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ABSTRACT 

Ashish Sonawane: Software-Platform based Ecosystem in Heavy duty Mobile Machine Indus-

try: a case study on ROS Ecosystem  

Master of Science Thesis 

Tampere University 

Master’s Program in Industrial Engineering and Management, Business and Technology 

October 2022 
 

The platform-based ecosystem theory is continuously evolving with a higher level of interde-
pendence and interconnectedness in dynamic business surroundings. In the software context, 
the platform-based ecosystem provides a modular architecture that allows reusability of the core 
functionalities across different applications. The software-platform based ecosystem could make 
a huge difference in the heavy-duty mobile machine industry by reducing the R&D efforts in de-
veloping complex software systems to achieve smart functionalities in the mobile machines. The 
objective of the study is to determine the significance of the software platform ecosystem in the 
heavy-duty mobile machine industry and whether it could provide new prospects to this industry. 

    The research explores the Robot Operating System (ROS) ecosystem to address the eco-
system opportunities in the heavy-duty mobile machine industry. The ROS ecosystem is an open 
-source software platform offering a core set of software development kits for developing robotic 
applications. ROS has become a de facto middleware in robotics providing numerous software 
packages, algorithms, drivers, and a diverse community of developers. 

The research utilized a qualitative case study approach to investigate the heavy-duty mobile 
machine sectors' perspectives on Software-platform based ecosystems. A total of 12 interviewees 
participated, involving 5 from software providers/consultants, 3 from embedded system providers, 
and 4 from manufacturing organizations expressing their opinions and current understanding of 
the Software-platform based ecosystem. The interviews were focused on understanding the use 
of software platforms and ecosystems in the heavy-duty mobile machine industry. The findings 
suggested the interest of the organizations into the ROS ecosystem. Additionally, the use of soft-
ware platforms indicated reducing the complexity of developing complex software applications 
required for mobile work machines.  

This study contributes to the software platform and software ecosystem literature by providing 
the possibility to collaborate across the players in the ecosystem and pursuing the integration 
benefits of the Software-platform based ecosystems in the heavy-duty mobile machine industry. 
Finally, this thesis proposes a few future research directions that can expand the understanding 
and applications of ROS ecosystem in heavy-duty mobile machine industry.  
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1. INTRODUCTION 

In today's constantly evolving technological world, the platform-based ecosystem has 

restructured multiple major industries, transforming the labor and economic value gen-

eration dynamics [31]. Historically, humans have operated industrial machinery while 

maintaining constant supervision and oversight of their operations. However, with the 

growth of software and smart technology systems, equipment is being transformed into 

an intelligent machines, enhancing productivity and efficiency in a wide range of appli-

cations [3]. Especially the idea of self-driving and self-operating is no longer a vision but 

rather a reality due to the advancement of technology and research done by universities 

and organizations [30]. 

Software plays an essential role in the transition toward automation and autonomous 

industry [54]. ‘Software platforms are called the powerful engines of change’ due to the 

flexibility of code and of the essential functions they offer in revamping productivity and 

transformation across many industries [16]. The emergence of platforms has been ob-

served in a variety of other domains such as autonomous vehicles, robotics, drones, 

critical systems (such as smart grids, power plants, and military applications), and Inter-

net of things (IoT) [10]. Software Platforms not only accelerate technological innovation 

but have also been the source of creating new business opportunities [72]. For instance, 

the transaction industry has been transformed completely into digital platforms, creating 

new business opportunities [35]. 

Industries are now going for an ecosystem approach due to the lack of competencies, 

heavy R&D investments, and need the for constant customization [5]. The ecosystem 

method incorporates a number of participants who work together on innovation or devel-

opment, including developers, partners, and users. While software ecosystems are gain-

ing traction, their increasing complexity makes it challenging for potential users to envi-

sion and appreciate the benefits derived from an ecosystem [67]. Among different user 

groups of software ecosystems, this study attempts to focus on the heavy-duty mobile 

machine industry and intends to understand the significance of the platform-based eco-

system to them.  

Heavy duty mobile machinery industry refers to the non-road mobile machinery specifi-

cally designed for use in various applications such as forestry, mining, warehousing, and 
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construction [42]. The transition of industrial equipment manufacturers toward automa-

tion has been observed as a result of technological advancement and innovation [62]. 

Though these transitions offer significant advantages such as efficiency, productivity, 

safety, and profitability [50, 60], they do necessitate complex system engineering as well 

as extensive hardware and software architectural integration [27, 37]. The thesis ex-

plores into the Software-platform based ecosystem in an effort to better understand the 

software ecosystem interaction capabilities in the heavy-duty mobile machinery industry.   

1.1 Research Context 

The study was conducted as a part of the Platform Economy for Autonomous Mobile 

Machines (PEAMS) project, a Business Finland funded research consortium. The 

PEAMS project is a collaboration with Tampere University and the University of Helsinki, 

and it is coordinated by the Forum for Intelligent Machines (FIMA) [74]. The FIMA group 

is an industry-driven association that promotes the collaboration of mobile work machine 

manufacturers, specialist companies, system integrators, and research institutes in the 

Finnish region. The FIMA organization supports and defines research and product de-

velopment in this industry, in accordance with industry expectations [17].  

The PEAMS project goal is to do research on some of the most critical software devel-

opment challenges for Heavy duty mobility machines. Software development is quite 

complex and needs to be compatible with other equipment or subsystems. One compo-

nent of the research is to comprehend the relevance of a platform-based ecosystem in 

the heavy-duty machine industry. The core idea is to study the Robot Operating System 

(ROS) ecosystem and the opportunities it may offer to the heavy-duty machine industry. 

1.2 Research Problems & Questions 

The research problem of the thesis is stated as follows:  

What potential value could a platform-based software ecosystem will bring 

to Heavy duty mobile machine industry? 

To address the research problem more comprehensively, the following research ques-

tions are formulated: 

 RQ.1:  What do industries think about platform-based ecosystem, and ROS  

             ecosystem in particular? 

 RQ.2:  What opportunities can the companies realize through the ROS  

ecosystem? 
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The primary goal of this thesis is to understand the benefits and significance of using a 

software ecosystem and the related common platform for the heavy-duty machine indus-

try. The research seeks to understand the ROS ecosystem and its existing state of 

knowledge in the heavy-duty mobile machine industry. Furthermore, the research tries 

to explore in depth the company perspectives and opinions on adopting software plat-

forms and ecosystems related to the heavy-duty mobile machine industry.  

1.3 Structure of Thesis 

The thesis is organized into seven chapters. The first chapter describes the study's back-

ground, objectives, and research questions. The literature review is addressed in Chap-

ters 2,3 and 4 by outlining the fundamental principles of the research study. First, an 

introduction to the heavy-duty mobile machine business is provided, followed by a review 

of the literature on software platforms and ecosystems, and lastly, a brief examination of 

the robot operating system is presented. The research strategy for reviewing literature 

and acquiring empirical data is described in Chapter 5. The outcomes of the qualitative 

interviews are presented and analyzed in Chapter 6. Finally, the conclusion chapter sum-

marizes the most important findings and makes an attempt to answer the research ques-

tions in light of the study themes. Additionally, it further covers the theoretical and prac-

tical contributions to the literature and finally presents the limitations and future perspec-

tives on research directions. Figure 1 summarizes the complete structure of the thesis.  
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Figure 1. Thesis Structure. 
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2. HEAVY DUTY MOBILE MACHINE INDUSTRY 

The use of heavy-duty mobile machinery is prominent in the material handling industry 

[20]. Heavy duty machines may not always be large and heavy, but rather specially de-

signed machines for managing heavier loads and operating in difficult conditions. The 

term mobile here refers to any piece of equipment that is not intended for carrying pas-

sengers and may be drawn or driven in diverse terrains [81]. These involve a wide range 

of machinery used in diverse sectors such as construction, mining, agriculture, forestry, 

and warehouse. The most common example of heavy-duty mobile machines includes 

excavators, forklifts, loaders, forwarders, and dozers. Different heavy-duty machines 

serve different purposes based on the activities they are designed to perform. For exam-

ple, loaders are used for earthmoving, road construction, agriculture, and also in large 

and small-scale industries [14]. It is used for moving heavy materials such as asphalt, 

demolition debris, snow, gravel, containers, and pallets. 

 

Figure 2. Different types of heavy-duty mobile machines [73]. 

 

The Figure 2 depicts the several heavy machinery types utilized in different contexts. 

Heavy duty machines were traditionally built entirely of mechanical components such as 

ropes, pulleys, and chains [25]. However, with the continuous evolution of technology 

and innovation, heavy-duty machines are completely revolutionized, enhancing their ef-

ficiency, agility, and productivity [25, 50]. For instance, the benefits of utilizing hydraulics 
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and steering mechanisms have improved the machines' lifting capability and efficiency 

[20].  

The use of software technology has increased over the functioning of mobile working 

machines [20]. The employment of more powerful and intelligent onboard computers in 

these machines has modified their manner of working, improved efficiency, and allowed 

them to perform more intelligently [47]. But there are high risks that come along with 

these machines. Especially driving these machines demands highly competent opera-

tors because of the significant risk of injury and accidents [39]. To address issues like as 

skilled labor shortages, safety, and hostile environments, the industry has shifted its fo-

cus to the development of automated and autonomous heavy-duty mobile machinery 

[41, 70]. 

Automation and autonomous operations in heavy-duty machines involve extensive us-

age of onboard software and electronic control systems performing various roles. Mod-

ern machines are equipped with intelligent embedded systems that are controlled by 

engineering control units such as sensors, and actuators. Autonomous basically mean 

that heavy-duty machines are able to operate without active human intervention [41]. 

