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Abstract⎯ Many new challenges have arisen in manufacturing automation such as the integration of cyber-physical system 

technologies, distributed development and ever greater expectations of quality, flexibility, and customer-specific aspects re-

quirements. There is a demand for new paradigms of development to meet the global competition. On the center of this discus-

sion is the development of software for such applications and the existent development models. This article discusses innovative 

concepts for the development of software for advanced manufacturing systems, namely the use of agile development methods. 

Moreover, an experiment, where a prototype of a complete automated manufacture plant is constructed. This experiment was 

conducted by students in a simulation of a real-life demand. The obtained results, as well as the qualitative evaluation of the ex-

periment, will be commented at the end of this work. 

Keywords⎯ Manufacturing Automation, Agile Methodologies, Scrum 

Resumo⎯ Muitos novos desafios surgiram na automação de manufatura, como a integração de tecnologias de sistemas ciberfí-

sicos, desenvolvimento distribuído e expectativas cada vez maiores de requisitos de qualidade, flexibilidade e aspectos específi-

cos do cliente. Há uma demanda por novos paradigmas de desenvolvimento para atender à concorrência global. No centro desta 

discussão está o desenvolvimento de software para tais aplicações e os modelos de desenvolvimento existentes. Este artigo dis-

cute conceitos inovadores para o desenvolvimento de software para sistemas avançados de manufatura, a saber, o uso de méto-

dos de desenvolvimento ágeis. Além disso, um experimento, onde um protótipo de uma planta completa de fabricação automati-

zada é construído. Este experimento foi conduzido por estudantes em uma simulação de uma demanda da vida real. Os resulta-

dos obtidos, bem como a avaliação qualitativa do experimento, serão comentados ao final deste trabalho. 

Palavras-chave⎯ Manufacturing Automation, Agile Methodologies, Scrum  

1   Introduction 

There have been many innovations in manufac-

turing automation, in particular, cyber-physical sys-

tems, recently. Integrating cyber technologies makes 

products internet-enabled and enables innovative 

services: for example, cost-effective and efficient 

web-based diagnostics, maintenance, and operation 

(Scheuermann et al., 2015). This new standard leads 

to the possibility of implementing new business mod-

els, operating concepts and intelligent controls that 

give pride of place to the user and his individual 

needs (Givehchi et al., 2013), (Givehchi et al., 2014). 

Many new concepts for automation in manufacturing 

can be conceived but require a lot of system devel-

opment efforts to prove their value (Santos et al., 

2016). 

In practice, software development of automated man-

ufacturing systems can become intensive, complicat-

ed and costly (Carpanzano et al., 2004). However, 

innovative approaches to manufacturing automation 

need to be prototyped to check and refine new prom-

ising concepts (Vallee et al., 2009), (Amaral et al., 

2004). Identifying a process and development meth-

odology for the quick evaluation of new concepts and 

the utilization of the creativity and genius of the de-

velopers to a maximum is highly relevant.  

This paper discusses how so-called agile develop-

ment methods can be deployed to organize software 

production teams in automation projects. Those 

methods are among the most promising approaches in 

diverse application areas (Ringert et al., 2012). We 

believe that those methodologies can be engaged to 

motivate developers towards new ideas and quick 

development of complete systems or prototypes in 

the automation world.  

This paper is organized as follows: section 2 presents 

the actual situation of the known methodologies for 

software development. In section 3 a brief discussion 

of the new challenges and requirements in manufac-

turing automation is presented. In section 4 the appli-

cation of the Scrum methodology in the manufactur-

ing automation is described. Section 5 presents a re-

al-life experiment where the proposed approach 

could be tested, and finally, in section 6, this work is 

summarized, and the proposed future work will be 

presented. 



 

Fig. 1. Structured Software Development 

 

2   State of the Art 

Many software methodologies have been 

introduced in the software development field of man-

ufacturing automation applications. Software devel-

opers are constantly trying to refine the old method-

ologies and to get more effective and new system 

development methods. The Waterfall Method is 

known as the most common and traditional system 

development model. It has had an enormous influ-

ence as a general approach to developing control and 

information systems (Lukman et al., 2010). 

 

Figure 1 displays the typical phases in the software 

development cycle. The management and develop-

ment take place after the customers have provided 

their inputs. Methodologies such as CMMi, Water-

fall, V-Model, organization models of ISO 9001, or 

others are utilized for quality assurance purposes.  

