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Abstract

In recent years, there has been intensive research on the Internet of Things (IoT), espe-
cially in the field of Industrial Internet of Things (IIoT). Building owners and tenants
in commercial sectors are benefiting from this development. The efficiency and com-
fort of buildings have been improved by using various sensors and intelligent algorithms.
Nonetheless, existing publications in the field of Smart Commercial Builidings (SCB) are
limited. As the topic is becoming increasingly relevant for both, applying companies and
providers of software and hardware solutions, this paper clarifies fundamental terms. It
explains the terms Digital Twin (DT) and Digital Shadow (DS) in the context of SCBs.
Furthermore, it reviews common use cases for SCBs. In order to identify those use cases,
the method Grounded Requirements Engineering (GRE) is applied.






Contents

h. Introductiod

1.1. Motivatiod ...................................

1.2. Structure of this Thesisl ............................

IZ. Background

P.1. The Internet of Thinp;si .............................

2.2. The Application of IoT Technologies for Buildings] .............

b. Problem Statement

3.1. Research Questionsl ...............................

U. Digital Twin and Dieital Shadow

4.1,

Definition and General Characteristics of a Digital Twid ..........

1.2.

Definition of a Digital Shadow]. . . . . . . . . o oo

4.3.

Distinction between Digital Twin and Digital Shadowl ...........

4.4,

Definition of a Digital Twin of a Smart Commercial Buildingj .......

4.5.

Evaluation of the DT SCB’s Definition and Discussiod ...........

4.6.

Threats to Validityl ...............................

1.7, Summar_yl

b. Common Use Cases of SCB&J

Definition of the Term Use Casel .......................

SCB Use Casesl ...........................

b.1.

5.2. Grounded Requirements Engineering ( GRE)l .................
b.3. Identification of SCB Use Cases applying GREj ...............
5.4. Resulting

5.5. Discussio

5.6.

Threats to Validityl ...............................

b.7. Summarﬂ

E. Conclusioa

6.1. Summarvl

6.2. Future Work] ..................................

|A. Expert Interview on Smart Commercial Buildings and their Digital Tvvid

13
13
14
16
18
47
47
48

49
49
49

93



61



List of Tables

b.1. Template for use case description based on [WLD15]| ............
b.2. Interim result of identified use case§ .....................
5.3. Monitor carbon footprintl . . . . . . .o
5.4. _Optimize use of green energﬂ .........................
5.5. Comply with ESG regulationd . . . . . . . . . . . ... ... ........
b.6. Establish transparency about energy consumptiod .............
5.7. Recognize energy saving otentiaj .......................
5.8. Improve energy efficiencyl . . . . . . . . ..o
5.9. Improve lighting managemenﬂ .........................
5.10. Optimize heating] ................................
5.11. Optimize Ventilatiod ..............................
5.12. Optimize air conditioniné ...........................
5.13. Improve air qualitvl ...............................
b.14. Implement indoor navigatiod .........................
5.15. Enable dynamic Worksw ..........................
5.16. Simplify room booking . . . . . .. ..o
b.17. Simplify resource booking and tracking] ....................
5.18. Automate building access control . . . . . .. ... ...
5.19. Manage video Surveillancel ...........................
5.20. Improve fire detectiod .............................
b.21. Comply with healthcare regulationsl .....................
5.22. Maintain in a predictive mannexl .......................
H.23. Clean reactive and condition—oriented .....................

iii






List of Figures

W1

Simplified decision tree of the Digital Twins subcategories according tci

.Pro+21| ..................................... 9

5.1. GRE according to [WLD15] . . . . . oo 15
b.2. Search term to find commercial SCB platform providers] .......... 17
b.3. Relevant use cases according to commercial platform providers{ ...... 21







1. Introduction

1.1. Motivation

The performance of buildings we use for commercial purposes has a critical impact on
our resource consumption, the safety ratio and our well-being [Ver+19]. Currently, our
building infrastructure accounts for more than one-third of global energy consumption
[Joe+19]. This is not surprising, given that the population in industrialized countries
spend the majority of their lives, up to 90 percent, indoors. Thereby, Heating, Ventila-
tion and Air Conditioning (HVAC) systems account for a large portion of total energy
consumption. In commercial buildings, HVAC account globally for around thirty-two
percent of their total energy consumption. [LSR20]

Our comfort and health are also influenced by the buildings we spend time in. For
instance, a Smart Building can help improve indoor air quality through monitoring and
control measures by analyzing sensor data. This can especially contribute to well-being
and health, as indoor air pollutant concentrations are higher than outdoor ones, while
the effective air exchange there is much lower [Sar20].

Profit-oriented organizations have recognized the considerable savings and further ben-
efits that can be realized through the intelligent control of buildings. For this reason,
improving building’s performance has increasingly been targeted by corporate optimiza-
tion activities, in order to achieve economic, environmental and further corporate goals.
A Smart Building used in a commercial or industrial context will be called Smart Com-
mercial Building (SCB) in the following.

An SCB applies technologies based on Internet of Things (IoT). It monitors and
controls the building by using a complex network of electronic devices and (mostly)
wireless media to transmit data. [Ver+19]

There are already numerous scientific publications on Industrial Internet of Things
(IIoT), the industrial application of IoT, and on Smart Homes, the IoT in private liv-
ing spaces. However, there is a small amount of scientific publications that cover the
combination of IToT and Smart Homes. This intersection is referred to below as Smart
Commercial Buildings and refers to the intelligent control of buildings intended for com-
mercial applications. This thesis aims to close the gap between the terms of Digital
Twin (DT) and Digital Shadow (DS) of an SCB and examines common use cases of SCB
platforms.

In addition to the definitions of a DT and a DS, the result of this thesis is therefore
a list of use cases and a respective use case description that can be used for defining
requirements for software engineering.



1. Introduction

1.2. Structure of this Thesis

In the course of this work, there will be a brief clarification of basics and terms necessary
for understanding in Chapter P. The motivation and research questions of this thesis
will be presented in Chapter . Chapter @ examines the differences between a Digital
Twin and a Digital Shadow and finally proposes a formal definition of a DT of an SCB.
In Chapter f common use cases are identified and described. Chapter j concludes this
thesis by summarizing the main findings and giving suggestions for future research.



2. Background

2.1. The Internet of Things

The term IoT was first mentioned in 1999, but primarily gained global notoriety in 2014
when Google bought Smart Home electronics manufacturer Nest Labs for $3.2 billion
[Kar+19].

As [Sis+18] state in their work, there are several ways of defining IoT. This is caused
by the fact that requirements and implementations of IoT depend on the respective ap-
plication field and might differ. By a broad definition, IoT is the extension of computing
power and network connectivity to sensors, devices, and other items, not typically re-
ferred to as individual computers. These so-called smart devices aim to reduce the need
for human intervention. [Ros+15]

IoT is enabled by different hardware and software technologies that can be grouped in
three categories. Those are devices that collect information (smart devices), technologies
that enable those devices to process information and such that improve security and
privacy [Pat+16].

