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Abstract

Background. Software ecosystems emerged as means for several actors to
jointly provide more value to the market than any of them can do on its own.
Objectives. This work aims at studying barriers and bridges to participation
and governance activities in an ecosystem with substantial hardware dependen-
cies.

Method. We conducted an interview-based case study of an ecosystem around
Axis’ network video surveillance systems, interviewing 10 internal experts and
8 external representatives of 6 companies, complemented by document studies
at Axis.

Results. Major bridges to the ecosystem include end customer demands, open
and transparent communication and relationship as well as internal and external
standardizations. Barriers include the two-tier business model, entry barriers
and execution performance issues.

Conclusion. Our results suggest that ecosystem leaders should share their sales
channels with the ecosystem participants and focus on good communication and
relationships as the dominant factors for the ecosystem participation. Moreover,
we report that internal and external standardization can play a dual role, not
only ease the development but also enable additional sales channels and new
opportunities for the ecosystem participants. Ecosystem leaders should also fo-
cus on the performance and promptly reply to new functionality requests from
the ecosystem participants.

1. Introduction

The software business landscape has recently been impacted by several fun-
damental changes. The independent effort of software vendors on creating soft-
ware products was transformed into collaborative interplay of several actors,
moving the critical mass responsible for the success of a product into the man-
agement of relationships rather than the quality and quantity of development
effort [1, 2]. The traditional roles in software development are being redefined
and, according to Manikas and Hansen [3], software ecosystems are taking soft-
ware development outside the borders of a single software company. Additional
value is created and new business models are emerging when companies are
starting to compete on new levels [3] and rely on components and infrastruc-
ture from third party vendors or suppliers [1]. Relationships between these
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actors shape the product software landscape into a software ecosystem where
they collaboratively create competitive value [4].

The area of Software Ecosystems (SECO) is a relatively new field of research
and a collective theoretical foundation is starting to emerge [1, 4, 3]. SECO was
identified as an emerging topic within the software engineering research [2].
In a SECO, the surrounding platform, reasons for participation, governance
activities and decisions of the platform leader influence everyone involved [5].
By understanding the factors behind participation of their software ecosystem,
platform leaders could be better equipped to facilitate a successful software
ecosystem [5].

Several authors studied business ecosystems based on or significantly depen-
dent on software [6, 7, 8, 9, 10] but not many authors focused on incentives
and reasons to join business ecosystems [11]. Furthermore, bridges and bar-
riers to join and remain with a software ecosystem were studied by several
authors [12, 13, 14, 13, 15, 16, 17], who do not explicitly focus on a hardware-
centric software ecosystem. Moreover, only five out of 90 publications about
software ecosystems identified by Manikas and Hansen [18] were considered
hardware-centric. Finally, incentives and hinders were broadly studied in soft-
ware engineering, [19, 20, 16, 17, 21, 22], yet not fully explored for hardware-
intensive software ecosystems.

In this paper, we report an empirical exploratory case study that investigates
the ACAP (Axis Camera Application Platform) ecosystem of Axis Communi-
cations AB (Axis). Axis is a company producing video surveillance cameras,
i.e. focusing on hardware and embedded software, which is now showing an
increasing interest in their software ecosystems. Moreover, Axis does not sell
its products directly to end customers but via partners, which integrate the
cameras into complete surveillance systems by configuring and extending Axis’
software.

This study focuses on exploring the reasons and benefits for participation
and hesitations and drawbacks of not joining the ACAP ecosystem. The ACAP
ecosystem can be characterized as hardware-centric software platform ecosystem
(please refer to Section 3 for a detailed classification) because the main source of
revenue for Axis is camera sales, while software is gaining importance and could
in the future be a large part of the revenue stream. The purpose is reached by
answering the following research questions:

RQ1 Why do third party developers join and participate in the ACAP ecosys-
tem?

RQ2 What makes third party developers hesitant towards joining the ACAP
ecosystem?

RQ3 What are the causes and effects of the main reasons and benefits?

The paper is structured as follows: Section 2 presents related work while
Section 3 presents the case company. We outline the methodology used in this
study in Section 4 including validity discussion. The study results are outlined
and disucssed in Section 5. We conclude the paper in Section 6.



2. Related Work

Software ecosystems is related to business ecosystems, an economic and so-
cial landscape supported by a foundation of interacting organizations where
competitors often start collaborating and thus create and support “mutual-
ism” [23]. In this network of interacting organizations, companies governing
their business ecosystem need to properly identify and focus on the “keystone
species” as they ensure the health of their business ecosystems and help to
achieve their strategic goals and benefits [24]. Moreover, open negotiation en-
vironment can empower the potential of business ecosystems by negotiating
alliances of loose networks of suppliers, distributors and outsources makers of
products and providers of services [25].

Software ecosystems could also be created by expanding software product
lines beyond their platforms and their organizational boundaries [19], thus cre-
ating benefits from the synergy of mass customization and accelerated open
innovation. The existence of a large set of customers with a real reason to
extend the platform, good development environments and stable interfaces are
among the key ingredients that allow this transition [19].

Several authors studied business ecosystems based on or significantly depen-
dent on software. Mékinen and Dedehayir [6] listed many examples of business
ecosystems, among others an mobile phone ecosystem [7], the Internet ecosys-
tem [8], Cisco’s business ecosystem [9] and Deutsche telekom’s open innovation
ecosystem [10]. Their review [6] focuses on members of business ecosystems
and their roles, the evolution of business ecosystems, the dynamics of ecosystem
changes and firm strategies in evolving ecosystems. However, only one of the
reviewed by Mékinen and Dedehayir articles focuses on incentives and reasons
to join business ecosystems. Cusumano and Gawer [11] advocates that preserv-
ing the compatibility of the platform and maintaining the platform leaderships
provide incentives for complementors to remain a part of the ecosystem.