The literature states that autonomous machines involve the complex mechanism of sys-

tem engineerings such as sensing, perception & planning, edge & cloud computing, and 

mechanical control [37]. Additionally, the equipment must have a control system that can 

comprehend, analyze, and take relevant actions based on the data. However, it is im-

portant to acknowledge that a single heavy-duty machine manufacturer may not have all 

the competencies to develop these capabilities by itself. 

The heavy-duty mobile machine industry includes not just manufacturers, but also or-

ganizations that develop the software and hardware needed in the machines. For in-

stance, a wheel loader comes with a physical body, combinations of robotic mechanisms 

powered by hydraulic systems, and complex software control systems to perform multi-

ple functionalities [14]. In a way, different players with specific competencies are involved 

in manufacturing a mobile machine. For example, a company with software development 

expertise or a sensor manufacturer. Figure 3 depicts the significant players that are as-

sociated with the heavy-duty mobile machine industry. 
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Figure 3. Major Companies associated with Heavy duty mobile machine industry. 

 

The role of software and electronics is increasing with the complexity of achieving smart 

solutions [61]. In order to overcome software complexities and minimize software devel-

opment efforts, industries are embracing software ecosystems [5, 55]. For example, Au-

tomotive Open System Architecture (AUTOSAR), a standardized software architecture 

developed to handle the software complexity in the automotive industry, uses a software 

ecosystem approach [33]. Similarly, robotics industries use the ecosystem approach like 

the ROS ecosystem to overcome the software complexities [13]. It is imperative to ex-

plore whether software ecosystems could have similar implications in the heavy-duty 

mobile machine industry.  
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3. PLATFORM BASED ECOSYSTEM 

Globalization and digitization have accelerated the emergence of platforms that enable 

knowledge and resource sharing between diverse companies across similar or related 

industries [29]. As the name implies, a platform-based ecosystem constitutes two distinct 

concepts- namely, the platform and the ecosystem. Both the platform and ecosystem 

can be associated with different products or industries. However, this study particularly 

focuses on understanding the software platform and software ecosystem.  

3.1 Software Platforms 

In today's fast-paced and modernized world, the majority of products or applications are 

based on software platforms [16]. For the past few decades, “ software platforms have 

been the invisible engines that have established, influenced or revolutionized practically 

every significant industry” [16]. From credit cards to mobile phones to games to vehicles, 

software platforms are utilized everywhere. Software platforms are not just used for com-

mercial purposes; they are also used in research applications to facilitate software de-

velopment and provide a stable environment for experimentation and rapid prototyping 

[27]. Software platforms provide the necessary configuration and a simplified environ-

ment for end users to develop their own applications [5].  

The literature characterizes software platforms in a variety of ways, but the simplest def-

inition is that they are a type of standard coded architecture on top of which you may 

construct various products or applications that do various tasks. According to Pohl et al. 

[52], a software platform is a collection of software subsystems and interfaces that con-

stitute a common structure from which a range of derivative products may be developed 

and produced efficiently. Bosch [6] stated platform as an entity combines all functionality 

that is shared by all products or applications and often contains a standardized architec-

ture. According to Tiwana et al. [63], a software platform is the expandable codebase of 

a software system that offers fundamental functionality shared by modules that com-

municate with one another via interfaces. 

In the present era, software platforms appears to be the standard way of working in the 

software industry [57]. According to the literature, a software platform serves as a foun-

dation for developing applications or technologies on top of a hardware and software 

framework [16]. There could be different types of software platforms such as utility plat-

forms, technology and commercial platforms [80]. For instance, apple iOS or android are 
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the commercial platforms that enable the interaction between the users and developers. 

Then there is the Application Programming Interface (API) development platform that 

provides the ability to interact with other software. Operating systems such as Mac OS, 

or Linux are also a kind of platform that supports different functions and applications [16]. 

Middleware is kind of a software that basically to offer services to application developers 

to control the hardware. Schmidt and Buschman [59], have highlighted how middleware 

and software frameworks complement one other and assist in increasing software reuse 

and quality. To be more specific, a software framework is an installation that streamlines 

application development by outlining a common environment across a group of software 

programs [27]. It is often distributed as source code with documentation.  

The software functionality includes complex algorithms with a critical software application 

that needs to be continuously updated, reconfigured, and released [10]. The software 

platform can be seen as a bundle of functions that provides the framework and support-

ing tools for building applications [27]. Organizations typically build their own platforms 

or utilize an external platform if one that matches their needs is available. It has been 

noted the potential benefits that a platform may provide, such as cost savings, develop-

ment efficiency through the reuse of common elements, and customization [79].  

Another significant factor to look about software platforms is whether they are open or 

closed [16]. Open platforms are like operating systems for instance, Linux, where any-

body can obtain its services to write applications that can support under the defined 

terms or license. Whereas only those who have the authorization to utilize a closed or 

proprietary platform may benefit from its services. 

3.2 Software Ecosystem  

Software Ecosystem (SECO) has been a long-running and rapidly evolving concept in 

the world of software engineering [28, 44]. Several recent studies have proposed soft-

ware ecosystems (SECO) as a viable approach to build large software systems on top 

of software platforms by combining components developed by internal and external ac-

tors [44]. In the software business, a platform is typically found at the heart of an ecosys-

tem [26], which consists of either a partial or full software product or a service upon which 

other providers might construct complementary applications and services. Many busi-

nesses, for example, base their software products or applications on the Linux or Win-

dows platform. With the adaptation of platform evolution, organizations are observed 

shifting towards software ecosystem models, making it more effective to develop soft-

ware products and platforms outside of an organization's conventional limits [10]. 
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The software ecosystem is not just limited to the platform, but it involves the collaboration 

of different players, organizations, and individuals that might belong to different indus-

tries. Software ecosystem (SECO) is not a new term; the literature has characterized it 

in a variety of ways. Messerschmitt and Szypersky [48], initially introduced the concept 

of SECO in their book on software ecosystems. Table 1 summarizes the definitions of 

software ecosystems as they have evolved throughout time. Manikas and Hansen [44], 

identified three common elements present in SECO definitions in their literature: con-

necting relationships, business, and common software [44]. The relationship is seen be-

tween the different players that are a part of the ecosystem. The most common actors 

that are encountered in the ecosystem are orchestrators, niche players, External actors, 

vendors, and end users. The business aspects not only comprise financial benefits but 

also non-financial ones [44]. The software part is seen in different forms such as a col-

lection of software projects, a set of software solutions, or as platforms.  

This thesis focuses on the most recent definition of SECO put out by Manikas, which 

encompasses relationships between actors and software in association with software 

platforms that have an impact on ecosystems [43].  

 

Table 1. Software Ecosystem definitions.  

 

Definition Author 

“Traditionally, a software ecosystem refers to a collection of software 

products that have some given degree of symbiotic relationships.” 
[48] 

“A software ecosystem is a collection of software projects which are 

developed, and which co-evolve together in the same environment” 

[38] 

“A software ecosystem consists of the set of software solutions that 

enable, support and automate the activities and transactions by the 

actors in the associated social or business ecosystem and the organ-

izations that provide these solutions” 

[5] 

“We define a software ecosystem as a set of businesses functioning 

as a unit and interacting with a shared market for software and ser-

vices, together with the relationships among them” 

[26] 
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“A software ecosystem consists of a software platform, a set of inter-

nal and external developers and a community of domain experts in 

service to a community of users that compose relevant solution ele-

ments to satisfy their needs” 

[7] 

“The interaction of a set of actors on top of a common technological 

platform that results in a number of software solutions or services” 

[44] 

“The software and actor interaction in relation to a common techno-

logical infrastructure, that results in a set of contributions and influ-

ences directly or indirectly the ecosystem” 

[43] 

 

Kondel and Manikas [32], emphasized the necessity for ecosystem typification based on 

the variations in the software platform [32]. They discovered four distinct ecosystem cat-

egories. The cornerstone ecosystem includes a typical type of software platform whose 

functionality is extended by the contributions of the actors. Here, a single significant 

player usually dominates the platform. The majority of research on this sort of ecosys-

tems, such as the Android or iOS, is available in the literature. The next is the standard-

based ecosystems, where the platform is replaced by standard specifications describing 

the requirement for actor contributions. A consortium with memberships maintains the 

ecosystem of this type. The protocol-based ecosystem is kind or more flexible and less 

constrained as compared to the standard-based ecosystem. Finally, infrastructure-based 

ecosystems share a similar technological environment, allowing players to contribute in-

dependently.[32]. 

3.3 Relationships in an Ecosystem 

Relationships and interactions between the many actors in an ecosystem are critical for 

the survival of the ecosystem. Whether from a technological, commercial, or social stand-

point, the solutions developed in the SECO are established through partnerships or in-

teractions amongst the actors involved [4]. The literature identifies the most common 

actors that are encountered in the ecosystem as Orchestrator, niche player, external 

actor, and end user. Based on the literature findings, Figure 4 depicts the contributions 

of the ecosystem actors to the software platform in the roles identified. For this thesis, 

the actor contribution model is designed to identify the various participants in a platform-

based ecosystem. Furthermore, a new support coordinator role has been included that 

has not been specified in the literature according to the researcher's understanding.   



12 
 

 

Figure 4. Actor Role contributions identified in an SECO. 

 

The orchestrator or keystone player oversees the ecosystem. It might be an individual 

or a consortium that is in charge of administering the platform, developing and imple-

menting rules, processes, and business procedures, as well as defining and monitoring 

quality standards [44]. The Apple ecosystem serves as the greatest and most frequently 

cited example, demonstrating how the individual corporation has total control over its 

ecosystem. The orchestrator plays a central role in an ecosystem, with multiple tasks 

ranging from platform development to monitoring ecosystem health.   