Those conventional methods emphasize a clear struc-

ture of the development process and its documenta-

tion. Despite the proven track record of conventional 

methodologies for the software engineering of manu-

facturing automation systems, there are also weak-

nesses. Several system development methods are 

already very hard to work with, since these methods 

need flexibility, but are rather rigid due to their sys-

tematic approach (Dong and Kun, 2010), (Börjesson 

and Mathiassen, 2004), (Phillips et al., 2013).  

To address these challenges, we must focus on the 

objectives: e.g., flexible and lean software develop-

ment processes, integration of customers into the 

process, and considering technical and social prob-

lems in software development. For this purpose, the 

agile methodologies which will be described in the 

following chapter were developed.  

Figure 2 presents a study of a consulting company, 

where projects managed with agile methodologies are 

more successful and less problematic than those 

which are managed with the conventional waterfall 

methodology.  

 

 

Fig. 2. Structured Software Development 

2.1 Agile Methods for Software Engineering 

The goal of agile software development is to 

make the software development process leaner and 

more flexible than with the traditional process mod-

els. Therefore, the agile approaches offer a welcome 

relief from traditional development processes; they 

also help to counteract the desire to make software 

development a mindless, repetitive process. As their 

creators and proponents would acknowledge, they are 

not a universal solution at either the mechanism or 

the organism levels, compared to the earlier attempts 

at codifying software. They do reassert the human-

ness of the business and have shed light on a neglect-

ed aspect of building systems: the way that people 

work together. Another aspect of agility that is re-

freshing is the degree to which proponents are willing 

to listen to each other and agree that yes, your idea 

might work, even though it is not my idea. The di-

recting of energies toward bridging and building is a 

very positive sign for system development. Accord-

ing to Coldewey (Coldewey et al., 2000) “most 

lightweight processes” substitute interpersonal com-

munication and teamwork for the extensive documen-

tation and formal signoffs that are required by heav-

yweight processes. It is important to note, however, 

that agile does not mean chaos. 

In fact, agile methods are becoming even more popu-

lar in the world of system development in many dif-

ferent areas. Other words for “agile” are lithe, mo-

bile, flexible and dynamic. The Agile Alliance has a 

set of values and principles that describe the ultimate 

agile way of developing software. The description is 

not a method itself, but more of a guideline and a way 

of looking at software development.  

 



 

Fig. 3. Principle Agile Software Development 

A few methods are more or less agile; therefore, you 

could say that the agile concept is like an umbrella. 

Methods like Extreme Programming (XP), Dynamic 

Systems Development Method (DSDM), and Crystal, 

for example, are likely to be found under this agile 

umbrella (Dong and Kun, 2010). Software develop-

ment is, according to an agile modeler, a flexible 

project that can react to changes in a surrounding 

environment. A constantly changing world demands 

development processes which can handle changes as 

part of their daily routine (Cockburn, 2006). Figure 3 

contains the fundamental principles of agile software 

development. In agile methodologies, the customer is 

integrated into the process more often, and the pro-

cess is, by definition, more interactive. This new 

approach promises a more flexible and open devel-

opment, especially in the event of vague require-

ments.  

In the last few years, there have been a lot of discus-

sions about the agile methods and how they could be 

used practically, and why it is beneficial to move 

towards them (Amaral et al., 2004). The agile prac-

tices are becoming more common and are used more 

often in industry. Many software academics and prac-

titioners are carrying out research to adopt agile 

methods and apply in different domains (Graml et al., 

2007), (Hametner et al., 2012). After starting the ag-

ile movement in 2001 and establishing the agile alli-

ance, different methods were officially introduced to 

the software development society. All of them claim 

that they handle requirement changes even in late 

phases of the project while still implementing the 

project on time and within the budget without com-

promising the quality. In fact, that is what is needed 

to develop modern automation systems. The software 

development for a “smart factory” is very challenging 

and needs some special aspects that would be consid-

ered by agile approaches (Hernández-Reveles et al., 

2016). To test this hypothesis, we chose a suitable 

agile approach, namely Scrum, and applied it practi-

cally to develop an automation prototype and evalu-

ate the obtained results.  

3   Challenges and Requirements in Innovation 

Development in Manufacturing Automation 

The key challenge for manufacturing automation, 

in particular, includes the use and integration of new 

technologies, while maintaining or enhancing the 

competitiveness and the optimization of cost and 

profit (Boschi et al., 2016). The manufacturing indus-

try will go through a profound change in the next few 

years: the transformation of software-intensive, in-

creasingly networked products into services 

(Givehchi et al., 2017).  

