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Abstract
Locally distributed processes include several process participants working on tasks at different locations, e.g., craftspeople
working on construction sites. Compared to classical IT environments, new challenges emerge due to the spatial context
of a process. Real-time location data from Internet of Things (IoT) devices can help businesses implement more efficient
and effective processes through business process management (BPM). However, only small parts of existing research have
touched on those advantages, while the architecture and implementation of actual executable location-aware processes area
has only been vaguely considered. Therefore, we introduce and present a non-exhaustive list of patterns for using location data
in BPM while also including an actual implementation of a location-aware approach using a multilayer system architecture
based on standard BPM technology. These can be used to leverage the location perspective of process entities as contextual
data in BPM.

Keywords Process execution · Location-awareness · Distributed processes

1 Introduction

Business process management (BPM) is a management
approach to goal-driven design and the optimization of
diverse and cross-organizational business processes, pro-
viding methods and tools to support the design, execution,
management, and analysis of processes [1].

Different new areas, such as digital marketing, where
the location of the customer can be used (e.g., location-
dependent pricing or digital nudging—e.g., ads based on the
current location or other data based on this), or the use of
locations of customers and employees by large e-commerce
companies andpackagedeliverers (utilizing location for rout-
ing optimization as well as for customer benefits, such as
knowing when a package will arrive), or their use in crisis
response/paramedics (where the current location of the res-
cue team in comparison with the victim’s location is crucial)
could benefit from an integrated approach providing support
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and easing the use of location data. However, on the other
hand, established areas not directly tied to the classical use
of business processes in production sites or factories but in
service-provisioning could benefit from using location data
within business processes and value creation (e.g., crafts-
people relying on mobile and locally distributed processes,
where several process participants work on subsequent tasks
at different locations).

All those processes come with different challenges com-
pared to other business processes, where the spatial context
is often disregarded due to negligible distances between
fulfillment locations [2]. Looking back at already existing
approaches, location information can be used to adapt the
price or change the content of an ad space, where the loca-
tion of a user is part of a more extensive set of decision
variables and can either be used to improve the user experi-
ence or improve the value generation on the companies side.
On the other hand, with crisis response and craftspeople at a
construction site, the location of the target entity is the core
of the process.

Historically, BPM focuses on classical IT processes with
little to no spatial context, mainly on the automation and
support of tasks through machines and their standardization.
The Internet of Things (IoT) describes a world where every
object can connect to a data networkwith its own identity [3],
enabling electronic hardware to communicate remotely with
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physical objects. The data obtained from the IoT devices rep-
resenting the locations of different entities involved describe
their conditions and circumstances [4, 5].

As previously outlined, the prevailing solutions are pre-
dominantly rigidly programmed, provided by specific com-
panies, and customized for particular use cases. BPM and
its toolchain offer a solution to conceptualize such location-
aware functionality by providing a generic toolkit for imple-
menting and leveraging location data in any mobile and
distributed business process open for any process-aware sys-
tem and organization. Despite those practical applications,
existing research in BPM has mainly focused on different
facets of location awareness, such as process adaptation,
modeling, and mining [6, 7], or managerial considerations
in the realm of context-aware processes [8, 9].

The description and implementation of an executable
system to capture and process location data for business
processes are either neglected, only vaguely contained, or
described for a closed environment scenario, such as a smart
factory [10]. In particular, to the best of the authors’ knowl-
edge, the allocation of concrete actors to tasks based on
location data within BPM1 and reordering the task lists of
multiple process instances based on distance is still an open
research issue. The described research gap poses the follow-
ing research questions:

RQ1. What potential patterns exist for utilizing the loca-
tion context of actors and entities in BPM?
RQ2. How can these identified patterns be effectively
employed during the modeling and execution phases of
the business process?

We fill this gap in the following sections by introducing
different patterns for the use of IoT-based location infor-
mation in BPM (and the needed operators) as well as an
implementation of an executable and well-defined location-
aware approach for process modeling and execution (see
Fig. 1). Specifically, we outline a multilayer system architec-
ture grounded in standard BPM technology. We implement
a comprehensive suite of location-aware patterns applicable
to different real-world application areas that enhance mobile
distributed processes. These patterns include: (i) location-
based task allocation, (ii) location-based automated start
and termination of tasks and process instances as well as
location-event-based dispatching of tasks and restricting the

1 The algorithmic optimization of an allocation problem and other opti-
mization problems, e.g., for process planning, are existent and can be
used for the actual implementation. [11], for example, describes the
classic house allocation problem with an example of allocating three
agents to three different tasks, which could be used for the allocation
pattern presented below. Here, the focus is on the different patterns and
how they can be used, independently of actual algorithms and imple-
mentation choices

execution based on location, and (iii) location-based reorder-
ing of tasks.2 The different patterns have been implemented
and evaluated using common real-life distributed processes
from crafts businesses, including a repair process at a cus-
tomer location, the rental of devices like heating units, or
the delivery of monitored goods between different branches,
each combining the potential of the use of location data with
an executable implementation to adapt to other real-life pro-
cesses.

This article is an extension of the conference publication
[13]. It extends the original article in various ways:

(i) The presented patterns have been extended in different
directions.

(ii) The background on location has been extended, and a
formal description of used operators has been added.

(iii) The prototypical implementation changed fundamen-
tally and is presented in more detail.

(iv) The related work section has been extended and dis-
cussed more thoroughly.

(v) The evaluation section has been extended and includes
presenting and discussing three implemented real-life
use cases from our research project.

The remainder of this paper is organized as follows. In
Sect. 2, we present the background and related work w.r.t.
location-aware BPM, as well as our research methodology
after that Sect. 3 is dedicated to establishing the foundations
for informationgeneration andprocessing from locationdata.
After that, we present the different patterns for the use of
location in BPM in Sect. 4.

To augment the understanding of our contributions,
Sects. 5 and 6 give a brief overview of the BPMN extension
LABPMN from [12] that enables the use of the presented
patterns for BPMN as the de facto standard for process mod-
eling and provides one possible implementation, and classify
the patterns within the well-established data patterns of [14].
The prototypical implementation details, supporting the inte-
gration of location data in process modeling and execution,
are explicated in Sect. 7.

Furthermore, Sect. 8 provides insights into real-world
applications, illustrating the application of these patterns in
three distinct processes from partners of a research project
within crafts businesses—namely repair processes at cus-
tomer locations, device rentals, andmonitored goods delivery
between different branches and one process from emergency
services also inherently dependent on location information
adapted from [15] showcasing the use of the patterns in
another application area. Finally, the paper concludes with a
summary and outlook in Sect. 9.

2 For LABPMN, the matching BPMN extension extending the meta-
model for the inclusion of location, see [12]
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Fig. 1 Using location information to dynamically adapt mobile applications in business process execution (prototypical implementation presented
in Sect. 7)

2 Theoretical background and related work

We commence with foundational knowledge regarding busi-
ness processes, process context, and location awareness and
proceed to present related work. This review aims to high-
light the existing research gap concerning the integration of
location data from IoT devices and BPM.

2.1 Background on context- and location-aware
business processes

Based on the research field of business process management
(BPM), the following sections will explain the connection to
the Internet of Things (IoT), the use of contextual informa-
tion during the execution of business processes, and location
data as a considerable part of context information and its
connection to BPM.

Business Process Management A business process is a
series of activities to achieve a specific business outcome
[1].Business Process Management (BPM), on the other hand,
is a management approach aimed at designing, optimizing,
and overseeing diverse cross-organizational business pro-
cesses. This is achieved by using methods and tools that
support the design, execution, management, and analysis of
these processes. By leveraging BPM, organizations can iden-

tify opportunities for improvement and align their processes
with the needs of both clients and their objectives. While
standardization may seem advantageous initially, excessive
standardization can impede the management of external
influences. While this approach may work well for a pro-
duction line, it hinders the optimization of mobile work
processes. As stated in [16], "the management of processes
should fit the process nature." In the case of a production
line, external data may be less relevant from a process per-
spective and, therefore, disregarded, while mobile processes
are heavily dependent on various locations.

Business processes can be represented by one or more
business process models, consisting of activity models and
instructions detailing how the processes should be executed.
These models serve as a blueprint for real-world scenarios
and cases, providing a structured representation [17].

Several modeling languages exist for this purpose, with
business process model and notation (BPMN) [18] being
the widely accepted current standard. BPMN incorporates
various standardized elements that enhance both human and
machine readability, enabling machine-supported execution
of business processes. Furthermore, BPMN allows for the
extension of the meta-model to introduce new functionality
that is not part of the standard’s core features. This exten-
sion capability can be employed to directly reintroduce logic
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necessary for the following patterns into the models, visually
representing the actions during execution.

Over the years, the extension mechanism introduced in
BPMN in 2011 [19, 20] has facilitated the development of
numerous specialized extensions tailored to various applica-
tion domains. These extensions enhance BPMN’s function-
ality and adaptability to meet the specific requirements of
diverse real-world scenarios (as discussed in [2, 19]). The
reuse and enhancement of standard BPMN elements offer
advantages such as standardization and widespread tool sup-
port. The BPMN extension mechanism is closely tied to the
Meta Object Facility (MOF) meta-model [21], which sepa-
rates the meta-model, process model, and process instances.
This separation provides enhanced flexibility through inter-
changeable model properties and parts. In other words,
extending individual elements of the BPMN meta-model
does not strictly necessitate the modification of standard
BPMN elements.

Finally, it is essential to emphasize that business process
management (BPM) is not a one-time activity; rather, it con-
stitutes an ongoing cycle with various versions documented
in the literature, as elucidated in [22]. This work adopts the
BPM life cycle framework delineated in [1], which is derived
from Deming’s PDCA cycle (Plan-Do-Check-Act). The pat-
terns presented in this context emphasize the use of location
information during process execution, as opposed to focus-
ing on the incorporation of contextual information such as
sociocultural surroundings and organizational resources dur-
ing process modeling (cf. [8, 16]).