The niche player is an actor who supplements an orchestrator's work by developing or 

adding components to the platform, resulting in functionality [44]. The niche players are 

the most developed and may have an impact on SECO management decision-making. 

They are often responsible for innovation, designing specific extensions to the platform 

and therefore adding value to the ecosystem. 

External actors, often known by numerous names such as third-party developers, exter-

nal parties, or external adopters, are the actors who take advantage of the opportunities 

provided by the ecosystem and provide indirect value to it. External actors may be de-

veloping on top of or parallel to the SECO platform, identifying flaws, promoting SECO, 

or even attempting to improve the platform. Vendor or resellers are mainly the organiza-

tions that make a profit from selling the products of the SECO to customers. These are 

the companies that enhance SECO's conversion into a new product by adding more 

capabilities to it. Then the role is the end user that obtains or purchases a complete or 

partial product of the SECO.[44]. An end user could be individual or even organizations 

that use the SECO platform for developing their products or application. 
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Furthermore, the last role listed is the support coordinator. Though this role does not 

seem to be covered in the literature, observation of the research collaborations at the 

university shows that such a role could have significant implications in a ROS ecosystem.    

The support coordinator's job could be viewed as the one that promotes collaborative 

innovation and knowledge sharing. The innovation is accomplished through bringing to-

gether multiple organizations and collaborating on research initiatives. Support coordi-

nators could assist and enable other ecosystem players to fulfill their objectives, thereby 

indirectly contributing to the ecosystem. Universities and research groups are the best 

examples of these roles, producing innovations through cooperating on research pro-

jects. 
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4. ROS BASED ECOSYSTEM 

Although the name implies, it is not an operating system, but rather an open-source 

framework that includes a collection of software libraries and development tools for build-

ing robotic applications. Basically it is a software development kit equipped with tools, 

packages, and frameworks that act as building blocks for developing robotics algorithms 

and hardware platform [13]. The usage of ROS is not restricted to robotics applications; 

it also includes tools for interacting with peripheral hardware such as sensors and actu-

ators. Aside from its popularity in the robotics research community, it has also made its 

way into industrial environments [13]. It has gained traction in practically every intelligent 

machine area, enabling autonomous navigation simulation, visualization, control, and a 

variety of other services [11, 12].  

4.1 Origin of ROS 

ROS originated as a personal project for Keenan Wyrobek and Eric Berger, who were 

looking for a solution to the robotics problem of reinventing the wheel. While at Stanford, 

these two were dealing with the most common challenge in robotics: devoting too much 

time to re-building software infrastructure for complex algorithms and not enough time to 

work on intelligent robotics systems. To solve this issue, Eric and Keenan established 

the Stanford Personal Robotics Program in 2006, with the purpose of creating a frame-

work that will help in the design of code-based tools as well as the communication pro-

cess. The plan at the same time was to develop 10 identical robots and distribute them 

across universities to help innovators develop software based on their framework. At the 

same time, many other projects were going on in the robotics community.[65]. 

The project received its first grant, which was utilized to construct the PR1 robot. Working 

on various pitches to raise funds to support ROS and construct the “Linux of Robotics”, 

Eric and Keenan finally received assistance from Scott Hassan, resulting in the formation 

of Willow Garage and the beginning of the ROS journey [65]. Willow Garage the robotic 

research lab and the technology incubator eventually concentrated its entire focus on 

developing of the personal robot program. It had progressed through working on a variety 

of projects and gaining a reputation in the market. The initial ROS distribution was 

launched in 2009, followed by PR2, the second edition of the Personal Robot [69]. Slowly 

the ROS platform started picking up with universities and businesses incorporating it into 

their products. Willow Garage announced its departure from the ROS in 2013, then the 



15 
 

Open Source Robotics Foundation (OSRF) took over and continued promoting it to be-

come the industry standard for robotics [69]. Over time, ROS has developed into a thriv-

ing ecosystem of software algorithms, packages, tools, and a community of experienced 

developers working together to make it easier to create complex and reliable robot be-

haviour across a number of robotics and industrial platforms [34]. 

4.2 ROS as a communication middleware 

ROS is a free and open source software framework that includes packages and a col-

lection of tools for communicating between components and offering functionality for 

building advanced robots. ROS provides basic operating system services such as hard-

ware abstraction, low-level device control, common-use functionality implementation, 

and message passing between processes and packages. According to the Quigley [53], 

ROS serves as a communication gateway between hardware and software, allowing ad-

vanced programming environments to manage low-level control. The Figure 5. explains 

the process of how ROS functions as a communication middleware.  

 

Figure 5. Working of ROS packages (modified from [78]). 

 

The communication process starts with the ROS nodes. The node is an executable file 

that performs computation, and each node is assigned to a specific task [78]. These 

nodes communicate with one another by sending messages through logical channels 

known as topics. The topic is the information that is contained in the ROS. The topics 

can be published or subscribed by nodes to exchange or access the data between them. 

Single or multiple nodes could be bundled together to perform a specific task [78]. Such 
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bundles are called ROS packages. From the figure 4 consider package A as a lidar sen-

sor and package B as an Xbox controller package. Package A consists of several nodes 

with various tasks assigned to them. To provide the necessary functionality, multiple 

nodes could publish or subscribe to the topics and communicate between the packages. 

The packages can be arranged into ROS stacks, making the sharing of codes easier. 

Stacks basically are the primary means of distributing the software.    

Evolution of ROS to ROS 2 

In the recent years, significant advancements in industrial equipment manufacturers 

have been seen shifting towards automation and autonomous solutions. The growing 

need for advanced equipment makes it essential to have new software technology to 

control and communicate between the devices. Apart from this, the common character-

istics found in autonomous machines, robots, drones, industrial equipment, etc, are the 

real time capabilities. For instance, it is necessary for an autonomous vehicle to tackle 

the challenges across a path that it is following such as obstacle avoidance, making a 

decision, and reacting. Real time constraints are quite common in robotics, requiring the 

capabilities like reliability, priority, and synchronization [56].      

After many years of using and developing ROS, various problems arise in different use 

cases. ROS, in particular, did not support the real-time environment, which affected task 

prioritization and synchronization in multi-tasking scenarios [56]. To address the inade-

quacies of ROS, notably in the real-time domain, the ROS community upgraded to the 

ROS 2 version [40]. To facilitate ROS 2 delivery and widen the ROS community, the 

Technical Steering Committee (TSC) was established to focus on various topics. ROS 2 

uses the Data Distribution Service (DDS) middleware expanding its capabilities such as 

high- level system integration and real time applications. Through DDS ROS 2 is able to 

provide serialization, transport, and discovery [40]. Since all implementations in ROS 2 

are based on the DDS standard, it has enabled increased quality, performance, security, 

and communication across various networks [40].     

4.3 ROS Ecosystem 

As such, ROS meets the definition of software ecosystem- “the software and actor inter-

action in relation to a common technological infrastructure that results in a set of contri-

butions and influences directly or indirectly the ecosystem” [43]. In comparison to the 

software ecosystem, the ROS ecosystem is a veritable cornucopia of open source robot 

software, that includes software packages, algorithms, communication interfaces, tools, 
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community, and industrial support required to develop robotics applications in a variety 

of fields [76].  

The ROS ecosystem is organized into four pillars that serve as the foundation for devel-

oping new applications and robots. Plumbing, Tools, Capabilities, and Community are 

the pillars that support the ROS ecosystem [76]. Plumbing is a messaging architecture 

provided by ROS to enable rapid and easy communication between various systems. 

The ecosystem is equipped with tools that can be used in several ways such as config-

uring, debugging, visualizing, monitoring, and testing robotic applications. The ecosys-

tem reduces the barrier to producing robotic applications for both experienced and inex-

perienced workers by offering capabilities in building specific tasks such as control, plan-

ning, perception, and mapping. Finally, there is the community, which is supported by a 

big number of diverse and worldwide players and places a high focus on integration and 

documentation. The community helps in a number of ways, including offering basic and 

advanced ROS tutorials, answering questions in the discussion forum, and developing 

and maintaining distribution releases.[76]. 

 

Actors in ROS Ecosystem  

Based on the literature, the players in an ecosystem have different roles and responsi-

bilities based on their capabilities and needs. While some players spend more time and 

resources to the ecosystem, others do not. Every ecosystem, open or closed, has an 

orchestrator or a keystone that governs the ecosystem functions. Based on the literature 

review on ecosystem, several actors can be identified that are collaborating to the ROS 

platform forming a ROS ecosystem. Figure 6 represents the actor classification of the 

ROS ecosystem based on literature. 
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Figure 6. Actors identified in ROS Ecosystem based on the roles presented in 3.3. 

 

The orchestrator is a non-profit organization consortium in charge of developing and 

maintaining the ROS platform, which includes the website, as well as developing and 

managing the distribution of major releases. The orchestrator comprises entities namely 

Open Robotics, Technical Steering Committee (TSC), and the Sister organizations. 

Open Robotics is a non-profit open source robotics foundation that “support the devel-

opment, distribution, and adoption of open source software for use in robotics research, 

education, and product development” [82]. TSC is specifically established to work on 

building the roadmap, develop core tools, and libraries´, and establish working groups 

on ROS 2. The group is made up of officials from well-known companies like Microsoft 

and Amazon who are contributing materially towards ROS 2 and are in charge of deter-

mining the project’s technical direction [75]. Sister organizations are the ROS groups that 

have grown to the size where they have formed into organizations. These companies 

develop and maintain the source code and packages for certain robotics applications, as 

well as work on diverse projects with businesses in some contexts [77].  

