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1. Introduction

The challenges for manufacturing companies have risen
tremendously over the last decades due to various reasons:
Dynamically changing production circumstances and volatile
market conditions on the one hand; increasing customer demands
for low cost, individual products with short delivery times and the
rising competition in terms of service and product quality from
companies located in emerging markets on the other hand [1,2].

In that context, the adherence to delivery dates still is the main
logistic target for German companies [3]. However, in many cases
companies struggle to achieve this target due to e.g. machine
failure, missing material or short term changes. To overcome those
challenges, an excellent production planning and control (PPC)
process is inevitable.

To manage the more than ever complex task of PPC, companies
rely on the help of IT systems (e.g. APS systems) to consequently
adjust their detailed production scheduling [4,5]. For a proper
usage of those systems, a high number of different data is
necessary to gather and process in a short time [6]. Incomplete and
thereby compromised data, if used for future scheduling, will lead
to an unrealistic or even false production schedule and in the end
to a possible violation of promised delivery dates. Nevertheless, the
data collecting process is prone to errors and inconsistencies due to
malfunctioning sensors or manual reporting errors, which might
lead to false conclusions [7]. Hence, measures to prevent collecting
corrupted data or resolve errors after the gathering are necessary
to increase the accuracy of the decision making in PPC.
Done successfully, manufacturing companies can increase their

adherence to promised delivery dates and ultimately gain a
competitive advantage.

In this paper an approach is proposed, which helps to increase
feedback data integrity reactively and thereby improve decision
making in PPC by adapting the association rule induction approach.
Furthermore, a real data set of a typical German small and
medium-sized enterprise (SME) is used to identify the influence of
different parameters of the approach and determine their ideal
combination.

2. Importance of data integrity for decision making in PPC

One of the main tasks of PPC processes is to continuously adjust
all production control parameters [8]. For this end, a control loop is
implemented for the near-term scheduling, the execution of the
production plan and the gathering of data for the feedback loop.
These production feedback data help to monitor the current
production job statuses as well as resource availability. Conse-
quently, possible deviations due to emerging disturbances can be
detected. Thus, the feedback data support important decision-
making processes in PPC such as routing decisions or the
calculation of KPIs.

The quality of this decision-making is highly dependent on the
quality and integrity of the used data. Only if a high data integrity
can be guaranteed, an effective monitoring and by that, a
successful decision-making is possible [9]. Three prerequisites
must be fulfilled for excellent data integrity: the data need to be
complete, consistent and correct. Data are considered correct if
they represent reality free from error, consistent if they are
without any contradictions and complete if all attributes have been
accounted for without any gaps [10]. If any of these prerequisites is
violated, false conclusions based on the given compromised data
are possibly drawn because complete data sets are necessary for
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Manufacturing companies gather a vast amount of data in order to track production, assembly and

logistical processes. Among others, these data are used for updating production schedules, deriving

process interventions and calculating key performance indicators. However, the integrity of these

production feedback data is regularly impaired by various inconsistencies and errors, which negatively

affect the value of these data for any decision-making processes. In this paper, a new approach for

increasing the integrity of production feedback data based on an adapted Data Mining algorithm is

proposed to compensate for a typical data error in production feedback data.

� 2017 Published by Elsevier Ltd on behalf of CIRP.

* Corresponding author.

E-mail address: g.schuh@wzl.rwth-aachen.de (G. Schuh).

G Model

CIRP-1561; No. of Pages 4

Please cite this article in press as: Schuh G, et al. Increasing data integrity for improving decision making in production planning and
control. CIRP Annals - Manufacturing Technology (2017), http://dx.doi.org/10.1016/j.cirp.2017.04.003

Contents lists available at ScienceDirect

CIRP Annals - Manufacturing Technology

journal homepage: http: / /ees.elsevier.com/cirp/default .asp

http://dx.doi.org/10.1016/j.cirp.2017.04.003

0007-8506/� 2017 Published by Elsevier Ltd on behalf of CIRP.

http://dx.doi.org/10.1016/j.cirp.2017.04.003
mailto:g.schuh@wzl.rwth-aachen.de
http://dx.doi.org/10.1016/j.cirp.2017.04.003
http://www.sciencedirect.com/science/journal/00078506
http://dx.doi.org/10.1016/j.cirp.2017.04.003


computational operations. Hence, in order to prepare complete
data sets, existing gaps are usually deleted and strong biases can be
introduced into the data [11].

Typical data errors and inconsistencies in production feedback
data include missing time-stamps of processes, increasing lot sizes,
time overlaps between consecutive steps and missing information
concerning the utilised workstations.

3. State of the art

The approach of using Data Mining techniques to analyse data
sets is very common in a variety of disciplines. Data Mining
represents the application of machine learning techniques on large
data sets to construct a useful, simplified data model [12]. These
methods are already widely in use in other fields like medicine,
marketing or banking [13]. Even though less Data Mining research
is focused on production and manufacturing, adapting Data Mining
algorithms for these fields of application has been discussed by
various researchers in recent years. Choudhary, Tsai and Wang give
an overview of existing research in this field [14–16].

