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Abstract

This paper aims to develop a conceptual framework for real-time production planning and
control. Firstly, we discuss the most prominently applied contemporary information and
communication technologies for production planning and control. Enterprise Resource
Planning (ERP) systems that integrate the value chain in an enterprise, Manufacturing
Execution Systems (MES) that manage and control the production on shopfloor, and
Advanced Planning and Scheduling (APS) systems that develop solutions for complex
planning problems are the planning and control systems that have been analysed. We
emphasize the application of Radio Frequency Identification (RFID) as the most
advanced and promising emerging real-time data capture technology that is currently
available to manufacturers. Having analysed the features and shortcomings of the
individual systems per se, and by considering the advantages that may be realised through
effective integration of these otherwise discrete systems, we propose a framework for
real-time production planning and control.
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1 Introduction

The future demand driven factory will be based on intelligent and automated planning
and control systems, employing closely integrated real-time information systems
throughout the entire supply chain. This will enable the manufacture of customised
products within highly responsive, reconfigurable, and time efficient environments, as
well as effective and robust planning for standardised products. However, we foresee a
number of obstacles which need to be overcome in order to achieve a demand driven
value chain.

The purpose of this paper is to evaluate current enterprise systems and technologies
and analyse their limitations in order to present a conceptual framework for real-time
production planning and control. This paper considers production planning and control
(PPC) systems at the individual plant level and reflects on integration within the supply
chain through the application of contemporary and emerging ICTs. We suggest that such



integration will subsequently enable a more effective real-time production planning and
control process.

We investigate the level of automation within enterprise resource planning (ERP)
systems and discuss the impact of human interaction with ERP systems, as the quality
and accuracy of data input is considered a current weakness with today’s ERP systems.
The concept of advanced planning and scheduling (APS) is also explored. Furthermore,
the interaction of ERP systems with manufacturing execution systems (MES) and the
prevailing shortcomings are discussed. By considering RFID, we also explore the
utilisation of real-time data within the supply chain, the production planning function, and
the shopfloor. On the basis of these functions, existing shortcomings, and the capabilities
of combining the otherwise discrete systems, we propose a framework that integrates
ICTs for real-time production planning and control.

The paper is structured as follows: we first address the ICT systems which can be
utilized for automated production planning and control. Next we consider real-time
information systems, introducing and discussing relevant applications of RFID. Then we
discuss and present a conceptual framework for real-time production planning and
control, which combines and further integrates enterprise systems with real-time
information systems. Finally, we draw conclusions to this research, and identify areas for
further work.

2  Contemporary Planning and Control Systems

With the advances of communication and integration standards, data processing
capabilities, network computing and internet technologies, the computerization pace in a
manufacturing enterprise is accelerating so that the enterprise can provide a better
customer service level with higher productivity, higher quality, and lower inventory costs.
As such, many manufacturers are implementing advanced information and
communication technologies (ICTs) to support manufacturing operations. This section
reviews the state-of-the-art in terms of applied production planning and control systems.

2.1 Enterprise Resource Planning Systems

The majority of manufacturing firms today use Enterprise Resource Planning (ERP)
systems to develop medium-term and short-term production plans and schedules [1]. ERP
is a standardized software package designed to integrate the internal value chain of an
enterprise [2]. According to [3], the American Production and Inventory Control Society
(APICS) define ERP as “a method for the effective planning and control of all resources
required to take, make, ship and account for customer orders in a manufacturing,
distribution or service company”.

However, as ERP systems remain centred around old material requirements planning
(MRP) logic, in many cases, capacity constraints continue to be neglected and lead times
are still assumed to be fixed. This creates many problems for the shopfloor [4]. With a
typical MRP-based planning system, there is no guarantee that a feasible production
schedule exists for the generated production plan. This results in constant adjustments to
the plan, and drives planners to lengthen ‘standard’ lead times and increase work-in-
process (WIP) inventories.
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Much like ERP systems and the hierarchy of production planning and control, the
planning and scheduling of a supply chain also occurs in various phases: a first phase
involving the medium-term planning process (using aggregated data), and a subsequent
phase performing a more detailed, short-term schedule [6].

2.2 Advanced Planning and Scheduling Systems

Although ERP systems provide an information backbone that is needed for sound
planning procedures, there is still a lack of intelligent planning and decision support
functions. This has led to the development of so-called advanced planning and scheduling
(APS) systems. APS emerged to supplement the ERP systems and eliminate some of the
major MRP assumptions such as fixed lead times [7].