IoT-aware BPM
The Internet of Things (IoT) concept envisions a world where
every object can connect to a data network and possesses its
unique digital identity [3]. This digital infrastructure allows
electronic hardware to communicate remotely with physical
objects. Bridging the gap between human actors and elec-
tronic devices is made possible by tightly integrated systems
that leverage data from IoT devices to enhance efficiency
and effectiveness and enable data-driven work. IoT data are
a foundational technology that provides context informa-
tion and data that can be seamlessly integrated into business
process management systems (BPMS). Using IoT data for
process execution, monitoring, and analysis can offer a more
comprehensive perspective on business processes. Incorpo-
rating real-time data from devices and sensors into BPM
technology provides businesses with added value by reduc-
ing costs and improving efficiency.

The Internet of Things encompasses the use of sen-
sors, devices, and networks to collect, transmit, and process
real-time data from the physical world. This capability
facilitates the creation of intelligent environments capable
of adapting to the needs of users and organizations. The
data collected through IoT can be leveraged to establish

intelligent environments that respond to both user and organi-
zational requirements, thereby enhancing process efficiency
and effectiveness [23, 24]. In essence, the Internet of Things
fundamentally enables the development of new functionali-
ties that would otherwise be unattainable.

Context-aware BPM
Data acquired from IoT devices, representing various loca-
tions of the entities involved, provide information on the
conditions and circumstances of these entities, making it an
integral component of the process context [4]. In the field of
Human-Computer Interaction (HCI), the concept of context
has been a focal point of research for numerous years, result-
ing in various definitions, the distinguishing factor being
the relationship involved. In HCI, the relationship between
an actor and a system becomes contextualized, whereas,
in the context of a business process management system
(BPMS), we contextualize the entity incorporated within
a process instance’s execution. Schilit et al. (1994) define
a context-aware system as a system capable of detecting
and responding to environmental changes, while [5] define
context-awareness as an application’s ability to adapt to user
context, with the user’s context denoting the circumstances
or situations in which a computing task occurs.

[25] describes location-based services, predating their
connection to business processes and the practical use of the
IoT. These services are a subset of context-aware services
based on two context levels. The primary context encom-
passes factors such as time, location, identity, and activity,
which are derived from sensors. In contrast, the secondary
context level includes personal, technical, social, physical,
and spatial contexts, which can be deduced or filtered from
the primary context data [25].

Location-aware BPM
[25] define spatial locations as based on well-defined refer-
ence systems that subdivide a geographical area into units
of a common shape and size, most commonly specified as
a numerical explicit representation in a coordinate system
(e.g., latitude and longitude),while in the realworld,we com-
monly use street names and numbers (addresses) for defining
a location of an entity. With a possible loss in precision, both
formats can be converted into each other using geocoding.
While addresses aremore human-readable, they often need to
be more accurate, considering both timeliness and accuracy
and preventing numerical calculations on location informa-
tion (cf. Section3). Following the earlier differentiation of
primary and secondary context, in this work IoT-data will
refer to all data obtained from IoT devices, which can be
location data (data to represent a location, primary context),
while spatial data include the location of an entity, as well
as other information based on the location of an entity (sec-
ondary context, e.g., the distance between two entities).
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In the context of complex event processing (CEP), [26]
distinguishes between different types of context: temporal,
state-oriented, segmentation-oriented, and spatial. For this
research, only the spatial classification is essential, which
gets further divided into three different parts, where spatial
information can be used as part of the generation of events
[26]: (i)Fixed location:Describes a fixed location, such as the
position of a customer or the company office, (ii) Entity dis-
tance location: Represents locations within a certain radius
of an entity, for example, geofencing, (iii) Event distance
location: Similar to entity distance location, but describes the
radius drawn around an event happening (e.g., an accident)
as the basis to include subsequent events. Another differen-
tiation that must be made for the location information of the
entities is the primary difference between dynamic and static
locations. At the same time, the latter remains the same, and
the first can change over time.

Although the concepts and goals of CEP and BPM
have been focused on different application areas, within
the context of IoT, they share various similarities, and both
approaches can be combined [27].

Finally, we define the term mobile distributed process as
a process involving multiple actors operating on sequential
tasks at various locations, implicitly constraining the task’s
execution to a specific location, e.g., a craft business employ-
ing multiple workers working on different construction sites.
This leads to a distinct set of problems compared to classical
(IT) environments of business processes, where the spatial
context of a process is less critical, or the distances between
places of fulfillment are pretty small andmight be negligible.

2.2 Related work

The following sectiondescribes currently existing approaches
for combining BPM and IoT and using location data or parts
of a possible future approach.

For the literature review, we formulate and apply the fol-
lowing search string,which encompasses the primary areas of
interest, business processes, and location. The search string
had to be present in at least one of the three components:
title, abstract, or keywords:

(BPM OR “business process*” OR “workflow*”) AND
(location* OR spatial OR geographic* OR context*)3

Deliberately absent from the search string were terms
directly associated with the Internet of Things (IoT) and
related terms, such as sensor networks or cyber-physical
systems. This omission accounts for discrepancies in ter-
minology usage over time, which could result in older
publications using the terms differently or including publica-

3 The asterisk notation, utilized with supporting libraries, ensured the
inclusion of all results beginning with the respective search term

tions primarily focusing on hardware-related research. In a
previous attempt to retrieve related works, we experimented
with incorporating all combinations of context with IoT, but
this approach failed to include several relevant publications.

The selected digital libraries for our search comprised
widely used repositories in the fields of Computer Sci-
ence and Information Systems, including the ACM Digital
Library, IEEE Xplore, EBSCO, Science Direct, AIS eLi-
brary, aswell as other publications identified through forward
and backward searches to lower the possible miss rate on rel-
evant articles. Different existing SLRs andmeta-publications
on the topic, such as [19, 29, 30] were used to add possibly
missing publications. Additionally, we limited our review
to articles published in English and German and, follow-
ing the methodology of [29], we filtered the data to only
include publications after 1999. This timeframe was chosen
to encompass possible approaches predating the standardiza-
tion of BPM in 2007 but postdating the initial use of the term
Internet of Things around that year.

The PRISMAStatementwith the different steps and selec-
tions, criteria, and results can be found in Fig. 2. The contents
of the identified relevant literature are listed in the concept
matrix in Table 1, giving an overview of the definition of
the corresponding problem, as well as the goal, the chosen
approach, and the result—independent of their original appli-
cation domain [31]. Individual approaches can be classified
into four non-exclusive categories, namely: graphical model-
ing extensionswhere the spatial perspective aims to explicitly
model locations in business processes, conceptual modeling
extensions where new use cases are presented (mainly the
location-based restriction of the execution of tasks, e.g., in
[32, 33] as well as research considering the architecture of
BPMSs and the use of spatial information to derive new func-
tionality, e.g., the use of location data from event logs to get
an overview of task locations [7] or the visualization of work
items and resources [34]. Note that even if the approach of
[32] is conceptually defined and executable, the author and
others like [33] and [35] only consider location constraints as
use for spatial information during processmodeling or execu-
tion. [2], on the other hand, gives an overview of related work
for combining IoT and BPM, but not specifically for loca-
tion data or the use of context information. They determine
that most extensions avoid handling data, thus disregarding
the core of the connection between location and their use for
business processes.

Graphical Modeling for Location-Aware BPM
In reality, many business processes are location-dependent
and should be executed differently based on the specific
locations of the entities involved. However, current business
process modeling languages do not inherently support incor-
porating location information into business processes. As a

123



L. Poss, S. Schönig

Fig. 2 PRISMA statement [28]
of our literature review

result, the processes modeled using these languages often do
not accurately reflect real-world business processes [36].

[37] focus on extending BPMN events to better cap-
ture events in IoT scenarios. Their extension is not limited
solely to location events but more generally reuses data
objects mapped explicitly to IoT resources. They main-
tain the basic structure of events, including the three different
types of events (start, intermediate, and end) and the two fla-
vors (catching and throwing). The given event definition in
BPMNdetermines the nature of the event,whether it is ames-
sage event, a timer event, or a different type. Next to reusing
existing elements, they also introduce a new type of event,
the location event, marked with a pin icon that can describe
either the current position or the movement of devices or
physical entities. Based on IoT-A [38], they extend the event
definition to include sections related to fault tolerance, spec-
ifying the maximum number of retries allowed to receive
requested data and information quality, which restricts the
data to be used. However, no information was provided on

the extension of the BPMN meta-model (which is one of the
requirements of the standard [18]), as well as an overview of
the actual concepts for the actual use of location.

Conceptual Modeling Extension for Location-Aware BPM
Extending existing business processmodeling notations with
graphical elements alone is insufficient tomake business pro-
cesses truly location-aware. Business processes need both
visual representation and machine-readability for their exe-
cution. Additionally, new concepts must be developed and
integrated into these notations to respond to location infor-
mation effectively.

One such concept is Location Constraints (LCs), utilized
by [33] among others. An LC can be associatedwith an activ-
ity and defineswhere the activitymust be performed orwhere
it is prohibited. The former is termed a positive constraint,
while the latter is a negative constraint. Within the publi-
cation, a two-dimensional location model is introduced that
describes the spatial attributes required for defining loca-
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tion constraints, including two types of location that can
be referenced: cycle locations and polygon locations. Addi-
tionally, there is a reference area within which all locations
must be included. The authors differentiate between loca-
tion classes and location instances, where location classes
are used to conceptually group related location instances.
The authors introduce several non-BPMN-conform visual
elements, such as double-edged parallelograms for location
classes or hexagons with equal signs for positive location
constraints. Although the concepts were new in this regard,
there is no need for specific non-BPMN elements, as all con-
cepts can be expressed by combining existing andmore basic
patterns.

On the other hand, [33] also differentiates between direct
constraints (defined at design time) and indirect constraints,
which are derived during runtime and further divided into
internal and external LCs based on the source of the location
data (location of another activity vs. external systemormanu-
ally entered). The BPMNmeta-model must also be extended
to fully incorporate the logical structure of the defined LCs
into BPMN. To achieve this, [33] integrated the classes of
the corresponding graphical symbols into the BPMN meta-
model by inheriting from existing classes.