It can be observed that IoT for private users is more human-centered, and the com-
munication can consequently be described as machine-to-user interaction, while IoT in
industrial environments (IIoT) typically interacts machine-to-machine [Sis+18]. This
conclusion is also drawn by [Boy+18]. In their comprehensive publication, [Boy+18&] ex-
amine the concept of IToT and its relationship to related terms that are used by mistake
as synonyms in business practice, such as Cyber-physical system (CPS) and Industry
4.0. They conclude that I1oT is a system, that includes cyber-physical assets, connected
smart devices and other information technologies to enable intelligent, autonomous real-
time processing in industrial environments to improve production value. ITIoT exceeds
the scope of a CPS and is characterized by the real-time character of its interactions
with physical objects [Boy+18|. Real-time is a defined term and only used for a system
that can deliver processing results within a deterministic, usually short period of time
[Gesl14].

Industry 4.0 is used as an umbrella term for technologies and concepts to further
improve the German economy. It is necessary for Industry 4.0 to be able to monitor
physical processes with the help of CPS and as a result, decentralized decisions can be
made [Boy+18]. Based on similar considerations, [Sis+18] conclude that Industry 4.0 is
the intersection of CPS and IloT.

In order to implement IoT and IIoT, different architectures can be deployed [Ala+18].
Layered architectures similar to the ISO Open Systems Interconnection (OSI) 7-layer
model are repeatedly proposed in scientific publications. Examples include the reference
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architecture model for Industrie 4.0 (RAMI 4.0) [Hei+19], the 4-layer IoT architecture
according to [Pat+16], the five-layer IoT architecture [|Ala+18], and the Industrial In-
ternet Connectivity Framework (IICF) of the industrial Internet consortium [Conl7].

A large number of communication standards are used for the practical implementation
of these layers. [LFD18§], for example, identifies 123 standards and technologies, applied
in the context of IloT.

In addition to the industrial application field, there are other domains of IoT. [ARJ19]
develop a taxonomy of IoT application fields based on their Systematic Literature Re-
view (SLR) and show that these include health, environmental, smart city, commercial,
industrial, and general aspects at the time of the study.

Smart buildings do not yet appear in the overview of 2019 but are considered as
a separate future research direction by [ARJ19]. The following section provides basic
information on this emerging application area.

2.2. The Application of IoT Technologies for Buildings

The definition of Smart Buildings is ambiguous in recent scientific publications. [Ver+19],
for example, equates a Smart Building with a Smart Home, that is the exclusive appli-
cation in the user’s private area of use. Other authors use Smart Building as a generic
term for digitalized buildings with different purposes [BG17; Kum+21]. Additionally,
some other researchers add an explicit adjective to the term by what kind of building
is meant. For example, [Cha+18; EF18] use the term SCB to refer to a building with
meeting rooms [Cha+18] and [EF18] does not specify it further. [ARJ19] generally
distinguishes between the IoT application domains commercial and industrial. Commer-
cial IoT summarizes topics around shopping systems, including retail, and industrial
IoT bundles traditional manufacturing applications. This work is more aligned with
[Bar20]’s definition of SCBs to be commercial or industrial building projects in which
IoT technologies are applied to improve tenants’ and owners’ comfort, safety and in
general resource consumption.



3. Problem Statement

3.1. Research Questions

There is currently some ambiguity regarding the use of the terms Digital Shadows of
Smart Buildings, Digital Twins of Smart Buildings, and Smart Building platforms when
used in an industrial context. Proof for the ambiguity will be provided in the following
chapters. This problem is also known from other application fields of IloT. However, in
those application fields, recent scientific publications address this problem by elaborating
typical characteristics of the entities as one approach to clarify.

One aim of this thesis is to contribute to the clarification in the field of SCBs by
considering the mentioned concepts. This will be done by transferring the results from
a short literature research but also by comparing them with the results from qualitative
expert interviews.

Furthermore, there is a notable quantitative difference in the amount of scientific
publications on Smart Buildings in contrast to the already intensively researched appli-
cation field of IIoT. There are currently no publications on a use case driven approach
to implement an SCB platform.

For this reason, another aim of this work is to counter the lack of publications on
use case driven software development approaches for Smart Buildings. Applying the
well-known method of Grounded Requirements Engineering (GRE) common represen-
tative use cases of a SCB platform, are identified and described. Overall, the lack of
transparency of terminology and methods for implementing an SCB platform will be
addressed by answering the following Research Question (RQ)s:

(RQ1) What is a Digital Twin and a Digital Shadow of a Smart Commercial Building?

(RQ2) What are common use cases for a Smart Commercial Building Platform?

3.2. Scope

Not part of this work is the use of IoT technologies in Smart Homes, meaning in the
private usage area. Also the integration of Smart Building into a smart city is out of
scope of this paper. The research on existing suppliers is limited to those with software
solutions on offer. Suppliers such as ABB [ABB22] and Infineon [inf22] advertise smart
buidlings, but mainly offer technical components for building automation. Providers
with this focus were excluded from the scope of this thesis.






4. Digital Twin and Digital Shadow

In SCB platforms the physical building is mirrored by a DT. Therefore, it is necessary
to precisely define the term DT before starting the software development for an SCB
platform. Since the terms DT and DS are not clearly defined and distinguished from
each other in literature [Bec+21], this chapter aims to find a definition for a DT of an
SCB that reflects a DT’s essential characteristics and enables differentiation from the
DS. The findings of this chapter serve as a theoretical foundation for developing an SCB
platform concept, in alignment with publications covering state of the art solutions.

In this thesis there will not be a discussion about setting up a blueprint for an SCB
platform.

To complement the chapter, the definition is compared with the result of an expert in-
terview (Appendix |A[). This comparison enables a valid and relevant conclusion regarding
the definition of its accuracy.

4.1. Definition and General Characteristics of a Digital Twin

One of the initial definitions of a Digital Twin (DT) refers to one as an “integrated [...]
simulation of a vehicle or system that uses the best available physical models, sensor
updates, fleet history, and so on to reflect the life of its flying twin” [GS12]. Although
this definition is still frequently taken up today [Qi+21; SWB21; AR20; Ant21], the
term DT is now used in a broader context. [Liu+21] examine 240 publications in their
comprehensive review of DTs concepts, technologies, and industrial applications, and
conclude that there is yet no formal or generally accepted definition of a DT. Although
[Liu+21] conclude that the currently used concept of a DT is "general and ambiguous”,
after examining 21 identified DT definitions, they state that the following aspects should
generally be covered:

¢ Individual: The DT matches its individual physical twin exactly.

o High-fidelity: The DT can simulate the behavior of the physical twin as closely as
possible over its lifecycle.

¢ Real-time: New technologies enable the DT to adapt and respond with low latency.

¢ Controllable: A change to one twin results in the same change to the other twin
in each case. The physical and Digital Twins, therefore, control each other.

Especially the latter point differs from other interpretations, that see a DT as a mere
virtual representation of a physical object (covering only the direction from the physical
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world to a DT), and sometimes offering the option of simulation. Due the uncertainty in
the use of the term DT, most publications claiming to implement a DT, but while taking
a close look, they actually refer to a Digital Model (DM) or DS [Liu+21]. Therefore, the
next chapter focuses on the definition of a DS to be able to distinguish between a DT
and a DS.

4.2. Definition of a Digital Shadow

The term Digital Shadow originates in the privacy debate on risks of data traces, caused
by actions performed online [LJ20]. These were referred to as Digital Shadows.

However, the meaning of this term has shifted. Especially in the context of IIoT
a new meaning of DS has gained importance. By now term DS is established in the
context of IIoT, however, there is a limited number of publications in the context of
Smart Buildings [Cou+21]. For this reason, the following section draws on general
explanations and definitions of a DS from the IIoT field of application.