In their review of software ecosystems, Jansen and Cusumano classified only
two (Android and iOS) out of 19 software ecosystems as hardware-centric [1].
Moreover, out of 43 ecosystems identified by Manikas and Hansen from 90 publi-
cations [18], only five could be considered as hardware-centric: Linux Kernel [26]
(a study of software evolvability), App Store [27] (a study of consequences of
architectural decisions on openness), Nokia Siemens Networks [28] (a study of
hybrid revenue models), Symbian [29] (a study of propagations of API changes
among clients) and US DoD (a study of transfers between entities [14]). To
the best of our knowledge, this paper presents the first study focusing on the
bridges and barriers to a hardware-centric software ecosystem participation.

Several authors reported empirical studies in software ecosystems. Among
these studies are: clusters of ecosystems based on the Ruby programming lan-
guage [30], the Hadoop ecosystem [31], App Store, Marketplace, Play [32], SAP,
Open Design Alliance, Eclipse Foundation [33], GX [13] just to name a few [18].
However, most studies focused on small or medium-sized ecosystems and to
our best knowledge, no study investigated hardware-centric ecosystems. More-
over, Santos et al. discussed the emerging role of SECOs as a research topic in
software engineering [2] highlighting that the SECO research is currently con-
centrated around open source software, ecosystem modeling and business issues
and not about bridges and barriers. Case studies about software ecosystems
are conducted with varying levels of rigor [2]. To summarize, there is lack of



empirical studies focusing on large hardware-centric ecosystems [3] conducted
with high methodological rigor.

Bridges and barriers to join and remain with a software ecosystem were stud-
ied by several authors. The intellectual property management process can be
an important reason to join an ecosystem [12]. At the same time, Jansen and
Cusumano stressed that without the “plankton” (a potential market of sufficient
size) it is risky for companies to join ecosystems [4]. The number of new players
joining an ecosystem is highly correlated with its productivity [13] and robust-
ness of software ecosystems [14]. However, the presence of a clear dominator
in an ecosystem could be a discouraging factor for newcomers [13]. Jensen et
al. concluded that fast response to newbie posts is correlated with their future
participation in an open source project [15]. Unstable or unclear architecture
was mentioned as one of the barriers to join an open source project [16]. Peng
et al. stressed the role of competition and reduced downstream competition in
the formation of enterprise software ecosystems [17].

Incentives and hinders were broadly studied in software engineering, from
subjects in experiments [20] to open source projects [16]. Bosch identified four
success factors to make a platform an interesting choice for third party de-
velopers [19]. The first one is the existence of a large set of customers with
a real reason to extend the platform functionality with third party applica-
tions [17, 19, 21] which ensures the compatibility [22] and is a prerequisite to
access this aforementioned customer base. Third party developers need to know
that the platform leaders’ customers actually have a need for the extended func-
tionality of their applications [19], since the customers purchase not necessarily
was made with third party applications in mind. The second success factor is
simplified development [19] which enables third party developers to maximize
their profit [21], by reducing the costs to attain the pool of customers. Good
development environments and stable interfaces are also important factors at-
tracting developers [19]. The third factor is seamless customer experience [19].
Ceccagnoli et al. highlighted the value of software interoperability and seamless
integration in the eyes of the customers for example through the same user ex-
perience framework [22]. The fourth factor is a viable market channel which
allows potential customers to be exposed to innovation fostered from new par-
ticipants [22].

3. Case description

Axis was founded in 1984 as a company delivering print servers, but has over
the years moved to become the market leader within network video and network
video surveillance cameras [34]. Today Axis profits are mainly related to sales
of camera units. The company provides network video solutions for professional
installations featuring products and solutions that are based on innovative and
open technology platforms. As the amount of software in the video surveillance
cameras continues to increase and gains more importance, Axis sees potential
in exploring and developing their hardware-centric software ecosystem. The
company is based in Lund but has offices in 41 countries, partners in more
than 179 countries and has 1400 employees. In 2012 Axis annual turnover was
approximately 4 billion SEK [35].

Axis was founded upon a distinct two-tier business model with indirect sales.
Identification and maintenance of partnerships is considered as a scalable solu-



tion for sales, but requires several different actors such as distributors, system
integrators and technology vendors to provide complete solutions to end cus-
tomers. Axis has four partner programs — Channel Partner (CP), Architecture
& Engineering (A&E) Partner, Technology Partner (PTP) and Application De-
velopment Partner (ADP), initiated in 2000 — which allow access to the Axis
Camera Application Platform (ACAP) ecosystem.

There are currently three tiers in the Axis’ program: (1) member of appli-
cation development service (ADS), (2) application development partner (ADP)
and (3) gold application partner (Gold ADP). Requirements for joining the pro-
gram are low, but to advance on to higher levels actively engaged with Axis,
companies have to prove that their solutions generate a certain amount of cam-
era sales. These companies have to successfully integrate their commercial ap-
plications with a significant portion of the Axis product range. To reach the
Gold ADP level Axis need to be selected as a preferred network video hard-
ware vendor by a company. On this level, volume channel license requirements
are fulfilled, roadmap information is shared, development resources are dedi-
cated for integrating new Axis products and features, the company is regularly
engaged with Axis business development managers [34].

The ACAP ecosystem is based on an open application platform that enables
development of third party applications. These applications can be downloaded
and installed on Axis’ cameras and video encoders. The platform was launched
in September 2009. The main reason was to extend the functionality of the
camera to meet evolving end user needs [36]. In order to enable and facili-
tate development towards the platform Axis also provides: an API, a Software
Development Kit, a compatibility tool and copy protection tool. As the main
source of revenue for Axis remains camera sales, we consider this ecosystem as
hardware-centric.