Kjellsdotter and Jonsson [8] suggest that APS is supposed to help companies deal with
more complex planning situations. Kletti [9] refers to ERP-based planning as rough
planning, and suggests that the use of APS allows for so-called detailed planning.
Whereas ERP systems are typically transaction-orientated (i.e. sales invoices, shipment
notices etc) and have limited decision support features, an APS system leverages the data
within the ERP system to provide decision support for both production planning and
demand planning [10].

By considering the most common standard APS modules in Figure 2, it is apparent that
APS is perhaps more applicable to planning and scheduling the entire supply chain or
network, rather than purely within a single production plant. (It is clear in the figure that
production planning and production scheduling comprise only one module of the APS



system, which makes ERP a central part of the APS). As such, Jonsson and Kjellsdotter
[11] reflect that APS systems are potential support tools for managing complex supply
chain planning problems and as a means for supply chain integration. On the other hand,
in the context of the individual plant, Fleischmann and Meyr [12] suggest that the real
advance with APS is the implementation of advanced planning concepts in standard
software, which they suggest is a great progress in comparison to traditional ERP
systems.
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Fig. 2 Typical APS Planning Structure [13]

When combined with ERP systems, APS allows for explicit, capacity constrained
production planning and control. It considers not just shopfloor capacity constraints, but
also inventory and bill of material constraints, inventory stocking and replenishment
levels, and order generation policies [14]. However, Jonsson and Mattsson [15] states that
although APS methods offer concurrent priority and capacity planning, the level of
application of APS is still low in industry. A comprehensive study by lIvert [16] regarding
the use of APS systems in different planning and control tasks also supports this view.

2.3 Manufacturing Execution Systems

Manufacturing Execution Systems (MES) have evolved to aid production execution,
monitoring, and control activities on the shop floor, overcoming the drawbacks of the
ERP systems in real-time information exploitation from the shop floor. An MES controls
the operations that enable the realization of the plans from the ERP system. MES systems
have initially been implemented in process industries (e.g. pharmaceutical, food, and
semiconductors) for traceability purposes imposed by authorities, but are currently in use
in most types of manufacturing industry [17].

The Manufacturing Execution Systems Association [18] defines the principle
functionalities of MES, shown in the figure below. Additionally, depending on the
process type and shop floor requirements some MES vendors may offer extended



functionalities such as engineering change management, rework management, outsourced
manufacturing.

Production Scheduling
Gize Resource allocation
Resource Allocation - Machines / Labour
and Stalus o S Lroomss - Tasks / Products
lanagement
Resource e
Status
Ferformance Document
Analysis Control
< Process Status
Tracking Product Tracking Data Collection/ F
Acquisition
& Genealogy .- Resource Status

Maintenance
Management

Quantities Praduction Units Management

Labour
Management

Fig. 3 MES functionalities [17]

2.4 Key Limitations with Contemporary Planning and Control Systems

Though the enterprise systems described in this report can be classified as automated
planning and control systems to a certain degree, they still require a large amount of
human interaction in order to work properly. For example, a production planning and
control system cannot function effectively when the enterprise system is driven by
inaccurate, untimely and uncontrolled data. Poor input data will lead to excessive re-
planning and rescheduling, which is both costly and disruptive. Xu et al. [19] supports
this view by suggesting that when organizations implement an ERP system, it is
imperative that data quality issues are a high priority. Such a simple, yet vital task as data
entry into an enterprise system becomes the point of failure, resulting in synchronization
issues, loss of data and other potential risks.

ERP systems are mainly intra-firm focused and provide seamless integration of
processes delivering improved workflow, standardized business processes, improved
accounting and provide up-to-date operational data [20]. Though this sounds good in
theory, in practice, it can be very different. For example, standardized business processes
maybe challenged across functional boundaries, and the up-to-date operational data may,
in fact, not be so up-to-date after all. Introduce several organizational boundaries when
attempting to push the enterprise system out across the supply chain, and suddenly these
problems increase exponentially.

Jonsson and Mattsson [21] discuss the results of a longitudinal study into the use of
material planning methods in manufacturing companies, which they conducted between
1993 and 2005. One conclusion they made was that a typical way of determining
parameters used in ERP systems (for example order quantities and safety stocks) is by
general judgment and experience. Thus, rather than using the ERP system to calculate and
propose intelligent and efficient order quantities and stock levels, the planner typically
overwrites this function with his or her best guess.



There is still lack of information availability in shop floor. For example, an ERP
system alone lacks the functionality to offer detailed visibility into the manufacturing
work flow and information on individual critical resources, such as machine and tooling
status, WIP levels and the location of products in the production processes in order to
support intelligent, dynamic decision making as unexpected events occur.