DS in IIoT are seen as data sets on assets, processes, or a systems [Bre+21]. A DS’
data structure is described differently in literature, but there is a consensus that a DS
only contains data that is necessary for a specified purpose [LJ20; Bec+21; Bre+21].
Since DS are small, purpose-driven and lightweight data subsets of a DT they can be
applied for aggregating and providing data in real-time scenarios rather than a DT itself
[LJ20; Bec+21].

[Bre+21] suggest to implement what they call a DS Caster. This DS Caster is re-
sponsible for providing annotated and structured data for specific purposes — in other
words for the aggregation of relevant data and providing them as DS. Since a DS Caster
is implemented as generic functionality, it is necessary to implement DS templates, so-
called DS Types, that contain meta information about DSs. A DS Caster is capable of
processing requests and providing DS instances based on the requested DS Type.

In the following section, distinguishing features between DS and DT are explicitly
discussed.

4.3. Distinction between Digital Twin and Digital Shadow

Since the in @ lack of clarity and consensus concerning the term DT is not only found
in literature but also among commercial providers for SCB platforms, the terms DM
and DS will be clarified below. Apart from that, the distinction between the different
models Digital Model, Digital Shadow, and Digital Twin is simplified by the decision
tree elaborated by [Pro+21]. A simplified version is shown in Figure §.1.



4.3. Distinction between Digital Twin and Digital Shadow

Digital Model with
physical counterpart

Automated
data flow from
physical object to
its digital
counterpart

Automated
data flow from
digital object to
its physical
counterpart

Digital Model

Digital Shadow Digital Twin

Figure 4.1.: Simplified decision tree of the Digital Twins subcategories according to
[Pro+21]

While all mentioned terms describe a digital representation of a physical counterpart,
a DM does not get updated automatically if its physical counterpart changes [Pro+21].

A DS is better integrated than a DM in the broadest sense. While a DM has no
automated data flow, a DS serves as an accurate mirror image of the physical object and
adapts to the changes automatically. The DS’s data sets and data traces must be just
“sufficiently accurate” and aggregated from different data sources to fill the needs of the
specific application or task [BHF18; Dal+20]. For this reason, before creating a DS, it is
crucial to know how to select data, how detailed it should be, and what format it should
be in [SDT18§]. In addition to data from the CPS, the DS also contains context-describing
metadata [Dal+20]. This metadata enables data evaluation and provision from different
perspectives [Bre+21]. However, it is not possible for a DS to communicate reversely
and control the physical object. This is reserved for the DS only.

In this work, an interpretation of DTs is used, including bidirectional control mecha-
nisms and therefore is extending the virtual representation of a physical asset. Moreover,
based on the results of [Dal+2(], it is assumed that a DT consists of a set of DSs, and
a set of further models and services (e.g. a DS Caster), the latter enables to interact
with a DT and request data. This is an essential conclusion by the author of this thesis
and used as a basis for the following chapters, neglecting deviating interpretations that
can be found in literature. At this point, the terms DT andDS are clarified and clearly
distinct.
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4.4. Definition of a Digital Twin of a Smart Commercial Building

The number of publications on DTs in Smart Buildings is lower than in the manufacturing
context, but there is also a lack of unity observed in what the DT includes, can be
identified. [KRW19; KX1§], for example, consider the DT of a Smart Building equivalent
to a Building Information Modeling (BIM), which cannot exercise control on its physical
twin. This definition contradicts the previously established characteristics of a DT and
it will therefore not be used. Nevertheless, it is important to clarify the term BIM which
is indeed relevant for the next steps.

A BIM is a method to digitally represent the physical structure of a building with
a high depth of information. This includes, for example, the geometry of units and
components of the building and additional information such as technical properties. BIM
contains a rather static set of data, as for instance the structure of the building. If the
BIM is maintained and updated continuously over the entire life cycle, it can lead to an
enormous reduction in effort, in particular by preventing redundant data entry. [Bor+15]
BIM has become more mature in recent years and is not only used in the planning, design
and construction phase but increasingly also in the operation and maintenance phase
[LSR20].

Obviously, static building data is relevant for the representation of a real building.
So, assuming that BIM model and DT are not identical, the question arises how BIM
data can be integrated into the DT. [CFB20] focuses on this integration of a BIM model
into the DT of a Smart Building. For this purpose, reference architecture is presented,
which combines the dynamic data from sensors (like air quality or occupancy) and the
static data of the BIM model in one database. There is a proposal on how to automate
the translation of BIM software data, which according to the author is mostly in IFC
standard, into a domain ontology. Doing so, she interprets the DT of a building as a
set of data reflecting the state of a system, including BIM and sensor data. However,
their interpretation of a DT cannot be adopted one-to-one for this work, as it does not
sufficiently address controllability and related services, as typical characteristics of a DT.
It can be inferred from this definition that data from the BIM must be integrated into
the DT. For this reason, the DT of a Smart Building contains data about the dynamic
state of the physical object, such as the room temperature, but also static data, such as
the physical structure of the building. [CFB20]

Based on the identified characteristics of a DT, the identified need to integrate data
from the BIM model, and the distinction made from the DS, the following definition of
a DT is proposed for an SCB by the author of this thesis:

10



4.5. Evaluation of the DT SCB’s Definition and Discussion

A Digital Twin of an SCB (Digital Twin of a Smart Commercial Building (DT
SCB)) is a virtual representation of a building used for industrial or other commer-
cial purposes. It is connected to its physical counterpart in such a way that there
is an automated continuously bidirectional flow of data and control information
between the virtual and physical object. A DT SCB monitors its individual phys-
ical twin precisely and adapts operational changes in real-time. Besides, it is able
to integrate data of a BIM. In addition to dynamic and static data from different
data sources, a Digital Twin also contains various controlling functionalities and
services for providing Digital Shadows, which contain a use case specific section
of data. A DT SCB can be maintained and constantly adjusted throughout the
entire lifecycle.

4.5. Evaluation of the DT SCB’s Definition and Discussion

To evaluate the proposed DT SCB definition, an expert interview was conducted to
collect qualitative insides. The methodology for the interview is based on the guidelines
of [RM16], who describe interviews as a qualitative method for empirical studies. A
structured interview was conducted with questions that the author defined before the
interview took place, considering the scope of this thesis and the in Chapter § mentioned
research question. In contrast to an interview-based survey questionnaire, mostly open-
ended questions were chosen as question type. The interview was conducted as a one-
to-one conversation with a Ph.D degree in Human Com- puter Interaction and Ambient
Intelligence (Appendix @)

A key finding of the interview is, the expert’s describes of an DT SCB as a pure
data model, that adapts to operational changes in the physical building. However, when
questioned more closely, functionalities were explicitly mentioned as a possible content
of the DT SCB. According to the expert, the direction of automatic data transmission
between physical building and its Digital Twin depends on the application context. The
interviewed expert states that the mere digital representation of a real object without any
control functions can still be a DT SCB due to the fact of the broad definition of a DT.
The expert sees a notable overlap between BIM and DT SCB. Anyhow, the equivalence
only exists if dynamic sensory data is included in the BIM model. Furthermore, the
expert sees the possibility and the trend of using the DT SCB over the entire life cycle.