We classify the ACAP ecosystem based on the classifications proposed by
Jansen and Cusumano [4] and Bosch [19]. The base technology aspect the ACAP
ecosystem can be categorized as a software platform since ACAP applications
are installed on physical cameras. The ACAP is an application-centric ecosys-
tem based on the software platform that have already achieved success in the
marketplace without an ecosystem, i.e. the platform offers customer value with-
out third party applications [19]. The ACAP applications are domain specific
and extend the functionality offered by the platform. Related research made
the same assessment regarding an ecosystem of embedded software in the car in-
dustry [37] which supports our classification of ACAP as an application-centric
ecosystem. Regarding accessibility, in order to get access to the ACAP ecosys-
tem a company has to be a member of Axis Application Development partner
(ADP) program, free of charge with low membership requirements [38] but with
sales requirements to advance to higher levels. Therefore, the ACAP ecosystem
can be considered as screened but free.

Regarding the extension market, the ACAP ecosystem has a list of exten-
sions available on Axis’ website and it is entirely controlled by Axis [36]. Axis is
not handling any sales or transactions and does not offer any joint way of pur-
chasing third party applications, which forces third party developers to sell their
software in other ways. Customers of the ACAP applications are redirected to
websites of companies developing ACAP applications in order to download or
purchase them. This flow of sales is included in red in Figure 1. Optionally,
Axis can offer a licensing system which could also be seen as a part of the ex-
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Figure 1: The software ecosystem surrounding the ACAP.

tension market. Finally, no direct network effects are observed in the ACAP
ecosystem. Currently, the ACAP developers do not generally benefit from sales
made by other third party developers. A purchase of an application by an end
customer does not raise incentives of buying another application. The technical
capabilities of the cameras generally allow one application to be run at once.
This blocks the co-creation of value through utilizing each other’s applications
and data.

The ACAP ecosystem involves several actors, see Figure 1. Axis is the plat-
form leader which has the biggest influence on the decision about the ecosystem.
The main group of external actors constitute Video Management System (VMS)
developers. They develop external products, running on servers or similar, and
most of them receive image output or control cameras. Some of these video
management systems utilize functionality of ACAP applications through incor-
porating them into their own programs. System integrators and resellers (both
small local and large global) are also among the actors and they are involved
in the channel partners program. This group is classified as vendors because
they are making money on selling products produced by the software ecosystem.
End customers are the largest group of ecosystem participants (and potential
buyers of the ACAP applications) who indirectly influence the evolution of the
ecosystem via their requirements and needs. However, they are not directly
involved in the growth or strategic decisions in the ACAP ecosystem. Finally,
among other participants are distributors, although most of them incorporate
software into cameras before selling them and therefore they cannot be classified
as vendors [18].



4. Case Study Design

This study was initiated by a need from Axis to explore their software ecosys-
tem from the perspective of software developers surrounding the platform. Due
to limited related work that explicitly focuses on the studied phenomena, see
Section 2, we decided to conduct and exploratory case study [39]. The business
aspect was excluded at the early stage. A competitive blend of researchers and
practitioners was formed to match the requirements of the studied case and fully
utilize the experiences of both. As the case company is relatively new in software
ecosystems, an exploratory case study method was selected [39] as suitable for
exploring the studied phenomena. The survey strategy [40] was excluded due
to the low respondents rate risk and the multiple case study strategy (in several
ecosystems) was not possible due to lack of access to more hardware-centric
ecosystems.

4.1. Research Process

This study followed the case study process proposed by Runeson et al. [39].
The flezible nature of the case study strategy [39] allowed for iterations between
the research process steps. The work process and steps are visualized in Figure
2 and are outlined below:

1. Pre-study, see I in Figure 2

Case study design, see II in Figure 2

Preparation for and data collection, see I1I in Figure 2
Analysis of the collected data, see IV in Figure 2
Reporting, see V in Figure 2

Al

We conducted a pre-study (see I in Figure 2), in order to gain initial in-
formation about the research area of software ecosystems. In the pre-study
(step T in Figure 2), company specific literature and related work were stud-
ied. To explore the practical context and relate it with identified publications,
ten exploratory interviews were conducted among practitioners knowledgeable
in the ACAP ecosystem, see Table 1. This enabled knowledge transfer and
better understanding of both software ecosystem theory and the situation at
Axis through continuous iteration between the empirical findings and published
knowledge [41].

In the following case study design phase (step II in Figure 2), we set the
objectives of the study and formed the research questions. The scope of the
case study was defined as Axis together with the group of companies currently
developing towards the ACAP, broadened by the companies that decided not
to develop toward the ACAP (companies C and E in Table 2).!

In the preparation and data collection phase (step III in Figure 2), we col-
lected data through eight semi-structured interviews at six companies. Inter-
views are classified as a direct data collection technique [42] where the researcher
is in direct contact with the subjects. Hence the researcher can, to a large extent,
control what data is collected, how it is collected and in what context [39].

1The companies listed in Table 2 are sample companies and thus do not constitute the full
list of the ACAP ecosystem participants.
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Figure 2: Visualization of the iterative work process where empirical and theoretical studies
are performed in parallel. The connection to Runeson et al.’s [39] proposed steps are presented
to the right in the figure.

The interview results were analyzed (step IV in Figure 2) using coding and
tabulation, see Section 4.4 and using document studies supported by exploration
of related work.

4.2. Case and subject selection

Axis was selected as a case company due to the following reasons: (1) it is
a large company that operates globally, (2) it develops embedded systems and
provides a case of a hardware-centric software ecosystem, (3) it does not have
any direct sales of the products to end customers, and (4) the end customers
do not get directly involved in the development or strategic decisions about the
ecosystem.

The pre-study interviews gave supporting knowledge and empirical evidence
for selection of participants in the study. The interviewees were identified by
convenience sampling through practitioner recommendations and through snow-
ball sampling by recommendations from the initial interviewees [39].