Figure 4 provides an overview of the key challenges 

of manufacturing which are pointed out by industry 

(Acatech, 2013). Many of those innovations are 

triggered by rather vague ideas such as the wish for 

more networking, flexibility or new business models 

due to the availability of affordable technologies. 

Many of those aspects are difficult to specify in sci-

entific terminology, or even as part of an industrial 

requirement analysis and statement of work for de-

velopers. Nonetheless, many automation developers 

are inspired by novel approaches very much and are 

confident of achieving it (Spichkova et al., 2015). Fig 

4 outlines some of these new industry requirements 

and challenges.  

 

Fig. 4. Challenges and Requirements 

The following challenges are particularly important 

to implement these trends:  

A. Intelligent Networking 

Industrial automation systems and equipment, in-

ternal logistics systems and resources are 

systematically linked by cyber technologies, such as 

wireless and Ethernet-based wired communications 

services, smart actuators, sensors and telecommuni-

cation technologies. Direct access to parent processes 

and services are thereby sustained. Completely new 

value creation and business models have emerged 

that support optimal resource utilization and intelli-

gent control (Schlick, 2012). 

B. Mobility 

Mobile devices such as smartphones and tablets 

have been part of automation for a long time. They 

provide access to the processes and services of indus-

trial automation systems independent of time and 

place. Its use has resulted in a new dimension in the 



diagnosis, maintenance, and operation of these sys-

tems (Babulak, 2009). 

C. Flexibility 

Manufacturing automation enables high flexibil-

ity in the development, diagnostics, maintenance, and 

operation of automated systems. You can select the 

best and most suitable solutions from a large pool of 

component, module and service suppliers when de-

veloping such systems. Diagnosis can be carried out 

in part by the user. Access to "Big Data" automation 

helps here. The information can be retrieved, used 

and linked on demand so that an automated diagnos-

tic, or at least one that could be performed by the 

users themselves, can be implemented. Spare parts 

can be ordered automatically from the most favorable 

manufacturers, thereby counteracting skill shortage 

problems. 

D. Integration of Customers 

Manufacturing automation will make it possible 

to adapt products to the specific and individual needs 

of customers. Automated systems for the future will 

adapt to the needs and abilities of users of all ages. A 

modern ticket vending machine, for example, pro-

vides various operating procedures so that people 

with different disabilities can use it. Automated sys-

tems will support people in all situations and at vari-

ous stages of their lives so that people are always 

supported, healthy and mobile. 

E. New Business Models 

Production will be distributed and flexible in the 

future. New development processes, infrastructure, 

and services will be created. Products will be modu-

lar and configurable so that the product can be 

adapted to specific requirements. 

F. New Standards and IT Architectures 

Future manufacturing automation will require 

flexible and adaptable new IT standards such as wire-

less components and Fieldbus coupling modules. 

These standards will reduce the development effort 

for new applications significantly. Furthermore, these 

systems will require new IT architectures which sup-

port the integration of new modules. 

G. Control of Complexity 

Product individualization will be an essential as-

pect of future manufacturing automation systems. It 

will also be associated with risks and challenges that 

will need to be weighed carefully. Customized prod-

ucts and the related focus on customers and their spe-

cific needs will require new value-added concepts 

because the complexity of the requirements will in-

crease disproportionately. Increasing efforts for con-

figuration of automation systems due to the availabil-

ity of ready-made systems components will also have 

to be addressed. 

H. Security 

Information security in manufacturing automa-

tion will be a particular challenge. Providers and op-

erators of these systems must ensure that their prod-

ucts are secure. The data and information of the ma-

chine must be protected from unwanted accesses. For 

new products and systems, the security aspects must 

already begin in the design phase.  

But smart manufacturing automation also brings 

many challenges that require extensive research. 

Many questions arise, such as: How can the reliabil-

ity and safety of these distributed products be deter-

mined and how will they be certified? Another criti-

cal issue is the subject of privacy and security. Assur-

ance must be given that expertise and privacy will 

remain protected and unaffected. To this end, new 

concepts and technologies are needed that enable 

many groups and units to work together with trust. 

Furthermore, ethical, legal, and social issues will 

have to be redefined.  

