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Part I

Introduction
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Chapter 1

Monitoring and Control

Monitoring and control is an important aspect of planning and control,

as disturbances happen during plan execution, which in turn require in-

tervention. Many companies however have di�culties in monitoring and

controlling their activities. One main reason for this is the lack of timely

and accurate information on the plan execution. Without this information,

planners cannot e�ectively perform monitoring and control activities, which

makes responding to disturbances troublesome. This chapter analyses the

issues which occur in monitoring and control, and divides them in three

categories, namely issues in information availability, problem detection, and

decision making. Furthermore, it is discussed how the research as described

in this thesis contributes to solving these issues. This chapter ends with an

overview of the content of this thesis.
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CHAPTER 1. MONITORING AND CONTROL

1.1 Introduction

Many companies have di�culties in monitoring and controlling their activit-

ies, for example due to the lack of appropriate information available to their

planners, which in turn often results in disturbances not being detected in

time. This thesis analyses these di�culties, and, in order to contribute in

solving them, investigates the possibility to apply intelligent products for

supporting planners by performing routine tasks in everyday monitoring and

control activities. The remainder of this section will elaborate on the scope

of this thesis. Afterwards, Section 1.2 will discuss issues in monitoring and

control in more detail. In Section 1.3, an overview is presented of the con-

tribution of this thesis in solving these issues. This chapter ends with an

overview of this thesis in Section 1.4.

Planning and control

The main business of most companies is to deliver products and services

to their customers. In order to deliver products and services in an e�ective

way, companies also need to manage their resources in an e�ective way.

The activity of managing these resources (for the production and delivery

of products and services) is typically referred to as operations management

[166]. An important aspect of operations management is planning and

control, as all activities require plans and all activities require controlling.

Therefore, planning and control is needed to manage the ongoing activities

in the company in such a way that customer demands can be satis�ed.

Planning is an explicit description of what is intended to happen at some

time in the future. A plan however does not guarantee that in reality it will

happen accordingly. All kind of disturbances can occur, such as suppliers

which are not delivering on time, physical resources which are failing, or

sta� which is absent due to illness. Furthermore, customers can change their

minds about what they want and when they want it. Therefore, adjustments

are needed, in order to cope with these disturbances. It may mean that plans

need to be changed on short notice, or that some other kind of intervention

is needed, such as �nding a new supplier who can deliver quickly, repairing

resources which are failing, or �nd sta� who can replace the absentees.
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1.1. INTRODUCTION

Control makes the adjustments to the plan which are needed to still achieve

the original goals of the plan, when possible, even if the assumptions on

which the plan was based appeared to be incorrect or obsolete [166].

Planning and control activities

There are typically four overlapping activities distinguished in planning and

control, namely: loading, sequencing, scheduling, and monitoring and con-

trol [166].

ß The loading activity is concerned with allocating amounts of work to

speci�c resources.

ß The sequencing activity is concerned with determining in which order

the work is going to be tackled.

ß The scheduling activity is concerned with the question when exactly

the work is going to be done.

ß The monitoring and control activity is concerned with ensuring that

the planned activities are indeed happening, and if needed, taking

corrective measures.

Although these four activities are overlapping, the �rst three collectively

constitute the planning function, while the last one represents the control

function.

Monitoring and control

In the last decades, the vast majority of the practical and academic e�ort was

focused on improving the planning function, both in theory and industrial

practise. Improving monitoring and control has therefore received much less

attention (see e.g. [25, 106, 107, 187]). As will become clear throughout

this thesis, monitoring and control often largely relies on manual steps, such

as interactions between planners and the operational sta�, in order for the

planners to be informed about the plan progress and the disturbances that

occur. As a result of that, planners in many companies spend most of their

time to monitor and control a plan, rather than to create a plan (see e.g.
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CHAPTER 1. MONITORING AND CONTROL

[69, 107, 118, 143]). This justi�es a renewed interest in monitoring and

control.

1.2 Issues in monitoring and control

Issues in business can be de�ned as the di�erence between the current state

and the goal state. In this thesis, issues in monitoring and control are

analysed from the point of view of the planners and schedulers. As these

issues will be described and investigated in greater detail in the chapters to

follow, they will only be introduced on a quite generic level in this chapter.

The issues in monitoring and control are divided in three categories, namely

issues in information availability, problem detection, and decision making.

Information availability

The �rst type of issues refers to the fact that planners often do not have

the information available which they need for properly and e�ectively dealing

with disturbances during plan execution. This can be due to several reasons.

An important reason why information is not always available stems from

the fact that most companies have a hierarchical structure. This has the ad-

vantage that the complexity on the various organisational levels is reduced,

with each level being able to function partially independent. However, per-

formance feedback to the planners is crucial for the proper functioning of a

hierarchical organisation [121, 170]. Therefore, appropriate and timely feed-

back has to be provided to the central planners. Furthermore, the central

planners need to be able to respond adequately and in time to this feed-

back. If any of these requirements are not met, it becomes impossible for

planners to e�ectively monitor the plan's execution. This problem has been

referred to as the vertical communication bottleneck in organisations [53].

