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Abstract 

Under the concept of "Industry 4.0", production processes will be pushed to be increasingly interconnected, 
information based on a real time basis and, necessarily, much more efficient. In this context, capacity optimization 
goes beyond the traditional aim of capacity maximization, contributing also for organization’s profitability and value. 
Indeed, lean management and continuous improvement approaches suggest capacity optimization instead of 
maximization. The study of capacity optimization and costing models is an important research topic that deserves 
contributions from both the practical and theoretical perspectives. This paper presents and discusses a mathematical 
model for capacity management based on different costing models (ABC and TDABC). A generic model has been 
developed and it was used to analyze idle capacity and to design strategies towards the maximization of organization’s 
value. The trade-off capacity maximization vs operational efficiency is highlighted and it is shown that capacity 
optimization might hide operational inefficiency.  
© 2017 The Authors. Published by Elsevier B.V. 
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1. Introduction 

The cost of idle capacity is a fundamental information for companies and their management of extreme importance 
in modern production systems. In general, it is defined as unused capacity or production potential and can be measured 
in several ways: tons of production, available hours of manufacturing, etc. The management of the idle capacity 
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Abstract 

The factories of the future will make use of actuators, sensors and cyber-physical systems (CPS) to provide an environment in 
which human beings, machines, and resources will communicate as in a social network. In such a network, communication between 
various “objects” relay the current state of the physical world. Business decisions are made using the information and it is therefore 
critical that this information is accurate and in real-time. Information flow is a key enabler of such future factories. Industrial 
engineers, as designers and improvement agents of such factories of the future, will need to develop better skills in various aspects 
of data analytics and information communication technologies. This paper describes the development and implementation of a low 
cost RFID track and trace system (by students) for application in a Learning Factory for teaching undergraduate industrial 
engineering students key concepts related to Industry 4.0 and “smart factories”. The benefit of this system is not only a demonstrator 
to be used in the Learning Factory, but also can be used to teach students in a “learning by doing” fashion critical skills related to 
real time tracking in a manufacturing environment. The system also demonstrates potential low cost implementation of such 
technologies in SME’s. 
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1. Introduction 

Today we stand on the cusp of the Fourth Industrial Revolution, one which promises to marry the worlds of 
production and network connectivity in an “Internet of Things” [1]. No longer do machines just produce products, the 
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products communicate with the machine to tell it exactly what to [1]. Key elements of this fourth industrial revolution 
(or Industrie 4.0 as coined by Germany) include the digitization and real-time-oriented integration of the various 
components of the value-adding system [2]. Hermann [3] set out to provide a clear definition of Industry 4.0 based on 
a comprehensive literature review. He defines Industry 4.0 as follows: “Industry 4.0 is a collective term for 
technologies and concepts of value chain organization. Within the modular structured Smart Factories of Industry 4.0, 
cyber physical system (CPS) monitor physical processes, create a virtual copy of the physical world and make 
decentralized decisions. Over the IoT (Internet of Things), CPS communicate and cooperate with each other and 
humans in real time. Via the IoS (Internet of Services), both internal and cross- organizational services are offered and 
utilized by participants of the value chain.” This definition mentions the four major components of Industry 4.0: CPS, 
IoT, IoS and Smart Factories. CPS enables the fusion of the virtual world with the physical world [4]. IoT allows 
things and objects, such as RFID tags, sensors, actuators, mobile phones etc to communicate and interact within a 
smart factory [5]. The idea behind the IoS is to use the internet for new ways of value creation in the service sector 
[6]. A key enabler of the CPS, IoT, IoS and Smart Factories is cloud computing, which is also transforming the 
conventional product-oriented manufacturing business model into a service-oriented one [7]. The requirement for mass 
customization under Industrie 4.0 however brings significant complexity, which makes the design and evaluation of 
product-service systems challenging [8]. 

RFID has been identified as an important technology for enabling the real-time-oriented integration/communication 
of the various components of the value-adding system in an Industry 4.0 context [9].  This paper describes the 
development and implementation of a low cost RFID track and trace system (by students) for application in a Learning 
Factory for teaching undergraduate industrial engineering students key concepts related to Industry 4.0 and “smart 
factories”. The benefit of this system is not only a demonstrator to be used in the Learning Factory, but also can be 
used to teach students in a “learning by doing” fashion critical skills related to real time tracking in a manufacturing 
environment. The system also demonstrates potential low cost implementation of such technologies in small-and-
medium sized enterprises (SME’s). 