The ROS industrial and Foundational working groups could be identified as the niche 

players complementing the platform. ROS industrial project adds advanced capabilities 

to the platform that can be further utilized in industrial relevant hardware and applica-

tions. The Foundational working groups work together with similar areas of expertise to 

develop standardized base applications in robotics such as navigation and perception 

[34]. There are many players that can be identified as external developers and end users 
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of the platform. For instance, there are groups of interested people that are working on 

particular projects of shared interest. Even individuals could be seen that are trying to 

contribute to the platform for instance by developing their own packages or source codes. 

Various small-scale and large-scale industries could be end users endeavoring to obtain 

the services from the platform. Academic, research, or competition teams can act as an 

external developers or as end users in the ecosystem.  

Finally, the role of the support coordinator might well be defined as sharing knowledge 

and facilitating collaborative among ecosystem participants. Universities or research 

groups are most likely that could be identified in this role. For example, the PEAMS group 

at the university may serve as a support coordinator, utilizing the platform's tools to fa-

cilitate collaboration among the many project participants. It can be observed from the 

study that a single player could act in multiple roles. Different roles demonstrate how the 

users of the platform utilize it to fulfill their objectives in multiple configurations. 
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5. RESEARCH METHODOLOGY 

This chapter describes the research approach and technique used to investigate the 

significance and literature of the software-platform based ecosystem in the heavy-duty 

mobile machinery industry. It is then followed by a brief summary of the cases selected 

for this study. The subsequent sections explain how the data was gathered and ana-

lyzed. 

5.1 Multiple Case Study approach 

The research in this study aims to understand the significance of the software platforms 

and ecosystems in the organizations that are associated with the heavy-duty mobile ma-

chine industry. To develop a holistic understanding and to ensure the validity and gen-

eralizability of the findings, a multiple case study approach was used. The multiple case 

study method also enables the exploration and comprehension of complicated issues by 

examining facts in a particular context [68]. Figure 7, illustrates multiple case study ap-

proach implemented in this research context. 

 

Figure 7. Multiple case study process (adapted from case study research [66]). 

 

The utilization of multiple case studies in this research provides for a more comprehen-

sive knowledge of the perspectives of various players in the heavy-duty mobile machine 

industry, making the findings strong and credible. Additionally, as shown in the Figure 

above, this case study approach allows the researcher to assess data within and across 
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the cases, improving the research's validity [66]. Furthermore, it is possible for the re-

searcher to analyze how different organizations use software platforms and ecosystems 

to accomplish their objectives. 

According to Gillham [22], a multiple case study aids in investigating the answers to the 

required research questions using a variety of different types of evidence. This study 

intends to collect qualitative data in order to investigate and comprehend the significance 

of software and its role in research and development, as well as the role of software 

ecosystems in heavy-duty mobile machine industries. To address the research study's 

objective, multiple players are identified, to understand the various perspectives of the 

companies that perform distinct roles in the heavy-duty mobile machine industry. The 

study involves several systematic stages that are described in the following sections.  

5.2 Case Selection 

A purposeful sampling is used in this study to pick the most insightful cases to address 

the research questions through practical and pragmatic considerations of research aims 

[15]. Purposive sampling is a frequently used strategy in qualitative research that utilizes 

a specific set of criteria to ensure the most use of limited resources by determining the 

most 'information-rich' cases [15, 49]. The research study's focus is to understand the 

perspectives of the software environment in the heavy-duty mobile machine industry. As 

a result, a sample of cases was chosen that had diverse ways of engaging with the 

software component in their businesses. Through such a reasonable approach to case 

selection, the researcher hopes to comprehend the significance of the software platforms 

and ecosystems, as well as the potential that may be identified for organizations and 

consumers. 

For selecting the case companies that would be suitable for the research study, data of 

PEAMS and FIMA members were utilized. The potential cases were then chosen using 

a set of criteria. First, the cases must be associated with the heavy-duty mobile machine 

industry. Second, the case companies need to have assumed the role in the industry 

either as a software provider, machine manufacturer, or embedded systems provider. 

Finally, the case companies should be able to appoint the company representatives, for 

an interview, who have working experience with the software. Figure 8, represents the 

identified categories among the potential cases.  
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Figure 8. Segmentation of cases identified. 

 

Firstly, it is the software consultants and the software provider that provide the necessary 

software expertise, resources, and strategic advice. It also includes delivering the com-

plete software packages as per the requirement. The second category included compa-

nies that develop embedded software for the applications that were needed in the heavy-

duty mobile machines. Many times, the companies included embedded software with the 

hardware. Finally, the third group included enterprises that were manufacturing their own 

products. Manufacturing specifically covered material handling equipment in several do-

mains such as forestry, warehouse, construction, and shipyards. Most of the selected 

cases were Finland-based companies, that operate globally.      

5.3 Semi-Structured Case Interviews  

Qualitative approaches are descriptive and inferential in nature, with a primary focus on 

the type of evidence that will allow you to comprehend the practicality of what is going 

on [22]. Therefore, a qualitative method is used for collecting the data as the research 

study is both exploratory and explanatory. Qualitative data can be obtained in a variety 

of ways, including interviews, questionnaires, and observations [22]. Depending on the 

intricacy of the research, many approaches might be employed to collect data. However, 

for this study, qualitative interviews were considered the most suitable way to collect 

primary data.  

Based on the literature there are three basic formats of interviews: structured interviews, 

unstructured interviews, and semi-structured interviews [21]. For the case study, a semi-

structured interview methodology was adopted because it gives a series of essential 

questions that will serve to define the themes to be investigated and also allows the 
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interviewer or interviewee to deviate in order to follow a concept or response in further 

detail. The interview questions were broken into distinct themes, with each subject hav-

ing its own set of questions. To guarantee a seamless flow of interviews covering all of 

the subjects, a predefined sequence was followed throughout the interviews. The semi-

structured interview provided the researcher with the option to offer more enhanced 

questions in order to gain deeper insights into certain themes highlighted throughout the 

dialogues [1]. Figure 9, illustrates the questions derived under the themes identified.  

 

Figure 9. Questionnaire designed for the semi-structured interview. 
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The interviews were conducted professionally, in the English language. The interviewees 

were industry professionals with years of expertise who held high-level positions in case 

organizations. To give the interviewers a sense of the agenda, the confidential document 

along with the idea of interview themes were drafted and conveyed prior to the interviews 

through email. To get the perspectives of the interviewees that may be rather context-

specific and coming from experience, the interview questions were not disclosed in ad-

vance to the interviewees. The interviews were conducted online using the zoom tele-

conferencing service [2], and with the interviewees' consent, they were recorded. The 

interviews took place over a four-month period, from March to June 2022. To minimize 

misunderstandings caused by language or technology barriers, the questions were ex-

pressed both verbally and in the form of a presentation during the interviews. Figure 10, 

shows an example of the zoom view with the question presented during the interviews. 

 

Figure 10. Example illustrating the use of presentation during interviews. 

 

The recorded interviews were then further manually transcribed by the researcher for 

further analysis. The total time required for the transcription would be around 130 hours. 

The transcribed versions were analyzed using the atlas.ti application [71], which made it 

simple to code and extracts the highlights from the interviews. The real names of the 

case companies are kept confidential, and they are given distinct codes instead. The 

code S indicates that the organization is categorized as a software provider/consultant. 

The code E represents a company designated as a provider of embedded systems, while 

the code M represents the role of a machine manufacturer. Table 2 below presents the 
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technical information of the interviews, including the positions of the interviewees in the 

case organizations. 

Table 2. Interviewee Details.  

Interviewee 

Code 

Case                   

Organizations 

Current role  Experience 

(years) 

Interview 

duration 

(min) 

S1 Software Consultant Business director 20 40 

S2 Software Provider Vice President 19 45 

S3 Software Consultant Business Director 15 45 

S4 Software provider Project Manager 4,5 60 

S5 Software Provider Product Manager 3,5 35 

E1 Embedded systems   

provider 

CTO 15 72 

E2 Embedded systems   

provider 

R&D Manager 15 55 

E3 Embedded systems   

provider 

Technology                

Director 

20 45 

M1 Mobile Machine        

Manufacturer 

Project Manager 13 60 

M1 Mobile Machine         

Manufacturer 

Team Lead 10 60 

M2 Mobile Machine          

Manufacturer 

Manager 17 40 

M3 Mobile Machine         

Manufacturer 

Team Lead 6 85 

M4 Mobile Machine         

Manufacturer 

Research Director 19 90 
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As seen from the table, altogether, 12 interviews were conducted. The length of the in-

terviews ranged between 30 to 90 minutes in total. The interviewees were from a range 

of organizations, for instance, 5 of them come from the software provider and software 

consultant sector.  

5.4 Data Analysis 

Data analysis seeks to explain, justify or address the research questions based on the 

assessment of available data [51]. In this study, both inductive and thematic techniques 

are used to qualitatively analyze the data. Qualitative data analysis is the process of 

transforming enormous amounts of data into organized, and comprehensible findings 

[36]. The inductive analysis method uses context-related categories or themes to build 

the research study on pre-existing literature or frameworks [24]. Inductive analysis uses 

the existing literature to formulate the categorizes and research questions to be ad-

dressed [58]. The thematic analysis is further applied to analyze the qualitative data. 

Thematic analysis is the technique for “identifying, analyzing, organizing, characterizing, 

and presenting findings discovered in a data collection” [8, 9]. The analysis intends to 

generate a comprehensive understanding of what was stated while also ensuring that all 

relevant aspects of the data are considered [19]. The data analysis in this study is a 

nonlinear process that requires numerous iterations of observing and analyzing the data 

at various levels to optimize the data.  