In fact, monitoring and control often still largely relies on manual steps, such

as making phone calls and other kind of interactions with the operational

personnel, in order to gather all the needed information [108]. Therefore,

information is often not directly available to the planners when disturbances

occur.
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1.2. ISSUES IN MONITORING AND CONTROL

Besides timely information, accurate and detailed information is needed

for e�ective monitoring and control. For example, as it will be elaborated in

Chapter 3, problems with resources always relate to speci�c equipment that

is no longer available and may be in need of maintenance. Or, as another

example, problems with material always relate to a speci�c piece, pallet,

batch or other unit of processing. These are speci�c problems that occur in

detailed, disaggregated form. However, aggregation is widespread in many

computer-based planning systems (see e.g. [8, 156]). Accordingly, authors

like MacCarthy and Wilson claim that computer-based support systems often

fail to provide the required accurate information [108]. Therefore, acquiring

the information needed for e�ective monitoring and control still largely relies

on manual steps.

Problem detection

The second kind of issues refers to the fact that even when planners have the

right information available, it can still be a di�cult task for them to actually

detect problems caused by disturbances. Especially in larger organisations,

large amounts of data on plan execution progress are often available within

their information systems. It can however be too much e�ort to manually

monitor all this data, as is for example shown by a case study at a transport-

ation company as described in Chapter 5 and 6. According to the planners

in this case company, it is too much e�ort for them to monitor the progress

of all individual trucks and pallets of the company, even though a computer-

based support system is capturing progress data. Therefore, the planners at

this company typically only become aware of delayed trucks or pallets, when

this information is pushed to them by the driver of a truck through a phone

call or text message. This is in line with observations in literature stating

that computer-based support systems often lack the appropriate functional-

ity to support planners and schedulers (see e.g. [22, 108, 117, 149, 169]).

Therefore, detecting problems in plan execution is still mainly a manual

activity, which can result in problems being detected too late. This in turn

reduces the possibilities for solving the problems e�ectively.
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CHAPTER 1. MONITORING AND CONTROL

Decision making

The third kind of issues refers to the fact that when problems are detected,

it is still a di�cult task to solve them e�ectively. Typically, the main target

is to solve the problem in such a way that the adapted plan is close to the

initial plan with adding minimal supplementary costs. Therefore, complete

re-planning is typically not recommendable, as complete re-planning can

also a�ect other parts of the plan where no disturbances occurred, resulting

in a decreased plan stability and an increased plan nervousness [187]. How-

ever, due to the high amounts of data available and a huge search space

for �nding a suitable solution, monitoring and control is a highly complex

and time-consuming problem solving task, requiring human knowledge, in-

genuity, highly experienced personnel, as well as tailored and sophisticated

IT support tools.

1.3 Research and design approach

The issues described in the previous section hamper further progress in mon-

itoring and control. Therefore, the work described in this thesis is focused

on giving a contribution in solving these issues. For that purpose, a design

science approach is applied, in order to create new and innovative artefacts

[70]. According to Hevner et al. [70], design is essentially a search pro-

cess to discover an e�ective solution to a problem. Problem solving can

be viewed as utilising available means to reach desired ends while satisfying

laws existing in the environment [163]. In this context, means are a set of

actions and resources available to construct a solution, ends represent goals

and constraints on the solution, and laws are uncontrollable forces in the

environment.

Research contribution

The result of this research and design process should be one or more pur-

poseful IT artefacts, created to address the organisational issues as described

in Section 1.2. According to Hevner et al., such an IT artefact can either be

a construct (vocabulary and symbols), model (abstractions and represent-
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1.3. RESEARCH AND DESIGN APPROACH

ations), method (algorithms and practises), or instantiation (implemented

and prototype systems). In this case, the IT artefacts will be models and

instantiations for systems designed and implemented to address the issues

as identi�ed above, in order to improve the monitoring and control function

of organisations. Two di�erent levels of systems will be distinguished in this

thesis:

ß System architecture: A model of the system, describing how the sys-

tem can be implemented and can be applied in an organisation.

ß System prototype: An instantiation of the system, showing how the

system is implemented and applied in an organisation.

These systems, both architectures as prototypes, will be the main contribu-

tion of the research as presented in this thesis. Out of the many available

software architectures that may be considered appropriate to tackle the de-

scribed issues, an architecture based on intelligent products is considered the

most appropriate for developing such systems. This is due to the fact that

intelligent products can represent individual physical objects and are cap-

able of autonomously performing some of the repetitive activities required

for their monitoring and control. Moreover, by presenting the available in-

formation of the physical objects in a comprehensive way to the planners,

they can potentially support the planners with their monitoring and control

activities. However, to our knowledge, this is hardly ever evaluated and con-

�rmed in practical settings, especially regarding the activities in monitoring

and control. Therefore, the key question which is tried to be answered in

this thesis is:

ß How can intelligent products be applied to improve everyday monit-

oring and control activities of organisations?