Compared with the proposed definition of a DT SCB in the previous chapter, the
interviewed expert does not assess all the characteristics as mentioned in the proposed
definition as necessary and in addition, does not demand any new characteristics. As
significant difference to previous findings he does not require the following three major
points:

e The ability to control the physical twin
e Functions or methods that provide data

« Bidirectional data flow

11
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While the expert leaves the interpretation to the application-specific context, the
proposed definition selects an option, ensuring a clear distinction between the DT SCB
and an DS.

4.6. Threats to Validity

In regard to validity, it is necessary to evaluate whether (in this work, the qualitative
interview) is the right tool to measure exactly what it should measure or not [DB15]. A
distinction can be made between four types of validity [DB15]: internal validity, external
validity, statistical validity and construct validity. The chosen measure of conduction
and qualitative interview is considered to be externally valid since the results are general-
izable [DB15]. Due to the limited scope of this thesis only one interview was conducted.
Considering the short period of time that DT SCB is implemented in building infras-
tructure, there is also a limited amount of academic experts available for qualitative
interviews. Since only one expert interview was conducted for this qualitative approach,
the informative value is limited. In order to obtain a more reliable result for future
research, the survey should be conducted with a larger and more diverse amount of
academic experts.

4.7. Summary

Within literature there is ambivalence in regard to DT SCBs as already described in
section @ Combining those scientific literature findings with the statements of the
expert that led to the discussion in section @.5, it can be concluded that expert and
literature overlap and avoid agreeing on details within the definition of an DT SCB.
Instead they depend the definition on the application context. This was not done in the
proposed definition of a DT SCB. Instead, the findings of the previous chapters were
consolidated and a specific definition was created on this basis

12



5. Common Use Cases of SCBs

In this chapter, @ is addressed and common use cases for an SCB platform are iden-
tified. is answered with a tabular listing of use cases. The identified use cases are
the basis for determining the requirements of an SCB platform in following chapters.

Since the term use case is interpreted in different ways, in the beginning it will be
explained what is understood by it in the context of this work and how comprehensive
use case descriptions will be. The GRE method will be applied to identifiy use cases.
Firstly, GRE will be introduced. Secondly, the deviant actions will be explained. Finally,
the result of this GRE variant and thus the answer to @ will be presented. This chapter
results in 21 common use cases for SCB platforms. The use cases are assigned to eight
use case categories. In addition, it is determined which business objectives are pursued
per category.

5.1. Definition of the Term Use Case

Use case diagrams have proven to be beneficial for depicting behaviors and functionalities
of software systems [AH22]. They improve the comprehensibility of requirements, and
thus support Requirements Engineering (RE), which is considered the most crucial phase
in developing software, as it forms the foundation for future decisions [WLD15]. A use
case is defined as a description of the sequences of interactions between a system and
its actors, written in natural language. It can be used in various situations, such as
describing work processes and as a basis for discussion. [Cocl(]

A common understanding of a use case is that it expresses the functionality and the
functional requirements of a system [Cocl6; Alh02; 07; Sav+12]. [AlhO2] state, that
use cases are “unit[s] of behavior or functionality provided by an entity as a service to
actors”. An actor is thereby understood to be a role outside of the use case entity, such
as a human user or another system, that can interact with said entity. [WLD15] agree
with this definition, but explicitly distinguish between the use case diagram, which is
intended to visualize existing relationships and dependencies, and the tabular use case
description, for more detailed information. Both are understood as part of the use case
model, which the requirements analysis’ overall goal.

The use case description can vary in scope and level of detail. As [Sav+12] conclude in
their work, the abstraction level of use cases depends on their purpose and stakeholders.
For this work, it was necessary to establish an overview of the functional and behavioral
requirements that should be addressed internally and through the user interface.

13
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Use Case Name: Active phrase, that reveals the function (e.g.,
<verb><object>)

Description Short summary of the system behavior, including the use
cases’ goal

Primary actor Actor identified in Grounded Theory (GT) e.g., the main
user

Preconditions Conditions identified in GT, that must be fulfilled before start

Trigger Actuating interaction after all preconditions are fulfilled

Main success Step-by-step specification of all individual actions of the in-

scenario teraction sequence which specifies the most frequent

Associated use cases | All associated use cases

Table 5.1.: Template for use case description based on [WLD15]

In order to do so, the use case description based on [WLD15] has been limited to six
attributes, that describe relevant activities (description, main success scenario), main
users (primary actor) and relations to other use cases (preconditions, trigger, associated
use cases). These appear to be essential for building the platform, as they can be used
to conclude what data needs to be provided, in which form, and what other use cases
need to be involved. The result is an abbreviated table for use case, as shown in Table

5.2. Grounded Requirements Engineering (GRE)

Within the context of RE, various approaches have been established. Among them is
GT, a social research method used for various RE activities, such as modeling abstract
content and explaining for the relationship between concepts, and grounding use cases
based on requirements elicitation [CB20]. Although there are several known approaches
to use GT in requirements engineering [SB15; DLB18&; Hall2], it appears that only
[WLD15] transfers categories into use case specifications, using GRE.

By providing a structured method for developing use case specifications, GRE makes
its results directly usable for an object-oriented or agile software development process,
which in return is particularly suitable for the development of the planned platform.
GRE is therefore selected as the preferred procedure to identify, categorize, and contex-
tualize use cases.

The prerequisite for the application of GRE is fulfilled, because most of the require-
ments of the GRE method are met. Even if not obvious, the activities are observable in
the investigated environment. While the traditional RE outputs a network of categories,
GRE translates these categories into use cases that can be applied in the design phase
of the software development process.

14



5.2. Grounded Requirements Engineering (GRE)

Real World
| 1. Collect Data pomsmmmmm—nenes 1----------------,
| E 4. As long as :
¢ : theoretical |
i saturation not yet
2. Coding v E achieved |

¢ Open COdll’lg . Lo
* Axial Coding 3. Me@

* Selective Coding
|

Grounded Theory Results
v

| 5. Structure transfer |
v

| 6. Content transfer |
v

| 7. Detail completion |
v

Use Cases

Figure 5.1.: GRE according to []

[] describe GRE as an iterative process, consisting of two phases, each based
on known methods from different fields. The complete procedure is shown in Figure

In the first phase, the well-researched GT method is applied to get an abstract report
of the real world, or more specifically, of user behavior and automation requirements.
These should later be handled through the software system. The proposed GT approach
according to [], as well as the deviations in the approach used in this work, are
presented below:

1. Collect Data: Collecting data is usually done through investigations in direct con-
tact with potential customers using methods such as interviews, questionnaires or

watching users performing the task manually to identify their needs.

2. Coding: Examining the collected data is called coding. There are different types
of coding.
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5. Common Use Cases of SCBs

a) Open coding: The found activities, called concepts, are grouped under match-
ing terms, called categories.

b) Axial coding: In axial coding, a hierarchical order is established among the
categories.

c¢) Selective coding: In this step, the core statement is identified, to which all
categories are related since it summarizes the central message of the GT.

3. Memoing: Memoing involves taking notes of the researcher’s thoughts in order to
reflect on the ideas that arise. For this work, use case diagrams were drawn to
facilitate later hierarchical structuring.