To thoroughly understand the concept of software platforms and ecosystems, this re-

search started with the review of relevant literature. Based on the literature review, spe-

cific categories were identified. Multiple categories were analyzed, and based on those, 

the interview questions were prepared. Data is obtained through conducting interviews 

and recording the material in the form of transcripts. The previous chapter 5.3 has a 

detailed discussion of gathering the interview data. Figure 11 below illustrates the pro-

cess for analyzing the interview data.  
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Figure 11. The data analysis process for the interview findings. 

 

For this study, the open coding approach has been the key for evaluating transcripts and 

retrieving the data to address the research questions. Open coding is a qualitative re-

search analysis technique that identifies and categorizes the recurring responses found 

across the research material [64]. The use of an open coding technique ensures that the 

researcher could achieve the validity and reliability of requirements associated with qual-

itative research data [51, 64].  

An open coding strategy was preferred because the study is more exploratory rather 

than explanatory. The open coding technique allows the flexibility to the researcher for 

updating the codes depending on new relevant data obtained from later transcripts [18]. 

This method compares the codes constantly and focuses on examining commonly ap-

pearing contents across distinct transcripts [64]. A set of ‘codes’ in the form of terms or 

phrases were identified based on the interview themes and the first interview transcript. 

The common patterns of texts were then consolidated and analyzed across all the tran-

scripts and assigned against the respective codes. For example, Figure 12 displays the 

application of the atlast.ti tool to analyze transcribes, that demonstrate the frequency of 

occurrence of identical remarks to a particular code. 

• Gathering the literature data
• Developing categories for interviews 

and analysis

• Review and apply open coding from 
the first transcribe findings

• Reviewing all the transcribe data
• Redefine codes

• Interpretation of the findings

Open coding

• Classifying the relevant codes to new 
subcategories. 

• Highlighting the analyzed data & 
Quotes to relevant codes . 
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Figure 12. Atlast.ti tool used for the open coding analysis. 

 

Next, the codes for each topic were then subcategorized based on transcript findings 

that were similar and relevant to the study. For example, all instances related to the SW 

role were assigned codes and classified under different subcategories. Figure 13 below 

demonstrates an example showing the analysis of one of the categories after going 

through all the transcripts.  

 

Figure 13. Example showing the category analysis of SW platform theme. 

 

SW Platform

Codes

A base line software

Layer of libraries & services
available

Use of tools from outside

Better Quailty as its tested by many

Faster implementation

Less development effort needed

Reduce Cost

Continutiy of the SW platform

Lack of control over platform
development

New improvements easily accessible to 
competitors

Confidential data security

Category (Theme) Subcategories

Industrial Perspective

Benefits

Risks

 

 

Codes Interviewee Remarks 
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In all, 65 codes were derived from four categories and further categorized into 11 sub-

categories. The number of codes assigned to each subcategory were unequally distrib-

uted in order to cover all relevant information from the transcripts. A summary of the 

categories and subcategories is presented in table 4, chapter 6. The final part of data 

analysis involved cross-case analysis. The findings from different cases were compared 

and synthesized to answer the research questions. Inferences, to answer the research 

questions, were made based on the occurrences of the codes under the different cate-

gories and subcategories. The next chapter presents the findings from the empirical 

study. 
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6. INTERVIEW RESULTS AND ANALYSIS 

This section covers the outcomes of empirical research compiled and analyzed through 

qualitative interviews with the selected case organizations. The findings are categorized 

under four different categories or themes addressing the discussion and summary of the 

relevant information. The subchapters in this section, from subchapter 6.1 to subchapter 

6.4, discuss the four themes: software roles, software platform, software ecosystem, and 

ROS ecosystem, respectively. Table 4 outlines the categories and subcategories, as well 

as the associated interview questions and sample interviewee remarks. 

Table 3. Outlined of the data analysis. 
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6.1 Software role in the industry 

Based on the findings of the interviews, the role of software seems to be broadening in 

the industry, enabling it to streamline its operational activities and provide new business 

opportunities. The software has changed heavy-duty machines into intelligent machines 

by sensing and evaluating the operational circumstances under which they operate. The 

initial questions were addressed to the interviewees on the kind of software they devel-

oped or used in their business.   

The majority of the software developed by the case industries were basically control 

systems software and different user interface to monitor and manage different environ-

ments for mobile work machines. The major role of the software developed by the case 

industries was in achieving the automation and autonomous functions in the heavy-duty 

mobile machines. Obstacle detection avoidance, road mapping, and navigation were 

some of the software applications that were developed by the case industries. These are 

the software that acts as a ready package that the customer can easily install on top of 

its hardware. The software consultant and providers were the major players in providing 

such type of ready software packages and also the software services such as resources 

and consulting. One of the respondents mentioned offboard and onboard software, par-

ticularly in the context of heavy-duty mobile machinery.   

“the onboard software does the sensing and controls the machine move-

ment direction locally on the local computer on the machine, whereas the 

offboard software typically decides the vehicle routes and assigns the ma-

chines to perform the task in coordination with others”-S1 

Then, as the term indicates, there were organizations known as embedded system pro-

viders, who provided both hardware and software. Such systems included the Program-

mable Logic Controller (PLC) programming and machine control system that are used 

on the machine to execute specific functions such as the boom control, hydraulic actua-

tors, and sensor control. 3 out of 12 cases offered the embedded software as per the 

requirement of the customer. The software development also included software used in 

the braking systems, air conditioning, and all other subsystems that are used in a vehicle. 

In answer to questions about the role of software, mobile machine manufacturers ad-

dressed the usage of embedded software as well as the software necessary to evaluate 

data from sources such as service, maintenance, and customer side.  
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6.1.1 How the Software is developed 

The objective here is to understand how software development is organized in the heavy-

duty mobile machine industry. The interviewees suggested that there are different ways 

how companies develop the software they need. For instance, either the company can 

develop the complete software by themselves, or a part of the software or resources 

needed for software development can be sourced externally. Table 5 below depicts how 

the case interviewees source the parts or resources for the development of the software 

they require. 

Table 4. Sourcing options for software development. 

Software  

Development  

Software                       

consultants/               

providers 

Embedded 

systems          

provider 

Mobile Machine 

Manufacturers 

Open-Source 

Software (OSS) 

S1, S2, S3, S4 E1 M1, M2, M3, M4 

Components off 

the Shelf (COTS) 

S1, S2, S4 E2, E3 M1, M2, M3, M4 

Subcontracting 

resources  

S2, S3, S5 E1, E2 M1, M2, M3, M4 

Outsourcing to 

suppliers  

S3, S5 E1, E3 M1, M2, M3 

 

When it comes to software development, even the most software-intensive businesses 

use multiple approaches. Instead of developing the software from scratch, options like 

open source software or components off the shelf (COTS) are considered. For example 

one of the interviewees stated: 

“Not necessarily the software is built in house, ofcourse we try to first look 

if there is open source alternative’s which could be utilize for commercial 

purpose if not then we try to find certain partners that could have a ready-

made product… ” (S4). 

COTS are not only products that are pre-built and proprietary software, but it also in-

volves software libraries that can be licensed or purchased. Subcontracting resources 
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entails hiring the software specialists required for your project on a part-time or full-time 

basis. Often this is the most likely scenario that has been observed through the case 

interviewees. Finally, it’s outsourcing the complete or either a part of a software to con-

sultants, subcontractors, suppliers, or in some cases they are even partners. Based on 

the case interviews, the option to outsource to a supplier is more prevalent on the man-

ufacturing side. For instance, one of the case interviewees from the mobile manufactur-

ers quoted: 

“Well all the production software that we are producing for the machines 

we are doing it externally with suppliers but we have a quite strict steering 

from our inhouse guys.”-M2     

According to the interviewees, it is difficult to predict a percentage of how much software 

is completely developed in-house and how many other options are used. But the core 

part of the software is developed inhouse. One of the interviewees mentioned that it 

depends upon the project or the customer requirement where they might lookout for other 

options, otherwise it is developed in-house (S2). The interviewees mentioned several 

factors that led to exploring other options for software development. In addition, the fac-

tors influencing the decision to choose between multiple options were addressed. Table 

6 below illustrates the most highlighted factors addressed through the discussion with 

the interviewees.  

Table 5. Factors influencing external SW development. 

Factors driving external SW  

development options 

Selection criteria across multiple  

options 

Lack of expertise 

Limited Timeline 

Accelerate the development 

Escape Vendor locking 

Pricing 

Availability  

Licensing model 

Quality 

Technical Performance 

 

The most often criteria (10 out of 12) that were addressed was the lack of expertise 

whether it’s for the hardware or software part. Sometimes businesses lack certain com-

petencies, particularly when dealing with emerging technologies or other novel concepts. 

In these situations, subcontracting resources are preferred. In some cases, there is a 
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limited time frame in which the software component needs to be completed, so such 

situations often drive the requirement to seek external assistance. In particular, cases 

using help from outside accelerates the development rather than doing it from scratch. 

Additionally, outsourcing part or completed software also shortens the time needed to 

develop and release the software into the market. In the context of software develop-

ment, long-term relationships make industries dependent on the same supplier or ven-

dor. One of the factors driving the case interviewee to explore other options was vendor 

lock-in. These were the key elements that stood out during the case interviewees and 

prompted the industries to examine various options for software development.    

6.1.2 Future of Software development 

Through case interviews, it was seen how significantly the methods of software develop-

ment have changed over time. For instance, using agile methodologies for development, 

open source software components, and model-based approaches while creating a code 

makes it much easier to build and test in the actual environment. Different tools and 

advanced systems have steadily evolved over time, providing flexibility for businesses 

and software developers. The key findings on the expectations of the future of software 

development addressed during the discussion are being identified as: 

 Standardization of Software interfaces 

 Outsourcing Software work 

 Increased use of Open Source software components 

 More open accessible software interfaces 

Participants in the interviews expressed a need for software to become more standard-

ized with interfaces and architectural designs that allow for reuse across various mod-

ules. Standardization facilitates communication between different interfaces or modules 

and makes it simple to replace a module of your software solutions with something else. 