The empirical data were collected through eight semi-structured interviews
in six different companies, presented in Table 2. Participants were selected
based on: if they had an ACAP application available, if they were involved in
the decision process to develop towards the ACAP, and if the have both technical
and business expertise in the area. Several interviewees had both business and
technical expertise as they worked for relatively new and thus small companies.
Following Axis advice, two companies that shown an interest towards the ACAP
ecosystem, but were not developing ACAP applications, were also included in
the study (companies C and E in Table 2).



Table 1: Internal interviewees at Axis

Work title

Global Partner Manager

Product Manager Solution & Integration
Programs & Partner marketing

Global ADP engineer, Partner Management
Director, System & Services

Senior Engineer, Video Hosting System
Business Development Manager, Business Development, Northern Europe
Product Manager API & Components

Global Partner Manager, Partner Management
ADP program manager

4.8. Data collection procedures

The interview questions (available in Appendix A) were based on informa-
tion obtained during the pre-study presented in Section 4.1. Semi-structured
interviews were seen as the most appropriate due to the exploratory goal of the
study. Semi-structured interviews can help to ensure that common information
between interviewees is collected and allow the interviewer to dig deeper when
required [43]. All planned interview questions were included in an interview
instrument (presented in Appendix A) which was used as a template during
the interviews. The interview instrument was reviewed prior to conducting the
study. Two researchers were present during all interview sessions, conducted in
English. This allowed one interviewer to focus on asking questions while the
other one could take notes, reflect and ask follow-up questions. All interviews
were recorded and transcribed.

4.4. Analysis procedures

The recorded and transcribed interviews were analyzed and answers related
to RQ1, RQ2 or RQ3 were tagged by unique ID:s. Since a structured approach is
important when conducting a qualitative analysis, the authors used tabulation
where the coded data was arranged into tables (later merged into Table 3), a
method suggested by Runeson et al. [39].

According to Eisenhardt [44] it is important to first get familiar with the
case in order to let the patterns emerge before pushing to generalized patterns.
Therefore the analysis first focus on factors connected to the companies included
in the case before trying to lift it to more general conclusions. An analysis of the
context and underlying factors of the companies, interviewees and their answers
was conducted in order to identify patterns or connections, a technique that
is called explanation building [39]. Finally a cause and effect analysis of the
identified reasons (RQ3) was performed in order to reveal underlying factors
affecting the findings.

4.5. Validity analysis

Runeson et al. [39] distinguish between four types of validity, construct valid-
ity, internal validity, external validity, and reliability, which we analyze below.



Construct validity refers to what extent the studied operational measures
represent what the researchers planned to investigate. A threat towards con-
struct validity is if, for example, the interview questions are not interpreted in
the same way by the researchers and the interviewees [39]. In order to mini-
mize this risk, we piloted the interview questions on three employees at Axis
and two independent researchers in two iterations before presenting them to the
interviewees. To avoid quotation becoming out of context, two researchers per-
formed transcription and coding where differences were discussed and conflicts
were resolved. Finally, the results of the study were presented and discussed
with the participants at a workshop.

Internal validity is related to investigations of causal relations. When exam-
ining if a factor affects a factor of investigation there is a risk that this factor
of investigation is also affected by a third factor [39]. Members of a software
ecosystem are often described as closely affecting each other in complex net-
works [19]. We reduced this threat by: (1) providing extensive classification in
order to map possible factors and how they affect each other and (2) collecting
data from several sources, internal at Axis and from external companies. The
resulting triangulation allowed to reduce internal validity threats [39].

Ezxternal validity is concerned with to what extent it is possible to generalize
the findings, and to what extent the findings are of interest to other people
outside the investigated case [39]. There are researchers that argue that case
studies cannot be generalized [45] while others argue that a generalization can
be made as long as an extensive characterization is performed along with analy-
sis [39]. Runeson et al. [39] suggest that the intention of case studies is to enable
generalization where the results extend to cases which have common character-
istics and hence for which the findings are relevant. We provide classifications
of the case company in order to facilitate generalization and comparison with
other cases.

We believe that the identified bridges and barriers can be applied to a
broader selection of ecosystems. However, the selection of the ecosystem under
study may impose a threat to the generalization of the results. As mentioned in
Section 2, hardware-centric ecosystems are rarely reported in the literature as we
found only seven related examples. Moreover, the ACAP ecosystem shares more
characteristics of an application-centric software ecosystem based the software
platform (e.g. App Store [27]) and therefore may not be a good representative
of the operating system-centric ecosystem, such as examples reported in the lit-
erature (Symbian [29], Android and iOS [1], Linux Kernel [26]). At the same
time, ACAP constitutes an interesting example of a hardware-intensive ecosys-
tem that is application-centric rather than operating system-centric. To what
extend our findings could be generalized to larger ecosystems, e.g. the US DoD
[14] or Nokia Siemens Networks [28] ecosystems remains to be investigated in
future work.

Reliability refers to the aspects of to what extent the data and the analysis
are dependent on the researchers [39]. In order to increase reliability, an in-
terview instrument was created to provide the interviewers with guidance and
making sure that all relevant aspects were covered in all interviews. Two au-
thors were present at all interviews in order to reduce bias. The study procedure
was created before execution, as reported in Section 4.1.

10



5. Results

We identified 14 bridges and 10 barriers of software ecosystem participation.
Bridges were divided into reasons and benefits while barriers were divided into
hesitations and drawbacks. We consider a reason more high level than a benefit
since a reason could embed a benefit but not vice-versa. Moreover, a reason
is usually of higher importance than a single benefit. Therefore, we chose to
separate them to make comparisons easier.

The main reason to distinguish between hesitations and drawbacks was to
be able to investigate the process of joining an ecosystem when most of our
respondents were already involved in the ecosystem. We consider drawbacks
as barriers visible also after joining the ecosystem that our respondents could
have found solutions to some of them. For example, lack of documentation
might currently not be a drawback, but could have been an hesitation when a
company was evaluating whether to develop towards the ACAP platform or not.
A hesitation could also capture smaller issues that the respondents might not
consider as drawbacks after joining the ecosystem. The results are presented
below and summarized in Table 3.

