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Standards Development for Smart Systems—A
Potential Way Forward

Erwin Folmer and Kai Jakobs

Abstract—In this article, design and development of smart sys-
tems require cooperation of different technical disciplines. This
multidisciplinarity represents a challenge for today’s ICT (Infor-
mation and Communication Technologies) standardization envi-
ronment. This environment has evolved over the years and today
comprises a huge variety of hundreds of Standards Setting Organi-
sations, partly interconnected by a complex network of very diverse
types of links and cooperation agreements. Yet, despite this com-
plexity, ICT standardization is still very much monodisciplinary.
Moreover, smart systems’ future true ubiquity and the resulting
massive societal ramifications imply that societal stakeholders also
need to participate in their standardization, thus further complicat-
ing the process. Integrating the necessary background information
about the current standardization environment with two empirical
studies the article sheds some light on the need for, as well as the
benefits and issues to be associated with, multidisciplinarity in ICT
standards setting. To resolve these issues, the article proposes the
deployment of BOMOS, a collection of guidelines that establish
a layered set of activities necessary for the management of a
standardization process. While this solution may further increase
the complexity of the standardization environment, it offers much
greater flexibility and caters much better for the multidisciplinary,
cross-domain standardization than the current system does.

Index Terms—BOMOS, domain standards, multidisciplinarity,
smart systems, standardization, standards.

I. INTRODUCTION

S TANDARDS have a long history and many Standards
Setting Organisations (SSOs; e.g., ISO, IEC, and ITU)

have existed in a fairly stable environment for more than 100
years. However, recent technological and societal developments,
triggered by the Internet, the World Wide Web (WWW) and
mobile communication systems, have drastically changed that
situation. Today, the standardization landscape in the ICT sector
(Information and Communication Technologies) is significantly
different from the “traditional” one, with a multitude of very
heterogeneous SSOs. For instance, many leading organizations
in ICT standards setting, like the World Wide Web Consortium
(W3C), are private consortia, a phenomenon that is almost

Manuscript received September 5, 2019; revised January 7, 2020 and February
14, 2020; accepted February 18, 2020. This work was supported by the U.S.
Department of Commerce under Grant BS123456. Review of this manuscript
was arranged by Department Editor E. Viardot. (Corresponding author: Kai
Jakobs.)

Erwin Folmer is with the Kadaster, 7311 KZ Apeldoorn, The Netherlands,
and also with the University of Twente, 7522 NB Enschede, The Netherlands
(e-mail: erwin.folmer@kadaster.nl).

Kai Jakobs is with the Computer Science Department, RWTH Aachen Uni-
versity, 52056 Aachen, Germany (e-mail: kai.jakobs@cs.rwth-aachen.de).

Digital Object Identifier 10.1109/TEM.2020.2976640

unique to ICT. This has led to a highly complex landscape
of—potentially competing—SSOs.

This multitude of SSOs has often led to domain-specific solu-
tions with hardly any considerations for cross-domain interoper-
ability (see, e.g., [1], [2]). Today, however, such interoperability
becomes increasingly important. Boundaries between formerly
distinct domains are blurring or disappearing altogether and
new interoperability challenges arise. Frequently, these cannot
adequately be dealt with by existing SSOs. In this article we
study these new challenges, discuss if and how they could be
addressed by existing SSOs, how SSOs could collaborate to this
end or if new ones need to be created to deal with the new
situation.

The situation is particularly critical for “smart” systems.1 The
injection of “smartness” into rather more “traditional” technolo-
gies has been an ongoing development for a number of years
now. It is achieved by the merger of ICT and application areas
like transport systems, manufacturing, or power supply. Ongoing
such mergers include Intelligent Transport Systems (ITS), Smart
Manufacturing, Smart Buildings, and Smart Cities. These smart
applications are here to stay. A similar trend may be observed
for the underlying communication infrastructure. Here, Cyber-
Physical Systems (CPSs) and the Internet of Things (IoT) will
add the “anything” dimension to today’s mobile communication
(see, e.g., [3]).

These developments will have major ramifications also for
society. Not least due to their true ubiquity smart systems will
affect human lives much more than the Internet and mobile
communication systems have done so far (see, e.g., [4] and [5]).
They will thus represent a major challenge for policy makers
and for society as a whole. And they will have an enormous
economic impact.

Globally accepted standards are a sine-qua-non for smart
systems. Their multidisciplinary nature will require cooperation
between standardization entities (and individuals) with very
different cultures and from equally different backgrounds. The
likely future omnipresence of these smart technologies makes
imperative the widest possible participation of stakeholders in
the standardization process. It also calls for the consideration
of ethical issues early on. This inclusiveness (on both accounts)
should also help increase the eventual standards’ legitimacy and
thus contribute to a higher degree of the ensuing technology’s
acceptance (see, e.g., [7]).

1According to [6, p. 11], “Smart systems combine cognitive functions with
sensing, actuation, data communication and energy management in an integrated
way.”
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Fig. 1. Web of relevant SSOs (excerpt; adapted from [9]).

However, this begs the question whether the current standard-
ization system provides an adequate platform for such multidis-
ciplinary, multistakeholder standardization, or if new mecha-
nisms need to be established, and if so, which ones. Following
a brief discussion of the current standardization environment
and some theoretical deliberations, the article will report the
findings of two studies among experts in different fields of
multidisciplinary and smart systems standardization. The final
discussion will integrate the respective insights and use them to
make a proposal for a more flexible and adaptable future ICT
standardization environment.

II. BACKGROUND

Most industry sectors have a rather simple standardization
environment. A number of National Standards Organisations
contribute to the work of ISO and IEC at the international level.
An additional regional level in between has been established in
Europe through the European Standards Organisations (ESOs).

