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Abstract
The (re-)development of industrial production systems has to deal with high flexibility due to customers’ demands as well as 
constraints such as the dimensions of the manufactory. Therefore, Intralogistics systems, which transport goods or products 
between machine tools in the production system, must also be flexibly assembled to fit into the given space. This presupposes 
that parts of the Intralogistics system, such as a belt conveyor, may be modified or exchanged by different ones and with less 
effort. Additionally, due to the different lifespans of mechanical, electrical and software components, often electrical devices 
need to be replaced by other ones during operation as a result of lacking availability thanks to shorter life cycles. Nowadays 
in industry, a manual adaptation of the control software is necessary after the exchange of an electrical/mechanical device 
with a newer one. In order to ease the software adaptation, in this paper an automatic analysis of the differences between 
incompatible software and an adaptation approach focusing on the functional behavior of the software is introduced. After 
identifying seven interaction points of the control software that need to be adapted, the approach is evaluated with an indus-
trial case study and feedback from industrial experts to prove industrial scalability.

Keywords Model-driven software engineering · Automated production systems · Intralogistics system · Software difference 
analysis

1 Introduction

Due to their high handling capacity, short throughput times, 
and good process quality, automated material handling sys-
tems—often called Intralogistics systems (IntraS’s)—are 
widely used in industry to transport and organize the mate-
rial flow between sources and destinations within automated 

production systems [1]. To fully utilize the potential of 
IntraS’s and to meet the demands of a changing production 
environment [2], an IntraS, e.g. a pallet- or tote-conveying 
system, has to be custom-built as a result of the dimensions 
of the system requiring high flexibility. Moreover, the dif-
ferent lifespans of mechanical, electrical and software com-
ponents and their lacking availability because of shorter life 
cycles often require electrical devices to be replaced by other 
ones during operation [3].

Diverse engineering disciplines, e.g. mechanical, elec-
trical/electronic and software engineering, are involved in 
the development of IntraS’s [3]. Not only the development 
of a new IntraS but also the modification of an existing 
one, e.g. to extend, reduce or modify parts of the IntraS 
during its life cycle, requires (re-)engineering provided by 
all of these disciplines, especially software engineering. 
The challenges of today’s control software are a strong 
interconnection, on the one hand, and high variability 
resulting from the customer-specific requirements, on the 
other [4]. These challenges increase the amount of effort 
as well as the propensity for errors for the required soft-
ware (re-)engineering after the exchange of a mechanical 
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and/or electrical device. Two different variants of a motor, 
the first one using three Boolean signals (bit coded) as an 
output signal and the second one using an incremental 
encoder that delivers an Integer signal as output serve as 
two examples. In this paper, software modules consist-
ing of similar but not identical functionalities are con-
sidered variants, whereas a module, e.g. Module A, that 
uses newer, state-of-the-art technologies than an older 
module, e.g. Module B, and covers, extends, or in some 
cases slightly reduces its functionality can be considered a 
higher version of the older module, e.g. Module B.

An analysis of such application control software in 16 
industrial companies revealed that due to the modification of 
an electrical/mechanical device, the control software often 
has to be modified in different lines or parts of the control 
software as a result of a lack of flexible modularity [5]. In 
order to improve reusability and minimize the interconnec-
tion of the control software, a modular software architecture 
for IntraS was developed in prior work [6]. To improve the 
compatibility of the different software modules, (pre)defined 
interfaces were developed. However, in the case of a soft-
ware module modification, usually not only the interfaces 
but also the functional behavior must be (re-)developed, e.g. 
with different or further states or transitions, in order to sup-
port the newly added functionality. Consequently, the num-
ber of incompatible software modules and interfaces in the 
module library increases, which complicates the assembly 
of the application software. Therefore, the evolved interfaces 
and functional behavior of the exchanged module and its 
neighboring modules have to be analyzed by the software 
application engineer. After that, the software engineers can 
adapt, i.e. wrap, the exchanged module in order to become 
compatible with the neighbors. This procedure is applied 
manually by the software engineer and thus increases the 
engineering effort and propensity for errors.