5.1. Reasons and Benefits for software ecosystem participation (RQ1)

The two main reasons for participating in the software ecosystem are end
customer demand (Rel) and the communication and relationship (Re2) with
Axis as the platform vendor. Three out of four companies (A, B, D) that cur-
rently develop towards the ACAP expressed end customer demand as a reason
to participate in the ecosystem, see Table 3. Company A received a clear de-
mand from a customer that their video analytics solution should be integrated
with Axis’ cameras. Company B initially approached Axis with another video
analytics application which Axis was not interested in. Instead Axis suggested
company B to develop another application which Axis had identified a need for.
Finally, according to respondent D1, they received demand from end customer
via their sales department. However, respondent F1 did not mention end cus-
tomer demand as a reason for joining the ACAP ecosystem. One reason for
this could be that the company develops video management systems, not video
analytics.

The communication and relationship with Axis was mentioned as a reason for
developing towards the ACAP in companies A, B and F. All companies in this
study that have an ACAP-product available did have a good relationship with
Axis prior to starting developing towards the ACAP. Three out of four (A, B, D)
companies emphasized transparency and openness in communication. Company
E considered having opaque relationship with Axis, findings it difficult to talk to
the right people and to get clear answers about technical specifications, future
development and end customers. As both companies not developing towards the
ACAP (C and E) reported challenges in communication and relationship, this
could indicate that good communication facilitates adopting the Axis’ business
model (see Section 5.2).

Respondent A1 mentioned creating an open environment as one of the rea-
sons to join the ACAP software ecosystem. Six years ago company A discovered
that Axis is providing an open SDK and decided to start developing applica-
tions based on this SDK. Company B considered geography as the reason to
join ACAP as they also are located in Lund and thus company B reasoned that

11



the communication and collaboration would be much more easier due to this
proximity. Company D mentioned future possibilities (Re5) among the reasons
to join the ACAP ecosystem as they project that their applications are going
to be used in other sectors, for instance the retail sector and for that they need
a stable platform (ACAP). The same company mentioned marketing and in
particular their presence as an ACAP partner on the Axis’ website as an op-
portunity to create more relationships with potential partners and customers.
Finally, Company F mentioned that joining the ACAP ecosystem is a low risk
endeavor (Re7) since the ACAP platform is running on Linux and Axis had
the largest market penetration in North America so the potential reward to
company F was considered as very high.

Internal (Bel) and external standardization (Be2) were found to be the two
main potential benefits of participation in the ACAP ecosystem. Companies A,
B and D mentioned internal standardization (enabling the same code to be used
in the majority of Axis’ cameras) and companies D and E mentioned external
standardization (allowing communication between the camera and external soft-
ware) as potential benefits. Both companies A and B experienced a decrease in
efforts put into modifying their code when developing their applications towards
the ACAP. This result supports previous research on the importance of simpli-
fied development and stable interfaces for third party developers [19]. These
two benefits are not experienced by companies C and E mainly because they
have not gone through the process of developing the ACAP applications.

External standardization would allow company D to sell their analytics solu-
tion separate from their video management system. Moreover, through a stan-
dard platform, companies compatible with Axis’ cameras would also be com-
patible with their video analytics products. This would create a wider network
of potential end customers and help with the marketing activities, mentioned
as a benefit earlier. Participation in the ACAP ecosystem could also reduce the
need of local support due to easier installation and increase compatibility.

External standard is also seen as a benefit that helps company E to focus
their work on camera and save implementation resources for each VMS. The
benefits for company A from external standardization are only partial because
their application runs partly on the ACAP and partly on a server with the latter
facing other systems. Finally, solutions developed by companies B (business
intelligence solutions) and F (VMS) do not communicate with external software
and therefore they do not benefit from a standard for communicating with
external software.

When company A1l became interested in joining the ACAP ecosystem, they
were a quite small company and for the an option to team-up with a large
player like Axis and piggyback on Axis (Be3) was a clear benefit. Another
mentioned benefit was easier installation (Be4) of the ACAP-based applications
with the cameras than the PC based solution developed earlier by company B.
Company D mentioned that easier installation enabled more system integrators
to work with them and increased the speed of installations. Related to the easier
installation is the benefit of less infrastructure (Be5) that allows company D not
to worry about the service of the infrastructure (cameras and the associated IT
infrastructure) since this part is provided by Axis retailers and integrators.

Scalability (Be6) of the video cameras infrastructure was mentioned as one
of the benefits by company F. If their customers wants to add additional cam-
eras, company F does not need to be responsible for the central server and
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network upgrades as this is the part Axis takes care of. Moreover, each camera
adds enough resources to the network system as a whole and has the capability
of completely be VMS independent. This in turn decreases the need for ad-
ditional server infrastructure and resources (Be7) and lowers the total power
consumption of the provided solution making it more environmentally friendly.

5.2. Barriers to software ecosystem participation (RQ2)

The two main barriers against participation in the ACAP ecosystem are
Auzis’ business model (see hesitation Hel in Table 3) and ezecution performance
(see drawback Drl in Table 3).

Both companies that currently do not develop towards ACAP mentioned
Axis’ business model as one of the main hesitations. For company E, acquiring
information about end customers from Axis in the search for new potential cus-
tomers is a significant issue. They prefer to work directly with system integra-
tors or VMS companies through an OEM (Original Equipment Manufacturer)
business model while Axis’ two-tier business model is focused on large distribu-
tors. Company C also prefers the OEM business model as they do not perceive
that the security market is interested in purchasing software after a camera is
bought, but rather at the same time, making bundling of software and camera
into one product more effective.

Since companies A, B, D and F had an existing product within the industry
prior to joining the ACAP ecosystem, they had established sales challenge within
the industry that could potentially be reused for marketing the newly developed
ACAP application. We believe this was the main reason why these companies
did not mention Axis’ business model as one of the a barriers.

