help in 

decoding their individual effect on product delivery and quality on a futuristic timeline. The 

proposed measure(s) take into account the various tangible and intangible facets of decision 

making dilemma of a shop floor manager. While complexity accounts for the “surety with 
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which the product delivery can be predicted in terms of schedule and quality”, penalty stands 

for the “tangible aspect related to cost” and desirability bears relation to the “intangible 

aspect” of shop floor decision making problem.  

In model 2, an aggregated predictive measure termed as unified index has been modelled. 

The prediction approach of model 2 has been termed as approach 2. The need for a unified 

index is felt because in real life manufacturing systems, the network of machines is 

exhaustive and each machine is subjected to varying nature and extent of uncertainties. In 

such scenarios, monitoring a set of multiple measures for each of the machines can be 

cumbersome. As a result, a unification scheme, that duly takes into account the criteria 

preference, is needed. The scheme of unification in model 2 is based on a multi-criteria 

decision making technique named as CRITIC (Criteria Importance through Inter-criteria 

Correlation). The choice for CRITIC is justified by its basic nature of being a correlation 

based method of deciding the priority of criteria. The method aims at determining objective 

weights of the decision variables by analyzing the contrast intensity and conflict assessment 

of the decision problem. Additionally, the procedure of CRITIC evaluation requires no 

human intervention, thus aiding the automated decision making process. In both the proposed 

models, a simulation based prediction of undesirable transitions in environmental variables 

has been proposed. The models have been demonstrated for a single machine system chosen 

from a real life high pressure die casting unit. In addition to the individual performance 

evaluation of these models, a comparison of their screening ability has also been done.  

Having demonstrated the use of two prediction mechanisms i.e. a multi-measure (approach 

1) and a single-measure (approach 2), for a single machine system, the work has been 

extended to a multi-machine system. As soon as the system configuration graduates from a 

single machine to a multi-machine set up, the decision making problem also migrates from 

machine level to the system level. Hence, a multi-level prediction scheme for a multi-

machine system has been modelled.  With an aim to extend the concept of predictive control 

to multiple levels within a manufacturing system, a comparison of the approaches at 

individual machine and at system level for a multi machine scenario has also been done. The 

reported study has been conducted for multiple multi machine scenarios which vary in the 

age and maintainability conditions of their constituent machines. The demonstration of the 

multi-machine prediction model is also simulation based and has been done for the same high 

pressure die casting set-up. 

As the next step to designing the prescriptive decision support system, intervention schemes 

for a multi-machine system have been developed. The proposed intervention plans are 
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heuristic based and have been developed for maintenance and quality functions individually 

as well as jointly. The design of maintenance intervention scheme begins with the 

identification of the component contributing to the highest downtime of the machine. The 

plan is to observe the effect of replacing a component with highest downtime on the 

predictive measures. The design of quality intervention scheme targets the events of 

imperfect set up and effect of replacing the components affecting product quality. For shop 

floor scenarios, where maintenance as well quality related variables are simultaneously 

identified significant, a joint intervention scheme is proposed.  

The joint intervention scheme is developed by the union of the individual intervention 

schemes. The proposed joint intervention scheme begins with the identification of the 

component with highest downtime as well as with the identification of any issues with the set 

up.  The only checkpoint for the current scheme is associated with the component with 

exhibiting highest downtime. The demonstration of the proposed intervention scheme is a 

simulation based study and has been conducted on multi-machine system targeting the 

individual machines as well as the system level prediction. The proposed intervention 

schemes are designed for both the prediction approaches, hence, effect on complexity, 

penalty and desirability measures as well as the unified index is observed. In addition to the 

design of intervention schemes, a prescription generation scheme is also presented. Based on 

the outcomes of various interventions, design of an indicative prescription has been 

demonstrated and discussed. 

The current dissertation also proposes a BDI architecture based agent framework for 

prescriptive decision support system design. The work gives an account of the kind of agents 

that will be required for a prescriptive decision support system, individual agent design 

capabilities, their arrangement with reference to each other and their mechanism and 

regularity of communication for effective decision making.  

In essence, the present research work presents a systematic outline for developing a 

prescriptive decision support system that spans from prediction to intervention and eventually 

to prescription for a manufacturing system. 

 

Keywords: Industry 4.0, Manufacturing complexity, Prescriptive analytics, Predictive 

control, Uncertainty modeling, Simulation 
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