A. ICT Standardization Environment

The ICT sector, specifically the telecommunication part, is
different. This sector is characterized by a number of na-
tional/regional bodies and, particularly, by more than 250 pri-
vate standards setting consortia.2 The number of consortia and
the complex links that exist between them and the Standards
Developing Organisations3 (SDOs) has created an almost im-
penetrable maze of SSOs.4 Fig. 1 gives a rough and simplified
idea of this complexity.

The figure shows an excerpt of the web of the major relevant
SSOs. They differ widely in terms of, e.g., coverage (both topical
and geographical), processes, by-laws, voting procedures, IPR
policies, and membership bases (see, e.g., [8]). ISO, for example,
covers all areas of standards setting except for electro technology

2Like the W3C or the OGC (Open Geospatial Consortium).
3‘Formal’ or accredited bodies like ISO, IEC, ITU.
4This term denotes both private consortia and SDOs are SSOs.

Fig. 2. Links between SSOs in the smart manufacturing sector today (adapted
from [11]). (Links between the ESOs and the WSC (in gray) are depicted in
Fig. 1).

(covered by IEC) and telecommunication (covered by ITU). The
IETF focuses on standards for the Internet, the W3C on web
standards, the Global Learning Consortium (IMS) on standards
for e-learning, and the Open Geospatial Consortium (OGC) on
standards for the geospatial community.

The figure also shows some of the links that exist between
SSOs. Generally speaking, a link represents some level of
formal cooperation. Such cooperation may take the form of
an information exchange about planned new work items, the
joint development of standards, or anything in between. These
links currently represent the (distributed) formal coordination
mechanism in standards setting.

B. Standardization Environment for Smart Systems

Smart systems are the result of the merger of ICT with rather
more “traditional” technologies (like manufacturing, power sup-
ply, or transport). Accordingly, the standards underlying smart
systems will also need to be developed jointly by stakeholders
from the ICT sector and from these “traditional” technologies
(see, e.g., [10]). This need for joint development is likely to
create problems due to the differences in the two standardization
environments.5

In general, the entities active in the standardization of smart
systems are a subset of those active in the ICT sector plus a
number of entities from the application side. The fact that many
of these entities focus on one specific smart application leads to
an additional degree of complexity. Fig. 2 shows the standardiza-
tion environment for smart manufacturing in more detail (albeit
certainly not 100% complete). For one, it shows the different
types of links and thus the different levels of cooperation that
exist between SSOs. Second, it highlights the “isolation” of
those SSOs that are active in the telecommunication sector (ITU,
ETSI, and oneM2M).

Not least for readability reasons the figures do not include
the various national, domain-specific organizations that develop,
e.g., national profiles based on the international standards for

5See, e.g., [Jakobs, 2018] for a more in-depth discussion of these problems.
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TABLE I
DOMAINS INVOLVED IN DIFFERENT SMART SYSTEMS

(NO CLAIM FOR COMPLETENESS)

individual domains.6 There are about 30 such organizations in
a small country like the Netherlands alone. Folmer and Punter
[12] discuss how to deal with and to manage this variety from a
Dutch perspective.

III. NEED FOR AND PROBLEMS OF

MULTIDISCIPLINARY STANDARDIZATION

Multidisciplinarity is not an entirely new phenomenon in the
ICT domain. After all, ICT itself is the outcome of a merger
of Information Technology and Telecommunication. Yet, things
become much more complex when more diverse domains (and
stakeholders) are (or should be) involved; Table I gives three
examples. It can easily be imagined that finding a common
ground in such cases will be problematic and time consuming.

“Domains” is one dimension of diversity in the standardiza-
tion activities shown above, “stakeholders” is another one. The
development of standards that are not just technically sound
but also economically viable, sustainable, and of societal value
will necessitate the involvement of an extremely wide range
of stakeholders. In addition to representatives of the numerous
more technical domains listed in Table I, these include other
groups that are not normally represented in standards setting,
e.g., citizens, professional associations, NGOs, and unions.
“Communication” is one of the problems that the need for co-
operation between individuals with such different backgrounds
will bring along.

Piso et al. [13, p. 648] quite rightly observe that The inter-
disciplinary challenge for a collaborative effort is to foster and
maintain open communication about disciplinary perspectives,
with each investigator learning what they need to know about the
contributions of the others to properly situate their own project
contributions. Such communication is difficult to achieve, all
the more so if you first need to develop a common language and
some common basic understanding (think telecommunication
engineer and philosopher).7

6For the probably most complete list of Standard Setting Organizations, see
https://www.consortiuminfo.org/links/#.XWTblEJpwmk

7For the impact of different ideas how standardisation should work and what
it should achieve, see e.g. [17]. See e.g. [18] for a discussion of how similar
interests and professional backgrounds help to bring a standardisation activity
to a successful conclusion.

In any case, the meaningful cooperation between the “usual
suspects” in ICT standardization (i.e., engineers from large
companies) and “nonstandard” stakeholders from other domains
is a nontrivial task. This cooperation may materialize in different
forms, e.g., through joint participation in a dedicated individual
working group (WG). In this case, problems likely to be encoun-
tered will relate to both the actual active involvement of pri-
marily the nontechnical stakeholders and the lack of a common
ground and mutual understanding. These are problems generally
encountered in multidisciplinary cooperation (see, e.g., [14])
to which standardization is no exception. On the other hand,
once these difficulties have been overcome, this setting would
experience less friction losses. In any case, it may be expected
that such multidisciplinary, cross-domain activities will prove
problematic for the current international standardization system.

IV. METHODOLOGY

This article aims to identify a potential way to address the
problem of multidisciplinary standardization. To this end, it
first presents two studies to highlight some of the associated
issues; the studies have different, complementing goals, and use
different methodologies.