One of the interviewees expressed the benefit of standardization quotes as 

“…basically, you know what is the interface to that software and you can 

develop against that your own things and that way you could combine mul-

tiple different software’s for that specific purpose to make you product so 

that you wouldn't need to have this huge integration project always to inte-

grate software’s from multiple vendors”-S4 

Software development has become more complex requiring complex algorithms with ad-

vanced skills and expertise. The interviewees expect a rise in using more networks and 
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partners rather than doing the complete software by themselves. The use of open source 

components seems to be beneficial as it saves time, cost, and effort in developing new 

software. In future the open source software will be a viable option in many fields, for 

instance, one of the interviewees mentioned “I think for PLC programming open source 

will become more and more viable option” (M3). The industries would like to see more 

open and easily accessible software interfaces. More open interfaces would make it eas-

ier to understand the system's input and output, speeding up the development and inte-

gration process.  

6.2 Software Platform 

6.2.1 Industrial view on software platforms 

The empirical analysis suggests three distinct viewpoints on software platforms, namely 

baseline software, software libraries & services, and external tools. The following Figure 

14 illustrates the perspectives of the interviewees identified.  

 

Figure 14. Differing perspectives on software platforms. 

 

First, 5 out of 12 interviewees, mentioned software platform as baseline software. The 

software platform act as a kind of middleware or set of development tools upon which 

multiple applications can be built. As some mentioned, it is the core software that can be 

found in the majority of their applications. Such software platforms could be developed 

internally, or they can be sourced from outside, on top of which the industries build their 

own software. For instance, one of the interviewees mentioned their view about the soft-

ware platform quoted: 

“I guess in our case it’s just mean that we reduced a lot of the modules 

withing different applications what we have. In some places we do utilize 
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actually the same components or whatever you would call them and 

change just the configurations to adapt to different solutions or applica-

tions”-M4. 

Second, 4 out of 12 of the interviewees mentioned that a software platform is a layer of 

software libraries and services that applications developers can utilize. One of the inter-

viewees mentioned ROS middleware as s kind of platform where you have access to 

specific software libraries. The use of azure services for cloud computing was also men-

tioned as a part of the platform. Accessibility to software codes, software development 

kit (SDK), and API that developers can utilize to develop various algorithms and integrate 

it with the system. As an illustrative example, the interviewee stated his opinion:  

“So thats really what I see as an software platform essentially providing 

means and abstractions for applications developers that make their life a 

lot easier”-S3 

Finally, a few interviewees (3 out of 12) mentioned using external tools to support soft-

ware development that they regarded as software platforms. The external tools included 

different programming languages or databases that are used for developing the software. 

On the embedded side, the tools used for developing PLC programming are similar to 

what the interviewee referred to as software platforms. The tools are the means by which 

you build software code, conduct analyses, and carry out tests. The tools cannot be used 

as a foundation for developing software. For instance, an interviewee states his perspec-

tive quoted as: 

“But like I said we started from very scratch on our software, so kind of we 

only take the programming languages and tools or databases from outside, 

but we do not take like the core function as they started building on top of 

this, we build the core function in house and maintain that also”-S2 

Software platforms promote growth and add value through integration with various soft-

ware development components, regardless of the perspective from which they are 

viewed. Software platforms have the ability to address software development challenges, 

but they will come with some risks and rewards. 

6.2.2 Benefits & Risks 

According to the interviewees, software platform has advantages whether an industry 

has its own or utilizes an external platform. 5 out of 12 respondents cited quality as a 

major advantage of using external platforms that are also used by other companies. The 

quality is significantly greater because the platforms have been tried, evaluated, and 
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documented, making it easy for developers to implement and use. For instance, one of 

the interviewees from the manufacturing side stated as:  

“Well the benefit is probably that if they are mulitple users of platform then 

its probaly being developed and there are resources behind it to be devel-

oped and if there is different organizations and companies making request 

for it then it can also make it more general and make it easier for us to use 

it in new ways”-M1 

Another benefit mentioned (4 out of 12) was the lesser effort needed to develop the 

software. The platforms are so well developed and can be utilized directly, which makes 

it less risky for companies to use them. It becomes easier for the software developer 

because the need to start from scratch is avoided causing lesser effort and manpower. 

For example, a case the interviewee from software industry stated:  

“so the development effort is done by somebody else or at least shared 

with somebody else and if it’s also used by somebody else its more used 

and therefore better tested”-S1.  

In some cases, using a software platform speeds up implementation and reduces time 

to market, providing more value to the customer. Other potential benefits identified in-

cluded cost savings and easier integration when a similar platform is used by the end 

user. For example, few of the respondents mentioned the advantages of adopting a plat-

form as follows: 

“so those are the three main factors that we see benefit in. time to market 

is shorter, expenses are smaller, quailty is better and then may be a plus 

for developer experience is also better when you are using a software plat-

form and you dont have do anything from scratch”-S3 

“…very much like that since we are very flexible a customer centric com-

pany I see as a benefit for our customers we can move very quickly if there 

is something that a particular customer or a group of customers would need 

from the platform”-E1 

 

Risks on using software platforms 

The use of software platforms also came with certain risks, especially while using exter-

nal platforms. One of the major risks identified was the continuity of the software platform. 

The risk is huge when someone is heavily using an external software platform and then 

suddenly due to certain reasons the platform is not available without any updates or 
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upgrades available. The continuity also includes the maintenance of the software plat-

form. For an example, an interviewee expresses concern of the software platform as: 

“so a software platform needs active developer ecosystem, so you wanne 

keep this software platform alive. If you don’t have maintainers, you might 

end up with a bunch of crap that not updated and have bugs in all that”-S3 

A few of the other risks noted were the lack of control over the platform's developments. 

It cannot be tailored to the user's individual solutions or applications. Then, in one of the 

cases discussed, if the company has also invested in developing a software platform, 

the new advancements may be easily accessible to competitors. One of the interviewees 

mentioned securities as also one of the risks that could expose confidential data on the 

platform. Further, the challenge addressed was the need for customization of the plat-

form to integrate with the software. For instance, as mentioned by the interviewee the 

risk of customization quoted as:  

“In order to get a platform in use we would need to change a whole lot of 

other things in our system and then we kind of lose the benefits out of it”-

M4 

6.3 Software Ecosystem 

6.3.1 Industrial view on software ecosystem 

 

Similar to software platform, multiple perspectives on the software ecosystem were iden-

tified during the case study. 3 out of 12 respondents defined a software ecosystem as a 

collection of software that can be integrated and compatible with one another. Aside from 

the numerous software, the greater emphasis is placed on the collaboration between 

software vendors, subcontractors, large and small companies that are involved in those 

softwares. For instance, one of the interviewees expressed his views as quoted: 

“I understand it as a cooperation of big and small companies involved in 

software enabled products…”-M3 
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Figure 15.Multiple perspectives on software ecosystem. 

 

Then 2 out of 12 interviewees addressed software ecosystem as a marketplace or kind 

of a platform. The marketplace allows developers to contribute their software to such an 

ecosystem. ROS was stated as an example of such an ecosystem where you have mul-

tiple developers contributing and also the software’s are compatible with each other. For 

example, the respondent statement is quoted as:  

“I think ROS is a good example in a sense you have a software from mul-

tiple vendors or companies and also open source community and all that 

software works nicely together” 

-S4 

Further viewpoint described the ecosystem as an organization that is responsible for 

ensuring the continuity of its technical implementation. The organization ensures the 

maintenance for example the modifications, bug removal, and upgrades required. One 

of the case interviewees described themselves as an ecosystem because they provide 

the entire software stack required to control an automated guided vehicle. The ecosys-

tem comprised of the supporting tools along with the customers they served. Finally, it 

was about the ecosystem that offers support and access to customers. This sort of eco-

system provides applications and software platform that allows for increased scalability 

and access to new markets. The viewpoint addressed both closed and open software 

ecosystems. The open software ecosystem was referred to as being free accessibility to 

what it has to offer. Figure 15 summarizes the multiple perspectives identified on soft-

ware ecosystems. A few of the viewpoints addressed by the interviewee are quoted be-

low: 
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“Hopefully ecosystems means that there is somebody who take the burden 

of maintenance and continuity of the technical implementations utilized in 

such an ecosystem”-E1 

 

“it’s a bigger version of software stack, so somehow connected set of soft-

ware or programs and companies that are working with them and that set 

somehow should be compatible working together”-S1. 

6.3.2 Collaboration on Software related aspects 

The primary objectives of this question were to learn how industries interact on software-

related topics. Different ways were identified how companies collaborate with software 

related issues. It was observed that businesses frequently work with their partners, such 

as vendors and service providers. A greater percentage (3 out of 4) of respondents from 

the manufacturing side stated that they collaborate with their partners or look for a part-

nership in which the partner would handle the software work. For instance, one inter-

viewee expressed about collaboration quoted: 

“…we see that further development requires different types of compe-

tences and we might make a partnership agreement with some supplier 

that they will take over the software and continue to develop that software”-

M2 

The other way the industries collaborate is with universities on research aspects. It was 

observed that a greater proportion of respondents stated that they work with universities 

but, in varying degrees. While some partnerships are continuous and last for a long time, 

others are project-based and last just a short time until a mutual objective is achieved. 

For example, an interviewee addressed about working with universities on research pro-

jects quoted: 

“Yes we have collaboration with universities but those comes from our re-

search, we have research projects were we have, there is usually those 

universities and so on but not in other projects”-E2 

The final aspect of engagement identified was with companies on research initiatives. 