In order to begin tackling these drawbacks and to start 
automatizing this procedure, a Model-Driven Engineer-
ing (MDE) approach has been developed. Applying simple 
lab size demonstrators at the institute, the feasibility of the 
approach focusing on modules’ interfaces could be revealed 
in prior work [6]. After the interfaces were analyzed and 
adapted automatically on a model level, IEC 61131-3-com-
pliant control software is generated for Programmable Logic 
Controllers (PLC). However, since usually the functional 
behavior is also affected when exchanging a module, indus-
trial availability is not supported yet. The main contribution 
of this paper is, firstly, to include functional behavior and, 
secondly, to support the industrial applicability of the MDE 
approach. Therefore, a prototypical implementation of the 
approach has been developed. For two industrial applica-
tions, a feasibility study using a real IntraS testbed as well 
as a questionnaire with different experts from industry have 
been conducted.

The remainder of this paper is structured as follows: In 
Sect. 2, related work in the area of the model-driven devel-
opment of the automation software of IntraS’s and an analy-
sis and adaptation of software differences will be introduced. 
The concept of automatic functional behavior adaptation and 
a real world industrial application example are introduced in 
Sect. 3. A feasibility study using a real IntraS and the results 
of expert workshops are shown in Sect. 4.

2  Related work

First, existing model-driven software approaches for the con-
trol of IntraS’s are introduced and, second, approaches to the 
model-driven analysis of differences between two software 
modules and how to adapt them are discussed as the key 
approach of this concept.

2.1  Model‑driven engineering and open control 
software

In prior works [6], a meta model was introduced that ena-
bles the encapsulated description of software modules. 
PLCs are currently and, at least for the next 10 years, will 
be used for automation hardware control [7]. To define the 
software hierarchy, the system architecture for Intralogistics 
(SAIL) is applied, which is an architectural model used to 
describe control software for IntraS’s as well as their basic 
functions and principle interfaces [8]. The highest hierarchy 
level of SAIL describes a whole facility area and is called 
a conveying area. In industry, usually every conveying area 
is controlled by one PLC, which contains a local material 
flow controller to transport the transport units (TU), e.g. pal-
lets or totes, through the respective area [9]. The remaining 
hierarchy level of SAIL for the area includes a conveying 
segment, a group and at least one element, thus represent-
ing a software module. Based on these models, the control 
software of one module in different variants or versions can 
be transferred into a predefined description language and 
thus compared with each other for the classification of dif-
ferences, e.g. introduced by Vogel-Heuser et al. [10] (see 
Fig. 1). As Rutle et al. [11] suggest, a modelling language 
for wrappers has been developed based on the UML class 
diagram to represent these simple model differences, not 
covering the behavioral aspects, scalability, and feasibility 
studies with real-world applications [12].

Zäh and Pörnbacher introduce an MDE approach to 
the development of PLC software for machine tools [13]. 
Therein, a modelling language for the control software and 
machine tools are introduced based on Unified Modeling 
Language (UML) and connected with each other using (pre)
defined interfaces. After that, executable code for a machine 
tool’s PLC is generated. However, the authors assume that 
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all interfaces are compatible with each other and thus do not 
address software adaptations.

Krüger et al. [14] show a survey analyzing the research 
and application of encapsulated control software for enti-
ties, i.e. Cyber-Physical Systems (CPS), that can collaborate 
with other ones and are in intensive connection with the 
surrounding physical world and its ongoing processes. In 
this way, a module, e.g. a roller conveyor, would consist of 
standardized interfaces, for instance, using an administra-
tion shell, which eases the exchange or modification of a 
module. However, apart from a few exceptions, centralized 
and hierarchical control systems using a PLC are still state-
of-the-art in IntraS’s [9].

Schlechtendahl et al. [15] present a concept of Industry 
4.0 interfaces and how production systems can be identi-
fied and included into an Industry 4.0 environment, even 
though an Industry 4.0 interface was not regarded during 
the manufacturing of the system. Therefore, a communica-
tion gateway and information server was developed focusing 
on the communication between encapsulated machine tools, 
which consist of their own control system. An approach to 
applying this Industry 4.0 interface to integrate, for instance, 
electrical/mechanical sub-devices into a machine tool that 
automation software has to run on the same control hardware 

as the machine tool is not addressed, however, required to 
apply this approach for today’s centralized controlled IntraS.