These new challenges require new development par-

adigms and methods that can satisfy their require-

ments. It becomes more and more difficult to fully 

oversee all the aspects of the design and implementa-

tion in the initial phase of the process. An essential 

aspect of decentralized, global development is the 

high dynamic level of processes and continuous 

changes in requirements, as these cannot be defined 

beforehand. That is, on the one hand, due to different 

interpretation of the requirements in distinct cultures 

and, on the other hand, due to additional input. The 

development required paradigms need to meet these 

challenges. The agile methods presented below rep-

resent a very promising methodology in this respect 

(Li et al., 2013), (Harrison et al., 2006).  

It becomes evident from the listed challenges and 

requirements that the implementation of new software 

to that effect needs to utilize the creativity of the de-

velopers to a maximum.  

4   Scrum Methodology Towards the Engineering 

of Manufacturing Automation  

Simple and efficient communication contributes 

to the success of project development not less than 

the technologies used. Therefore, the developers 

work in agile projects at the customers’ site and are 

in constant contact with them. Details can be clarified 

quickly, and misunderstandings are rectified immedi-

ately. Agile development methodology, especially the 

so-called Scrum, have the potential to activate the 

spirit of developers promisingly. The Scrum process 

is briefly described in the following section. 

The Scrum management process divides a project 

into short (30 day) iterations, or “sprints”, where, 

during each sprint, there are short (15 minute) meet-

ings (“Scrums”) between the development team and 

the team management to track progress, note current 

and imminent obstacles to progress, and decide what 

work to focus on until the next meeting. Figure 5 

resumes the entire process. The development goals 

are kept constant during the sprint. Each sprint’s 



goals are negotiated just before the sprint. Thus, the 

project goals adapt iteratively. The Scrum approach 

has been developed for managing the system devel-

opment process.  

Scrum does not require or provide any specific soft-

ware development methods or practices to be used. 

Instead, it requires certain management practices and 

tools in the various Scrum phases to avoid the chaos 

caused by unpredictability and complexity (Schwaber 

and Beedle, 2001). It is an empirical approach apply-

ing the ideas of industrial process control theory to 

system development, resulting in an approach that 

reintroduces the ideas of flexibility, adaptability, and 

productivity.  

 

Fig. 5. Scrum Cycle for Sprints 

 

The main idea of Scrum is that system development 

involves several environmental and technical varia-

bles (e.g., requirements, time frame, resources, and 

technology) that are likely to change during the pro-

cess. That makes the development process unpredict-

able and complex, requiring flexibility of the system 

development process for it to be able to respond to 

the changes. Because of the development process, a 

system is produced which is useful when delivered 

(Schwaber and Beedle, 2001). It helps to improve the 

existing engineering practices (e.g., testing practices) 

in an organization, for it involves frequent manage-

ment activities aimed at consistently identifying any 

deficiencies or impediments.  

Scrum is a method that aims to help teams to focus 

on their objectives. It tries to minimize the amount of 

work people have to do tackling less important con-

cerns. Scrum keeps things simple in the highly com-

plicated and intellectually challenging software busi-

ness environment (Schwaber, 2004). It is based on 

two pillars: team empowerment and adaptability. 

Team empowerment refers to teams being relatively 

autonomous. Scrum may empower teams to become 

completely self-organizing and self-regulating.  

Scrum admits that every team member is expected to 

understand every problem and all the steps in devel-

oping a system to solve them that is a significant limi-

tation of this method since it is hard to believe that all 

team members will have such broad knowledge. That 

is why Scrum is most suitable for small teams of 5 to 

10 members, so if more people are available, multiple 

teams should be formed. Scrum provides the agile 

management mechanisms and is a suitable mecha-

nism for developing a dynamic system.  

5   Experimental Validation of the Methodology 

for Manufacturing Automation 

It is not easy to give an overall evaluation of 

Scrum. In this project we considered a set of data 

from a consolidate process models (V Model), using 

the same KPIs (Key performance indicators) and the 

same application. In our case study, we compared 

Scrum with this established process model.  

We compared two teams, each of them had 8 

members. One team developed the application after 

V-Modell, the other one used Scrum. As we men-

tioned, the scrum team developed the application in 

10 weeks, also 3 weeks earlier. We also mentioned 

that the scrum team had a better intercommunication 

and worked whit more efficiency. A project for a 

student group was defined to investigate the possibil-

ity of using the Scrum method in developing one ap-

plication in the context of manufacturing automation. 

The group consisted of 8 developers. At the begin-

ning of the project, the requirements were formulated 

very roughly. Specifically, they were: 

• A smart factory application must be 

implemented. 