A. Qualitative Survey

The first study was conducted as a qualitative survey. This
approach was chosen because a qualitative survey is the study
of diversity (not distribution) in a population [15, p.3]. ICT
standardization is a very heterogeneous environment indeed.
Its diversity extends to the stakeholders and the characteristics
of the individual SSOs that together establish a major part
of this environment. A qualitative survey may be used to …
collect information on the meanings that people attach to their
experiences … [16, p. 61]. In the present case, “people” refers to
both individual WG members and researchers in the field. This is
because research activities inform standards setting in different
ways (see e. g. [19], [20]).8 This holds particularly for new and
emerging technologies (see, e.g., [21], [22]), including smart
systems. Following Jansen’s advice [15, p. 8] that A qualitative
sample should represent the diversity of the phenomenon under
study within the target population the survey, therefore, covers
both the research side and the standardization side. Specifi-
cally, it covers the standardization of a smart communication
infrastructure (CPSs and the IoT) and of smart applications.
The associated target group comprises three different, though
overlapping communities, which together reflect the diversity of
the target population. They include those active in the following.

1) Research about smart infrastructure (for their expert
knowledge on existing or upcoming insights and require-
ments from the R&D sector).

2) The standardization of the IoT and CPSs (for their expert
knowledge on infrastructure standardisation).

3) The standardization of smart applications (for their expert
knowledge on application standardization).

8See also the proceedings of the IEEE Conferences on Standards for Com-
munications and Networking.

https:&sol;&sol;www.consortiuminfo.org&sol;links&sol;&num;.XWTblEJpwmk
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The former is represented by members of the ACM/IEEE
conference series on CPSs’ program committees and by mem-
bers of The Alliance for the Internet of Things Innovation’s
(AIOTI) WG3. The latter comprises members of relevant WGs
from ISO/IEC JTC1,9 ITU-T, and oneM2M.

Slightly different questionnaires were used, specifically
adapted to both the type of respondent and the respective topic.
They were deliberately kept as short as possible; they should
not be off-putting due to sheer length. All questionnaires were
semi-structured and comprised between seven and twelve open-
ended questions (possibly with subquestions), subdivided into
the sections “Background,” “Current Status,” and “Future De-
velopments.” Each questionnaire was accompanied by a cover
letter explaining the goal of the overall study and the reasons
that had led to the selection of the recipient.

To make sure that only experienced researchers and standards
setters, respectively, would take part in the survey some simple
criteria were applied, depending on the respective community.

1) For researchers, membership in the Technical Programme
Committee of one of the major conferences in the field
or (not least for the European focus) coauthorship of the
respective AIoTI10 report.

2) For standards setters, either holding a leadership role (e.g.,
convenor and editor) or regular/frequent participation in
group meetings.

The questionnaires were sent out by e-mail with individual
cover letters in the second half of 2016. In total, 37 responses (out
of around 180) were received. Seven came from the application
side, 13 from infrastructure research and 15 from infrastructure
standardization.

B. Case Study

While the first study provides views from a wide-ranging
group of people, it suffers from the fact that its respondents
did not have any practical experiences with multidisciplinary
standardization. The second study, therefore, aims to yield some
more in-depth information about real-world experiences with
this topic.

Yin [23, p. 98] notes that The need to use case studies arises
whenever the following conditions hold.

1) an empirical inquiry must examine a contemporary phe-
nomenon in its real-life context, especially when

2) the boundaries between phenomenon and context are not
clearly evident.

Multidisciplinary standardization is certainly a contemporary
phenomenon that cannot be studied independent of both its nar-
row (the respective SSO) and wider (the general environment)
context. Jakobs [24, Fig. 5] shows that the standardization pro-
cess cannot be separated from the context within which it exists
(i.e., its environment) and which has considerable influence on
this process.

9Joint Technical Committee 1, in charge of the standardization of Information
Technology.

10The Alliance for the Internet of Things Innovation was initiated by the
European Commission in order to develop and support interaction among the
European players active in the fields of smart infrastructure (IoT) and their
applications.

Moreover, whether or not theories from other, related fields
(e.g., innovation management) may be applied remains unclear.
This observation indeed suggests a case study approach as it
is … particularly well-suited to new research areas or re-
search areas for which existing theory seems inadequate … [25,
pp. 548–549].

Yin [26, p. 8] observes that There may be exploratory case
studies, descriptive case studies or explanatory case studies”
The present study is of an exploratory nature. Its goal is to get
a better idea of how multidisciplinary standardization may be
established in practice, and about any associated problems and
issues.

Specifically, the case looks at a very rare occurrence indeed—
a multidisciplinary standards WG. The “Spatial Data on the
Web” WG was jointly established by the OGC and the W3C.11

This joint WG had been deliberately set up to be multidisci-
plinary. This group was selected for two reasons—for one, its
study benefitted from in-depth insider information as one of the
coresearchers had served as cochair of the WG. Perhaps more
tellingly, this group continues to be the only one known to us
that was supposed to serve as a platform for multidisciplinary
work from the outset. It thus captures the views about and
experiences with multidisciplinarity in standards setting of those
few who have actually been involved in a multidisciplinary
standardization activity.

The empirical information was compiled through a question-
naire. It comprised ten open-ended questions, subdivided into
six themes (Background; Problem/need; Organisational setting,
The WG in practice; The future; Lessons learned). It was sent
to all members that had been participating in the WG (a total
of 90 people). Since the WG had been quite dynamic, several
people had only been active for a short time. Others were
following the work, but not actively participating. Also several
e-mail addresses bounced. As a result, we received six (mostly
extensive) responses, which were used for the analysis.

The empirical information compiled though the case study
and the survey was complemented by archival information. A
review of the relevant scientific literature provided valuable
background information on smart infrastructures and applica-
tions. Likewise, information provided on individual SSOs’ and
WGs’ web sites was highly valuable for the mapping of various
standardization environments (see, e.g., Figs. 1 and 2).