Despite the location constraints (LCs) described in [33],
the authors do not address the issue of ensuring that activities
are performed in the intended locations. Moreover, the focus
on only LCs leaves behind a significant part of the possible
uses of location data in BPM. [32] also deals with LCs in
BPMN. BPMN artifacts are used to model the LCs, allowing
themodelers to provide additional information about the pro-
cess that is not directly related to the sequence flows or the
message flows of the process [18]. As a result, the artifacts do
not alter the behavior of the process. [32] extends the class
diagram of the BPMN meta-model and the corresponding
XML schema to include LCs in BPMN. LCs have the same
constructs and functionality as introduced in [33], with the
representation in the model being the main difference.

In contrast to [32, 33] also extends Petri nets with LCs.4

For this purpose, [32] introduces new constructs to Petri nets:
the constructs needed to represent LCs and a new connection
type to link the new constructs with each other and with the
existing transitions. The functionality and graphical repre-
sentation of the LCs in Petri nets are the same as in BPMN.
The authors also provide new sets and formulas for the formal
representation of the extension of Petri nets.

[44] take a step further by not only restricting where
an activity can be performed, as in [33] and [32] but also
influencing the control flow of the process-based on loca-
tion information. To achieve this, they introduced location-

4 Even though BPMN is the de facto standard for modeling business
processes, we include different approaches, as the underlying concepts
might also apply

dependent transitions and geospatial relationships in colored
Petri nets in addition to LCs. Location-dependent transitions
are assigned a location after execution. Location constraints
are expressions used to limit the locations that can be bound
to a location-dependent transition. The expression evalu-
ates to a Boolean result and involves exactly one output
transition—the constrained transition. Note that a transition
is only enabled if a token exists in all input places and all LCs
are satisfied. The LCs can be viewed as location-dependent
guard functions within Petri nets.

To make location-aware workflow nets (LAWF-nets) exe-
cutable, [44] propose a mapping to Colored Petri Nets
(CPNs), which can be executed using CPN tools. The
location-based expressions used in location constraints are
implemented by an extension integrating a geographic infor-
mation system (GIS). Location constraints imposed by the
GIS constrain the control flow. The execution of location-
dependent transitions, in turn, triggers changes in the GIS.

So far, all the concepts presented are based on extend-
ing imperative process modeling languages such as BPMN
and Petri nets. [36] take a different approach and focus on
extending a declarative process modeling language. Declara-
tive processmodeling is particularlywell-suited for scenarios
with many unforeseen paths because it describes the desired
result rather than the exact path to achieve it. The specific
path to the result is derived from constraints that limit the
activation of the following possible steps. This paper uses the
declarative process intermediate language (DPIL) to model
the process. In order to make DPIL location-aware, its meta-
model must be extended to include location entities, such as
resources and locational constraints. Two distance patterns
are introduced to formulate locational constraints: (i) The
extreme distance pattern, that determines the nearest or fur-
thest entity from a given location, and (ii) the exact distance
pattern, that determines the distance between two locations
of entities, enabling the control of activity execution based
on location information.

[40] also describes a declarative approach, where the
constraints that connect and restrict activities are called
business rules. The paper focuses explicitly on coordina-
tion and location laws, which are specific business rules
related to coordination and location aspects. Business rules
are specified in the event-condition-action form, whereas
a coordination law is a business rule that regulates and
combines services or activities. A location law models
location-dependent aspects of business rules. Therefore, the
positions of all location-dependent entities are recorded,
meaning that location aspects are externalized from the
source code into location laws, simplifying code adjustments
and maintenance while also adding complexity by adding
another part to the system.
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Architecture of Location-Aware BPMS
To effectively and efficiently use location data during the

execution of business processes, an intelligent combination
of different components in the form of a system architecture
is required. The following section presents an exemplary sys-
tem architecture, as well as an abstract system architecture
for the integration of location in BPMS. [41] presents an
architecture for location-aware process optimization within
a factory of things. The authors focus on providing location
information to the location-aware client application, which
is not further detailed.

The location preparation is divided into a provision layer,
which contains the various sources and technologies for loca-
tion information; a mapping layer that is responsible for
converting the location data into a consistent data format;
and a Distribution Layer with a context broker to allocate
the location data to its consumers. The interpretation layer
consists of a server with a knowledge base, which can be
queried via an Application Programming Interface (API)
to separate the interpretation of location raw data from the
location-aware client application. The client application is
located in the application layer and could be, for example,
a location-aware BPMS. This architecture provides a cen-
tralized location provision and interpretation infrastructure,
from which location-aware client applications can benefit
from reusability and separation of concerns.

In [39], theWorkflowenHAncements forMobility (WHAM)
system is introduced. The system focuses on dynamic activ-
ity assignments in mobile environments. For this purpose,
a two-level resource management approach is used. At the
global level, dynamic assignment of activities is based on
resource location and types, activity priority, and load bal-
ancing. Additional resource attributes filter and prioritize
the assigned location-dependent activities at the local level.
According to the understanding of [39], these activities are
tied to a specific location. To ensure dynamic and location-
dependent assignment of activities, a location status for
mobile resources has to be maintained. Furthermore, the late
assignment ofmobile resources to activities is crucial, as they
frequently undergo spatial relocation (i.e., they move) over
time.

To implement dynamic and late assignment of mobile
resources to activities within workflows, [39] employs a
workflow server in conjunction with a mobile resource
management component on the server side. The resource’s
location is determined on the client side and stored within
their respective resource profiles.When the client establishes
a connection with the server, the worklist handler conveys
the current location to the server, generating an appropri-
ate worklist tailored to the client’s location. The workflow
proxy and the work item data cache are vital in ensuring that
activities can be executed, even when mobile participants are
temporarily disconnected from the workflow server’s net-

work. Furthermore, a map view, integrated into the worklist
handler, displays the locations of activities within a partici-
pant’sworklist, assistingmobile participants in planning their
work.

Use of Location for New Functionality
Finally, using location in BPM also fosters new applications,
such as including geospatial information in event logs for
process mining [7]. Consequently, location aspects become
the primary modeling entities, while activity flow becomes
secondary. Moreover, while the presented approach differs
from earlier ones, at least from a lifecycle standpoint (mod-
eling and execution vs. process monitoring), representing
geographic locations and using event logs of transitions of
entities between them also incorporates location information
into the process analysis.

Detached from any specific modeling language, [45] pro-
poses that location enhances human task assignment in
business processes. They suggest using location and user
availability status to efficiently assign tasks and prevent tasks
from becoming idle.

Finally, another use of location in augmented process
modeling, similar to the approaches presented above, is
visualizing processes and tasks in actual spaces. [34], for
example, focuses on visual support for work assignments in
mobile environments. They achieve this by visualizing the
location of tasks on a map while also employing distance
metrics to suggest the next task based on various factors.
This approach lifts the use of location away from the process
model itself and implies implementing a complementary task
list.

On the other hand, [46] also uses the location as part of
contextual process information to use augmented reality to
display process specifics at the actual location of the task
(e.g., live sensor data at the specificmachine or a task list next
to a workspace with tasks specific to the workspace instead
of the actor). These approaches differ fundamentally from
the patterns presented in the following sections. While they
use the location of a process entity, they are not directly tied
to the process model as a way of visualizing and providing
the needed logic for process execution.

2.3 Researchmethodology

The following sections follow the introductory course of
the well-established design science research methodology
(DSRM), which has the fundamental goal of creating valu-
able artifacts within the information systems discipline [47].
Methodologically, the current procedure model of [48] and
[49] divides the research process into six iterative phases: (i)
explicate problem, (ii) define requirements, (iii) design and
develop artifact, (iv) demonstrate artifact, and finally, (vi)
evaluate artifact. However, the problemand the requirements
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for a solution have already been outlined in Sects. 1 and 2,
Sects. 3 to 5 explain the basics of generation andprocessingof
location information and different patterns of the use of spa-
tial informationwith BPMand an attached BPMNextension,
and Sects. 6 to 8 form the last step by providing a prototypical
implementation for the previously presented patterns, com-
bining the demonstration and evaluation in terms of currently
running real-world application examples for the patterns.

We have also met the requirements of DSR as an iter-
ative process [49]. In addition to conducting rapid system
prototyping, we actively engaged with our industry partners
by presenting intermediate results. Their valuable input and
expertise were fundamental in refining our objectives and
enhancing the system architecture’s design and functional-
ity.

3 Location information generation and
processing

The context of a process describes the conditions and cir-
cumstances involving the entities [4]. This information can
be used during the execution of a process to enhance and
support its realization. One common aspect of context fre-
quently used is the location of entities, which includes both
spatial and temporal information to be used during process
execution.

To employ an entity’s location as contextual information
during the execution of a business process, we first need
to acquire current location data. Fortunately, the Internet
of Things (IoT) and other advancements in networking and
technology have led to various techniques for object local-
ization.

These physical locations can be categorized into three dis-
tinct types [25]. For real-world BPM applications focusing
on distributed mobile processes, we can primarily focus on
the first two5:

• Descriptive Location: These locations are character-
ized by descriptive names or numbers and are typically
associatedwithwell-defined natural or human-made geo-
graphical objects.

• Spatial Location: These locations are explicitly repre-
sentedwithin a coordinate system, commonly either two-
dimensional (latitude and longitude) or three-dimensional
(latitude, longitude, and altitude).

Upon acquiring location data, processing it to extract
meaningful insights from the various data points becomes

5 The third category pertains to a location within a communication
network (network location), which is less relevant for real-world appli-
ances

necessary. Depending on the type of location data, an initial
transformation is required to enable mathematical calcula-
tions. Geocoding serves as a tool to facilitate the conversion
between spatial and descriptive representations. This pro-
cess relies on lookup tables that contain mappings between
addresses and numerical representations. It is important to
note that the transformation from spatial to descriptive repre-
sentation inherently involves a loss of precision, especially in
large company premises with multiple buildings sharing the
same official address but having significantly different spatial
coordinates. Depending on the specific needs, there are also
descriptive location descriptions available that do not rely on
regular addresses and can overcome shortcomings for large
premises or unserviced land or forests, such as What3Words6

or FixPhrase.7 Both of these services rely on the same fun-
damental concept: the division of the surface of the earth
into fixed small areas that are uniquely identifiable (3 × 3
meters for What3Words or approximately 10 × 20 meters
for FixPhrase) and the subsequent provision of a service to
geocode the addresses of these alternative address systems
back to latitude and longitude. This transformation enables
comparability between values, using mathematical formulas
and calculating distances, making it more suitable for com-
putational purposes. On the contrary, descriptive locations
are human-readable, straightforward to remember, and com-
prehensible.

