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Abstract—This paper proposes a time-series process event log
preprocessing approach applied to realize data-intensive and
predictive operationalization of IoT-supported smart factories.
The advanced conceptual approach of the data-intensive and
predictive operationalization processes is newly proposed for
effectively and predictively operating very large-scale smart
factories that are supported by the Internet of Things platforms
with temporal operationalization processes and their time-series
event log datasets. The authors’ research group is trying to
develop a predictive smart factory operationalization system,
which is characterized by the advanced conceptual approach,
and the starting point of which is at acquiring the time-series
process event log datasets with a proper data preprocessing
approach. Hence, this paper devises a time-series process event
log preprocessing approach with its algorithmic details to ar-
range the proper datasets to be used for concretizing the data-
intensive and predictive operationalization in the very large-scale
smart factories. Finally, we develop an XES-formatted event
log preprocessing system based upon the devised preprocessing
algorithms and apply to a real and nation-wide production smart
factory in order to validate the operationality and feasibility of
the developed system.

Index Terms—Smart Factory, Internet of Things, Data-
Intensive Smart Factory, Operationalization Process Automation,
Digital Twin Platform, IoT-Sensed Dataset, Time-Series Dataset

I. INTRODUCTION

In recent, the smart factory arena has been faced with
a requirement of great urgency that fosters equipping such
IoT-centric intelligent sensors and actuators [1], installing the
operational processes automation [2] and their event log func-
tionality, and adopting the creative big-data mining and deep
learning technologies for realizing the proactive production
and operationalization intelligence [1] on the corresponding
smart factories. In accordance with gratifying the urgent
requirement, the research group of the co-authors has built
a challengeable R&D project through the ATC+ program of
KEIT, and the goal of which is to adopt the deep-learning-
based predictive production and operationalization process
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methodology as an impeccable silver-bullet for realizing the
production level-4 smart factory automation onto the textile
industries. The essential functions of the methodology are
about modeling, operating, managing, monitoring, and logging
the production and operationalization processes and their exe-
cution histories in smart factories. The eventual goal of these
functions is for organizing an intelligent and predictive smart
factory platform being fortified with diverse pieces of data-
intensive equipment and their time-series process mining and
deep-learning technologies. This paper is particularly about
the logging and preprocessing approach to be applied to the
IEEE XES-formatted event log datasets [5] collected from
the execution histories of the smart factory operationalization
processes.

So far, there are several research works considering the log
structures and formats of smart factory process operationaliza-
tion and enactment event log datasets, such as XWELL! [3],
BPAF? [4], and XES? [5]. The most appropriate format ought
to be the IEEE XES standardized event log stream format.
In recent, IEEE has released a standard tag-based language
of XES that aims at providing a unified and extensible event
streaming methodology for capturing systems’ behaviors by
means of event logs and event streams. The IEEE XES ought
to be now the most popular format. In other words, almost
all the event stream datasets, which are now available in the
literature, are based upon the “XES Schema [5]” describing the
structure of an XES event log/stream and the “XES extension”
describing the structure of an extension of such a log/stream.
Based upon the format of the extended XES schema, this paper
proposes a schema structure and its preprocessing algorithms
of the production and operationalization processes’ enactment
event logs in those data-intensive IoT-based smart factories.

'XWELL stands for XML-based workflow execution logging mechanism
and language.

2BPAF stands for business process audit format, which is supported by the
Workflow Management Coalition (WfMC).

3XES stands for extensible event stream, which is supported by the
extensible event stream working group of the IEEE standard committee.
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Fig. 1. A Conceptual Formation of Process-Aware Datacubes from Workflow Enactment Event Log Data Centers

II. DATA-INTENSIVE OPERATIONALIZATION PROCESSES

The smart factory productional and operational processes
are theoretically supported by the data-intensive concept of
operationalization process modeling methodology that is the-
oretically supported by the information control net model [2]
[6]. There are two types of operationalization process pat-
terns in the data-intensive methodology: Inner-Process Pattern
and Outer-Process Pattern. The inner-process pattern is for
modeling the time-series event stream traces based upon the
timestamp inside of the dataset collected from a smart factory
IoT-sensor, while on the other hand the outer-process pattern
is for modeling the factory-wide production and operational-
ization processes associated with the whole of equipment and
its equipped IoT-sensors in a smart factory [7], as shown in
Fig. 1.