V. SURVEY

In the following, some main insights from the survey will be
presented. They focus on 1) the major actors in smart systems
standardization, 2) the competition, and 3) the cooperation that
may or may not exist between them, and on 4) the best way
forward in the standardization of smart systems. The latter
represents the outcome of a content analysis (and was embedded
in the questions); explicit questions covered the former three
aspects.

11Geo-spatial data are crucial for a number of smart applications, including
e.g., smart cities and ITS. More information about the WG may be found at
https://www.w3.org/2015/spatial/wiki/Main_Page

https:&sol;&sol;www.w3.org&sol;2015&sol;spatial&sol;wiki&sol;Main_Page
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A. Insights

1) Major Actors: The views about the most important SSOs
are surprisingly homogeneous for infrastructure and applica-
tions, respectively. For the former, ISO/IEC JTC1 is widely
considered as the most relevant entity; specifically its newly
founded SC 41 “IoTs and related technologies.” However

… its [JTC1’s] actual industrial reach is not always evident.
(Respondent I4).

Other SSOs are also mentioned, but more or less in passing.
The one exception here is the IIC; for a very interesting reason

Probably IIC, as they are closer to the implementation forefront. This
is a fast changing field, first movers will most likely set at least the
defacto standards. (Respondent I10).

Things look quite similar at the application side, with ITU-T
being a widely perceived “old bull.” There is, however, a caveat:
A clear correlation may be identified between the standards
setting entities within which the respondents are active and those
they perceive as being important. This may put the respective
views into perspective. Despite all that, the quote below ex-
presses another popular notion

As of today, the standardization landscape is still very fragmented
between SDOs and consortia, without clear leader. (Respondent I12).

This will be closer examined in the following sections.
2) Competition: The views on existing competition between

SSOs vary notably between those active in infrastructure stan-
dardization and those working on smart applications.

For infrastructure standardization, the responses create the
overall impression of significant competition between SSOs,
at different levels. This competition may have a strategic or a
technical motivation. For the former

Political competition between standards group is of course a reality
especially when it comes to hype topics such as M2M or IoT, since
every organization want to claim a dominant role in such areas
(Respondent I1).

There is also competition at the top-most, and probably most
important level

A high degree of competition exists within efforts focused on devel-
oping reference architecture for the IoT (Respondent I13).

Yet, there seems to be justified hope for improvement

Yes, each entity that I listed12 already compete in some manner.
However, I do think each also has come to realize that each SDO
must sometimes collaborate given the nature of today’s market and
stakeholder demands, however, I am not sure if each has come to
accept this reality just yet. (Respondent I11).

Things look very different at the application level. Here,
consensus seems to be that

Usually Standards Developing Organizations (SDOs) have good
cooperation. (Respondent A3).

This is complemented by another respondent, who observes

12JTC1, ITU-T, IEEE, Open Connectivity Foundation, Thread Group, Zigbee
Alliance.

Note that the organizations itself don’t do anything but it is rather
companies who are participating in organizations and have conflict-
ing views. (Respondent A2).

From a slightly different perspective, one respondent men-
tions the competition between communication protocols—all
IP vs. telecommunication standards—or rather between their
respective proponents

Specifically, in the area of sensor networks, where ITU, ETSI, and
OGC have standards, whilst others strongly feel that all the commu-
nication should be over Internet Protocol – meaning that IETF (&
W3C) would be relevant (Respondent A5).

3) Cooperation: The views expressed with respect to SSO’s
cooperation paint a somewhat complementing picture. Most
respondents observe that already today a number of entities are
working in this field and assume that this situation is not going
to change.

There are several, I guess this won’t go away (Respondent A5).

Yet, the (excessive?) number of standards that the different
SSOs produce is seen as a drawback of this situation, specifically
from a development perspective

Regardless the number of standards available, too much from my
pov, there should be real efforts on the development of interoper-
ability solutions. It represent one of the major barriers for system
development (Respondent A4).

Nonetheless, cooperation in the field does exist, not least
based on earlier endeavors.

Pre-existing co-operation/collaboration has had a carry-over effect
into IoT areas. Examples would be ISO/IEC and W3C-IETF joint
project (Respondent I13).

However, this seems to happen rather selectively and mostly
limited to individual projects. This holds despite the fact that
numerous formal cooperation agreements are in place and it
holds for both infrastructure and application standardization.

There are many mutual liaisons between these groups, with punctual
cooperation (e.g. JTC 1 has adopted standards from several consortia
through its PAS process). (Respondent I12).

This limited degree of cooperation may be explained thus

Some mutual recognition happens, but so far I would have liked to
see more. But for some, this will mean having to reduce the scope
and handing that over to someone else, and that is usually not an
easy step to take. (Respondent I10).

Complementing the formal level, very informal cooperation
exists (which may well be more efficient)

There is plenty of informal co-operation, and in many cases there
are individuals involved in two or more activities. (Respondent I6).

The urgent need for cooperation, especially in the field of
a smart infrastructure, is quite convincingly highlighted by
another respondent

… but in IT and even more so in IoT, there is overlap because the
very nature of IoT means that two or more technologies are being
connected which means that bits & bytes are being connected and
exchanged in some manner, thus forcing collaboration of varying
types, like it or not (Respondent I11).
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4) Way Forward: The perhaps most interesting point relates
to the most suitable structure of future smart infrastructure
standardization activities. Here, opinions were split regarding
the best way forward. Most felt a (very) close co-operation of
existing SSOs, each contributing its specific expertise to be the
best option. Arguments in favor of this option typically were
variations of

Existing organizations have a long experience that must become part
of any new standards (Respondent C8).

More than an entity this should be an agreement among SSO.
(Respondent A4).

That is, proponents of this option basically argue that the
only—or at least the best—way to tap into exiting SSOs’ vast
expertise would be to establish close links between them and to
make them cooperate and contribute their respective expertise.