Technical features were also mentioned as a hesitation towards developing
ACAP applications, see He2 in Table 3. Our respondents mentioned several
technical limitations, e.g. that the current platform allows only one application
to be run at a time, limiting the technical capabilities of potential ACAP ap-
plications and their multitasking or that the audio streaming needs to be done
via HTTP not directly from the cameras. On the other hand, company C men-
tioned unclear roles of cooperation with Axis as one of the hesitations (He3) to
join the ACAP ecosystem. In particular, the roles in the sales chain, in contri-
butions to the ACAP platform, in forming strategic alliances and benefits from
the partnership program were stressed as important to be clarified. Company
E listed lack of information about large customer installations shared by Axis
(see Hej in Table 3) as one of the hesitations to join the ACAP ecosystem. If
this information is shared by Axis, company E could perform market and op-
portunity analysis and plan to develop or upgrade their applications to target
these large installations and minimize the marketing efforts.

The strict rules of Application Development Program (ADP) were considered
by Company E as a hesitation (He5) mainly due to high requirements to advance
to higher levels in the program. Axis requires companies to provide a prove that
their solutions developed by them generated a certain amount of sales for Axis
and that their engagement with Axis remains active after that. Moreover, only
companies can be members of the ADP program, limiting the participation of
individual developers and therefore possibilities to increase the quality of the
platform by frequent by small bug fixes and improvements suggestions. Finally,
company F mentioned that searching for or retrieving a video produced by
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an Axis camera with the help of the current software platform is not straight-
forward and therefore creates an additional maintenance effort for the developed
ACAP applications, see He6 in Table 3. Interestingly, installation does not seem
to be a hesitation since easier installation was earlier mentioned as a benefit by
two companies.

No barriers when adapting the application to the ACAP ecosystem were
identified among companies A and B. The main reasons for that could be that
both companies were involved in development of embedded solutions in Axis’
cameras prior joining the ACAP ecosystem. Furthermore, Companies A and B
had already developed embedded applications to Axis cameras before joining the
ACAP which means that they most probably already had aligned their business
model with Axis’.

All companies developing ACAP applications and company C mentioned
performance as the main drawback (Drl) of developing applications towards the
ACAP ecosystem. Lack of dedicated processor power to third party applications
(mentioned by companies A and B) low efficiency (pointed out by company F)
and low capacity and performance variability (according to respondent D1) were
listed as the main performance drawbacks. These performance drawbacks are
associated with the technical features hesitation He2 mentioned earlier.

Next, lacking debugging capabilities (mentioned by respondent D1) was listed
as a drawback of ACAP participation that negatively impact the efficiency
of ACAP application developers. Company D reported dedicating extensive
time to debug their ACAP application. This problem is also associated with
information-gap drawback (Dr3) as Axis could have improved the debugging
capabilities documentation. Moreover, the information-gap considers also seam-
less access to information about Axis’ customers, better overview of roles and
rules of ecosystem participation and benefits from advancing the ADP program
(see also the results regarding hesitation He4). Finally, lack of uniform camera
compatibility is a drawback (Dr4) that requires additional development effort
when porting ACAP applications between various camera models.

5.8. Causes and effects of the main reasons and benefits (RQ3)

To further investigate the studied phenomena and explore their relation to
the identified in the literature context factors [4, 18], we performed a cause and
effect analysis of the main reasons and benefits, using fish-bone diagrams [46].
Six contextual factors and their subgroups [4, 18] were used as starting points
to find potential causes. The collected empirical evidence was confronted with
related work, in order to identify specific underlying causes that affected the
identified reasons. We performed this analysis for the main reasons and main
benefits of joining the ACAP ecosystem. To increase the quality of our analysis,
we excluded reasons and benefits mentioned by single companies and focused
on summarizing findings that could be triangulated with views from another
companies. For single company reasons and benefits, we provided additional
information, if relevant, together with their presentation and description in Sec-
tions 5.1 and 5.2. The following factors were used as a starting points to find
potential causes:

e Actors

e Base technology
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Empirical data from both internal discussions and external interviews was
combined with knowledge derived from related work in order to identify un-
derlying causes that affected the identified reasons. The effect, i.e. the reason
for development and benefits, were put on the right hand side of the fish-bone
diagrams. The horizontal lines represent causes which in some cases are broken
down into sub-causes (see Figures 4-6).

5.3.1. End customer demand (Rel)

For company A, the main cause of Rel was actually a large deal done by
Axis which sold cameras to one of the large retailers in the US. Company A was
approached by this retailer with a specific request to develop video analytics
solution based on hardware and firmware provided by Axis. The effects of this
endeavor were not only increased sales but also creation of a product compatible
with all cameras provided by Axis at that time that could be targeted towards
other customers in this market segment and other customers of Axis. The
main reason for company B was that they had a face detection solution (base
technology) that could was first used with photos taken by mobile phones to
make funny caricatures. Company B approached Axis and convinced them that
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Figure 4: Causes analysis for communication and relationships as a reason for development
(Re2).

their face detection solution should be put on video cameras. After some initial
resistance, Axis found out that there are many potential customers for the face
recognition component rather than the caricatures. The effect was that the
customers received a face recognition solution that could be used for example
to count the number of people entering a build and that was also compatible
with the ACAP platform and could serve future customers. For company D,
the ACAP helped to better use three out of four main sales channels (extension
market) and get application needs from: system integrators, distributors, and
providers. The sales department of company D saw increased demand for ACAP
applications from the mentioned three sales channels. The observed effects of
these demands where porting video analytics components developed by company
D into the camera using the ACAP compiler. The result was the software
analytics compatible with Axis cameras that did not have to be re-implemented
and extensively re-tested .

5.3.2. Communication and Relationship (Re2)

The most dominant causes of communication and relationship turned out to
be: (1) the need of trust in base technology, (2) accessibility to customers and
information, (3) extending the market and (4) actors, see Figure 4.