This duality of representation should be considered when
utilizing location data with human actors. Depending on the
specific requirements, any application must be capable of
supporting both descriptive and spatial representations to
accommodate the data consumer’s needs.

Even after transformation, a single numerical data point
alone is insufficient for direct utilization within a business
process. The meaningful analysis typically requires at least
two data points containing a combination of two distinct enti-
ties, locations, or timestamps. Combining these data points
allows us to derive meaningful insights and understand the
context of the entity’s actions. The subsequent section will
formally describe various location operators, assuming the
availability of two data points for analysis.

3.1 Location data collection

There exists a multitude of various methods for technologi-
cally locating objects, extensively described in [25, 50–52].
Three distinct methods for localization can be distinguished:

1. Presence: This is the simplest and least accurate method
to determine whether an object is present.

6 https://what3words.com/
7 https://fixphrase.com/
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2. Positioning: This method aims to identify and locate
objects accurately.

3. Proximity: This method falls between the other two, aim-
ing to determine presence and location, which depend on
each other.

In Table 2, a non-exhaustive compilation of existing
location technologies is provided, alongwith associated tech-
niques and parameters, including range, accuracy, cost, and
energy consumption. Notably,many currently available tech-
nologies and techniques exhibit drawbacks, encompassing
challenges related to cost and energy consumption, as well
as complexities and scalability issues.

These techniques are accompanied by several additional
developments and specificities, meaning this list should be
regarded as an overview of possibilities. Further comprehen-
sive descriptions and explanations can be found in the above
sources and other sources for those seeking more detailed
insights into the inner workings of different technological
approaches and techniques.

Depending on the technology chosen, subsequent steps
must be taken to access the collected location data in a
machine-readable format, which can then be processed in
the next step.

3.2 Location data processing

After collecting and storing the locations of relevant entities,
our focus now shifts to determining how to utilize these dif-
ferent locations effectively. The first step in CEP would be
to process the incoming data and generate events from them,
which can be used in a different system. However, because
location information is needed, other challenges of IoT data,
like a sub-second frequency or overwhelming data, are less
relevant when dealing with location data. Depending on the
used source for the data, we can already filter, thereby only
updating the location if it changes. For our application and
the use of location, we can directly use currently available
data without preprocessing it.

Drawing from the patterns presented in [13] and related
literature, as exemplified by [53], which will be elaborated
upon in Sect. 4, we have identified various operators essential
for incorporating location in BPM. We introduce spatial and
temporal operators to form a foundation for these patterns.
The spatial operators bear a resemblance to those introduced
in [36], which contains concepts for two explicit distance pat-
terns, an extreme distance pattern (where one entity is either
the nearest or farthest from another entity) and an exact dis-
tance pattern (which binds the current distance to a variable).

For the following patterns, we need different operators
that we can use for each of them. They can be mainly split
into two categories: temporal-independent spatial operators,
wherewe select one entity froma list of entities based on their Ta
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current location, and temporal-dependent spatial operators,
wherewe examine one single entity and check for noteworthy
events and its movement over time.

Consider the following sets: E representing the positions
of all possible entities involved in a process, divided into
static (S) and dynamic positions (D) with E = S ∪ D and
the set A ⊂ D representing the positions of actors and let
fd(x, y) be any distance function that returns a distance8

between locations x and y.

Temporal-independent Spatial Operators

• Tofind theminimum distance between the location of any
one entity and the location of another entity e1, e2 ∈ E
with e1 �= e2, you can use the following expression:

min fd(e1, e2) (1)

• Similarly, tofind themaximum (longest) distancebetween
an entity’s location and all other entities from e1, e2 ∈ E
with e1 �= e2, you can use:

max fd(e1, e2) (2)

These expressions represent the minimum and maximum
distances, denoted as dmin and dmax, respectively, between all
current locations entities E and the location of exactly one
entity e ∈ E .

Temporal-dependent Spatial Operators The calculation of
whether an entity is inside or outside of a geofence is inde-
pendent of the actual distance function here (this is mainly
the case for geofencing, where we draw a circle or polygon
around a location and want to check if an entity moves inside
or leaves the area). We can either use the distance around a
specific location as a threshold, leading to i(x, y) being the
result of the location update (making the geofence a circle),
or more proficiently use the ray-casting algorithm that can
be used for arbitrary polygon geofences, and returns whether
or not a point is located within a polygon.

i(x, y) := fd(x, y) op dmin

i(x, y) := boolean interrelation between x and y

where

op ∈ {<,≤,=,≥,>}

The location update describes the fact that the location of
an dynamic entity d ∈ D changed at least/exactly/at most

8 Different distance metrics can be calculated or queried (e.g., as-the-
crow-flies, driving distance)

dmin between t − 1 and t .

fd(dt−1, dt ) op dmin (3)

To accurately detect an entity entering a geofenced area,
both of the following conditions must be satisfied:

• The first condition (i(dt−1, et−1) = false, with op being
<) ensures that the entity a was initially located outside
the geofenced area just before the time interval t . This
condition is necessary to prevent false positives where
the entity is already inside the geofence at the beginning
of the interval.9

• The second condition (i(dt , et ) = true) confirms that
the event has indeed entered the geofenced area at time
t . This condition is essential to validate that the event
has crossed the geofence boundary during the specified
interval.
Thus, we can define the enter geofence operator as fol-
lows:

i(dt−1, et−1) = false ∧ i(dt , et ) = true (4)

Similarly, to detect an entity leaving a certain area, we
reverse the truth values. a is inside the geofence at time
t − 1 and outside of it at t . Meaning:

i(dt−1, et−1) = true ∧ i(dt , et ) = false (5)

Using those operators, we can concisely express different
operations using the location of entities. For example, the
specific elements referenced in [53] can also be expressed
using these operators. The operator position achieved is the
inequality fd(x, y) ≤ ε (with ε being a small positive num-
ber, optimally zero), position update can be expressed using
the operator above, and the conditional position is entering
or leaving a geofence each for a ∈ A and s ∈ S.

4 Patterns for location-aware business
process execution

The following sections present different possibilities for
using spatial information within executed business processes
and how it can influence the execution of mobile distributed
processes. These patterns generally describe the use of loca-
tion in business processes. To facilitate comprehension and
to make the abstract patterns more accessible, we align
the patterns directly along commonly known elements and

9 While it may not be practical to define a geofence around a moving
entity (d), we do not impose restrictions on the operator solely using
static or non-changing locations (s)
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Table 3 Patterns for the use of location-based information in executed processes

Conceptual use Task Involved BPMN concept
Gateway Boundary event Single-instance Multi-instance

Automatic start of process instances � � � � �

Decision making through location-based data � � � � �

Location-based task allocation � � � � �

Location-based monitoring of tasks � � � � �

Location-based event dispatching � � � � �

Location-based automatic completion of tasks � � � � �

Location-based automation of tasks � � � � �

Location-based worklist reordering � � � � �

Location-based constraining of execution � � � � �

paradigms of BPMN [18] (for a short introduction on the
basics of BPMN, see Section A). Nevertheless, the patterns
are agnostic to the process modeling standard or paradigm
and even more so to the implementation of the execution
engine.

Using a BPMS, the task’s execution can be automated
and supported by IT. At the same time, a business process
model describes the schema of a process; typically, different
instances of any process run concurrently. While most of the
focus of research and implementation support is on executing
and optimizing single instances ("the processmodel as it is"),
looking at multiple concurrently running processes leads to
a completely different set of restrictions, and the interplay
leads to other possible synergies that are not depictable in
standard process models.

Table 3 shows a non-exhaustive list of the identified con-
ceptual uses for location-aware business processes together
with a classification of BPMNpatterns that wewill explain in
more detail in the following sections. The following table also
differentiates between single-instance and multi-instance,
the first including patterns that can be used on a single exe-
cution instance of a process. In contrast, the latter implies the
existence of at least twoprocess instances (multi-instance), as
described above. Utilizing or integrating location data within
a task or facilitating its execution constitutes another use of
such data. However, it is essential to note that location is just
one component within a more extensive collection of neces-
sary or utilized data points compared to the other patterns,
which will be mentioned in Sect. 4.10.

4.1 Location-based automatic start of process
instances

Location data can be used to start process instances auto-
matically, e.g., starting an externally modeled process for a
specific task when an actor arrives at a specific location. As
explained above, primary context information, i.e., the sin-

gle location of an entity alone, is insufficient to start a new
process instance. Only when the location of at least one other
entity or a different location for the same entity is available
can metrics be calculated to initiate a process instance, e.g.,
the event distance location with the place of fulfillment for
the job being the event, meaning, we need at least two dif-
ferent data points to use our operators. Fundamental to that
is the availability of location data outside the bounds of the
process instance for all involved entities.

Depending on the calculation of the used metric, logic is
required to be included within an event start (in BPMN: a
conditional start event), meaning that the calculation has to
happen "outside" of the process instance’s lifecycle, imply-
ing that the start of the process instance is not bound to
the BPMS but has to be triggered externally. The triggering
event of a process could also be modeled as part of a mes-
sage start event, relying on the viewpoint and the modeling
choice, thus losing semantic information during the model-
ing. Coming back to the presented context levels of [25]:
spatial information of the involved entities are primary data,
as they are gained from sensors (or more specifically mobile
IoT devices) and cannot be used by themselves, whereas the
distance between two entities is derived, thus secondary con-
text, and can be used to start a process instance.

4.2 Decisionmaking through location-based data

Decisions are a fundamental aspect of anymodeling language
and enable the structuring of the process by influencing the
process flow [1]. Decisions can be implemented in all parts
of the system architecture depending on the frequency and
availability of required location data. These decisions range
from using an expression that gets evaluated directly within
the BPMS to employing lifecycle hooks and execution lis-
teners attached to the BPMS. Alternatively, decisions can be
deferred to the middleware or processed as a stream using
CEP, thus closing the abstraction gap between IoT data and
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human-executable processes while incorporating all three
spatial context classes.