In the figure, the smart factory production and operational-
ization outer-process model is theoretically based upon the
graph model of the information control net and follow the
business process modeling notation standardized by OMG’s
BMI-DTF in terms of the graphical notation. The small
circles positioned as the initiation node and the final node
represent the events of the start and the end of the model. The
boxes represent the sensor-datasets collected from the devices
and facilities of equipment built in the corresponding smart
factory. The blank-box with containing a +-marked small-box
especially represents the subprocess model containing other
model. Finally, these various types of nodes are connected
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by the directed arcs with three types of gateway nodes (se-
quential, disjunctive exclusive-OR, and conjunctive parallel-
AND) implying the production-flow. Particularly, the special
gateway nodes of disjunctive and conjunctive production-flow
are graphically represented by shapes of diamond containing
X-mark and +-mark that are exclusive-OR production-flow
and parallel-AND production-flow, respectively. Also, it is as-
sumed that the data schema structure of each sensor-dataset is
formatted in the IEEE- XES standardized event stream format
and that various time-series groups of the inner-processes can
be discovered from each sensor-dataset. Note that the detailed
schema format is not described in the paper due to the page
limitation.

III. OPERATIONALIZATION INNER-PROCESS BIGDATA
PREPROCESSING ALGORITHMS

Each sensor-dataset collected from a corresponding device
of the operationalization process is structured in the IEEE-XES
[5] standardized event log format. We develop a preprocessing
algorithm that is able to discover two types of inner-processes
with temporal traces from the XES-formatted sensor-dataset,
as illustrated in Fig. 2. One is the time-driven temporal
traces of inner-processes and the other is the metrics-driven
temporal traces of inner-processes. The left-hand side of the
figure depicts the schema structure of the IEEE-XES format.
The operational process event log consists of a group of
temporal traces, and each temporal trace consists of a group
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Fig. 2. The Data-Intensive Operationalization Temporal Trace (Inner-Processes)

of events that contains various attributes characterized by
the typical elementary data types and the compound data
types, as well. The preprocessing algorithms devised in this
paper are classified into two classes of discovery functions.
One class is able to discover the time-driven inner-processes
such as hour-driven, day-driven, week-driven, month-driven,
and year-driven temporal traces, the other class is able to
discover the metrics-driven inner-processes such as pressure-
driven, temperature-driven, flux-driven, current-driven, bulk-
driven, and other sensor types of temporal traces.

The Algorithm 1 represents the inner-process discovery
and visualization algorithm that is able to discover a class
of inner-processes and visualize their temporal traces from a
single IEEE-XES formatted sensor-dataset. The sensor-dataset
is basically a sort of time-series dataset and each temporal
trace so has the timestamp property with its own device’s
characteristics, such as pressure, flux, current, temperature
values, installed in the corresponding smart factory. Each of
these properties are structured with a pair of event-tags within
a single trace-tags.

Algorithm 1: Discovery and Visualization of the Inner-
Processes from XES Files
Input: XES file ¥, device property p
Output: Discovered inner-processes and visualization
of each temporal trace © out of the
inner-processes
1 Initialize @ = 0, listOfDevice= (), dataType = ()
2 globalTrace = U.ReadGlobalTraceln fo()
3 globalEvent = ¥.ReadGlobal EventIn fo()
4 for Vn in globalTrace do
5 currentDevicelnfo = n.Get Device()
6 L listOfDevice.AddDevice(currentDevicelnfo)
7 for Vn in dataType do

8 currentTypelnfo = n.Typeln fo()
9 dataType.AddType(currentTypelnfo)
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while (row = U.readline()) != null) do
isTag = false
eventInfo = ()

if row = < trace > then
beginTrace = true

isTag = true
| 0.AddNewTrace()

if row = < /trace > then
endTrace = true

isTag = true

if row = < event > then
beginEvent = true

isTag = true
| 0. AddNewEvent()
if row = < /event > then
endEvent = true
isTag = true

if isTag == false then
eventInfo = row.GetValue()
0.AddEventInfo(eventInfo)

for V( in 6 do
currentTrace = (

currentDevice = currentTrace.GetDevicelnfo()

if currentDevice == p then

©.AddTrace()

for YV in currentTrace do
currentEvent = 9.Get EventInfo()

currentProperties = currentEvent.GetProperties()
©.AddN ode(current Event)
©.AddSubN ode(current Properties)
©.AddEdge(current Properties
current Event)

L break
Return ©
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IV. CONCLUSION

In this paper, we have proposed a time-series event log
preprocessing approach for discovering a group of operational-
ization inner-processes from an XES-formatted sensor-dataset
collected from executing a smart factory operationalization
process. Especially, the proposed preprocessing approach with
its algorithms can discover two types of inner-processes with
temporal traces; One is the time-driven temporal traces of
inner-processes and the other is the metrics-driven temporal
traces of inner-processes. Conclusively, through the proposed
preprocessing approach, we can realize the novel concept of
data-intensive and predictive operationalization of smart fac-
tories, which ought to be an eventual solution for concretizing
the data-intensive digital twin of smart factories.
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