Another respondent suggests cooperation of SSOs through a
dedicated new one.

I think that the most promising approach is to have close co-operation
of existing SSOs, each contributing to its specific expertise. However,
a new organization that includes members from the existing SSOs
and develops standards through continuous discussion would be
much more beneficial than having the separate SSOs draft their own
standards and then present a patchwork standard (Respondent C10).

Along slightly different lines, one respondent observes that
it would be beneficial if infrastructure (specifically CPSs) and
applications were standardized under one roof.

CPS has strong relationship with other domain of IoT, such as IoT
applications. Working in one SSO could make participants commu-
nicate more easily and closely (Respondent A1).

Finally, some respondents consider the way standardization
should be organized to be domain specific. One aspect to be
considered here is the maturity of the respective domain (which
also links to the aspect of “time” discussed above).

Secondly, before we anything is standardized, we must know what the
best practices are. These are often application-specific. Redundancy
in the avionics domain might be handled in such a way that perhaps
doesn’t make sense in the smart grid application. Another challenge
in terms of best practices is that in certain domains the best practices
are not known yet because they are still emerging and evolving
(Respondent C4).

One respondent even argues that the specific characteristics of
different domains may require different structures for standards
setting, to properly reflect these characteristics.

The need may vary from domain to domain. For example Intelligent
Transport System (ITS) would have more emphasis on cooperative
properties and safety than Smart-Cities. For ITS, the second [co-
operative] approach would be preferred. For Smart-Cities, the first
option [single SSO] would be chosen (Respondent C11).

Such a mapping of domain characteristics onto the associated
standards setting environment is certainly an interesting idea.
However, it would seem that practical issues (e.g., cross-domain
standardization) stand in the way here.

B. Some Concluding Remarks

The standardization of smart systems suffers from one over-
riding problem—a lack of leadership which may be cause for
and/or effect of the fragmented SSO landscape. That said, in
some domains, some form of at least temporary de-facto lead-
ership seems to exist: The ITU for smart cities, the IEC for
smart manufacturing and, perhaps with some reservations, CEN
for ITSs (see also [11]). As most of today’s smart systems,
standardization activities focus on interoperability, implementa-
tion aspects play a crucial role. After all, “standard-compliant”
does not imply “interoperable” (see also e.g., [27]). This simple
fact may eventually change the current power structure, as the
large international SDOs stay clear of implementation aspects,
whereas many consortia do not.

In the absence of clear leaders both competition and co-
operation may be observed. Competition exists between tech-
nologies (and their respective proponents) as well as between
SSOs (notably on hyped topics). On the other hand, carry-over
effects from earlier cooperations are visible as are many liaisons.
Nonetheless, formal cooperation is still rather selective. On the
brighter side, there is a considerable level of informal cooper-
ation through individuals who are active in several SSOs (see
e.g., [28] and [29] for the importance of individuals and their
social capital for standards setting).

Several alternatives may be identified to improve the overall
standardization landscape for smart systems. An obvious way
forward would be a much closer cooperation (both vertically
and horizontally) between SSOs. This includes the option of
a dedicated joint new SSO. Also, just like the domain-specific
leadership the standardization structure may need to adapt to
domain-specific requirements.

VI. CASE STUDY

A. Background

In many ways, OGC and W3C are comparable. Both are
member-driven organizations that publish open, freely accessi-
ble standards. The OGC focuses on standards for geospatial data
and services, the W3C on standards for the WWW. As described
in [30], both organizations recognized the need for cooperation
when it became obvious that OGC needed input from the Web
standards community in order to enable the dissemination of
geospatial data to a larger audience. The W3C, in turn, needed
input from the geospatial standards domain in order to make
spatial data a native element of the WWW.

To address the identified need for cooperation, OGC and W3C
created a joint WG, the Spatial Data on the Web WG, in 2014. On
the W3C side, this was a WG—a group mandated to produce
standards. On the OGC side, it was a subgroup of a Domain
WG—not a group officially in charge of producing standards.
The W3C standards creation process and tools were used.

The WG held three face-to-face meetings per year, in addition
to biweekly web meetings. Its three subgroups worked on spatial
data on the web best practice (SDWBP), the Semantics Sensor
Networks ontology (SSN), and on coverage data on the Web.
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The other major topic, OWL-Time,13 was a collaborative
cross-WG activity.

The first draft of the SDWBP was published in January
2016; the final release in September 2017. SSN and OWL-ttime
followed in October 2017. At that time, the documents were pub-
lished as W3C recommendations; the latter were also published
as OGC standards in July 2019. After the closure of the WG, an
“interest group” was formed as a joint OGC/W3C group.

B. Evaluation of the Working Group

This section reports on the qualitative analysis of the survey
of the WG members. The coding of individual respondents is
given in brackets.

1) Problem/Need: The WG originated from a workshop dur-
ing which the participants made it clear that collaboration was
needed. That is, the whole initiative was driven by actual needs
and was bottom-up, rather than top-down and initiated by the
standardization organizations involved. From the knowledge
perspective, it was obvious that geospatial expertise was needed
as well as WWW expertise; having both dimensions on board
would be beneficial for the quality of the WG deliverables. Yet,
this was also important for adoption purposes as the outcome
would have the appraisal of both OGC and W3C. Interviewees’
replies indicate that the collaboration was beneficial (#6) or at
least necessary (#2, 3, 4, 5).

2) Organizational Setting/Construct: Practically

In my view, the infrastructure used by W3C surpasses anything used
in other standards development processes. (#1)

This is likely to be the explanation why the W3C infrastructure
was used and did not lead to negative remarks. Only the deviation
by the WG from the W3C infrastructure, by introducing Github,
was not appreciated by all

…the mess triggered by the transition to GitHub… (#3).