Brecher et al. present a survey examining the applica-
tion of open control systems in industry and introduce the 
Open System Architecture for Controls with Automation 
Systems (OSACA) [16, 17], which is focused on the human-
machine-interface. OSACA was developed as an application 
program serving as a middleware and supports the definition 
of encapsulated functions, or so-called architecture objects. 
For the communication between these objects, different pro-
tocols such as OLE for Process Control (OPC), are applied. 
However, due to the high throughput times of the goods in 
IntraS’s, the control software has to be implemented on a 
PLC and thus the approach has to be translated into the pro-
gramming language IEC 61131-3 that includes a high inter-
connection of the modules, which is contrary to OSACA.

2.2  Model‑driven analysis and adaptation 
of software differences

Model-driven approaches of software adaption are common 
methodologies for developing automated systems in different 
domains. In this section, different approaches are analyzed 
in order to consider existing research results.

Fig. 1  Classification of variants by Vogel-Heuser et al. [10]
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Kelter et al. present model-driven approaches and tools 
for analyzing and adapting differences, i.e. model informa-
tion which are in one of the analyzed software modules 
and not in the other ones, based on UML [18]. UML is fre-
quently used to describe models for software systems and 
to apply approaches to computing differences [19]. To also 
cover engineering information, an extension of a subset of 
the UML, so-called SysML, was developed. In this paper, 
the state chart diagram of SysML is used to define the dif-
ferent functional behaviors of the modules’ control software.

Westfechtel et al. present a formal approach to both the 
two- and three-way merging of models in the well-known 
Eclipse Modeling Framework (EMF) [20], an Eclipse-
based modeling framework with a code generation facility 
for building tools based on a structured data model. How-
ever, the classification and adaptation of detected differ-
ences is missing. Based on the proven implementation of 
the approach in Eclipse, the same tool was chosen for the 
application.

Roy and Cordy [21] survey the state of the art in clone 
detection research, which is focused on detecting and remov-
ing clones from software systems as well as maintaining 
clones in their evolution life cycle. Summarized, the authors 
reveal that several techniques, approaches and tools from 
the domain of computer science exist that deal with the 
requirement to analyze and compare control software and 
identify differences. These works could provide a basis 
for the industrial application that improves the exchange 
of modules. However, the transfer of these approaches in 
industrial domains such as automation engineering includ-
ing different requirements compared to computer science is 
not addressed.

Schäfer et al. present a delta-oriented programming lan-
guage to provide more flexibility for the implementation of 

Software Product Lines in mechatronics [22]. Based on a 
delta-oriented programming language, a more flexible and 
modular implementation of product variability starting from 
different core products is possible. Delta modules specify the 
changes to be applied to the core module, which is compa-
rable with wrapper functions. However, to ease the software 
engineering, the corresponded delta module (wrapper func-
tion) should be identified and applied automatically depend-
ing on the neighboring modules presupposing an analysis 
and adaption of the core modules. Additionally, a modelling 
language to define the structure and behavior of differences 
according to [11] is not addressed by the authors.

3  Backwards compatibility of software: 
concept

To illustrate the challenges of exchanging a software mod-
ule with a newer version or different variant, an application 
example and an analysis of the potentially concerned func-
tional behavior of software modules are presented. After 
that, the general procedure of the approach to backwards 
compatibility and the application are shown.

3.1  Introduction of an application example

To prove the industrial application of the approach, an analy-
sis of IntraS’s with experts from a leading supply company 
was conducted, and a typical use case has been derived in 
an iterative process (Fig. 2).

In the following, a software module, i.e. electric motor 
driving the rolls of a roller conveyor, is considered in two 
different variants. In variant one (VA1), the speed of the 
motor is bit coded, which means that three Boolean variables 

Fig. 2  Exchanging a bit-coded 
motor with a motor containing 
an incremental encoder
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(representing  23 possible values) are used to transfer a deci-
mal number into binary, similarly with a binary code. Thus, 
the automation software has to set the speed of the motor by 
using these three Boolean variables. In variant two (VA2), 
an incremental encoder is used that can represent the speed 
of the motor by one integer variable (representing  216 possi-
ble values). Therefore, a behavioral adaptation, i.e. wrapper 
function, is defined to transfer the different speed states of 
both variants to allow for the compatibility of the motor in 
VA2. However, due to the nature of the subject, wrappers are 
not able to provide software modules with new functional 
behaviors that were not considered during the engineering. 
Hence, the software module, e.g. module VA2, which wants 
to imitate the functional behavior of another module, e.g. 
module VA1, needs at least the same or an extension of 
VA1’s functional behavior. In case, VA1 consists of more 
functional behaviors than VA2, e.g. a start-up ramp (see 
Fig. 2), no software compatibility of VA2 based on wrapper 
functions is feasible.