2. Track and trace technologies 

Tracking and tracing are important concepts in global supply chain and logistics networks [10].  Two key 
technologies being used in supply chain environment for tracking and tracing are barcodes and Radio-frequency 
identification (RFID). RFID is a modern automatic identification and data capture (AIDC) technology that is slowly 
gaining more acceptance in the supply chain today. RFID technology allows objects to be identified without line of 
sight and with a greater reading distance compared to barcode technology [11], [12]. RFID tags can hold much more 
data and support a much larger set of unique IDs than barcodes [13]. In addition, RFID systems can discern many tags 
in a single area at once without human assistance, unlike their barcode counter parts. For electronic track and trace 
technology to compete with traditional barcode technology they must either be equally as cheap or add enough value 
to an organization to recover the cost elsewhere [14]. The main reason RFID technology is becoming more popular, 
has been its drastic decrease in price over the years. With the technology reaching a critical point which could see its 
larger scale adoption in the consumer retail section [14]. 

According to, Sarma et al. [15], all RFID systems are comprised of three components: the tag or transponder, the 
reader, as well as the data processing subsystem comprising of middle-ware and internal databases. Tags at the highest 
level, can be divided into two classes namely active and passive tags. Active tags have power a source integrated into 
the tag and actively send a Radio Frequency (RF) signal to communicate with the RFID reader. Passive tags on the 
other hand are powered through interrogation signals from the reader and communicate through either near or far field 
communication [15].  

Each RFID system operates at a given frequency range. This frequency range determines the system’s capabilities 
and limitations. Consequently, the higher the frequency range the shorter the wavelength, the harder it becomes for 
the RF to pass over obstacles and reach the receiver. In other words, the higher the frequency, the higher the 
interference. The radio spectrum is part of the electromagnetic spectrum from 3Hz to 3000GHz. Therefore, the 
different types of tags can be placed into three distinct frequency ranges: Low Frequency, High Frequency, and Ultra 
High Frequency tags (these depend on the country). 
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3. The Stellenbosch Learning Factory 

The Stellenbosch Learning Factory (SLF) was established in 2015 as a place where students can “learn by doing”. 
The initial focus of the learning factory was to teach students lean principles found in typical manufacturing 
environments. The SLF aims to demonstrate these lean principles through the manufacturing of small model trains, 
inspired in colour and make-up by the South African Metrorail. The current layout of the SLF is shown in Fig.1. The 
SLF is moving toward the implementation of Industry 4.0 concepts, with the goal of illustrating a realistic model of a 
typical Smart Factory. Tracking and tracing with sensors for collecting data was identified as first step towards the 
development of a smart factory. Due to the read and write capabilities of RFID, it was selected as the methodology 
for enabling tracking and tracing.  

Fig.1. The SLF layout. 

4. Design approach 

The RFID based track-and-trace system was developed by two students in the learning factory as part of a final 
year project. The aim was therefore to teach the students specific skills related to the design of integrated systems in 
a production environment, while at the same time ending with a working system that can be used in the SLF. An agile 
modelling approach was used to achieve the objectives for the development of the RFID based track-and-trace system.  
The approach was incremental and involved interaction between the SLF management and the students as designers. 
It was decided that a prototyping method would be used with the focus of creating an operational model. 

5. RFID system development 

5.1. Database development stage 

Firstly, the system requirements were clearly defined and analyzed to determine the specific data required. The 
RFID system will be required to display several Key Performance Indicators (KPIs) on a monitor at each workstation, 
as well as a monitor for the KPIs related to the complete assembly line. In order to calculate the required KPI’s, the 
following data requirements were identified: 

 Each train will require a specific chassis ID. This will be represented on the RFID tags Unique Identification 
number (UID). The chassis ID will identify the type of train (Cabin or Driver), the order number it is associated 
with, and the train number in the order. 

 A Time-stamp will need to be logged when a RFID tag is scanned at the different stations. This Time-stamp will 
need to be associated with the chassis ID. 

 A status will be required. This status must be associated with each chassis ID. 
 A Station ID will need to be associated with each train’s chassis ID. Thus, the position of a specific train chassis 

within the system will be shown. 
 A due date of each order will need to be associated with the chassis ID to calculate percentage order fulfillment. 

 
Database design started with a conceptual data model in order to conceptualize the flow, the processes and the 

transformations of data as it moves throughout the system. The conceptual data model produces a specification of a 
logical schema, which determines the specific type of database system that is required. As a first step in the conceptual 
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