4. Repeat: As long as new data leads to new findings, steps 1-3 required to be
repeated.

The result of this first phase is the GT result. In the second phase, the GT result, a
network of categories, is translated into directly applicable use cases. This involves three
steps:

5. Structure transfer: In the first phase, categories are turned into use cases by trans-
ferring basic information (such as identifier, name and description) in order to get
a basic idea of the use case.

6. Content transfer: In this phase, the use cases are enriched with further information,
like process information.

7. Detail completion: In the last phase, the perspective is shifted to a software per-
spective. For this reason, identified activities that should be digitalized are trans-
lated into software features.

For this work, some adjustments were made to the GRE method to adapt it to the
preconditions of this work. Those are described in the next chapter.

5.3. Identification of SCB Use Cases applying GRE

In this work, the GRE method is adapted so that the results can be used to create
software that is not based on current, possibly inefficient processes, but on the oppor-
tunities created by the use of new technologies. These technologies can significantly
change the way a company works. There were no interviews conducted to identify use
cases of Smart Building owners, nor are their employees observed while performing man-
ual tasks. Instead, a different method is applied to obtain relevant use case data: The
GRE approach is adjusted for the purpose of examining solutions that may not yet be
known to the applying company, but a concept might already developed by SCB plat-
form providers or suggested by academic case studies. As source of information for the
use case descriptions, commercial SCB providers’ web sites are chosen, as well as recent
scientific publications on the corresponding use cases. Assuming that the commercial
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5.3. Identification of SCB Use Cases applying GRE

vendors keep their offerings up to date and since the literature search is covering only
on the current time period, both should represent the current state of the art.

For the identification of use cases, the features of the commercial vendors were an-
alyzed. The research was continued until little further information was obtained per
category and therefore theoretical saturation was approximately reached according to
[WLD15]. The result was further narrowed down by considering only features that ap-
peared at least twice. In order to find relevant commercial platforms, Google was used
as a search engine. Figure shows the search string, that was passed as search input.
To ensure the neutrality of the result, personalized advertising and personalized search
results, and personal default settings were disables in advance.

Smart Building <OR> Building
Automation System <OR> Connected
Building

<AND>

Platform <OR> Software

<AND>

Office <OR> Commercial <OR>
Industrial

Figure 5.2.: Search term to find commercial SCB platform providers

The search results are filtered and the offers of the platform providers are examined
more closely. The search was stopped when little further information was obtained per
category, nor was the knowledge further refined for use cases. This happened after
analyzing seven providers’ solutions in detail. Thus, the point of theoretical saturation
was reached according to [WLD15] and the search was stopped.

The use cases found were assigned to expressive designations and the absolute number
of their occurrences was calculated. Only uniquely occurring results were omitted. Since
the use cases varied in scope and were partially inclusive, a hierarchical structure was
created.

Finally, eight categories and 21 associated use cases were identified. It is noticeable
that a clear assignment to one category is not possible for any identified use case. This
is indicated by arrows between categories and capabilities in Figure and leads to
the assumption that different use cases may require the implementation of the same
capabilities. Since platform providers come up with fewer descriptions of small-step
tasks on their websites and more of a listing of their features, a supplemental literature
review was conducted to increase the depth of information. However, a description that
includes a step-by-step specification of the activities of a use case was rarely found in
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5. Common Use Cases of SCBs

either type of source. Therefore, it is not only derived from feature descriptions but
also from primary (case) studies or how a typical sequence of actions of a software
solution for the respective use case could look like. The use cases are then assigned to
use case categories. For each category, it is then determined which corporate goals are
particularly relevant for it. The assignment of the company goals to the categories is
done in order to simplify the recognition of possible target conflicts. This is considered
later in this thesis. The decision whether a goal belongs to a category, is determined
by asking the question “Does a use case of this category contribute to the achievement
of the objective?”. When the answer is yes, the use case is considered for the relevant
category.

5.4. Resulting SCB Use Cases

In this chapter, the identified use cases are listed in Table @ and assigned to eight
different categories in Figure p.3.

Table @ shows the interim result of the GRE method, particularly the covered use
cases by SCB platforms of seven companies (Siemens AG, Johnson Controls ple, Eco
Energy Insights Ltd., Envizi (an IBM company), Mapiq B.V., Bosch GmbH, Spacewell
(Nemetschek SE)) that provide SCB platforms. The titles of the use cases can be found
in the left-hand column. However, these terms also include use cases that are named
differently by the provider but whose descriptions match those of the other providers.
The right column indicates how often the use case occurred in total, considering the
platforms of the mentioned SCB platform providers. Since the research question is to
identify use cases that occur frequently, use cases that occurred only once were omitted
for the later course.

The final result of the GRE method is the GT result, which is shown in Figure @ It
contains the identified use cases and the categories to which they are assigned by arrows.
Categories found are listed on the left-hand side, use cases are listed on the right-hand
side. Above the eight categories are icons with symbols for various corporate goals that
are particularly relevant for the respective category. The different goals also illustrate
the heterogeneity of the use cases found. It can be concluded that business objectives can
be in conflict for different or even the same use case, e.g. improving sustainability while
implementing a use case, which can lead to a cost disadvantage in the short term. This
conflict of goals must be considered when developing an SCB platform, since different
priorities can lead not only to different rules and thresholds, but also to a different
functional scope of the use cases. For example, improving fire protection could focus on
complying with legal requirements only.

Furthermore, the primary actors that perform operations for the respective use case
differ. The following is a listing of the identified actors and a description of their role:

o (Operating) Accountant: Employee that provides (financial) information as a basis
for decision-making by management.

e Control unit: A control unit can have a different scope in the actual implemen-
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5.4. Resulting SCB Use Cases

Use Case Total amount
Simplify room booking

Simplify resource booking and tracking
Establish transparency about energy consumption
Recognize energy saving potential
Improve energy efficiency

Optimize on-site energy production and storage
Improve energy procurement

Improve lighting management (HCL)
Improve control of industrial refrigeration
Choose the best finance option

Optimize heating

Optimize ventilation

Optimize air conditioning

Improve air quality

Automate building access control
Manage video surveillance

Send mass notifications

Improve the evacuation process

Improve fire detection

Ensure fire suppression

Comply with healthcare regulations
Maintain in a predictive manner

Clean reactively and condition-oriented
Improve incident management

Implement indoor navigation

Virtualize data management

Building lifecycle management

Improve catering

Monitor carbon footprint

Optimize use of green energy

Comply with ESG regulations

\)
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Table 5.2.: Interim result of identified use cases

tations, depending on the respective IoT architecture. However, it is always the
entity that decides on how to control devices or physical objects, such as win-
dows or the aeration system. The control unit might be a simple base station
that implements the control algorithm for devices, which is also called smart con-
troller or (smart) device manager according to [Ver+19; Sam16] and is located
between device and IoT gateway. However, especially for cloud-based software,
[oT gateways are applied, which perform various tasks, such as Network Address
Translation (NAT), authentication and authorization. Those IoT gateways also
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5. Common Use Cases of SCBs

handle software requests that are addressed to devices in local networks, without
a base station being connected in between. In this case, the control algorithm can
be stored centrally in the cloud. [Nug+1§]

o Employee: Any person employed by the company

e Energy manager: Employee of the energy management department, which is a
subsystem of the quality management system If not existing, an employee that has
the responsibility to contribute to the company’s goals by optimizing the use of
energy [Kyc+19|

e Facility manager: Either contractor or internal employee responsible for adminis-
tration, operation and maintenance activities related to the company’s buildings
[DGM17|

o Safety manager: Employee that prevents workplace hazards for company employees
and promotes a safe work environment.

e Security service: Either contractor or internal employee that ensures the object
protection of the building

e Sustainability manager: Employee who systematically implements the company’s
goals with regard to sustainability in internal processes. In particular, the reduc-
tion of C'Oy is part of his / her responsibility.

e Visitor: A person who is only in the building temporarily and is not an employee
of the company, such as an applicant, a customer’s purchaser, or a supplier’s sales
representative.

o Software: The set of computer programs, procedures, rules and data [18] that
should be implemented for this use case.