As the most basic concept, decision-making based on
location information is the most general application. Every
conceivable data point can be included in a business process
decision. Depending on the level of sophistication, decisions
can be made at a basic level using the operators above for
simple decisions or incorporated into larger decision tables
where the location of an involved entity is just a tiny part.

4.3 Location-based task allocation/assignment

Another noteworthy pattern involves allocating or assigning
one or multiple actors to an activity or subprocess. While the
terms Allocation and Assignment may initially appear syn-
onymous, their usage has been distinguished in the previous
literature. Various authors have coined their definitions for
these terms, sometimes exhibiting overlaps or contradictions.
For this discussion, we will employ the term "allocation" to
signify assigning a specific task to a single actor during the
process execution. Conversely, "assignment" encompasses
a broader scope, encompassing candidate users and groups
during process modeling and programmatically filtering and
modifying them during process execution.

It is important to note that allocation establishes a direct
connection between a single actor and a given activity or
subprocess. At the same time, an assignment can result in
none, one, or multiple candidates being associated, indepen-
dent of the current process status. However, both activities
address the interaction between actors and activities and will
be jointly explained.

A task allocation to a process participant specifies the
responsibility for a single task or a group of tasks to a con-
crete user. During process modeling, tasks can get assigned
to a particular user group whose members are candidates for
execution, meaning the allocation happens deferred during
the process execution [1, 54]. Although earlier approaches
considered the use of location data for process models (cf.
Section2.2), the research gap of allocating concrete users to
tasks based on location data has been neglected.

The realization of a location-based task allocation is pri-
marily a task of a smart cross-system implementation. Let
us explain this directly using a small application scenario:
Imagine a crafts business where exactly one actor is working
at one customer location for one specific process instance;
this subprocess of concrete manual work starts with the allo-
cation of the current process instance to exactly one worker.
The start of the tasks triggers either the calculation or query-
ing of distances and the allocation itself. Because the BPMS
itself does not store real-time data and because of the sepa-
ration of the backend and the data-handling middleware, the
BPMS has to either actively get the information or delegate
the task to the middleware. Depending on the actual need,

both possibilities are feasible. Even more, we can either try
to get the current location of all possible entities by directly
querying the sensor and using the most current stored data as
a fallback or solely rely on the most current known location.
After calculation, a list of distances with unique identifiers
for the corresponding actors is returned, which needs to be
sorted and then used for the allocation. All possible logical
expressions/operators can be applied to the data based on the
locations and the application area.

One significant issue must be addressed is the allocation
or assignment span, also known as the allocation lifecycle.
Depending on the process and the modelers’ needs, this pat-
tern has to include a possibility of involving more than just
one task visually and in the implementation. For this reason,
both a single task and a subprocess, including multiple tasks,
can be used for allocation and assignment. After the task or
subprocess is finished, the used actor is available again, and
all relations are removed.

Ultimately, the allocation gets sent to the BPMS, includ-
ing the current distance to the target location, which can then
be used further to support the actors and increase the trans-
parency of the allocation process. Depending on the actual
implementation and the BPMS choice, we can either explic-
itlymodel the allocation/assignment as a script task or append
it to the lifecycle of a complete subprocess (again, for BPMN,
cf. [12]). As in decision model and notation (DMN), where
the goal is a decision between multiple process flows [55],
the allocation of a single actor to a task based on location data
can be understood as a Boolean decision for one and against
all other actors, whereas the assignment filters the candidate
users for a task or list of tasks.

4.4 Location-based event dispatching

Following the classification of spatial context data from [26],
we can divide all events that occur during the execution of
processes into three classes, which then can be used during
process execution to react to themand trigger additional func-
tionality in the process. Based on the operators above, we can
define different events that can occur during the execution of
a task based on the locations of the involved entities. One cru-
cial possible application is the use for notifying customers
or actors based on the current location of an entity (e.g., a
worker driving to a customer, where a new task is triggered
when the worker enters a certain distance around the cus-
tomer or automatically dispatching the refilling of resources
when the supplier dropped them off at the facility).

Within BPMN, the supervision of tasks is conceptualized
with the use of boundary events so that different reactions to
events occurring during the execution of a single task can be
modeled [1]. These events can split the process flow while
executing a single task or subprocess. BPMN defines condi-
tional non-interrupting boundary events to trigger a separate
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flow based on a condition happening while one task is exe-
cuted [18], which spatial data can enrich.

4.5 Monitoring process execution

The inclusionof spatial information also eases themonitoring
of process execution, improving transparency by displaying
all involved entities on a map and visualizing the physical
environment where tasks are going to be performed, includ-
ing the temporal properties of the process instance [34].
Furthermore, multiple instances running in parallel, includ-
ing current and historical data, could be used to calculate the
median execution time of a single task or a group of tasks
or the maximum distance traveled to a customer among the
most recent n jobs. In addition, the quality of task execution
can be enhanced by providing the current location data of
all participating entities to mobile task workers. The display
of all involved entities on a map offers a visualization of the
physical environment where tasks are going to be performed
that includes temporal properties of the process instance [34],
represented by the current position of an actor with a possible
trail to show the path taken.

Conceptually, either the BPMS or the middleware has to
keep calculating the distance of the allocated actor to the cus-
tomer’s location in the background and either push the result
as a process variable to the BPMS or periodically evaluate
the given expression. Depending on the company’s needs,
a fitting granularity of updates and data accuracy has to be
chosen.

All in all, because spatial data are nothing more than con-
textual information, its use for monitoring the execution of
processes can lead to improved transparency and show pos-
sible areas of improvement for the following improvement
of the processes (business process improvement (BPI)).

4.6 Location-based automatic completion of tasks

The process flow defines the fundamental sequence of all
parts within a process model, where each element (excluding
the start and end events) has at least one predecessor and one
successor [1]. Upon the completion of an element, all directly
connected elements in the model are triggered. This process
can also be automated using location-based data. The update
frequency and the accuracy of the location information influ-
ence the precision of automatically completing the current
task and proceeding to the following flows. It is important
to note that user tasks are not automatically executable in a
BPMS and, therefore, do not implement any logic [1]. How-
ever, BPMSs typically provide lifecycle hooks as listeners
that can be used to execute logic when specific states of the
task’s lifecycle, such as create, assignment, or complete, are
reached.

Compared to dispatching events using location data, we
automatically finish one task in this approach, triggering the
following tasks. When the first task splits the process flow,
and the base task is not finished due to the non-interrupting
nature of the boundary event, using the task’s lifecycle allows
us to complete tasks basedon the location of involved entities.
While implementing the latter approach requires decisions
and calculations to be made outside of the BPMS, for the
former approach, expressions can be evaluated within the
BPMS itself.

4.7 Location-based automation of tasks

Location data can enhance the execution of tasks that have
to be done by a human but can be supported by technology
(user tasks inBPMN) and canbe used to completely automate
non-value-adding tasks like the documentation of work and
support tasks for value-adding processes. Due to the simple
fact that most BPMS typically save records of historic exe-
cution data, this information can be used on a multi-instance
basis to calculate and verify metrics like start and finish
time, as well as custom location-specific data of tasks like
comments made by field workers for specific entity loca-
tions (Imagine a heating engineer storing location-specific
information assigned to one customer). These comments
can be used to support location-based information for future
projects. Within our running example, the last task is cre-
ating an invoice that can be automated or supported using
the execution times of the current process instance tasks split
into time driving and working on-site at the customer, sim-
plifying and automating the billing process while removing
non-value-adding documentary work.

Beyond the benefits mentioned above, location-based
automation can also improve workforce management. For
instance, real-time tracking of fieldworkers’ locations allows
for efficient dispatching, ensuring that the nearest available
technician is assigned to a job, minimizing response times,
and improving customer satisfaction (as already explained in
Sect. 4.3). Moreover, the integration of location data can lead
to predictive analytics. By analyzing historical data related
to task execution times at specific locations, businesses
can forecast future workloads more accurately, enabling
proactive resource allocation and optimized scheduling (see
Sect. 4.6). This predictive capability streamlines operations
and aids in budget planning and resource allocation, ulti-
mately contributing to cost savings and improved operational
efficiency.

Furthermore, as mentioned earlier, utilizing location-
specific comments can play a pivotal role in quality assurance
and customer engagement. These comments can be analyzed
to identify recurring issues or customer preferences associ-
ated with particular locations. This valuable information can
guide process improvement initiatives and allow businesses
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to tailor their services to specific customer needs, ultimately
leading to higher customer satisfaction and loyalty.

4.8 Location-based worklist reordering

Taking a step back from a single executed process instance,
location-based information can also be used to reorder the
work list of an actor based on location information, e.g.,
the actual distance of a process participant to the point of
interest like a customer location, i.e., entity and possibly
event distance location. In contrast to the concept of work
list reordering in [56], which investigates the influence of
random reordering tasks on overall temporal performance
based on historical data, recommender systems can be used in
combination with BPM to build suggestions for the next task
to be executed by a human actor. Following this approach,
any metric calculated based on an actor’s location or a com-
bination with other metrics can be used to rearrange tasks
within awork list of a specific user. [39] have already touched
on the topic within their local resource management, adding
the work preferences of human resources and application-
specific resource types and states to a decision matrix while
differentiating between filtering possible tasks or prioritizing
them. Within the running example, imagine multiple open
jobs, i.e., tasks from different process instances, at different
customers yet to be allocated to a single actor. Each available
actor gets a list of those tasks on their mobile user interface
sorted by distance to the corresponding jobs and can then
choose their next task based on this information.

Compared to allocation and assignment, this broader per-
spective enables organizations to dynamically allocate tasks
to actors based on proximity to customers and other strate-
gic considerations, such as optimizing resource utilization
or minimizing transportation costs. Furthermore, integrat-
ing recommender systems and BPM opens avenues for
intelligent task allocation. Organizations can leverage histor-
ical event logs and machine learning algorithms to provide
actors with task recommendations that align with location-
based metrics and individual preferences. This personalized
approach can result in improved task execution times and
enhanced user satisfaction.