Lakshminarayan et al. applied Data Mining for maintenance
data, Koonce and Tsai on a job shop schedule to detect patterns and
Rainer conducted research in Data Mining to generate planning
rules in a production system [17–19]. Nevertheless, Data Mining
has only been linked to the mitigation of compromised data in PPC
processes in previous papers of the authors, possibly due to the
difficultness of determining general approaches in the complex
production processes [20].

The existing approaches to increase data integrity in PPC
processes can be clustered into two groups. The first group is
concentrating proactively on preventing inconsistencies and errors
by using organisational structures or constraints to achieve a
higher data integrity. The second group on the other hand focuses
on the problem reactively and increases data integrity by imputing
data sets after the gathering of the data.

Examples for the first group can be found in the work of Knight
and Smith as well as Bleicher, who both propose a multi-level
organisational concept to implement a top-down structure and
processes, which support and guide the employees’ work
[21,22]. The disadvantage of these approaches is the strong
dependency on the actual following of the implemented processes
and thereby the discipline of all involved people. Since human
activities are likely to produce errors or inconsistencies, no
guaranteed prevention is possible by implementing only organisa-
tional measures. Other approaches suggest assuring data integrity
beforehand by implementing IT-based constraints into the systems
to guarantee the semantical correctness of data sets. Rules or
advanced logics are additional options [23].

Less research is conducted in the second group. Garcia-Laencina
et al. only outline four different approach types: The deletion of
compromised data sets, the imputation of missing data, model-
based procedures and machine learning procedures [24]. The
imputation based on machine learning is the most promising way
of those and is represented by Data Mining, which can be very
beneficial if designed for mitigating the effect of errors and
inconsistencies. Nonetheless, no approach exists, which uses Data
Mining reactively for increasing data integrity in PPC processes.
That is why the authors have outlined an approach in previous
papers, which uses algorithms like the Association Rule Induction
(ARI) to impute compromised data sets based on other complete
data sets.

Typical data errors and inconsistencies are collected and
analysed for their rate of occurrence and their severeness. The
overall approach for the reduction of data errors and incon-
sistencies and the general increase of data integrity is introduced
[25].

Furthermore, a concept to implement an imputing algorithm in
an inner loop into the classic control loop of the PPC is proposed
and different algorithms for the mitigation of the errors are tested
[26]. In addition, a model for an adaption of Data Mining

algorithms to increase data consistency in PPC is developed,
consisting of three steps, and an expected damage value of the
occurring errors is formulated [27].

Although these papers delineate different parts of a reactive
data mining approach roughly, a concretisation for each error
category using a certain algorithm is necessary.

In this paper, the existing ideas are combined and further
elucidated. Especially the formulated parameters of the approach
are analysed and adjusted to impute one, severe existing error.
Additionally, the validation is performed using a real data set of a
typical German SME.

4. Approach for increasing data integrity in PPC processes

The objective of the proposed approach is to implement
imputation algorithms in a second control circuit to increase the
integrity of the feedback data in PPC processes. As described
before, a reactive strategy is chosen. In contrast to the proactive
prevention of errors and inconsistencies, the assumption is that
there always will be a certain degree of occurring errors, which
cannot be avoided due to high complexity or costly efforts. Hence,
the appearance of errors and inconsistencies is accepted and the
integrity of the gathered data is increased afterwards by using a
Data Mining algorithm.

As said, the overall model for the adaptation of the algorithms
has already been outlined in a previous paper. It consists of three
steps:

1. Classifying severeness of errors and inconsistencies
2. Property-based pre-selection of suitable algorithms
3. Evaluating performance of adapted algorithms

The first two steps are only shortly elucidated in this paper.
Related to the definition in section two, there are three possible
flaws in the integrity of data. Data can be incomplete, inconsistent
or incorrect. For all three types, different occurring examples of
errors can be identified in feedback data sets of PPC processes. First,
incomplete data can derive from missing information about the
workstations or missing start and end dates of processes. Second,
time overlaps of consecutive steps are inconsistencies in data. Last,
increasing lot sizes of one production have to be incorrect. In order
to classify the severeness and thus the impact of these errors, an
expected damage value was introduced, which takes into account
the relative probability of occurrence and the summarised
weighted damage per production objective of the error. Afterwards
the selection of suitable Data Mining algorithms for each type of
error or inconsistency is necessary. To achieve that and to get a
suitable set, a match between the algorithm properties (problem
specification, algorithm parameters, learning method, statistical
assumptions) and the data set properties (number & scale of
attributes, statistical characteristics) is necessary.

In this paper, the focus lies on one occurring error: The missing
information concerning the utilised workstation, which is on
average one of the most occurring errors in feedback data mostly
due to human incapacities [25]. Consequently, it has one of the
largest expected damage values. Without this information, e.g. no
utilisation of the machines is calculable.

For the examined error of missing information, an ARI
algorithm was chosen in a previous paper due to its good
comprehensibility and the vivid possibility to visualise the
influence of parameter changes to the result [27]. The ARI
algorithm comes originally from the market research to find
systematic regularities in market baskets.

Those association rules are used primarily to identify patterns
for a market basket analysis, but also to determine missing data
values [28]. In the context of production feedback data, the
objective is to assume missing workstation information.

One of the most applied and best-performing algorithms for the
ARI approach is the so-called a priori algorithm [29]. It predicts
missing information, calculating the conditional probability based
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