3.2  Scalability of the approach

In order to examine the industrial applicability of the wrap-
per, the so-called interaction points [23], which can inter-
act with different parts of the control software based on the 
calling of the module or reading and writing of the shared 
memory, have to be examined. The goal is to ensure the 
application of the approach not only on the interface to 
neighboring modules, but also to further interaction points 
and the behavior description of a module. Because object-
oriented programming languages are not yet widespread in 
industry, the communication with neighboring modules is 
usually implemented with a common data set stored in an 
open Data Block, e.g. supported by the company Siemens 
[24], which can be written and read by both modules.

To transfer TU to the next conveying area, the handshake 
between the different PLCs is implemented by the global 
material flow controller. Furthermore, the interaction points 
of the software modules at the higher control level, i.e. con-
veying group, the hardware configuration and the Organiza-
tion Blocks need to be considered (see Fig. 3). The Global 
Variable List (variable table), which defines global variables 
and can be monitored and forced by the application engi-
neer, is an additional interaction point. Summarized, seven 
interaction points of a software module could be revealed 
in general. However, the interaction with the hardware con-
figuration and Organization Blocks will not be considered 
due to the direct interaction of the software modules. Thus, 
the automatic analysis and adaptation focuses on the inter-
action with the higher control level, neighboring modules, 
Global Variable List, Data Blocks and the local material 
flow controller.

3.3  General procedure for analyzing and adapting 
software differences

The approach for analyzing and adapting software differ-
ences is divided into different phases. At first, the control 
software is transferred into a model description based on a 
text-to-model transformation (T2M), to represent the con-
trol code in a more formalized way. Hence, the meta model 
of software modules [6] was extended by the SysML state 
machine diagram to also represent functional behavior. After 
that, a model mapping and differencing process is applied 
to detect all elements that are similar or different in both 
models, respectively (see Fig. 4). Using a difference meta-
model, e.g. the EMF difference meta model, the models are 
in general minimalistic, transformative, compositional, and 
typically symmetric, i.e. given a difference representation 
the inverse of it can be computed [11, 25]. Hence, in this 

Fig. 3  Interaction points of a 
software module in general
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paper the approach of symmetric differences is applied, to 
calculate the intersection of two models.

The symmetric differencing process analyzes the map-
ping result and determines, based on a Global Compatibility 
List (GCL), which can be stored in an Excel sheet or data 

base, whether the two models are equal or differ in some 
parts, e.g. the speed states of both motors are unequal.

To adapt the functional behavior of motor VA2, in order 
to possess the same functional behavior of motor VA1, a 
corresponding pre-developed wrapper function has to be 

Fig. 4  General procedure of 
the difference analysis modeled 
with event-driven process chain
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applied based on the identified differences between both 
models. The resulting wrapper function is applied auto-
matically and exported to the application engineer. In the 
event any additional modifications are required, the applica-
tion engineer can modify the wrapper functions via a user 
interface. Finally, IEC 61131-3-compliant control code is 
generated based on a model-to-text (M2T) transformation. 
The development of the required software modules, wrapper 
functions and GCL is the task of the software engineers. In 
order to define the functional behavior of a wrapper func-
tion, the wrapper’s meta model [12] was also extended by a 
state machine diagram.