In the following subsections, tabular use case descriptions of all 21 identified use
cases are listed. The content of the use case descriptions is structured according to
the template presented in section @ The content of the use case description is based
on features of SCB providers and recent scientific publications. As far as possible the
information is summarized and consolidated. Features that are not clearly related to the
respective use case have been neglected. If different solutions contradicted each other,
the use case is aligned with the majority. In case of a tie, the more detailed case was
chosen.
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5.4. Resulting SCB Use Cases

A Monitor carbon footprint

B Optimize use of green energy

I L

| 1 Improve sustainability

C Comply with ESG regulations

D Establish transparency about energy consumption

z @ ()

| 2 Improve energy management

2

E Recognize energy saving potential

F Improve energy efficiency

lz ()

| 3 Improve working environment

o]

G Improve lighting management

H Optimize heating

lz

| 4 Improve workplace satisfaction

o]

J = o]

I Optimize ventilation

J Optimize air conditioning

K Improve air quality

lz

| 5 Improve asset management

L Implement indoor navigation

M Enable dynamic workspaces

()

| 6 Improve security management

m e

| 7 Improve safety management

N Simplify room booking

O Simplify resource booking and tracking

P Automate building access control

Q Manage video surveillance

lz ()

| 8 Improve facility management

R Improve fire detection

S Comply with Covid 19 regulations

T Maintain in a predictive manner

U Clean reactively and condition-oriented

Ié Optimization ’ Sustainability 'K.l'?‘ Compliance % Cost reduction  JB]  Comfort

of resource use improvement

Figure 5.3.: Relevant use cases according to commercial platform providers
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5. Common Use Cases of SCBs

5.4.1. Monitor carbon footprint

This use case description is based on features from platforms of commercial vendors
[Env22; Bos22]. Because C'O2 emissions in production are mainly caused by heating,
cooling, lighting, or mechanical energy, there are various levers that can be used to save
energy and thus C'Oy emissions. Examples include demand-driven control of systems and
switch-off management in production. [Bos22; Env22] To ensure that these measures can
be managed in a reasonable way, the C'Oy consumption in the company should be known
and tracked. Setting decarbonization targets and a decarbonization strategy helps to
set the proper focus for emission reduction. Optimally, the impact of projects with
reduction measures can be tracked and the target achievement verified. The scope of
CO9 emission monitoring can also include emissions along the entire value chain. For
example, [Bos22| offers options for developing the product portfolio in terms of energy
efficiency. Since this is only done by this specific provider in the context of a Smart
Building and goes far beyond its monitoring of it, it is not considered further here.
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5.4. Resulting SCB Use Cases

Use Case: A ‘ Name: Monitor carbon footprint ‘

Description Greenhouse gas emissions are calculated and presented
in a dashboard. It is possible to identify the worst CO-
polluters within the company and set reduction targets,
as well as track the development.

Primary actor (Operating) Accountant, energy manager or sustainabil-
ity manager

Preconditions Consumption of energy and operating resources, business
travels and energy sources used are known.
Trigger Continuously tracking of data; preparation of official re-

porting, check compliance with legal Environmental, So-
cial and Governance (ESG) requirements

Main success

seenario 1. Primary actor calls data on the consumption of en-

ergy resources
2. Software calculates energy-related emissions

3. Software visualizes emission data (also of regulato-
ry/legal limits)

4. Primary actor chooses suitable level of granularity

5. Primary actor sets decarbonization targets and

tracks progress towards those emission reduction
targets

Associated use cases | Optimize use of green energv‘ bomplv with ESG regula—i
tiond. [Establish transparency about energy consumption,
Recognize energy saving potentia‘, t[mprove energy eﬂi—l

ciencxI

Table 5.3.: Monitor carbon footprint
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5. Common Use Cases of SCBs

5.4.2. Optimize use of green energy

This use case is implemented as feature by commercial vendors [Joh22a; Env22; Bos22].
As newer energy distribution grids move toward using various sources of energy, the
use of these energy sources must be optimized. While commercial providers mainly
promote the flexibility of using different energy networks and storage capabilities [Sie;
Joh224; Env22; Bos22], the production of energy from renewable sources can be seen as
a optimization problem. [Arn+16] propose a system capable of controlling energy flows
inside a Smart Building by optimizing cost-revenues with a function that allows to to
buy energy at the lowest cost within a 24 hour slot.

’ Use Case: B ‘ Name: Optimize use of green energy
Description Optimize the renewable energy systems to cut carbon
emissions.
Primary actor Energy manager
Preconditions Costs and revenue of energy prices are known and avail-

able via an interface

Trigger None — is done continuously

Main success

scenario 1. Software monitors the generated energy

2. Software monitors free and occupied storage capac-
ities

3. Software analyzes terms of cost and revenue

4. Software calculates the optimization function

5. Depending on the result, software recommends dif-
ferent actions and automatically triggers control
units

Associated use cases | Monitor carbon footprintl, Comply with ESG regulations,
Establish transparency about energy consumptionl, IRec-I
bgnize energy saving potentiaj, Ilmprove energy efﬁciency|

Table 5.4.: Optimize use of green energy
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5.4. Resulting SCB Use Cases

5.4.3. Comply with ESG regulations

Compliance with ESG regulations is supported by several commercial vendors [Eco22;
Env22; Sie]. Their feature description is the basis for this use case description.

ESG are additional, non-financial indicators that are designed to measure and compare
the social and environmental sustainability of a company. ESG has gained importance
in recent years and must already be taken into account in accounting regulations [Dit22].
As ESG reporting increasingly becomes a relevant part of disclosure requirements for
sustainability information, automatic data preparation and performance tracking over
time (as done by [Env22]) for this purpose are also playing an increasingly important

role.

’ Use Case: C

‘ Name: Comply with ESG regulations

Description

The compliance with important ESG regulations is visu-
alized in a dashboard.

Primary actor

(Operating) Accountant

Preconditions Interface for importing information on regulations / Up-
dated cockpit by provider
Trigger Preparation of the annual financial statements

Main success
scenario

1. Primary actor calls checklist of...
e ..existing buildings
e ..major renovations
e ..new constructions
2. Software monitors policy compliance

3. Primary actor edits and saves policy compliance

Associated use cases

Monitor carbon footprinﬂ, bptimize use of green energvl,
Establish transparency about energy consumptionl tRec-I
ognize energy saving potentia‘, IImprove energy efﬁciencyl

Table 5.5.: Comply with ESG regulations
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5. Common Use Cases of SCBs

5.4.4. Establish transparency about energy consumption

Transparency about energy consumption is the basis for many other applications. [Bos22;
Joh22a; Sig] explicitly mention this as a feature of their platform. For this reason, their
published information is also the basis for this use case description.