• Two LEGO Mindstorms robots are available 

and must be used. 

• The application must be implemented in 10 

weeks. 

• The Scrum method must be used as the de-

velopment method. 

• The group should decide all other demands. 

One of the most important challenges in this project 

was the fact that the requirements were not defined 



completely in advance. The developer team got the 

order to simulate the structures and functionalities of 

the smart factory. The programming language to be 

used and the exact implementation had been left to 

them. In agreement with the “customer,” who repre-

sents the client, they were to clarify the feasible pa-

rameters and functions. The entire process of devel-

opment had to be done with the management ideas 

and structures of Scrum.  

The team carried out the project, with all its require-

ments, in 10 weeks. They developed control software 

for a smart factory consisting of a server application, 

a client application, an SQL database, and an An-

droid app. The software included more than 25 clas-

ses.  

The smart factory was simulated by a map (Figure 6). 

It consists of multiple workstations and tracks. The 

robots took the pieces and brought them to the work-

stations. The route depended on the production plan-

ning. Based on the production planning, the robot 

knew which task steps had to be executed. The robots 

negotiated to define an optimized and efficient work-

flow.  

 

 

 

Fig. 6. Factory structure 

 

 

Fig. 7. Screenshot Setting a robot status and blocked Robot activity 

 



Each robot had a Wi-Fi module to communicate with 

other devices. The client could control the demands 

on the production; for example, adjust the priorities 

or the production speed. The robots took the orders 

and negotiated a new optimized workflow and exe-

cuted the production autonomously. The road detec-

tion was done by using color sensors. Figure 7 shows 

the control software.  

5.1  Lessons learned 

The team carried out the task completely in 10 

weeks. The developers themselves decided to realize 

the controller as an app so that a high degree of flexi-

bility was given. The use of Scrum provided us with 

the following conclusions. 

Modification of Scrum: Since our time and workforce 

resources were strongly restricted, the developer team 

had to modify the common Scrum development to fit 

it to their needs. The developers did not have much 

time, so they had no time to plan everyday meetings. 

They met only once per week and mostly communi-

cated via E-mail or WhatsApp. Furthermore, the team 

elected a product owner and a Scrum master, but due 

to the small team size and the nonexistent experience 

of all team members with Scrum, everyone had to be 

a little of everything. In usual Scrum-Teams, the 

Scrum-master and product owner aren’t elected by 

the team; their position in the specific company 

chooses them. Nevertheless, the results of the project 

were quite satisfying. All requirements were imple-

mented and fulfilled. In our experience, Scrum is 

pretty good at adapting project-specific boundaries.  

Dynamic adaptation and modification of the require-

ments: At the beginning of the project, the require-

ments were not very clear, being only vaguely 

formulated. Over the course of the project, the re-

quirements became more detailed. The requirements 

were constantly discussed with the customer, so a 

mutual understanding of the project was created. The 

customer was completely satisfied with the results.  

Transparency was a very important aspect of this 

project. All successes and disappointments were 

transparent to all involved at any time. Thus, the team 

was able to respond quickly to undesirable situations, 

and the chance of success of the project was 

increased. During the project, a common language 

was developed so that everybody could communicate 

well.  

6   Conclusion 

The project results have shown that agile meth-

ods, particularly the Scrum method, are suitable for 

the development of applications for smart factories. 

The developed prototype covered all phases of a real 

project and gave us enough information to evaluate 

the complete process. During this application devel-

opment at the University the following observations 

were made: 

• The Scrum team could cope with very vague 

requirements given to them and intensively activated 

the individual generosity of the group member to 

come up with proposals and discuss those with the 

user.  

• The methods also allowed a dynamic adap-

tation of the requirements while the developing pro-

cess was happening.  

• The team was very independent and self-

motivating, not requiring any form of hierarchical 

supervision. 

• The project was developed just-in-time. 

• The team identified some additional re-

quirements which had not been proposed by the cus-

tomer. 

We have concluded that this methodology is particu-

larly useful for cutting edge development in which 

the requirements cannot be defined in fine detail at 

the very beginning of the project. Scrum demonstrat-

ed that works well for small, rather fast-moving pro-

jects.  

However, team members need to be motivated and 

autonomous. Otherwise, the project can lose focus 

because quality management is difficult to imple-

ment.  

In future works, we plan to use the Scrum method 

further to demonstrate its transferability and adapta-

bility to larger projects.  
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