3.4  Application of the approach of backwards 
compatible software modules

In order to apply the wrapper functions, a wrapper editor 
was developed that describes the graphical user interface. In 
this interface, users can define the differences between two 
models, i.e. queries, and corresponding wrapper functions 
as well as apply these to adapt the interface or behavior of 
a software module. The queries can be developed by defin-
ing an Object Constraint Language (OCL) expression that 
describes the respective model difference and the choice of 
both a query library to store the query and wrapper library to 
store the wrapper function. To reference an OCL query to a 
respective wrapper function, links between the query library 
and wrapper library can be defined by the user (see Fig. 5). 
For the development and application of wrapper functions, a 
modeling diagram is demanded that clarifies the relationship 
between one variable and another, e.g. using mathemati-
cal relationships. Thus, a diagram following the syntax and 
semantics of the standardized and proven SysML Parametric 
Diagram was developed that enables the representation of 
the mathematical relationships of different variables or con-
straints (see Fig. 5). The relationship between two variables 
can be described by a Constraint Property, which is defined 
within a Constraint Block.

As soon as the queries and wrapper functions are devel-
oped, their application is executed based on the SysML 
Parametric Diagram. Therein, the wrapped source module, 
i.e. the module that should be adapted, and the target mod-
ule, i.e. the module that consists of the demanded functional 
behavior, are figured. Since the interface and functional 
behavior of the source module should be hidden and not 
visible to the outside environment, e.g. neighboring modules 
or the conveying group, it is allocated in the target module. 
After the analysis of differences as well as the subsequent 
classification of the encountered differences and interaction 
points using the (pre)defined queries, the wrapper functions 
can be applied automatically. In the case of the detection 
of a new model difference that has not yet been classified, 
manual modifications or extensions are feasible in the editor. 

Variables that are not essential to the imitation of the inter-
faces or functional behavior of the target module can be 
terminated by linking them with an End Block. A prototype 
providing a modeling environment has been developed based 
on Eclipse and EMF.

4  Evaluation

In the following section, the structure and the functional-
ity of an industrial application example “Self-X Material 
Flow Demonstrator” are introduced. In Sect. 4.2, a feasibility 
analysis regarding backwards-compatible software modules 
focused on the functional behavior is shown. In order to 
prove the industrial application of the approaches, the feed-
back from different industry experts and a paper survey are 
presented in Sect. 4.3.

4.1  Introduction of the Self‑X material flow 
demonstrator and application example

In order to evaluate the industrial application of the 
approach, the Self-X Material Flow Demonstrator of the 
institute Automation and Information Systems (AIS) was 
used. The tracks of the demonstrator are divided into sepa-
rately controllable conveying groups and can be actuated 
electrically, thus allowing for the individual control of 
each roller conveyor (see Fig. 6). To determine the direc-
tion of a TU at the T-junctions, a Bar- or QR-code scanner 
can be added to the system via an industrial fieldbus. The 
connection to several control systems, such as CODESYS 
SoftPLC or Siemens S7-1500 is feasible. The demonstrator 
contains three conveying elements (roller conveyor (curve), 
live roller conveyor, and belt diverter) and three conveying 
groups (accumulation conveying, T-junction (merging) and 
T-junction (diverting)).

As an application example of exchanging a software mod-
ule with a different variant, the conveying element B4 as 
part of the conveying group “diverting” is considered (see 
Fig. 6). In the first variant (VA1), the totes are diverted by 
a fixed ratio 1:1, i.e. totes are transported ahead or down-
ward alternately. In the second variant (VA2), the applica-
tion engineer can parameterize the ratio n:m, e.g. 3:2, with 
the result that three totes are transported ahead and two 
downward. In VA1, B4 consists of the Boolean variables 
conveyor_free and conveyor_occupied as output signals. 
Using the state machine diagram, B4’s functional behavior 
can be described in three states, where the values of the 
variables are set. In VA2, B4 contains the Integer variables 
conveyor_ahead_setpoint, conveyor_backward_set point, 
conveyor_ahead_actual_value and conveyor_ backward_
actual_value as output signals in order to parameterize the 
tote ratio freely. The values of these variables are also set in 
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three states, but the transition conditions between the states 
(see C5–C8 in Fig. 6) and the executed actions within the 
states are different. Since the neighboring software mod-
ules B5 and C1 expect Boolean values, the output signals 
of VA2 have to be adapted. To hand over a TU correctly, 
the modules in both variants further contain the variables 
hand_over and transferred to initialize that a new TU should 
be handed over to the next module or was already transferred 
to the next module, respectively. The routing of the TU is 
determined by the conveying group “diverting.” In order to 
involve the different interaction points of the software mod-
ules, the communication between the modules is realized 

directly between the modules as well as by using the Global 
Variable List and a global Data Block.