This use case can vary in scope. While [Env22] taps the underlying data from elec-
tricity meters, utility bills and other sources and provides the data in a processed form,
[Joh224] promises a dashboard for energy consumption across the entire supply chain.
[Sie] offers in comparison a rather slim tool, which provides a dashboard with the pro-
cessed performance data in addition to the pure data collection of energy consumption
data. In this use case, it is also conceivable that values are graphically displayed in a
dashboard, which are described in this work in other use cases, such as COs emission
values and an energy profile analysis.
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5.4. Resulting SCB Use Cases

Use Case: D Name: Establish transparency about energy consump-
tion
Description The energy consumption (in form of electricity, heat,

fuel, gas) of various consuming devices and device groups
(e.g. office lighting, production system, HVAC) are cal-
culated and visually displayed. It is possible to identify
the biggest energy consumer and show the consumption
over time (e.g. hour, day, week) for individual consumers
and groups.

Primary actor

Energy manager

Preconditions

Monitoring of energy consumption

Trigger

Preparation of official reporting; Search for highest en-
ergy consumer to reduce total energy consumption

Main success
scenario

Primary actor calls data of energy consumption
Software calculates equipment downtime
Software visualizes energy profile analysis

Software performs plan-fact-analysis

AN

Primary actor chooses suitable view / level of gran-
ularity

Associated use cases

Monitor carbon footprinﬂ, bptimize use of green energvi
Comply with ESG regulationd, [Recognize energy sav-
ing potential, Improve energy efficiencyl, [mprove light
ing management], Optimize heatingl, Optimize ventilatiod,
Optimize air conditioningj, llmprove air qualityl

Table 5.6.: Establish transparency about energy consumption
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5. Common Use Cases of SCBs

5.4.5. Recognize energy saving potential

Energy savings potential can be determined by calculating usage patterns. This approach
is used by [Bos22; Eco22; Env22; Sie]. Therefore, the information from these operators
therefore provides the basis for this use case description.

By evaluating energy consumption statistics in terms of consumption patterns, indica-
tions of important energy consumption sources and energy losses are obtained [Kyc+19].
For this purpose, consumption patterns and operating patterns of a fixed period are
analyzed and the profiles are subsequently compared [Eco22]. To get the most accurate
determination of actual usage patterns, additional data is often collected via IoT sensors
or mobile devices, such as the number of attendant people, environmental variables, or
the time of year [Kyc+19]. On this basis, potential savings are identified. A possible
extension of this function is the active notification of the user through alerts, in which
he or she is informed about energy consumption and energy usage patterns [Env22].

Use Case: E ‘ Name: Recognize energy saving potential ‘

Description An intelligent algorithm is used to determine whether
more energy is consumed than expected

Primary actor Facility manager

Preconditions None

Trigger Detected anomaly in the consumption pattern of energy

Main success

scenario

1. Software calculates site usage patterns

2. Software identifies the relationship between energy
consumption patterns and operations patterns

3. Primary actor receives alerts about energy waste

Associated use cases | [Establish transparency about energy consumption], lm:|
rove energy efﬁciency|

Table 5.7.: Recognize energy saving potential
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5.4. Resulting SCB Use Cases

5.4.6. Improve energy efficiency

Although, improving energy efficiency is a central topic of various suppliers, hardly any
precise information on this topic is available on the suppliers’ web presences. Therefore,
in addition to general information according to [Bos22; Eco22; Env22; Sie], further
information from the literature is also used.

This use case intendeds to ensure that the building infrastructure only consumes
as much energy as is necessary. Energy losses due to inefficient chilled water and air
distribution systems, for example, are to be prevented by optimizing them from the
outset. [Sie; Eco22|

One possible calculation of energy efficiency is described in [Kyc+19]. The energy
manager initiates a target function calculation (regression analysis) by defining possible
predictors (independent variables) and having them confirmed by the subject matter
expert. With the help of regression, it is possible to understand how the function value
changes when the predictors are changed. Energy efficiency indicators can depend on
various factors, such as technological and climatic factors. Since the most crucial energy
efficiency indicator for industrial companies is the specific energy consumption per pro-
duction unit, measurement data in production must also be considered via a predefined
key.[Kyc+19]
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5. Common Use Cases of SCBs

30

Use Case: F

Name: Improve energy efficiency

Description

The energy consumption is optimized by controlling the
proper parameters.

Primary actor

Energy manager

Preconditions Energy consumption data is available

Trigger Energy manager initiates calculation of the target func-
tion

Main success

seenatio 1. Primary actor defines possible predictors for a tar-

8.

get function calculation
Domain expert confirmations these predictors

Software calculates key energy performance indica-
tors

Data analyst determines which time series values
are dependent variables and which are predictors

Selection of the type of the regression model (sim-
ple, multiple, linear, regression or nonlinear regres-
sion) by either a data analyst or the software, de-
pending on the level of automation

6. Software calculates regression coefficients

If the result is not sufficient, primary actor goes
back to step 1

Software visualizes suggested result

Associated use cases

Monitor carbon footprint], [Optimize use of green energyl,

Com

ly with ESG regulations. [mprove lichting manage

Imer

, bptimize heatingj, bptimize Ventilation|, bptimizd

air conditionind, t[mprove air qualityl

Table 5.8.: Improve energy efficiency




5.4. Resulting SCB Use Cases

5.4.7. Improve lighting management

Commercial platform providers that offer automatic control of lighting in the building
address the benefits rather than the actual implementation on their websites. Therefore,
in addition to information from [Sig; Joh22a; Map22b; Bos22], input from scientific
publications of recent years is used for this use case description. [Roo+15]’s proposed
light control mechanism is triggered when a sensor detects a motion and compares target
and actual brightness. If the current value is too low, lamps in a predefined radius are
switched on.

Use Case: G ‘ Name: Improve lighting management

Description Improve management of artificial lighting taking into ac-
count the change of daylight during the day.

Primary actor Employee (especially office worker), facility manager
Preconditions None
Trigger Detection of movement and deviation of actual and target

values. This can be caused by the employees’ adjustment
of the target values.

Main success

scenario 1. Sensors detect occupancy by detecting motion

2. Sensors detect the ambient light in a room

3. Software compares determined values with target
values

4. Software instructs control units to adjust the light-
ing according to the determined values and in ad-
vance based on pattern recognition using machine
learning

Associated use cases | [Establish transparency about energy consumption]
Recognize energy saving potentia]l, |Improve energyl
efﬁciency|

Table 5.9.: Improve lighting management
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5.4.8. Optimize heating

The commercial vendors examined do not elaborate at all on how the temperature in
the building should be controlled [Sie; Env22; Map22b; Nem; Bos22]. For this reason,
further information from primary studies is used.

Use Case: H Name: Optimize heating

Description Improve management of heating taking into account the
change of the outdoor temperature during the day.

Primary actor Employee (especially office worker), facility manager

Preconditions None

Trigger Continuous validation of parameters, and actions are ini-

tiated if actual and target values deviate from each other.
This can be caused by parameter change by employees.