4.9 Location-based constrained execution

One of the most common patterns in earlier research (as
seen in Table 1) involves explicitly constraining the exe-
cution of specific tasks within a business process. This
constraint ensures that individual activities must or must not
be performed at specific locations. These constraints can be
categorized as direct or indirect, as defined by [33]. Direct
constraints are known and established during the modeling
phase of the process, while indirect constraints are dynami-
cally evaluated at runtime.

In practical terms, the constraint mechanism we have
discussed can be a powerful tool. For example, with the
right business process management system (BPMS), you can
maintain a list of all entities already participating in the pro-
cess instance. This list can then be used to restrict their future
involvement, essentially creating a "deny list" of actors for
specific activities. This approach is an extension of the earlier
pattern of assigning a task to an actor based on a deny list
but with the added refinement of further reducing the candi-
date group not only by distance but also by considering "has
already worked on" criteria.

However, it is crucial to note that while the patterns intro-
duced earlier are independent of the actual implementation
and rely solely on essential BPMN elements and functionali-
ties, back-referencing to earlier tasks is not a standard feature
of BPMN. This can lead to implementation dependencies
and requires careful consideration when designing location-
based constraints in processes.

4.10 Other uses of location data in business
processes

As explained above, location data can also be part of a bigger
collection of data pointswithin business processes. The focus
of the patterns here is on the direct use of location data to
influence the flow of processes, which could also result from
using location data within a task.

Within single tasks, the use of location data is possibly
endless, from personalizing marketing and sales campaigns
where the customer’s location is used in combination with
their preferences and behavior to tailor more relevant and
timely promotions to improving travel and tourism services
by providing recommendations or enabling location-based
payments and transactions for preventing fraud and enhanc-
ing security by using the customer’s location and their usual
location.

Comparing those approaches, we can quickly identify a
difference: While the above patterns primarily focus on exe-
cuting tasks, other uses focus on modeling, analyzing, and
improving the structure and logic of process models.

Consider the conceptual implementation of location-
based task allocation. This approach allows the process
model to dynamically assign or allocate actors to tasks based
on their geographical position rather than relying on static
or predetermined assignments. This dynamic allocation can
significantly enhance process execution flexibility and effi-
ciency, potentially boosting actor satisfaction andmotivation.
This innovative use of location data in business processes can
inspire new ways of thinking about process management.

As mentioned in the related works part, augmented pro-
cess modeling includes spatial information combined with
processes. Compared to the above patterns, this almost
always implies the need for additional tools or services. Here,
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for example, we can display the actual fulfillment location
of tasks on a map, transforming the classic tasklist into a
task map and improving the visualization of the link between
multiple tasks that the same actor may execute. Another pos-
sibility could be to include virtual and augmented reality or
mobile devices to provide needed information based on the
current location of the actor. This information can include
currently open tasks for a specific location (e.g., workspace
or construction site) or specific data (e.g., all current sen-
sor values for the machine in front of an actor or contextual
information for a customer’s location).

Finally, another conceptual use of location can be for per-
sonalizing marketing and sales campaigns. This approach
allows the process model to incorporate location data to tai-
lor the content and timing of the campaigns to the customer’s
location, preferences, and behavior. The potential benefits
are significantly improved effectiveness and relevance of the
process outcome and enhanced customer loyalty and reten-
tion. This use of location data in business processes offers a
promising avenue for improving customer relationships.

5 Extending BPMN for location awareness

In the following section, we describe an approach for BPMN
specifically as an exemplarymodeling approach for the actual
use of the conceptual patterns for the use of location informa-
tion in business processes. For this, we introduced a BPMN
extension for location-awareness in [12]. Using the guide-
lines in [57], we deliver the missing piece by extending the
BPMN metamodel to enable a visual and understandable
implementation of said patterns. The extension for location-
aware BPMN (LABPMN) contains three main elements:
location data objects (referring to the used locations), loca-
tion events (all different standard types of event (throwing,
catching, interrupting, non-interrupting) but for the explicit
use with location—based on the operators described ear-
lier), and finally an extension for subprocesses and tasks for
dynamically assigning and allocating actors to a task based
on their and the task’s current location.

Using those BPMN elements, we can model all the pat-
terns presented above to correctly represent the functionality
within the process model itself. The extension of the BPMN
metamodel to explicitly include location awareness and spe-
cific elements itself needs a complementary implementation
based on a BPMS and a possibility to model said elements.

Providing the extension for BPM includes extending
the BPMN metamodel conceptually and graphically while
extending the BPMS core functionality to keep the process
model executable. The Internet of Things is a pivotal enabler
for new approaches to using contextual information in busi-
ness process modeling and execution while relying on the de

facto standard BPMN, which enables the correct depiction,
transparent execution, and use of data.

6 Visibility and interaction of location data

Between identifying and presenting the different patterns for
the use of location data for BPM and a short introduction of
the implementation, we integrate the presented patterns into
the well-established data patterns defined in [14]. This inte-
gration helps explain how data can be used and exchanged,
which is a fundamental step in bridging the gap between con-
ceptual solutions and prototypical rational implementations.

Within the context of BPM, data points from various
sources can be defined, stored, and utilized at different levels.
Values can be made accessible within a defined part of the
process or at any point for every element of the process. The
precise specification of the scope and visibility of the data
is crucial for addressing existing problems or adhering to
best practices, such as managing limited resources, manag-
ing traffic, ensuring security, and addressing privacy aspects
[58] related to IoT devices and their use while optimizing
data handling within the BPMS.

The different classes described in Table 4 show the visi-
bility of the data within the BPMS, ranging from the most
specific (task data) to the most general use of the data (envi-
ronment data). Minimizing network traffic and efficiently
managing data requires consideration for the implementa-
tion. For instance, when creating an invoice for a customer,
access to the execution time of the current process instance’s
tasks is essential. However, these data will no longer be
needed once the invoice is created. On the other hand,
customer information, such as their location, should be
implemented as folder data since a single customer could
require multiple repairs and thus be associated with multiple
process instances; not saving these data for future tasks is
not practicable in the long run. However, data utilization and
handling often depend on specific implementations, system
architectures, and the current process, making it challenging
to provide further conceptual descriptions beyond their given
definitions in [54].

Furthermore, [54] defines various patterns for external
data interaction, primarily distinguishing between push and
pull communication. Push communication involves variables
within the processing framework (e.g., IoT middleware) that
are saved and can be processed into events. These events are
then pushed into the BPMS, where they must be referenced
within tasks. In this scenario, the processing framework sends
data to a specific task, case, or workflow without explic-
itly requesting it from the BPMS. To illustrate, when a task
becomes active, the middleware transmits data at regular
intervals or when the value changes to the BPMS. This
approach can reduce processing time and latency, as the data
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Fig. 3 Graphical representation
of all elements added to the
BPMN meta model

are immediately available for processing. However, it may
result in the transmission of unnecessary data.

In contrast, pull communication operates vice versa; the
BPMS actively requests data from the middleware when
needed, such as for making decisions or using it within a ser-
vice task. This approach can result in longer processing times
if the middleware waits for the BPMS to request data before
transmitting it. The trade-off between push and pull com-
munication must be carefully considered for each scenario
to minimize network traffic while ensuring the necessary
responsiveness, especially considering the limited resources
in IoT devices. It is also essential to consider the relevance of
the data: not every sensor value or processed event is required
for every process component.

The visibility types defined above and their use for the
patterns vary greatly depending on the choices. While some
exemplary location-dependent data points seem easy to
categorize, many can be used differently depending on a
company’s needs, the available data, and the chosen method
of implementation (both the implementation itself and the
deployed and used BPMS).

7 Implementation

After presenting the patterns for using location and a brief
overview of its potential applications with BPMN, the objec-
tive is to establish a fully executable and system-driven
approach based on location data using existing standard

process management technology. This section outlines the
system architecture based on Business Process Management
(BPM) and the frameworks involved in a prototype imple-
mentation.

In order tomakeuse of the different patterns,wedeveloped
a multi-level system architecture for integrating contextual
location information in BPM (Fig. 4).With this approach, we
can enhance process execution by utilizing location data from
mobile devices used by individuals involved in the process.
The implementation also provides real-time information on
current tasks that need to be performed and includes a back-
office application that offers contextual information about
actors, customers, and other process-related resources. This
tool is an initial approach to dynamically adapt mobile appli-
cations for individuals working at different locations solely
based on the modeled and executed business process.

The backend employs a conventional layeredmodel-view-
controller (MVC) architecture with Spring Boot10 as its
technological foundation. It offers a REST interface for the
mobile application and HTML web pages for human users.
These interfaces support common use cases, including stor-
ing and retrieving tools, locations, projects, and user tasks.
For data storage,weuse aSQLdatabase (PostgreSQL11)with
a geographic data extension (PostGIS12). To accommodate
a wide range of mobile devices (Android and iOS, with the

10 https://spring.io/projects/spring-boot
11 https://www.postgresql.org/
12 https://postgis.net/
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Fig. 4 Software architecture for the use of IoT data in BPM

option of deploying as a web application) and enable access
to native device features such as Bluetooth communication
and location services, we have opted for Flutter as the mobile
development framework.

The first application is based on the BPMNextension pub-
lished in [12]. The implementation of the modeling aspect
of the extension is built upon the open-source implemen-
tation bpmn.js,13 which seamlessly integrates with BPMS.
Camunda is responsible for executing the process model and
providing the necessary logic.

The various introduced elements can be selected either
directly from the context menu or after assigning a specific
location-aware event type or distance type to the element
within the properties panel (see Appendix Section B, Page
41).