4.2  Industrial case study: exchange 
of the T‑junction ratio

To identify the exchange of the T-junction ratio, an OCL 
expression that describes the exchange of the motor, e.g. 
based on adding four integer variables, reducing two 
Boolean variables and changing four transitions, is defined 
in the following:

Fig. 5  Conceptual design of the 
application
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context compare::ModulComparatorself.compare(self. 
sourceModul,self.targetModul).getVariableDiffs()->sel 
ect(p|p.isAdd() and p.hasType(step7Datatypes:: INT))-
>size() = 4 and self.compare(self.sourceModul, self.tar-
get Modul).getVariableDiffs() ->select(p|p.is Delete() and 
p.hasType(step7Datatypes:: BOOL))-> size() = 2 and self.
compare(self.sourceModul, self. targetModul).getTransition-
Diffs() > exists(p|p.isChange()) = 4.

In the case in which an OCL expression is necessary in 
more or less detail, the expression can be modified. In the 
next step, wrapper functions that include the required equa-
tions to transfer the different ratios of the T-junction are 
added. For instance, the following functional behavior is 
defined for a wrapper function that adapts the interface to 
the neighboring module: In the case in which a TU has been 
successfully handed over to one neighboring module, e.g. 
B5, the variable conveyor_ahead_actual_value is set to a 
value equal to the variable conveyor_ahead_setpoint, so that 

the next TU will be transported to the second neighboring 
module, e.g. C1. After that, during the next TU is handed 
over to the second neighboring module, e.g. C1, the vari-
able conveyor_ahead_actual_value of B5 is set to a value 
not equal to the variable conveyor_ahead_setpoint and so 
forth. A similar functional behavior is defined for the second 
neighboring module, i.e. C1. The association of the query 
with the respective wrapper function can be achieved using 
the wrapper editor. After the differences could be adapted 
on the model level, the control software compliant with IEC 
61131-3 is generated automatically based on a M2T trans-
formation (see Fig. 7).

4.3  Expert evaluation

In order to prove the industrial application of the approaches, 
two workshops with different experts from the industry 
who are involved in the systems’ development, i.e. software 

Fig. 6  Introduction of the application example “Self-X material flow demonstrator”

// Copy data on local data block
#HS_local_v1 := "DB1_HS".Data_v1; 
#HS_local_v2 := "DB1_HS".Data_v2;  

// Transformation V1 --> V2
// Handshake
#HS_local_v2.hand_over := #HS_local_v1.hand_over;
#HS_local_v2.transferred := #HS_local_v1.transferred;
iConveyor_occupied := #HS_local_v1.conveyor_occupied;
iConveyor_free := #HS_lokal_v1.iConveyor_free;
IF iConveyor_free THEN

xAnzahl_ist := iAnzahl_soll;
END_IF
#HS_lokal_v2.anzahl_rechts_ist := xAnzahl_ist;
#HS_lokal_v2.anzahl_rechts_soll := xAnzahl_soll;

// AUFRUF Rechts
#B05_Instance(HS_lokal:=#HS_lokal_v2,
Interp_lokal:=#Interp_lokal_v2)

// Transformation V2 --> V1
// Handshake
#HS_local_v1.hand_over := #HS_local_v2.hand_over;
#HS_local_v1.transferred := 
#HS_local_v2.transferred;
conveyor_ahead_actual_value := 
#HS_lokal_v2.conveyor_ahead_actual_value;
conveyor_backward_actual_value := 
#HS_lokal_v2.conveyor_backward_actual_value;

IF B5.conveyor_ahead_actual_value < 
B5.conveyor_ahead_setpoint THEN

B4.Conveyor_free := TRUE;
B4.Conveyor_occupied := FALSE;
B5.conveyor_ahead_actual_value := 

B5.conveyor_ahead_setpoint;
ELSE 

B4.Conveyor_free := FALSE;
B4.Conveyor_occupied := TRUE;
B5.conveyor_ahead_actual_value :=0;

END_IF

// IF next transition
// ...