The use of the W3C infrastructure might have been the
obvious choice, but

The environment is a bit unwelcoming for OGC members that are
not W3C members though… (#5)

Organizationally: The original setting did not lead to major
issues (at least none were reported), but from this response it
becomes clear that the setting was certainly not perfect and could
be improved for further collaborations

This didn’t happen - thankfully - but there was always the possibility
that one SDO would refuse to formally publish a document that the
other one did. There is also a potential future problem of one SDO
wanting to update a standard without the involvement of the other.
The whole collaboration depends on goodwill and that goodwill must
be institutional and not based entirely on individual relationships.
(#1)

3) Working Group in Practice: None of the respondents ob-
served two camps of W3C and OGC members in the WG, or
noticed any misunderstandings or culture issues between the

13Time Ontology in the Web Ontology Language (OWL).

W3C and OGC members. Rather, the issues mentioned relate to
commitment (limited time of members and dropping in/out) and

That was not a W3C - OGC split, more the presence of too many
strong egos/low availability to contribute in the contributors (#3)
and

Overall experience I have to say was mixed. Mostly due to the part-
timeness (of most people) and stop- start (of some people) with strong
personalities. (#4)

Although time commitment is a frequent problem in standard-
isation WGs, it might have a stronger impact for this group as
both types of group members did need time to learn from the
other group

But as always, this [knowledge transfer] adds complexity and is more
resource intensive. (#5).

4) Future: The respondents see a future for continuation of
multidisciplinary standardization for the spatial and web domain

It should be continued if possible. Because AR [Augmented Reality]
is around the corner, and is the ultimate mix between geospatial and
web concepts. (#5).

This is also supported by the following quote:

Yes, there is ample opportunity for collaboration between the W3C
and OGC and also other standardisation bodies. Examples are
data models/ontologies for moving objects and their environments
(autonomous driving), IoT, AR/VR etc. The latter two could also
involve IEEE and ISO. (#6)

5) Lessons Learned: Although the respondents were critical
about the process, it does not seem to have affected the produced
standards as results

the group produced a set of standards and formal documents en-
dorsed and published by two SDOs simultaneously, so that members
of either community would feel comfortable using them. (#1).

And although our survey did not explicitly ask about quality,
the first signs are positive

the BP doco which is quite good - you should investigate how much
it contributed to the adoption of linked data in Ireland (GeoHive,
CSO), Switzerland ….) (#3).

A major lesson learned is the higher resource intensity of
multidisciplinary standardisation WGs

More resource intensive overall and also individually, as more time
is required to understand different domains and different processes
(#6).

This higher resource intensity leads to higher costs

the cost of running larger and more diverse groups (SDOs hubs) is
higher (and possibly not sustainable for organisations like W3C).
The money which could go into such initiatives is more likely to be
spend through national (or European) data integration initiatives
(e.g. INSPIRE, ….) (#3)

If improvements were made in the organizational setting,
multidisciplinary standardization could be easier

Having been one of the people who set up the OGC/W3C collabo-
ration I know it’s much harder to do than one might imagine. But I
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definitely felt it was worth it and that the same principle could easily
be applied elsewhere. (#1)

and

But it is hard. SDOs have membership rules, IP policies and ways of
working (in public, in private, somewhere in between) and so working
together does present real problems that need to be overcome. (#1)

And then it comes down to the business model of standard-
ization organizations

What makes such collaborations difficult to setup or continue on
a long-term basis is the business model of most standardization
organizations, based on membership fees. (#5).

By having this membership model standardization organi-
zations have become competitors, which is not beneficial for
cooperation in multidisciplinary standardization.

C. Some Concluding Remarks

The SDW WG is a successful example of multidisciplinary
cooperation between the geospatial domain (OGC) and the Web
domain (W3C). Its outcome is widely perceived as valuable for
both communities.

This case study shows a certain level of “cherry picking,” with
respect to e.g., the facilities that both SSOs could offer. Likewise,
the tools used by W3C were used as these were seen as superior
to OGC’s. By doing this, the intention was to create a best of
both worlds scenario.

We have learned that in order to achieve better results from
this kind of multidisciplinary standardization the cooperation
between different SSOs is needed. However, on the organi-
zational level collaboration is not easy as the SSOs’ formal
rules in practice discourage collaboration. And while working
in collaboration mode, attention should be paid to the different
backgrounds and other social aspects, to avoid misunderstanding
and to achieve an acceptable level of trust.

VII. DISCUSSION AND A PROPOSAL

A. Discussion

The complexity of the current standardization environment
already suggests a considerable level of overlapping develop-
ments and indeed competition between SSOs or even individual
entities (e.g., WGs). This also extends to smart systems stan-
dardization. The focus of competition is on the infrastructure
level where serious money stands to be made in the field of
technical communication standards (and associated Intellectual
Property). This competition occurs between companies, which
see the standardization arena as one battleground, but also—at
a different level—between SSOs that may want to keep, or in-
crease, their relevance. Competition between SSOs specifically
focuses on frameworks; they are crucial to guide future activities
(and thus important for SSOs), but of no (direct) economic
relevance.

On the other hand, there is also cooperation. However, this
seems to be rather more selective and to heavily depend on
individuals active in different SSOs. Much will depend on the
emergence of leaders in the field and on the future roles that e.g.,

the IEC and ITU-T will play for smart manufacturing and smart
cities, respectively.