To enhance efficiency and effectiveness in process exe-
cution, we also provide a mobile application for actors
responsible for carrying out the tasks of the business pro-
cess (Fig. 5). This application includes functionalities such
as accessing current tasks (both assigned and unassigned),
initiating and completing tasks, accessing attached forms,
and working with them. It also supports initiating process
instances and provides easy access to the actor’s current
location through the mobile device’s geolocation services.
Additionally, it can connect to other IoT devices, such as
reading sensor values or accessing Bluetooth Low Energy
(BLE) tags. Next tomobile devices like smartphones, tablets,
and smartwatches, because of the standard implementation
approach, all different kinds of devices could be added as

13 https://bpmn.io/toolkit/bpmn-js/

Fig. 5 Mobile application showing currently available and assigned
tasks sorted by current distance, including customer-specific context
information
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data sources (e.g., single-board computers (SBCs) with SIM
cards or network connection).

Thebackendcomprises theBPMS(in this case,Camunda14),
a Spring Boot application that integrates and manages all
components, and the mandatory database. This component
provides access to all standard BPMS features and extends
its functionalitywith location-specific features. This includes
displaying the customer locations and the current locations
of items such as tools on a map (Fig. 6). It also supports the
incorporation of additional contextual information for exist-
ing customers.

After modeling the location-aware process using the
included modeler, we need the BPMS to access the pro-
cess model. Because we extended the meta-model of BPMN
in our location-aware extension, the business process model
adheres to the standardXML format and could be usedwith a
different BPMS, provided there is an implementation for the
location-aware events. After providing the necessary param-
eters, such as event type, candidate user/group, and geofence
areas (depending on the patterns used), we can use BPMS (in
this case, Camunda) or mobile application to initiate a new
process instance as usual.

Depending on the deployed process model, the next step
involves providing access to various location information.
This could involve including a databasewith knowncustomer
locations or accessing third-party data through a standard
interface. In the implementation presented here, all expres-
sions are evaluated within the BPMS, meaning that all
operators are implemented within the BPMS itself. However,
for real-world applications, additional components could be
considered. For example, middleware for preprocessing and
collecting data could be added, and another system could be
used to outsource the required logic. This could reduce the
computational load on the BPMS, especially for complex
calculations.

The implementation follows thewell-established data pat-
terns described in [54],which explain the usage and exchange
of data in implementing process models. These patterns are a
fundamental bridge between conceptual solutions and well-
reasoned prototypical implementations (see Sect. 6).

Following this basic implementation of the presented
patterns, in [12], we develop a BPMN-extension for location-
awareness (LABPMN, cf. Section5) that substitutes the used
script tasks bymetamodel-conform extension elements with-
out changing much of the application visible to the user. In
[59], we provide a short overview of the updated implemen-
tation of the BPMN extension by extending the modeler and
implementing support for the execution in a BPMS. Coming
back to the formal description of the spatial operators (cf.
Section3.2), Fig. 11 (Page 41) shows the added parameters
needed for the execution that were previously hidden from

14 https://camunda.com
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Fig. 6 Back-office application showing customer locations and the locations of current construction sites, the foundation of location handling, and
deeply integrated with the BPMS

the modeler as well as process executors in the tasks getting
automatically executed by the BPMS.

Besides better support and more precise visual depiction
of the use of location data within the process model (a loca-
tion event that is attached to a task is more expressive than
a generic signal or conditional event and explicitly implies
the use of location data or the allocation of a task to an actor,
where the reason for the allocation is directly visible within
the process model), using LABPMN as an exemplary imple-
mentation for the use of presented patterns also enables more
specific handling of, for example, the allocation. Here, a sub-
process element in BPMN can be used to control and depict
the allocation duration.

8 Location-aware business process
applications

This section thoroughly evaluates the proposed patterns by
examining their applicability in four distinct real-world appli-
cation domains. The first three provided use cases are actual
processes from our research project currently used in oper-
ational business and are only slightly adjusted for academic
publication. At the same time, the last one is adapted from
[15] to show the transferability and generalizability to dif-
ferent application areas (here: emergency services). Our
analysis encompasses the following scenarios:

1. Conventional repair process employed by a crafts busi-
ness
The first application scenario demonstrates the effective-
ness of the proposed patterns in a conventional repair
process. The evaluation showcases how these patterns
enhance the operational efficiency and adaptability of
the repair workflow within craft businesses, where tasks
are allocated based on the customer and actor’s location,
and additional information is provided based on histori-
cal data on the customer’s location.

2. Delivery of important objects between branches of a com-
pany
In the second scenario, we delve into a use case involving
the surveilled delivery of objects between the branch and
the main office of an industry partner. Here, the incorpo-
ration of the current location of the parcel and additional
sensor data into the operational framework is critical for
traceability and documentation.

3. Rental process enhancement through location informa-
tion
The third scenario demonstrates the use of location infor-
mation to enhance the rental process in a crafts business.
In this case, the customer can automatically obtain and
return their device without requiring personnel from the
company. This improvement improves customer satis-
faction and ease of use by automating and supporting the
complete process based on the device’s location.
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4. Emergency Incident Management
The last scenario uses the process for incident response
management in [15]. Similar to the previous processes,
the distributed character of the process, in which an
ambulance gets dispatched and drives to the patient,
already implies the high importance of location data.
Both the decision for the type of needed service and the
allocation of the emergency to one (or possibly multiple)
emergency units include location data. Different regula-
tory requirements demand regular documentation of the
current status, and depending on the location, the central
call center can treat the patient accordingly.

The following cases illustrate a diverse range of industry-
specific scenarios, demonstrating the versatility and effec-
tiveness of the presented patterns. Each scenario demon-
strates the patterns in action and provides a unique imple-
mentation perspective, shedding light on their architectural
utility. DSRM requires knowledge to be generalizable and
transferable, which we will show with these location-aware
processes.We classify the different applications according to
the used technology (cf. Section3.1), the applied operators
(cf. Section3.2), and the included patterns (cf. Section4).

It is important to note that the last two patterns, work-
list reordering, and constrained execution, are not explicitly
incorporated into the following exemplary applied processes.
Worklist reordering is based on considering different param-
eters from multiple concurrently running instances and is
thus not easily depictable within a singular process model.
Similarly, constrained execution and augmented process
modeling approaches, although applicable to location data,
face visualization limitations within standard BPMN ele-
ments. Consequently, implementing these patterns must be
separated from the business process management system
(BPMS).

8.1 Location-aware repair process (P1)

Technology: BLE-Tags, Cellular, GPS
Operator: Minimum distance, geofence, location update
Pattern:Decisionmaking, task allocation, event dispatching,
process monitoring, automatic completion of tasks (implied
worklist reordering15)

Driven by a real-life application from our research project,
we explain the use of spatial information within a mobile
distributed business process from craft businesses, where
workers drive to customers to replace broken heaters. The
BPMN model of the process is depicted in Fig. 7.

The process starts with an incoming job that includes the
customer’s location (either by entering it using the given form
or by querying already known customers). Because we want

15 Not visible within the process model, as explained above

our company to act sustainably, we check if any currently
working actors are reasonably far away, i.e., using all cur-
rently known locations and checking if any actor satisfies
the condition of being inside a specific distance from the
customer. If not, we inform the customer about a delay and
finish the process instance. For this example, if we have at
least one possible candidate, the process proceeds, and we
use the worker’s location and the customer’s location again
to allocate the closest available actor to the process. The
location-aware subprocess is used to show and implement
the lifespan of the allocation, as already explained above; all
enclosed tasks are to be executed by the same actor.

Our allocated actor immediately starts driving toward the
customer, periodically updating their location. Based on their
current location and the expected location, we can notify the
customer if the actor is behind schedule or automatically
adjust following tasks from different process instances; on
the other hand,we also check for the actor entering a geofence
around the customer, wherewe automatically inform the cus-
tomer about the imminent arrival. When the actor arrives
at the customer, a location-aware event is thrown to update
the actor’s status and provide information for invoicing in
another process lane. After repairing the heater at the cus-
tomers’ location, the actor drives back to our depot to get
their stock refilled, which is again triggered using a throwing-
location event, caught by a location-start event for a different
business process of another department.

Looking at the process model, it becomes evident that
location information is directly visible for the allocation of
the actor and the triggered notifications for the customer.
These notifications are initiated by entering geofences around
the customer’s location. Furthermore, the two intermedi-
ate location events enable the employees’ current location
(including assigned and used tools) to be used by other parts
of the business. Finally, we can use information collected
from both the BPMS, information gained by sensors, and
location data to fully automate or at least support the cre-
ation of an invoice for the order.

8.2 Location-aware transport process of logistics
company (P2)

Technology: Barcode, RFID, visual
Operator: Geofence, location update
Pattern: Start of processes, task assignment, event dispatch-
ing, completion of tasks

Figure 8 illustrates an enhanced process model represent-
ing a second real-world application that demands complete
transparency in the delivery of goods between two distinct
branches of an industry partner manufacturing orthopedic
medical products. Analogously to the preceding process,
integrating location information is pivotal in overseeing the
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Fig. 7 Exemplary real-life process from a craft business enhanced with location data

Fig. 8 Exemplary real-life process for parcel delivery between branches enhanced with location data

seamless delivery of a parcel from one of the company’s
branches to the central office.

The process begins at a branch of the industry partner,
where an object is packed, including sensors capturing data
such as humidity and temperature. Subsequently, the branch
initiates a request for handover from the company’s delivery
department. Upon notification of the impending delivery, a
selection process ensues within the delivery department, akin
to the previous process. The chosen actor for delivery is deter-
mined based on contextual information encompassing their
skill matrix, external specifications, and the current location,

with the latter being contingent on the nature of the object to
be delivered.

Following the selection process, the designated actor
retrieves the parcel, initiating monitoring at the main office.
The parcel is then transported to its destination. On arrival,
a handover event is modeled for the main office. At this
point, the package is received, subject to examination, and its
condition evaluated. If the condition is deemed satisfactory,
the object is securely stored, and the process is concluded.
Conversely, if an issue is identified, the delivery undergoes
escalation, triggering an alternate process in the real-world
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scenario. This intricate system ensures that the delivery pro-
cess is transparent and equipped to handle deviations from
the norm, enhancing overall operational robustness.

Similar to the previous process, the location of the par-
cel is the root of the process, enabling traceability through
modeling elements that ease documentation tasks during exe-
cution while simultaneously increasing transparency during
the modeling.