This collaboration occurs in a way, where several companies collaborate with universi-

ties, to execute research programs or achieve some specific objectives. Two of the case 

participants stated that they do not frequently collaborate with firms on developing com-

mon software, but rather they search for cooperation where the other party can provide 



41 
 

additional functions to the product, such as developing software parts for its hardware 

part. For example, a interviewee made the following remarked: 

“The biggest things (collaborations) are these research projects that we are 

participating-PEAMS ad MORO project definitely. …so at the moment, we 

don not develop same software together with some other company.” 

6.3.3 Benefits & Risk of collaborations 

According to the interviewees, partnership or collaboration brings a different set of values 

and competencies. Companies are seeking to collaborate in order to achieve their ob-

jectives and gain mutual benefits. Most participants (7 out of 12) cited the sharing of best 

practices and ideas as the most significant outcome of collaboration. Collaborative effort 

generates innovative thinking and access to technology for deploying product utilization 

in many scenarios Sometimes, industries lack specific experience or competencies nec-

essary to develop a product or application. Therefore, collaborating is one such strategy 

identified to achieve the goals through leveraging one another's skills. For instance, one 

of the interviewees from the manufacturing industry mentioned the benefits as: 

“we can benefit from the different fields of expertise, as we cannot be the 

experts in every aspects to the detail level. for ex, with these motor control-

lers we get the benefit from the guys who know most of how to control 

different semiconductor in most efficient way and how to do robust code for 

their platform its important for us we get that part from them”-M3 

The other potential benefit identified was sharing of the investment cost when industries 

collaborate with each other. It can also be a source of providing additional capital re-

sources through collaboration. Combining more resources might just not give an oppor-

tunity to reduce the cost of development but also the amount of time required. Two of 

the participants mentioned that collaboration frequently delivers faster outcomes since 

the task may be split among the various expertise. One of the respondents emphasized 

the benefit of accessing non-domain markets and expanding the business networks. Col-

laboration enables growth and support in entering markets that are difficult to access as 

an individual. Below are a few of the statements addressed by the interviewees on the 

benefits of access through collaboration with companies: 

“When making joint offerings with other companies we can participate in 

bigger projects then we could otherwise do or sometimes if the other com-

pany has some special domain expertise, then we can go to a domain 

where we could not go alone.”-S1 
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“we work collaboratively in many cases we can achieve the results much 

faster and then ofcourse when you can combine resources with someone 

else it could save you also the development cost and time.”-E3 

The benefits of collaboration extended beyond working with companies to include col-

laborating with academics as well. Working with universities gives businesses access to 

cutting-edge technology and innovative concepts. Universities have a wealth of 

knowledge and expertise in a variety of fields that industries may utilize to assess new 

developments and conduct collaborative research. For instance, one of the statements 

by an interviewee is quoted below:   

“we are trying to benchmark and find new ways how to do things and so on 

and that’s one thing why we are doing together with universities”-M4 

The other benefit identified with collaborating with the universities is access to new tal-

ents. By having access to a talent pool of untapped individuals with both theoretical and 

practical expertise, industries might get over the obstacle of attracting new hire. 

 

 

 Table 6. Benefits and risks identified of collaborative working. 

 

Collaboration 

with … 

Benefits Risks 

 

 

Companies 

 Sharing of best practices 

(S3, S4, E1, E2, M1, M2 

M3) 

 Sharing of cost (S4, E3) 

 Faster results (E3, M3) 

 Access to non-domain & 

new networks (S1) 

 Project failure & eco-

nomic losses (S1, S2, 

E3, M4) 

 Multiple Companies 

makes it difficult to 

capture needs (E1, 

S4, M3) 

 Dependency on oth-

ers (S2, M3, E1, S3)  
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Universities 

 Access to emerging tech-

nology & innovative con-

cepts (S1, S3, E1, S4, 

M1, M3, M4) 

 Hiring new resources 

(M4) 

 Research quitting the 

project (E3, M3) 

 Publishing research 

results (M3) 

 

Risks of collaboration  

Though there are several benefits to collaboration, it does not come without risks. The 

risk of project failure was highlighted by a few of the interviewees. Two reasons were 

identified for project failure; one because the outcomes are not obtained, and the other 

because the counterpart is failing to execute their part. The project failure further leads 

to economic loss. The economic loss includes not only the capital invested, but also the 

resources, time, and development effort employed on the project. For instance, an inter-

viewee stated the risk of collaboration as quoted: 

“it could be that the risks is you dont get the results that you want so if you 

are requirement are not aligned then ofcourse it could be that end results 

is not something that you expected”-E3  

Then few of the interviewees mentioned the risk of having multiple companies on board. 

Too many organizations working collaboratively generate too many viewpoints, making 

it harder to reach conclusions. One respondent stated that it is difficult to maintain the 

balance of distributing tasks owing to the risks of disagreement regarding who should do 

what. The other risk identified was the risk of depending on others to perform their task. 

The factors identified in this dependency were quality, time, and trust. Quality refers to 

whether the copartner’s contribution meets the expected standard and is completed 

within the agreed time frame. The trust factor is whether or not the businesses are rec-

ognized for their efforts and investments in the project. For example, the statement pro-

vided by an interviewee is quoted:  

“the biggest risk that are that you rely on someone else and it depends 

again that how well can you trust your partner to do their part”-S2 

The risk associated from collaborating with universities were not regarded as a major 

issue by the interviewees. One of the risks highlighted was the researcher quitting the 

project and getting recruited by other companies. The other concern identified related to 



44 
 

agreeing on publishing the research results. Table 7 summarizes the collaboration ben-

efits and risks identified during the interviews. The table also provides the data supported 

by different interviewees on the benefits and risks.   

6.4 Robot Operating System 

6.4.1 Knowledge about Robot operating system 

The Robot Operating System (ROS) has been there for a while and has widely been 

used for research and academic purposes. Nevertheless, it was observed in this study 

that some of the interviewees were not much aware about ROS. Whereas other inter-

viewees from different industries had differing viewpoints of what it is. First, 3 out of 12 

interviewees mentioned ROS as a communication interface. In this regard, ROS helps 

to communicate different software with each other. For instance, one interviewee stated 

ROS as communication middleware, as cited:  

“in some cases we have to integrate different subsystems to our platform 

and it could be that this system already have some kind of functionality that 

need to be able to communicate with the vehicle platform so we see that 

ROS is a interface for that”-E3 

Next, 3 out of 12 interviewees considered ROS as a platform or an ecosystem, that is, 

an open platform that includes software libraries and development tools for the robotics 

and autonomous domains. Furthermore, it has a consortium of members who innovate 

and maintain this platform. The community around this platform includes many players 

such as industries, individuals, groups, and academics that contribute to the ecosystem. 

One respondent emphasized its growing use in the Automated Guided Vehicle (AGV) 

area, where corporations rely on ROS. For example, an interviewee expressed his opin-

ion about ROS as: 

“I personally do have rather good technical view on the different building 

blocks of the ROS, but for ex, that its actually not an operating system but 

it’s a platform or an ecosystem.”-E1 

Finally, most of the interviewees, 6 of them, stated ROS as a technological platform or a 

technological base upon which further software or functionalities can be developed. One 

of the interviewees mentioned using ROS in different domains, such as robotics, mobile 

work machinery, and process automation. The platform offers technological characteris-

tics such as the ability to build codes for onboard units on machines, which makes it 

rather simple. For instance, one of the interviewees provided his viewpoint as: 
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“ROS 2 specially is proving to be a matured technology, efficient technol-

ogy and a technology that is supported by many vendors so that's why we 

want to understand it”-S3  

6.4.2 Opportunities of ROS Ecosystem 

As discussed in the previous chapter, there do not appear to be much common under-

standing of ROS among the industries. That implies, that the opportunities they recog-

nize, from the ROS ecosystem, are also varied. An important observation was that most 

of the case companies (9 out of 12) did not have long experience with ROS. Many of the 

interviewees suggested that their familiarity with ROS is due to their association with the 

PEAMS project at the university, which is relatively new. Nonetheless, the interviewees 

suggested a few potential opportunities that are a result of being a part of ROS ecosys-

tem.    

First, 4 out of 12 interviewees suggested that ROS provides an opportunity to develop 

the software inhouse. It offers a chance to replace the option of purchasing the software 

since it comes with the software packages needed to develop the application. Further-

more, one respondent stated that it may help businesses avoid vendor lock-in. For ex-

ample, one of the interviewees stated the use of ROS as: 

“…ROS is more a flexible platform we can use it to run more advance an-

alytics and algorithm & it enables you to quite rapidly develop new func-

tionalities and test them”-M1 

Next, the ROS ecosystem makes the integration work much simpler and faster. One of 

the respondents commented that there is more development effort involved with devel-

oping the integration of any subsystems in a vehicle. In such circumstances, employing 

ROS simplifies the integration process, saving time and resources. Finally, the ROS eco-

system decreases the barrier to entry into the world of robotics and automation. Building 

a robot or automating an application requires a significant amount of effort and money 

since all of the software must be developed from scratch. But the open architecture of 

the ROS ecosystem reduces the development efforts to build such software. For in-

stance, an interviewee mentioned: 

“ROS lowers the barriers to market entry… from ROS you can let say get 

80% of your software already build and you just have to add the missing 

20% that you need for your robot and your application and that hugely de-

creases the initial barrier or threshold of entry”-S1 
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7. CONCLUSIONS 

The master's thesis investigated how the heavy-duty mobile machine industry views a 

platform-based ecosystem. According to Yin [23], using multiple case studies and draw-

ing logical inferences leads to findings that represent substantial topics or concerns. In 

that context, the final chapters attempt to answer the research questions. Furthermore, 

the subsequent sections describe the study's theoretical and practical contributions, as 

well as the research limits and future potential.  