The discussion above seems to suggest that smart applications
should be standardized in conjunction with the infrastructure. It
also highlights that the “usual suspects,” i.e., computer scientists
and telecommunication engineers, will need to cooperate with
technical experts from numerous other disciplines (see also
Table I). Moreover, the true ubiquity of smart systems implies
that societal issues should play a role already during standards
development, To this end, “exotics” (in the ICT world) like
citizens, NGOs, unions, and perhaps also politicians, sociolo-
gists, and philosophers will need to have a say in one way or
other. Overarching “Responsible Standardisation” [31] could
help ensure that standardization takes into account not just
technical and economic, but also e.g., ethical, environmental,
and privacy aspects. To this end, privacy-by-design principles
could be adapted to integrate these aspects into the process
[32]. Moreover, technology assessment [33] could be applied,
as could be principles of the social shaping of technology
[34], in order to detect potentially undesired outcomes of the
deployment process and to take appropriate counter-measures
as early as possible. This holds particularly for new and hardly
understood technologies for which standards could also serve as
a socioethical framework.

Whether or not all this can be achieved through “traditional,”
committee-based standardization is an open question. Still, the
experts quite unanimously oppose the idea of any new SSOs,
which might cater for the specific characteristics of smart
system standardization (with the notable exception of SSOs
joining forces in such a new entity). And their argument that
the number of SSO is large enough as it is carries weight; a new
one may well increase the existing complexity without adding
much value. Against this background, we would like to make
the following proposal.

B. Extended Standardization Environment

The (potential) role of the Internet in the standardization
process is a major development and a potential game changer.
Today, many SSOs rely heavily on web meetings and other
online collaboration tools. Moreover, publication of standards
on the web adds dynamics to standards setting: More advanced
versioning of standards (in parts) becomes realistic, allowing
the possibility of more dynamic standards that adapt to practical
needs and requirements. That is, technology may be deployed
as a driver of change here.

Specifically, these technical developments make it easier to
establish a dedicated new standardization entity for a specific
interoperability problem. In a very simple case, such an in-
teroperability problem may relate to just one standard. With
more complex systems, interoperability will need to be ensured
at various levels (e.g., communication, middleware, semantics,
and security). Smart systems would be an example for the
latter. Here, an interoperability problem refers to a set of re-
lated standards that together cover all interoperability aspects
for a certain environment. The discussion above (especially in
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Section 5.4) suggests that these standards should ideally be
developed together.

This is hardly possible in today’s highly decentralized and
largely uncoordinated environment, where different SSOs may
work on the same problem and produce incompatible and com-
peting standards. As incompatible standards silos are a highly
undesirable situation, the prospect of having one dedicated
standardization entity for every interoperability problem—and
thus the hope to not end up with silos—is appealing. So, let us
have a closer look at the characteristics this entity should have.

First of all, the term “entity” has been deliberately kept vague.
That is, it may be adapted to the specific problem at hand. For
a simple “one-standard-problem,” it could be a small ad-hoc
group under the umbrella of an SSO. In more complex, “multi-
standard” cases the entity may take the form of a more permanent
WG or a Technical Committee or even a full-fledged SSO. In all
cases, however, some form of over-arching coordination needs
to be ensured (see below).

The entity’s adaptability is not limited to its size or scope.
Its guidelines and by-laws could also be tailor-made to best
reflect the characteristics of the problem at hand. Specifically, it
would become much easier to accommodate the need for multi-
disciplinary standardization. Moreover, the “functional cherry
picking” may lead to a higher quality of the content of the
standard as stakeholders with a specific interest in the respective
functionality are likely to contribute. Likewise, a higher effec-
tiveness and efficiency may be expected.

The “one entity per interoperability problem” approach has
already been adopted in the world of semantic ICT standard-
ization, where hundreds of entities (typically dedicated SSOs)
have become active. Obviously, this has a major drawback:
The landscape of SSOs in this field has become extremely
chaotic. Another disadvantage might be that the quality of the
standardization process deteriorates; earlier research has shown
that quality is already at risk [35]. To overcome these disad-
vantages, we propose that certain design guidelines should be
applied if and when a new entity is to be established to solve an
interoperability problem.

BOMOS is a collection of such guidelines (and more). Fig. 3
depicts the main model of BOMOS:14 A stratified structure of
activities required for the development and management of a
standard. The structure comprises a number of elements:

1) three main layers: strategy, tactics, and operational;
2) two supporting layers: implementation support and

communication;
3) multiple activities per layer which can be carried out.
In addition, BOMOS contains many other models such as an

organizational model, a quality model, an adoption model, and
so on. While some are based on scientific research, several others
are best practices adopted from SSOs. Accordingly, BOMOS
may be applied to all fields of standards setting, but should be
particularly useful for multidisciplinary processes.

The description of BOMOS starts with some general state-
ments about standardization. One reads: Developing and man-
aging a standard is a process that must be aligned to the situation

14See [12] for the full description of BOMOS.

Fig. 3. BOMOS model (from [12]).

involved and will therefore be done in a different way for each
and every standard [12, p. 2]. In other words, one standardization
entity for each interoperability problem.

We firmly believe that the application of BOMOS would
significantly contribute to a more coherent standardization en-
vironment, specifically for smart systems. However, even with
BOMOS in place an overall coordination will remain to be cru-
cial in this sector. Therefore, we also propose a slight adaptation
by “outsourcing” the topmost “strategy” level (in Fig. 3) to a
“parent SSO.” This SSO would exclusively be in charge of
overseeing and coordinating the individual activities of its subor-
dinate entities, each of which would address one interoperability
problem. This role could be assumed by an existing SSO. How-
ever, given the significant financial and economic ramifications
to be associated with smart systems and the competition that
already exists between SSOs in this field, a new, “neutral” SSO
might be a better option. It could be jointly managed by a number
of interested, existing SSOs, and would likely subsume a number
of existing entities, thus not necessarily increasing the existing
complexity any further (which was the experts’ main argument
against such an entity).