For this purpose, the theoretical foundations of intelligent products will be

elaborated in Chapter 2.

Research scope

According to the de�nition of Beamon [13], production, storage, and trans-

portation are the three main components of the supply chain process with
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CHAPTER 1. MONITORING AND CONTROL

respect to the conversion of raw materials into �nal products. As storage

and inventory control are widely studied in literature (see e.g. [7]), the

research as presented in this thesis mainly focuses on production and trans-

portation. Hence, Chapter 3 and Chapter 5 will demonstrate how intelligent

products can be applied in order to improve monitoring and control activit-

ies in production and transportation, respectively. In this way, the work as

described in this thesis is adding value to the knowledge base of the more

practical �eld of monitoring and control as well as to the knowledge base of

the more theoretical �eld of intelligent products. Therefore, an important

aspect of the research as described in this thesis is to bridge the gap between

theory and practise with respect to intelligent products and monitoring and

control.

Research evaluation

According to Hevner et al. [70], the usefulness of a design artefact must be

rigorously demonstrated via well executed evaluation methods. Just as it is

the case when designing purposeful systems, it is also key to e�ectively use

the knowledge base for evaluating the proposed systems. Therefore, the TAC

SCM framework [34] has for example been used for evaluation purposes, as

it is a well-founded framework, and widely reported in the literature (see

e.g. [35, 57]).

In this thesis, usefulness is demonstrated by applying a multi-method

evaluation approach for measuring the e�ciency, e�cacy, and e�ectiveness

[30]. In this context, e�ciency refers to how well a system performs its inten-

ded behaviour with the minimum use of resources. E�cacy refers to which

extent the behaviour of a system results in the output that was intended.

E�ectiveness is a measure on how purposeful the system is in a practical

business environment. In order to determine how well the developed arte-

facts perform on these three measures, multiple evaluation methods have

been applied:

ß Descriptive evaluation: This evaluation method is applied to demon-

strate the usefulness of a system architecture, by constructing detailed

scenarios around the system to demonstrate its utility.
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Figure 1.1: Thesis outline

ß Experimental evaluation: This evaluation method is applied to demon-

strate the usefulness of an implemented system in a experimental set-

ting, by executing the system with arti�cial data (i.e. simulation).

ß Observational evaluation: This evaluation method is applied to demon-

strate the usefulness of an implemented system in a practical setting,

by studying the system in depth in a business environment.

Chapter 4 and Chapter 6 will present in detail the performed evaluations

of the developed systems, showing how intelligent products can improve

monitoring and control activities of organisations in production and trans-

portation.

1.4 Thesis outline

In this section, the structure of this thesis is explained in detail. A visual

representation of the outline of this thesis can be found in Figure 1.1.

Chapter 2

This chapter will give an extensive overview of the �eld of intelligent products.

De�nitions as well as a novel classi�cation will be introduced. Furthermore,

the chapter elaborates on the technical enablers and potential applications.

This chapter is an edited version of a journal paper published in Computers

in Industry (see [122]).
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CHAPTER 1. MONITORING AND CONTROL

Chapter 3

This chapter will explain how the concept of intelligent products can be

applied in a production context for improving monitoring and control activ-

ities. For this, issues in production will be analysed in detail, and, based on

this analysis, a novel system architecture will be presented. This chapter

is an edited version of a journal paper published in International Journal of

Production Research (see [125]).

Chapter 4

This chapter will show how the concept of intelligent products applied for

improving monitoring and control activities in a production context is evalu-

ated. For this purpose, the developed system prototype will be described in

detail. Furthermore, the conducted experimental evaluation will be presen-

ted in detail, including the evaluation results. This chapter is an edited

version of a book chapter published in Lecture Notes in Business Informa-

tion Processing (see [124]).

Chapter 5

This chapter will explain how the concept of intelligent products can be

applied in a transportation context for improving monitoring and control

activities. For this, issues in road freight transportation will be analysed in

detail, and, based on this analysis, a system architecture will be presented.

This chapter is an edited version of a conference paper published in the

proceedings of the 4th IEEE International Conference on Management and

Service Science (see [123]).

Chapter 6

This chapter will show how the concept of intelligent products applied for

improving monitoring and control activities in a transportation context is

evaluated. For this purpose, the developed system prototype will be de-

scribed in detail. Furthermore, the conducted experimental and observa-

tional evaluation will be presented in detail, including the evaluation results.
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This chapter is an edited version of a submitted journal paper, which is not

published yet.

Chapter 7

This chapter is bringing all the previous chapters together, by providing

a discussion about all the achieved results. Furthermore, limitations and

directions for future work will be discussed.
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