Answers to the Research Questions 

RQ 1: What do industries think about platform-based ecosystem, and ROS ecosystem 

in particular? 

To answer this question, the researcher conducts empirical research to better under-

stand industrial perspectives on software platforms and ecosystems. Based on the actual 

findings, the industries have various perspectives on the platform and ecosystem, which 

correspond to the findings from literature research. It could be observed from the litera-

ture, that the definitions of platform and ecosystem have evolved throughout time. For 

instance, software platforms are used as a basis or reused across many applications, or 

they provide software tools and libraries that may be utilized to develop various applica-

tions. A similar understanding is with the software ecosystem, where some see it as a 

marketplace of developers contributing or else different players contributing towards a 

common technological platform. A similar, varying, understanding is seen across multiple 

companies that are part of the heavy-duty mobile machine industry.  

In terms of the benefits of adopting software platforms, particularly open-source ones, it 

is difficult to evaluate if the benefits outweigh the risks. Indeed, whether open source or 

closed platforms are used, they make it simple to add new functionality on top of them, 

saving time and resources. There are benefits such as cost sharing and high quality, but 

the most significant observation was its promising future.  According to literature, the 

ecosystem is not just the platform or the software, but it is more about the network and 

relations between its participants. According to empirical data, when it comes to collab-

oration, it is more like give-and-take relationship where organizations are seeking to ob-

tain certain elements of their products or applications from each other. For instance, a 

software supplier may collaborate with a sensor manufacturer to verify the sensor's com-

patibility with their interface, offering input and updating the sensors as needed (Inter-

viewee representing as a software provider, S2).  
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Regarding the ROS ecosystem, empirical findings suggest that companies in heavy-duty 

mobile machine industry are interested in learning more about it. The companies are 

eager to understand what ROS has to offer, how to pursue it, and what additional benefits 

it will bring to the table. It can be observed that, despite the existence of ROS for more 

than a decade, there is not yet a clear and common understanding of its characteristics 

and applications. This is most possibly because the companies are only recently getting 

to know and be associated with the ROS ecosystems. Nevertheless, the study revealed 

that currently, the companies have multiple opinions about the ROS ecosystem. For 

some, it serves more as a technological platform that will make it easier to develop and 

maintain technical solutions. Whereas, few see it more as a communication middleware 

in domains such as robotics, mobile machinery, and process automation. In addition, 

some see it as an ecosystem that not only provides the building blocks in different envi-

ronments such as real-time or motion control, but also a network of actors collaborating 

together. 

RQ 2: What opportunities can companies realize through ROS ecosystem? 

According to the case interview findings, despite being unsure of the full potential of the 

ROS ecosystem, companies have pointed out a few possible opportunities that may be 

realized by adapting it. Based on the findings, the ROS platform simplifies the develop-

ment work required to build a software application. The ecosystem does offer an oppor-

tunity to get a head start when industries look for developing new applications. It was 

observed that some manufacturing businesses are heavily dependent on a single pro-

vider or partner for software development. However, employing an open-source platform 

like ROS allows businesses to create their software in-house and avoid vendor lock-in.  

Next opportunity identified is that the ROS ecosystem lowers the entry barriers for firms 

looking to enter the robotics or automation sector. Developing software for automation 

or autonomous operation necessitates a significant investment of capital and resources. 

Small-scale industries find it quite challenging to invest in such developments. However, 

with the support of free software tools and the knowledge that the ROS ecosystem pro-

vides, it is possible to enter this type of domain. This could, for instance, be observed 

among the members of the FIMA association and the PEAMS project, who are trying to 

utilize the ROS platform in different contexts.  

The opportunity for collaboration offered by the ROS platform was another finding high-

lighted during the empirical analysis. The collaboration between the platform's members 

and the orchestrator is frequently mentioned in the literature. It is the orchestrator that 
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always generates opportunities for its members to collaborate and work on new innova-

tive research or projects. However, a horizontal collaboration between the participants 

of the PEAMS projects has been observed during this study. Being a part of a ROS 

ecosystem increases corporate value by indirectly motivating players in that ecosystem 

to innovate, collaborate, and co-invest to deliver the needs of the future. Based on the 

observations around the research study, ROS platform has served as a catalyst to en-

courage horizontal collaboration across the heavy-duty mobile machinery industry. Fig-

ure 16 summarizes the potential benefits that are identified from the research findings.  

 

 

Figure 16. Significance of ROS ecosystem in heavy duty mobile machine industry 

 

7.1 Theoretical Contributions 

In recent years, there has been a steady increase in the amount of research conducted 

on the topics of platform and ecosystem architecture, with an immediate focus on under-

standing the core components of platform architecture and the influence of its networks 

[29, 46, 63]. This study tries to contribute to the existing literature on platform-based 

ecosystem and the heavy-duty mobile machine industry in multiple ways. First, it uses a 

wider and holistic approach to understand the perspectives of the heavy-duty mobile 

machine industry on the platform-based ecosystem. This study seeks to determine 

whether the different players in the heavy-duty mobile machine industry have common 

reasons and concerns towards the use of Software-platform based ecosystem and in 

particular, the ROS ecosystem. Furthermore, the research intends to incorporate several 
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perspectives on the significance of the ROS ecosystem to the heavy-duty mobile ma-

chine industry. 

Second, this study in heavy-duty mobile machine industry validates the existing literature 

that there is not yet a consensus among practitioners on what the software platform and 

ecosystem are. This study further highlights that the companies in the heavy-duty mobile 

machine industry lack a common understanding of what the ROS ecosystem means.  

Third, this study is one of the first attempts to exclusively study the business implications 

of ROS ecosystem in context of heavy-duty mobile machine industry. The findings do 

highlight the interest of the companies in exploring the services offered by the ROS eco-

system. Though only a few of the companies have practically adopted the ROS platform, 

other companies are working together with universities to understand how the platform 

might benefit them. Surprisingly, despite the widespread use of the ROS platform in var-

ious industries [40, 45, 53], the heavy duty mobile machine industry in this study did not 

recognize the ROS ecosystem as a potential source of new business opportunities.  

Finally, this study contributes to the existing literature on the software ecosystem by pro-

posing a new role- support coordinator. This role normally undertaken by different actors, 

such as universities and research groups, has not been explicitly recognized in the pre-

vious literature. Under this support coordinator role, the actors indirectly contribute to the 

ecosystem by encouraging collaborative innovation and disseminating knowledge 

awareness.  

7.2 Practical Contributions 

This study highlights a few important practical implications for companies in the heavy-

duty mobile machine industry. The findings of this study will help the companies to gain 

a comprehensive understanding on the benefits one can receive by utilizing Software-

platform based ecosystem, especially the free and open-source ROS ecosystem. The 

findings particularly highlighted the benefits such as simplifying software development 

and speeding up the implementation process by minimizing the resources and efforts 

needed for developing new software or applications in different contexts. 

Additionally, this study shows that the applications of ROS platform is not limited to pure 

robotics [53], but it does have the capabilities that could be utilized in the heavy-duty 

mobile machinery context. This has been observed from the interest of the companies 

coming from different backgrounds and collaborating with the universities on the ROS 

related topics. On the other hand, one novel finding that could be observed in this study 

was the horizontal collaboration seen across the players in the industry. However, it is 
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important that the players are open to recognize and collaborate with other players who 

have the complementary capabilities. 

 

7.3 Research Limitations and Future topics 

Unlike every other qualitative research, the results of this research are based on different 

perspectives of the researcher and the interviewees that might suffer from their subjec-

tivity [58]. First, the qualitative findings are based on a small number of participants and 

a limited geographical range. The sample size remains fairly small due to time re-

strictions and the researcher’s limited access to relevant case companies. The case 

companies primarily belong to the Finland region, and though few of them were operating 

globally, this might undermine the opinions and the generalizability. Although the litera-

ture does not specify any limited number of cases to be conducted [66], the purposive 

sampling used for the case selection would be enough to validate the findings and con-

tributions.  

Second, a few company representatives were not very knowledgeable about the ROS 

platform, and more than half of the case companies were yet to fully understand its po-

tential. Based on the understanding of empirical findings companies are still seeking a 

complete understanding and how it can add value to the business. Additionally, the lack 

of literature in the context of heavy-duty mobile machine industry has been limited. 

Therefore, the perspectives on the ROS ecosystem may not be entirely based on the 

practicality of using the ROS platform.  

Finally, the semi-structured interview theme may exclude some essential subjects that 

might give useful insights into the research findings. Furthermore, there may be a biased 

understanding among the interviewees, and each individual may seek a different under-

standing than the others.  

Based on the findings and limitations discussed, there is a future scope to study the 

significance of the ROS ecosystem in the heavy-duty mobile machine industry on a larger 

scale. This will assist in understanding more functional capabilities achieved through the 

ROS platform and will help organizations make effective decisions to achieve their ob-

jectives. Second, a more detailed questionaries, specifically linked to the ROS ecosys-

tem, could be addressed to the respondents in order to better grasp the potential benefits 

and challenges on a more practical level. The current study recognized the lack of com-

plete understanding of the services or the capabilities that ROS has to offer particularly 
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in the context of heavy-duty mobile machine industry. Consequently, research further in 

this area should be a logical extension of ongoing research.  

Finally, the future research could also seek to investigate whether ROS ecosystem could 

create any new business opportunities for the companies operating in the heavy-duty 

mobile machine industry domain. This study pointed out that most of the case companies 

presently do not perceive any such new business opportunities, although this might be 

because the industry is only recently becoming aware of the ROS ecosystem. It would 

be quite interesting to know what valuable insights does ROS ecosystem, especially the 

ROS 2 capabilities could offer and the findings that could improve organizations of all 

sizes. 
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