Base technology: Developing towards the ACAP requires customizations to-
wards the Axis proprietary technology and therefore requires trust in the base
technology. Making investments in technology that cannot easily be redeployed
is commonly called an asset specific investment [47]. Developers need to trust
Axis (having the full control over the platform) in their future platform develop-
ment plans and to accept them. The need for trust was identified as a possible
cause for good communication and relationship which in turn could reduce risks
in software ecosystems [48]. Developers without trust in Axis would probably be
wary of Axis focusing on the basic camera features (since the ACAP is a small
part of Axis’ current business) rather than developing the platform, as indicated
by Hagel et al. [49]. The perceived effects of this cause are an increased number
of companies developing towards ACAP and a decreased number of dropout
companies that discontinue developing towards ACAP.
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Accessibility: Axis ADP program offers tiered access to business and techni-
cal information. However, the highest tier (Gold ACP) is not commonly reached
by ACAP developers. Instead, personal relationships are utilized to receive in-
formation of the higher levels, thus causing communication and relationship to
become a reason for access and development (Re2) and creating hesitations due
to difficulties in accessing the information about the customers (He4). One visi-
ble effect is that the potential of the ACAP ecosystem in terms of participation
is not fully explored, especially among universities and private contributors.

Extension market: We can confirm the related work viewpoint [19] that
providing a viable market channel is a large influencing factor on developer’s
incentives to join an ecosystem. However, Axis does not provide a way of sell-
ing or distributing the ACAP applications. Therefore developers without an
established customer base or a relationship with Axis would experience a more
uncertain way to market, see also Section 5.3.4. The experienced effects is an
extensive growth of small companies that succeed to use the market channels
offered by ACAP, see also causes for end customer demand (Rel).

Actors: The developer’s history with Axis (the platform leader) was found
to be a cause to participate in the ecosystem. By aligning more products with
Axis, the relationship is strengthened, providing third party developers with
more information and support. The need of such support is enhanced by the
fragmented customer base and the lack of a central marketplace. The interplay
between Axis and the ACAP actors often creates a synergy effect, mentioned
earlier when Axis was approached by company B offering a face recognition
solution that could be made compatible with the ACAP platform and thus
reached more Axis customers.

5.8.8. Internal Standardization (Bel)

Internal standardization was described as both benefit and reason for de-
velopment towards the ACAP, see Table 3. The cause analysis for internal
standardization is depicted in Figure 5. We identified the following causes: (1)
competing platforms, (2) base technology, and (3) actors. The effects of inter-
nal standardization (reusing the same software on different types of cameras)
are similar to code reuse in software product lines [37], making development of
several configurations more efficient in terms of cost and risk [50].

Competing Platforms: For internal standardization, the fact that no compet-
ing platforms offer an internal standard for embedded software in their cameras
was identified as an important cause for interest or participation in the ACAP.

Base technology: In response to different customer needs, Axis offers several
camera product lines [51] with different hardware configurations and the ACAP
is installed on these product lines. This is an important part of Axis’ product
strategy. An internal standard becomes important to third party developers as
fewer configurations are needed to work with all type of cameras. This is an
important change for Axis since previously, new cameras were not tested for
compatibility with third party applications.

Actors: The customers (end customers or vendors) are fragmented by the
type of camera they use or sell. This makes internal standardization important
to reach a larger group of potential customers. Additionally the past relationship
with Axis was deemed an important cause for participation, as developers who
developed prior to joining the ACAP (without the internal standard), saw a
greater benefit in joining the ecosystem.
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5.8.4. FEzternal Standardization (Be2)

External standardization is the ability to more easily integrate ACAP ap-
plications with other software. In our case, external standardization was not
fully implemented, but the surveyed developers saw a future potential of its
implementation. We identified two causes and several factors affecting external
standardization, see Figure 6.

Base technology: All Axis cameras require some type of software to manage
the camera, such as a VMS. This software can either be embedded in the camera
as an ACAP application or be provided externally. When ACAP applications
provide more features than the standard camera does, the external software has
to interpret the information from these applications in order to use it. This
interpretation requires customization between the ACAP application and the
external software. As a result, ACAP developers become dependent on external
interpretation software. An external standard would reduce that dependence
and the need of such customization.

Actors: The niched nature of the developed ACAP applications requires
compatibility with other software components to provide a complete customer
solution. Several of the identified causes of external standardization point at
this compatibility. The amount of software versions (each having its own API),
raises the entry barriers and increases the need for an external standard. The
degree of fragmentation in the use of different VMS:s (or similar controlling
software) depends on the industry. In order to reach customers who already
have an installed ACAP solution, developers have to be compatible with that
equipment. A higher compatibility with those systems may decrease the entry
barriers and increase the potential customer base.

The ACAP developers are niched video analytics companies and are often
smaller than the VMS developing companies. Therefore, their dependence to-
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Figure 6: Causes for external standardization as a reason for development.

wards others might increase. Hence, the ACAP companies have to customize
their solutions to fit every VMS whose customers they want to reach. However,
some companies developing ACAP applications do not need external standard-
ization. They provide their own VMS(s) or integrate their applications through
other means. Finally, external standardization removes the dependence on the
ACAP software and allows the companies to build their applications based on
other platforms and solution that may provide better performance or serve spe-
cific customer needs or requirements.

6. Conclusions and future work

We have conducted a case study of the software ecosystem around the Axis
surveillance camera application platform (ACAP). We reviewed Axis internal
documentation, interviewed Axis employees and employees in six other com-
panies participating in or relating to this ecosystem. The main goal for the
study was to empirically explore the reasons and benefits for participation in
the ACAP ecosystem and derive the causes and effects of them.