Cooperations between SSOs do exist at the operational level
(see also Figs. 1 and 2). This includes jointly managed stan-
dardization entities (like the joint OGC/W3C WG discussed in
Section 4.3 and, much larger and more prominently, ISO/IEC’s
JTC115). Additional cooperations may be found at the more
strategic level. In Europe, the ESOs cooperate closely at several
levels (under the guidance of the European Commission). So, the
proposal of a new entity jointly managed by existing SSOs is not
without precedent and perhaps less “science fictionish” than one
might think. Fig. 4 shows a potential model of a jointly managed
new standardization entity in charge of developing standards
for smart systems. In this figure, the ESSS (European Smart
Systems Standardisation) would be the new entity; its individual
subentities would implement the “tactics” and “operational”
layers of the BOMOS model, whereas the Functional Smart Sys-
tems Standardisation would primarily implement (an extended

15Which would be a veritable SSO in its own right with 3211 published
standards, 547 standards under development and 100 member countries (‘par-
ticipating’ and ‘observing’; late 2019).
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Fig. 4. Proposal for an extended European Standardisation System for smart
systems (adapted from [36] ESSS = European Smart Systems Standardisation,
FSSS = Functional Smart Systems Standardisation).

Fig. 5. Dutch standardization pyramid (adapted from [Stoter, J., et al., [38]]).

version of) the “implementation support” layer. This model
reflects a potential European situation but could, in principle,
easily be transposed to the international level. Here, however, it
would not be clear which SSOs would join forces to manage the
new smart systems standardization entity (and any speculation
to this end would be premature).

VIII. CONCLUSION

Smart systems’ multidisciplinarity, in conjunction with their
eventual true ubiquity and the associated major societal ramifi-
cations, warrant extra efforts to make sure that the best possible
systems will be designed. Despite the majority of the standard-
ization experts’ views this may well best be achieved through
a dedicated, centralized effort. Using BOMOS principles could
be one way to effectively and efficiently manage such an entity.
In fact, the Spatial Data on the Web WG may be considered as
a partly, albeit unintentional, implementation of BOMOS.

After around four decades, cooperation and coordination be-
tween SSOs still leave a lot to be desired (this holds particularly
for consortia). It was hard to believe that this is going to change
any time soon. Therefore, a dedicated “Smart Systems SSO,”
perhaps not unlike ISO/IEC’s JTC1 but sponsored by as many

SSOs as possible, could lead, coordinate, align, and at least
partly perform relevant standardization activities. This would
also resonate with the views of one of the experts from the survey
who suggested to use a dedicated new SSO as platform for coop-
eration of its sponsoring SSOs. Such an entity would probably
not solve all coordination problems, but if it were sponsored by
the major SSOs in the field their combined expertise and “market
power” should be a unique selling point and attract also the big
corporate players.

Given the number and diversity of smart systems’ stakehold-
ers, this entity would need to follow a model that caters to
this variety,16 with BOMOS being a tried, tested, and readily
available example that has been applied in multidisciplinary
settings in ICT standardization. Moreover, the application of
BOMOS principles in this environment would likely lead to
the adoption of a two-tier process, where the technical issues
and the socio-economic/societal/ethical ones were considered
separately by different groups and where the latter informs the
former (see also Fig. 4). Moreover, “ethics by design” should be
a guiding principle. Last but not least, it would probably be nec-
essary to provide (government) money to ensure participation
of societal stakeholders.

Smart systems standardization was still at a comparably early
stage, so it should not be too late to devise an environment that
adequately caters for the standardization of a technology which
has the potential to dramatically change out lives—for better or
worse.

The study presented in this article does have its limitations,
most of which may prove difficult to overcome, though (at least
in the not-so-distant future). Probably most notably, it was based
in a limited number of responses; this holds for both the survey
and the case study. With respect to the former, and despite the
fairly substantial number of SSOs active in the smart systems
realm (see also Fig. 2 for one specific subsector), the number of
WGs that do specifically address smart applications (as opposed
to the more generic (smart) communication infrastructure) is
very limited. If and when this was going to change remains to
be seen; until then, a much large number of respondents from
the standardization side will be rather unlikely. Regarding the
case study, the upper limit of the number of responses was the
number of members of dedicated multidisciplinary WGs. To the
best of our knowledge, there were still none except for the one we
looked at. As a result, for the time being it will be very difficult
to base any such study on a much broader information basis.

BOMOS had primarily been adopted by domain standards
bodies in The Netherlands. These were small entities typically
working on one standard (or a very small number of closely
related ones). They covered a wide range of industry and
government sectors, including staffing, building, spatial data,
e-government, environment, and many more (see e.g., [37]; [38]
and Fig. 5; BOMOS was applied at the lowest level). Whether
or not it may easily be applied in other fields and transposed to
SSOs developing standards for smart systems remains to be seen.

16Within the framework of the World Trade Organization’s Technical Barriers
to Trade (WTO-TBT) agreement (https://www.wto.org/english/docs_e/legal_e/
17-tbt_e.htm, (accessed 18 December 2019).

https:&sol;&sol;www.wto.org&sol;english&sol;docs_e&sol;legal_e&sol;17-tbt_e.htm


This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

FOLMER AND JAKOBS: STANDARDS DEVELOPMENT FOR SMART SYSTEMS —A POTENTIAL WAY FORWARD 11

Fig. 4 suggested a direct input from societal stakeholders
to the technical work; primarily in the form of societal and
other nontechnical requirements to inform the technical stan-
dards setting. Smart systems will have a considerable impact on
individuals, businesses and, indeed, all forms of communities
(see Section 1 and e.g., [39] and [40]). Thus, such a link will
be crucial for the development of standards that were not just
technically feasible and economically viable, but which also take
into account smart systems’ strong societal dimension. However,
experience so far indicated that only few groups of stakeholders
were represented in ICT standardization (see e.g., [41] or [42])
and the same may be expected for smart systems standardization.
If and, particularly, how this may be changed in the future was
another aspect that will need further investigation.
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