The major contributions of the MES in the shop floor control context are: (i) sensing
the unexpected events during production execution, (ii) elementary data storage, (iii)
restitution of the data, and (iv) relevant data selection [17]. Yet, the contribution of the
other information systems and decision support tools is also important to complete the
process and respond the changes effectively. In this context, MES may especially lack
decision making capabilities to evaluate the unanticipated situation and suggest corrective
actions, which for example can be supported by APS if the data timely and accurately
provided.

Accurate lead times and safety stocks are two of the most critical parameters for
achieving high planning and control performance [15]. By using real-time information
technologies integrated within an ERP-MES-APS infrastructure, the accuracy of such
parameters will be increased substantially. Furthermore more precise and accurate plans
can be developed.

With the recent development of ISA95 standard, the enterprise-control systems
integration has been made easier to achieve. The standard defines a general model for
manufacturing operations and planning levels that can be mapped into systems such as
ERP, MES, APS, and Product Data Management (PDM) [22]. Hence, it facilities the real
time data access across manufacturing operations. More specifically it defines;

o the information exchange between business functions and manufacturing operation
functions,

e the interfaces and data flows between associated control systems (e.g. ERP and MES)

¢ the interface contents between the systems.

3 Real time Data Capture

Traditionally, data collection has been a very manual process, at best using simple
technologies in the form of barcode readers to track inventory movement and shopfloor
activities. There is now a general belief within industry that capturing and sharing real-
time demand information is the key to improve supply chain performance [23].

Real-time information capture can be described as the capability of obtaining the
required information at the required time from intended objects, devices or people by data
capture technologies [24]. This enables to monitor the tracked entities and have rapid and
efficient responsiveness to changes in their conditions.

Real-time data acquisition technologies are the enablers to having the availability of
real-time information. Radio Frequency ldentification Device (RFID) is currently the
most advanced technology in real-time data capture and has been gaining popularity
increasingly in the last decade in any place requiring identification of products [25]. It
enables to track items of interest and obtain necessary information such as identity,
location, movement and states of them, and to manage the supply chain of goods more
effectively, accurately and automatically.



RFID offers some significant advantages against other data capture technologies [24,
25]: 1) No line of sight is required: as such they are suitable to communicate from a long
distance 2) RFID tags can be positioned on common materials easily and without
confronting with any incompatibility 3) Automatically captured highly accurate data 4)
Information is captured in seconds 5) RFID tags contain more information.

3.1 Applications in the Supply Chain and on the Shopfloor

The application and potential benefits of Auto-ID technologies within the supply chain
has been widely investigated, reported and recognized by both research and business
environment [26, 27]. Considering supply chain performance measures at the production
level, such as range of product and services, capacity utilization and effectiveness of the
scheduling techniques [28], it is clear that minute-by-minute control on the
manufacturing system will significantly contribute to improvement of these measures,
and as a result to the performance objectives of supply chain management. Slack et al.
[29] states that capacity utilization affects the speed of response to customer demand
through its impact on flexibility, lead-time and deliverability.

However there is a substantial need for research within the manufacturing applications
[30]. Manufacturing environment includes many operational issues such as production
and inventory management and maintenance as well as embodies plenty of objects
including machines, tools, raw materials, WIP, finished products, reports, production
plans and schedules, drawings, instructions etc. But most of the modern shop floors have
a bottleneck of capturing and collecting real-time information from the field as well as to
exploit this information in their manufacturing planning and control systems. RFID
technology is a promising and emerging technology to deal with this challenge and can
contribute to improve shopfloor productivity and quality [31]. RFID tags will be
significantly beneficial and provide the factories with minute-by-minute coordination of
raw materials, work-in-progress (WIP) and finished goods as they serve as means of
effective data collector and processor. When a fault appears in the process, reflecting on
the problem will be rapidly performed and decisions will be taken on time without losing
the precious time in production.

Tremendous pressure of current competitive market conditions resulting in heading
towards to demand driven manufacturing approach, RFID adaptation has also a lot to
promise to manufacturers to overcome customization challenges within the
manufacturing process. In this competitive environment, companies must shorten product
life cycles, reduce time-to-market, increase product variety and satisfy demand while
maintaining the quality standards and reducing investment costs [32]. Brusey and
McFarlane [33] express that application of sophisticated RFID technology has potential
to solve the tracking problem of customized products in even late assembly process of the
customization competence. As each product ordered by a specific customer has different
specifications, such a system that integrates with the manufacturing control system and
obtains very accurate information about the location, state and identity of each product is
critically important to avoid highly possible problems and delays.