8.3 Location-aware rental process (P3)

Technology: GPS, WiFi
Operator: Geofence, location update
Pattern: Start of processes, event dispatching, monitoring
execution, automation of tasks

The last process is based on a rental process (see Fig. 9).As
part of its core business, a crafts company rents out mobile
heaters for emergencies or during renovation/construction.
The process here starts with a concluded contract that trig-
gers the initiation of the rental process with the craftspeople.
They prepare the unit and then either plan and transport it
to the customer or have the customer pick it up themselves.
The unit is automatically registered when it leaves the com-
pany premises and the rental period begins. During the rental
period, the unit is automatically remotely monitored with
access from the back office through a dashboard.

Fitting the rented objects with sensors for location can
also provide additional access to information that can be
used for troubleshooting or predictive maintenance. Again,
directly using the location of the involved entities in the pro-
cess model provides additional information that can then be
used, increasing transparency in execution while making the
spatial context of the process visible at first glance.

At any given point or the end of each month, the customer
can decide to return the unit, triggering the return delivery
(similar to the delivery to the customer but including a final
examination after the return). This, in turn, automatically
triggers the final invoice creation when the unit is back in the
company. At the end of eachmonth, the system automatically
generates an invoice based on the current location and usage
parameters.

8.4 Emergency incident management (P4)

Technology: Cellular, GPS, Emergency Services Software
Operator: geofence, location update
Pattern:Decisionmaking, task allocation, event dispatching,
process monitoring, automatic completion of tasks

Another application area that comes to mind for location
services is emergency services, where the location of the
victim or patient is of utmost importance. Compared to the
three other processes that stem fromacurrent research project
and are running processes and business partners, the process

shown in Fig. 10 is a case study with Australian emergency
services presented in [15]. Here, the authors already include
location-specific events in a non-standard conform way to
describe the process.

The agent begins by determining the appropriate response
to the incoming emergency call. This may involve dispatch-
ing an ambulance (or, in the original example, airborne
emergency services, which we excluded for better clarity).
Once the dispatch request is received at the ambulance sta-
tion, a unit is dispatched automatically based on its current
location and other factors. Upon arrival at the scene, the unit
checks for treatment. If so, the patient is approached. Each
location update of themobile unitmust be recorded and saved
to the record management system. During the patient’s treat-
ment, the emergency call center provides specialist medical
advice based on the most recent observations. If a patient
requires transportation to a hospital, they are loaded and
transported to the hospital, where they are dropped off at
the emergency department (ED). The arrival at the hospital
is broadcast to the call center agent as a status update. Once
the emergency has been completed, the computer-aided dis-
patch software is cleared, and the dispatch is finished for both
the mobile unit and the agent in the call center. During the
dispatching process, an event may occur that necessitates a
recall or retasking of the unit, interrupting both subprocesses
and immediately concluding the dispatching.

In addition to the various status updates that are recorded
and utilized to facilitate the process at the call center, the
patient’s location is also employed to determine the appropri-
ate response and necessary service and dispatch the specific
unit. This process involves decision-making based on loca-
tion data, the allocation of tasks, and the dispatching of
events, in addition to monitoring tasks with location infor-
mation and completing tasks based on an actor’s location. In
contrast to the process presented in [15], the process model’s
direct use of location patterns is evident. Assuming the exter-
nal data sources and sinks provide appropriate interfaces, the
process would also be directly executable if the implemen-
tation detailed above were to be used.

8.5 Potentials enabled through the presented
patterns

Integrating locationdata into business processes offers a large
number of potentials that can significantly impact real-world
applications across diverse industries. One of the foremost
advantages lies in the real-time optimization and execution
of business processes. Companies can dynamically enhance
supply chain efficiency by incorporating location data into
their processes. This is achieved by adjusting routes in
response to the current location of goods, tools, actors, and
other involved entities that directly impact operational effec-
tiveness (P1, P2, P3, P4).
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Fig. 9 Exemplary real-life process for the rental of mobile heating units enhanced by location data

Fig. 10 Emergency services process from [15] enhanced with location-aware patterns
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Automated decision-making based on location informa-
tion represents a robust potential. Configuring the BPM
platform to respond to specific location conditions auto-
matically ensures streamlined processes. For instance, tasks
can be automatically assigned, or processes can be trig-
gered when an IoT device reaches a predefined location,
demonstrating a sophisticated utilization of location data in
optimizing workflow (P1, P3, P4).

In industries where risk management is critical, the inte-
gration of location data proves invaluable. Sectors such as
logistics and healthcare can adapt processes in real-time
to respond to unexpected events in specific locations, thus
improving overall risk mitigation strategies (P2, P4).

The customer-centric approach is further advanced through
the use of location data. Companies can tailor their services
precisely to customer needs by using location information
(P1, P2, P3).

Integrating location data allows companies to optimize
resources such as personnel deployment and inventory
management more effectively, improving their efficiency
through resource optimization. This optimization contributes
to streamlined operations and resource utilization (P1, P2,
P3).

Real-time monitoring of assets is a critical application in
manufacturing and logistics. Location data ease the continu-
ous monitoring of assets like machines, vehicles, dispatched
units, and products. This capability enables proactivemainte-
nance, avoids bottlenecks, and enhances overall operational
efficiency in these industries (P1, P2, P4).

Lastly, location data play a pivotal role in industries where
regulatory compliance and safety standards impose strict
requirements for documentation. The integration of location
information (P2, P4) promises to facilitate the assurance that
business processes adhere to required policies.

9 Conclusion and future work

As seen in the related works, using spatial information to
facilitate locally distributed work within a factory hall, or
even mobile work, is not new and has been part of research
for nearly 20 years. Both are different from the combina-
tion of spatial information and business processes. By using
IoT devices as enablers and coming from a vastly differ-
ent real-world application area rooted in different executable
processes at its base, this paper closes the gap between con-
ceptual approaches for using location in BPM and the real
world.

In this work, we summarize different ways of using con-
textual location information for the process based on the
location of different entities, facilitating process execution
and enabling further automation of process execution. Com-
pared to earlier approaches, the exemplary implementation

enables efficient execution using Camunda as the BPMS.
It can be easily extended because of the strict separation
between the different systems (the BPMN-extension based
on the patterns identified here (cf. [12]) further develops the
usability by reintroducing the logic directly into the BPMS
based on the BPMN meta-model).

All main parts of single processes can be enriched using
the location as contextual information during execution, from
simply using the distance between two locations in an expres-
sion for logic gateways or start and end events (starting and
finishing a process) and tasks (allocating a task to the user
closest to an entity) up to terminating tasks based on the spa-
tial information and dispatching events based on an entities
location or the distance between two entities. Considering
multiple concurrently running process instances, we can use
location data to intelligently reorder the task list of all actors,
use multiple different actors as candidates for the allocation
of tasks, or gain insights through monitoring their execu-
tion. By first presenting the different identified patterns while
providing an implementation for their use during modeling
and execution, we answer both research questions motivat-
ing this publication. The presented list of possibilities shows
the potential of combining IoT and BPM by using contextual
information in BPM to improve efficiency and the workflow
of workers working within mobile distributed processes.

While the focus of the included patterns is on actively
using location data for different appliances, future research
could broaden this definition to include the use of location
for dynamically adjusting the price of a service or to use the
location as part of a more extensive set of parameters for the
selection of for example an advertisement. Centering around
this use of location data would vastly change the perspec-
tive on the business processes but could provide additional
insights into the topic. On the other hand, for the deploy-
ment using BPMN, we already introduced an extension for
depicting the location and using it within business process
models, supporting the patterns presented here. Staying at
BPMN as one way of implementing the patterns, different
new challenges can arise by showing more interdependen-
cies between different parts of the process models, and while
these are possibly also existent in the real world, the inclusion
in the model as a simplified representation could decrease
readability and understandability.

Using context information inBPMis apromising approach
for new ways of orchestrating company business processes.
While this work focuses on location information, future
endeavors could take a more comprehensive look at con-
textual information and its utilization in BPM. For instance,
contextual information can be leveraged during the execution
of otherwise unsupported manual tasks enabled through the
IoT.

Redesigning and implementingnewprocesseswith research
partners is time-consuming. Nevertheless, we also plan
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a quantitative evaluation based on classic process met-
rics such as throughput and cycle times while consid-
ering improved customer satisfaction and advancements
through transparency and business process improvement.
The exact interaction and connections of pull- and push-
communication, data patterns, and appliances are tied to
specific implementations and decisions, leaving their gen-
eralizability for future assessment. The design decision
regarding the level or system within which specific calcu-
lations and decisions occur is closely related.

Context information, such as the location of entities
(actors, customers, and other involved entities), can be
utilized in business processes to facilitate and enhance a
company’s value-creation process. The capacity to map rela-
tionships between locations of process entities opens up a
range of new implications and possibilities for analysis and
improvement. This can lead to the development of a more
powerful and expressive process management.

Appendix A Business processmodeling nota-
tion (BPMN)

Business process modeling notation (BPMN) provides a
“standardized bridge for the gap between the business pro-
cess design and process implementation” [18] by providing a
graphical representationof business processes and ablueprint
for the supported execution by business processmanagement
systems (BPMS). As a short introduction to the following
patterns for the location-aware business process execution,
which is tied to but not dependent on BPMN, different tech-
nical terms have to be introduced: The primary purpose of
describing a business process is to document and standardize
the sequence of tasks and decisions made to contribute to the
businesses value creation [1].

BPMNdescribes different types of tasks, from script tasks
that happen fully automated and supported by the BPMS to
user tasks that are mainly executed by human actors but sup-
ported by the BPMS and connected systems to manual tasks
that are entirely ignored by the BPM and completely exe-
cuted by human actors. The flow between those tasks can be
directed using gateways that divide, redirect, or join the pro-
cess flow (the most used gateways are the “AND”-Gateway
aswell as the “OR”-Gateway). Next to using gatewayswithin
a flow, business process analysts can use events attached to
tasks to react to specific changes during task execution (so-
called boundary events).

Appendix B Location-aware parameters for
modeling

Fig. 11 Extension of the modeler with parameters for location-
awareness
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