Model to text 
tranformation

Query and wrapper editor IEC 61131-3 compliant control code

Fig. 7  Application of the prototypical implementation to analyze and adapt differences automatically
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developers and application engineers, were conducted. In the 
first workshop, three experts who work for a worldwide lead-
ing provider of intralogistics products and systems (Group 
1) participated. The second workshop was conducted with 
one expert who works for a provider and builder of differ-
ent presses (Group 2). During the workshops, the approach 
of backwards-compatible software modules, including two 
use cases, i.e. the exchange of a barcode scanner with a QR-
Code scanner [12] and the adaptation of the diverting ratio 
of a T-junction (see Sect. 4.1), was presented in order to 
provide a profound understanding of the approach.

Both user groups confirmed that the level of functional 
behavior and number of interface variables of a newer mod-
ule are higher than in the older one. The experts assumed 
that around 80% of newer modules contain at least the same 
interface and functional behavior as the older module. In 
this case, the interface and functional behavior will be 
expanded, but not reduced. That is a precondition to auto-
matically apply backwards compatibility on modules with 
different versions or variants. Additionally, the experts have 
confirmed that the effort to develop and introduce an initial 
GCL is low because currently all modules can interact with 
each other. In the case in which a module is developed in the 
future that is incompatible with other modules, a wrapper 
has to be developed that fills the GCL automatically. This 
fact increases the industrial applicability of the approach. 
During the discussion with the experts, it was suggested that 
after the wrapper was developed and applied for the one spe-
cific use case, a further user interface is necessary, in order 
to choose additional detected differences.

Next to the discussion with the experts, a paper survey 
was conducted after a workshop with group 1 (see Fig. 8). 
The presented values are calculated using the arithmetic 
average of the experts’ surveys. Since three experts are not a 
sufficient amount of people to make a qualitative statement, 
further stochastic values such as the variance and stand-
ard deviation are not shown. The introduced approach is 

compared with the experts’ current approach in the company. 
The systematic analysis and classification of differences as 
well as the error-proneness for adapting the interfaces are 
satisfied by using the mentioned approach. Since the wrap-
per has to be developed manually before the interface can be 
adapted, the initial effort for the development of the wrap-
per was evaluated slightly better compared to the experts’ 
current approach. However, the approach introduced in this 
paper allows for the systematic analysis and adaptation of 
differences and increases the degree of automation and reus-
ability. Moreover, the error-proneness can be reduced sig-
nificantly. Thus, it can be concluded that the introduction of 
wrappers in the development of control software for IntraS’s 
would improve the software engineering. That is amplified 
by the fact that all experts plan to introduce the model-driven 
wrapper approach in their company in the future.

5  Conclusion and outlook

Since intralogistics systems are developed in a highly spe-
cialized way and are custom-built to meet the demanded 
requirements, a reusable and flexibly adaptable structure of 
the electrical/mechanical devices as well as the control soft-
ware is required. Hence, considering the software engineer-
ing involved in the development of intralogistics systems, the 
automation software should be based on a reusable and flex-
ibly adaptable, i.e. modular, structure. Moreover, to improve 
the flexibility, especially the exchange of a module with a 
similar module, i.e. a different variant or version, should 
not call for any engineering effort. Instead, the backwards 
compatibility of modules, including not only the interface 
but also the behavioral adaptation that supports the exchange 
of modules offering similar logistics functionalities in differ-
ent evolution steps, i.e. versions, is required. In this paper, 
an approach of model-driven analysis and the adaption of 
software modules for intralogistics systems focused on the 
behavior functions was presented. Hence, the definition of 
consistent interfaces and functional behaviors between dif-
ferent modules and IEC 61131-3-compliant code generation 
to deploy the logical functions on different field devices, e.g. 
PLC or industrial computers, could be applied. The evalu-
ations, which include a real industrial intralogistics system 
and workshops with different experts from the industry, 
confirmed that the industrial application of the approach is 
feasible and reveals its benefits compared to today’s applied 
methods in industry.

Future work will examine further more complex use cases 
by industrial systems. To detect and measure the engineer-
ing effort involved in automatically analyzing and adapt-
ing intralogistics systems compared to today’s common 
approaches, a paper survey with more participants should be Fig. 8  Evaluation of backwards compatible modules
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proposed. The application will be extended by a further user 
interface in order to choose additional detected differences.
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