4 Implications and Discussions for Real-time PPC

The required system is supposed to sense any event occurring on the shopfloor and
collect real-time data, analyze, and reflect upon it automatically within the planning
system. In addition to these capabilities the system should synchronize the objectives of
tactical level planning (ERP-Supply Chain) with the production plans on the shopfloor
(MES). Basically this important issue is not being considered comprehensively; therefore
operational level goals do not conform to those of tactical level. As a consequence,
strategic and tactical goals can’t be accomplished to the desired level as things get much
more complicated down on the shopfloor when the production plans are broken down.
Only focussing on solving the problem at the supply chain level (sales and operations
plan) or on the shopfloor level (production planning, scheduling and execution) is not
sufficient to overcome the challenges that occur due to the uncertain and demand driven
environment. Thus the system should optimize the tactical and operational level plans
simultaneously.

The first task in real-time production planning and control is collecting and utilizing
the data on a real-time basis. The data collection from the shopfloor must adopt an
autonomous functionality, which implies the deployment of real-time technologies to the
relevant objects. Integrating the real-time information system, and synchronizing it with
the enterprise system, transmitting this information to the business functions and
processing it will provide the organization with a highly adaptive and responsive planning
and control system. It is of high importance to deal effectively with the real-time data in
the organization in order to utilize it in the planning, scheduling and execution system.
Having the ability of real-time control on the shopfloor events is crucial to have the
capability of recognizing deficiencies before losing time and reflecting on it. This
capability will prevent the potential failures and troublesome issues in other parts of the
supply chain. Moreover, such efficient and effective shopfloor control grows in
importance for high responsiveness to changes such as customer requirements since it is
one of the key enablers to have a flexible manufacturing system. RFID system
deployment to the shopfloor objects and connection with the MES through wireless
technologies will provide this ability.

An MES executes the production on the shopfloor. It detects, follow and analyze the
machine run and stop times, cycle time, number of scrap units as well as orders on real-
time basis. Furthermore the system can dispatch the jobs to the machines, calculate the
efficiency and actual machine capacities precisely and report it. Sending accurate
information from manufacturing environment to the ERP system efficiently increases the
visibility and control on manufacturing execution which is one of the black boxes for
supply chain control. As the ERP system provides information transparency through the
supply chain, fully integrated ERP-MES system offers high coordination of the
manufacturing processes across the supply chain and increases the responsiveness to
constant changes that occur in both customer and supply side. Having the availability of
accurate data also leads to increase the performance of plans in ERP and MES.
Nevertheless, in order to improve the decision making. process by real-time capability,
there is strong need for interface between the ERP and MES systems that integrates them,
utilize the masses of real-time data, reduces the manual work and automates the data
transfer.
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Integrating MES-ERP with the APS system can lead to substantial improvement in
production plans. MES can detect and analyze actual shopfloor constraints (e.g. machine
capacity, efficiency, changeover time etc.) precisely. Having this information available in
the APS system along with supply chain constraints and transaction data coming from the
ERP system can significantly contribute to develop advanced and accurate production
plans by the APS system on real-time basis. Furthermore, the APS system can also
develop a complex bi-objective model for tactical and operational plans and optimize it
taking their constraints and objectives into account simultaneously. This capability also
contributes to integrate the supply chain with the shopfloor. Thus, it is suggested that
MES-ERP-APS integration equipped with real-time information technologies can support
the manufacturers to perform the production planning and control process on an
automated and real-time basis and accurately.

5 Conclusions and Further Work

Automatic real-time planning and control systems promise substantial advantages to
manufacturing companies, especially those that operate within fluctuating and
competitive market conditions within a demand-driven manufacturing environment, since



flexibility and robustness of the planning and control system are the inherent enablers for
a high level of responsiveness in this type of industry. Integrating a real-time information
system and synchronising it with the enterprise system, transmitting this information to
the business functions, and processing it to enable rapid decision-making processes will
provide the organization with a highly adaptive and responsive planning and control
system.

However, prior to the implementation of such a revolutionary, demanding, and
potentially expensive system that requires radical re-organization within a company and
its supply chain, as well as dynamic interaction between operational shopfloor level
decisions with enterprise planning and execution systems, the system architecture
requirements, expected benefits, motivations and purposes to adopt such technologies, as
well as the characteristics of the pilot company, should be investigated very carefully.
Since the technologies (ERP, APS, MES, RFID, etc.) contain some challenges and
shortcomings themselves, and synchronization with current enterprise systems poses even
more difficulties, it is crucially important to develop solutions before for the seamless
integration of such a real-time planning and control system can be employed. Thus, we
suggest that further work is required in order to operationalize and test our conceptual
framework in a number of use cases through determining a set of critical performance
objectives at both a tactical and operational level. A subsequent impact analysis of the
framework on the identified objectives should also follow.
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