One of the more significant findings to emerge from this study is that end
customer demands as well as good communication and relationships with the
ecosystem leader are the main reasons for joining it (research question RQ1).
The evidence from this study suggests that ecosystem leaders should stay aware
that some customer demands or needs may emerge as a by-product of their
activities or be delivered as solutions to uncovered demands by the ecosystem
participants. Therefore, we suggest ecosystem leaders to stay open and share
their sales channels with the ecosystem participants for potentially rewarding
benefits. Our findings enhance our understanding of good communication and
relationships as the dominant factors for the ecosystem participation [25] and
for creation of an open environment for simplified development [19].
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Taken together, the results regarding the benefits of the ecosystem participa-
tion suggest that internal and external standards are the most valuable benefits.
Through an internal standard developers can reach a larger customer base at
a lower cost. An external standard would decrease the need to individually
collaborate with multiple partners to ensure compatibility and also allow the
developers to reach more customers with less resources. At the same time, the
possibility to piggyback on the ecosystem’s leader, scalability, easier installa-
tion and decreased infrastructure demand should not be forgotten as potential
benefits of the ecosystem participation.

Axis’ business model and execution performance were identified as the main
hesitations to join the ACAP ecosystem (research question RQ2). An impli-
cation of this is that the business model utilized by the ecosystem leader plays
a dominant role in the ecosystem participation and can greatly decrease the
number of participants. At the same time, the performance of the platform was
considered as a main drawback after joining the ACAP ecosystem and devel-
oping applications for it which resulted in several request for technical features
that the ACAP ecosystem leader should seriously consider.

The following conclusions can be drawn from the causes and effects analy-
sis (research question RQ3). End customer demands received by the ecosystem
participants may be caused by the ecosystem leaders’ sales activities. Moreover,
ecosystem leaders should stay open to solutions that may look like not demanded
as they may actually represent tacit demands. On the other hand, the need for
trust and a good relationship record are identified as the main causes for good
communication and relationships. Finally, standardization (both internal and
external) is caused by the different customer needs that need to be efficiently
developed with fewer configurations and ensured compatibility with other ap-
plications. External standardization is also caused by the presence of other
software vendors who use other VMS:s or similar controlling software.

The results presented in this paper have the following implications on the
software ecosystems research and practice. They highlight main bridges and
barriers for ecosystem participation in a hardware-centric software ecosystem
where the main source of revenue remains hardware (video cameras). Just as
experiences by the Volvo Trucks company 2, software has a great potential to
become the main value contributor in hardware-centric software ecosystems as
well as the key enabler for enhanced flexibility, on-the-fly updates and adaptive
real-time functionality changes based on changing context factors.

Being aware of the study limitations, we would like to remind that the com-
panies interviewed in this study are not all companies that develop ACAP ap-
plications. Moreover, the selection of the ecosystem under study may impose a
threat to the generalization of the results as the ACAP ecosystem shared more
characteristics of an application-centric software ecosystem than an operating
system-centric software ecosystem, see Section 3. Moreover, we do not analyze
if hardware imposes certain barriers and bridges and which of them are purely
caused by software. Since software is easier to replicate and compete against
than hardware, future work should focus specifically on the role of hardware in
the hardware-centric ecosystems and explicitly identify which bridges or barriers
are imposed by hardware and have (almost) nothing to do with software.

2http://www.swedsoft.se/Swedsoft_SRA_2010.pdf
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Due to its exploratory nature, the current study was unable to identify all
reasons and benefits as well as all hesitations and drawbacks. However, we
believe that we took precautions in our study design to provide a representative
sample of companies developing towards ACAP and therefore came up with as
complete results as possible. Still, our findings remain limited by the use of an
exploratory case study design and possible factors remain to be uncovered in
future work.

Future work include replicating our study at another hardware-centric ecosys-
tem. Moreover, we would like to further explore the bridges and barriers of
ecosystems participation to unveil more aspects and confirm which bridges or
barriers are specifically imposed by hardware and have (almost) nothing to do
with software. Moreover, we plan to further investigate if the findings reported
in this paper could be confirmed or refused at other companies where software
plays primary role in the revenue stream generation.
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Appendix A. Interview instrument

The purpose of this interview is to obtain a better understanding of how Axis

is performing as a platform leader. The interview questions will be focusing on
your motivations for (not) developing towards Axis application platform, how
Axis? activities as platform leader are perceived and what activities you value.

1. Introduction (10 min)

(a) Explain that the material is not going to be shared with Axis without
consent.

(b) Explain the purpose of the study.

(¢) One of our goals is to understand what drives development towards
a platform. Another goal is to better understand what activities are
important to perform as a platform leader to create a good platform
and ecosystem.

(d) Open ended questions where we will restrict you if we have to due to
time constraints. Present number of questions and time left contin-
uously.

2. Personal (5 min)

(a) What is your role at the company today? Previous roles? (years per
role)

(b) (If applicable) How much experience do you have from developing
ACAP applications and analytics applications in general?

(¢) In what roles have you acquired this experience?
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(d) Would you call yourself a domain novice or expert within the area of
video analytics? On a scale between 1 and 5 where 5 corresponds to
being an expert.

3. Characterization of company (10 minutes)

(a) Tells us about your company! (number of employees, number of
products, types of products)

(b) Tell us about your company’s products (number of products, number
of products to the ACAP, number of products related to Axis)

(¢) Is your product available as an ACAP application?

(d) (If applicable) Is your ACAP product also available as a server solu-
tion?

4. Reasons for developing (min 30 minutes)

(a) Why you /your company did chose (not) to start developing an
ACAP application?

(b) (If applicable) How did you come up with the application idea?

(¢) What were the most important factors when choosing the Axis ap-
plication platform? (Follow leads and dig deeper)

(d) Was there anything that made you hesitate about developing for the
Axis application platform? (Follow leads and dig deeper)

(e) (If company has chosen not to develop towards the ACAP) What
were the most important factors when choosing not to develop to-
wards the ACAP?

(f) What are the main areas of improvement for ACAP?
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