Main success

SCenario 1. Sensors detect occupancy by detecting motion

2. Sensors detect the current indoor and outdoor tem-
perature

3. The determined values are compared with the tar-
get values

4. Heating is adjusted accordingly and in advance
based on pattern recognition using machine learn-
ing

Associated use cases | [Establish transparency about energy consumption], IRec-i
bgnize energy saving potentia]|

Table 5.10.: Optimize heating
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5.4.9. Optimize ventilation

Similar to the last use case (Optimize heating), there are hardly any detailed descrip-

tions on the websites of commercial providers of how the platform controls ventila-
tion. Although, there are scientific publications on the subject of HVAC [MUW15;
ZSL15]. Therefore, these are used for background information for this use case descrip-
tion. [ZSL15] describes how to avoid over and under ventilation by calculating occupancy
and using a so-called occupancy diversity factor that relies on deterministic and stochas-

tic occupancy models.

] Use Case: 1

Name: Optimize ventilation

Description

Improve management of ventilation, considering the cur-
rent air quality and occupancy rates

Primary actor

Employee (especially office worker), facility manager

Preconditions

None

Trigger

Continuous validation of parameters, actions are initiated
if actual and target values deviate from each other. This
can be caused by parameter change by employees.

Main success
scenario

1. Software tracks indoor environment, using sensors
for temperature, humidity, illuminance, motion
COs

2. Software calculates occupancy based on sensor data

3. Software compares calculated values with the target
values

4. Software instructs control unit to adjust ventilation
accordingly

Associated use cases

Establish transparency about energy consumption, iRec«i
bgnize energy saving potentia]l, t[mprove air quality]

Table 5.11.: Optimize ventilation
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5.4.10. Optimize air conditioning

Features for this use case are mentioned by the same vendors as in the last two use cases
(H: Optimize Heating and I: Optimize ventilation) [Si¢; Env22; Map22b; Nem; Bos22].
Again, as with the previous use case (I: Optimize ventilation), the description on their
websites is short and for this reason, supplementary literature is used [ZSL15].

’ Use Case: J Name: Optimize air conditioning ‘
Description Improve management of air conditioning, considering the
current air quality and occupancy rates
Primary actor Employee (especially office worker), facility manager
Preconditions None
Trigger Actual and target values deviate from each other; param-

eter change by an employee

Main success

scenario . . .
1. Track indoor environment, using sensors for tem-

perature, humidity, illuminance, motion CO4
2. Software calculates occupancy based on sensor data

3. Software compares calculated values with target val-
ues

4. Software instructs the control unit to adjust venti-
lation accordingly

Associated use cases | Establish transparency about energy consumptior], RecH
bgnize energy saving potentiall, l[mprove air quality]

Table 5.12.: Optimize air conditioning
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5.4.11. Improve air quality

The air quality improvement is addressed by [Nem; Bos22]. However, [Nem] in particular
elaborates on the health implications. Since the information provided by the providers
is not sufficient for a use case description, further research is conducted.

’ Use Case: K

Name: Improve air quality

Description

The indoor air quality is monitored and improved by
proper ventilation and opening windows in order to im-
prove comfort and well-being of employees and visitors.

Primary actor

Control unit

Preconditions

None

Trigger

No trigger - Performed continuously

Main success
scenario

1. Software determine air quality (content of particu-
lates or volatile gases such as carbon dioxide, sulfur
dioxide, nitrogen dioxide)

2. Software predicts building use based on recognized
patterns

3. Software evaluates data and decides (based on an
if-then-else scenario) for or against action based on
environmental readings and predicted events, e.g.,
open windows or start/stop adequate ventilation

Associated use cases

Recognize energy saving aotentiai bptimize ventilation,
Optimize air conditioning, [mplement indoor navigation),
Comply with healthcare regulationsi

Table 5.13.: Improve air quality
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5.4.12. Implement indoor navigation

Indoor navigation is mentioned by [Map22b; Nem| as a feature. Since the depth of
information is not sufficient for the use case description, further research is conducted.

Use Case: L Name: Implement indoor navigation

Description Determination of the user’s location and directions to a
selectable destination.

Primary actor Employee, visitor

Preconditions The current 2D building plan/BIM model can be dis-
played abstracted in 2.5D (2D with floors) or 3D.

Trigger Manually by user

Main success

scenario

1. On a three-dimensional map of the building, the
current position is shown to the user

2. The user can select a navigation target to be guided
to destinations, such as rooms or points of inter-
est (e.g., coffee corner, work spaces, building en-
trance/exit can be selected)

3. The shortest route to the destination is calculated.

4. The guidance from the current location is started
after user confirmation and displayed in the user
interface

5. If points of interests are passed on the way, the user
gets informed by location-based push notifications

Associated use cases | [Enable dynamic Workspaces], bomply with healthcare reg«i
ulationé

Table 5.14.: Implement indoor navigation
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5.4.13. Enable dynamic workspaces

predominantly based on the information |

| provided.

[Map22a; I;Ie;h offer flexible office capacity management. The use case description is
ime

|

Use Case: M

Name: Enable dynamic workspaces

Description

Office capacity is managed flexibly, and employees are
distributed evenly throughout the building.

Primary actor Employee

Preconditions Workplaces are recorded as bookable resources
Trigger Booking process is initiated by the employee
Main success

scenario

1. Primary actor request overview of available office
capacities in their shifts

2. Software proposes a workplace
3. Primary actor confirms or return to step 2

4. Software unlocks workplace automatically at the
end of shift

Associated use cases

[mplement indoor navigatiod, Bimplify room booking{,
Simplify resource booking and trackind, |Automate build«l
ing access control, Comply with healthcare regulations,
Maintain in a predictive mannex{, blean reactively andl
condition—orientedl

Table 5.15.: Enable dynamic workspaces
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5.4.14. Simplify room booking

A simplified room booking is provided by [Map22b; Nem|] on their websites but is not
described further.

] Use Case: N Name: Simplify room booking

Description The user can search for and book a suitable meeting room
for his or her needs.

Primary actor Employee
Preconditions None
Trigger Employee initiates booking process

Main success

scenario . .
1. Primary actor searches for and books suitable meet-

ing room for his or her needs

2. Primary actor enters data such as number of people,
time, equipment of the meeting, etc.

3. Software displays available and suitable rooms
4. Primary actor confirms booking of suitable room.

5. Software blocks this room automatically for the se-
lected time period

Associated use cases | Enable dynamic Workspacesi, bomplv with healthcare reg-
ulationd, Maintain in a predictive manner{, Clean reac-
tively and Condition—orientedl

Table 5.16.: Simplify room booking
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5.4.15. Simplify resource booking and tracking

This use case description is based on feature descriptions of [Joh22a; Nem]. [Nem|
describes a drag and drop function to assign furniture to rooms and users. [Joh224l]
describes a real-time asset tracking where the state of the assets is tracked over lifecycle.

Use Case: O ‘ Name: Simplify resource booking and tracking ‘

Description The user can search for resources and book a suitable one
for his or her needs.

Primary actor Employee

Preconditions None

Trigger Employee initiates booking process

Main success

scenario

1. Primary actor searches for and books suitable re-
source

2. Primary actor specifies the period of time and the
number of required resources

3. Software displays available and suitable resources
4. Primary actor confirms booking

5. Software blocks resource automatically for the se-
lected time period

6. Software approves access to the storage location au-
tomatically, if necessary

Associated use cases iEnable dynamic Workspacesi

Table 5.17.: Simplify resource booking and tracking
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5.4.16. Automate building access control

This use case description is based on implementations of [Sie; Bos22; Map22h)|

’ Use Case: P ‘ Name: Automate building access control
Description Regulate automatically who enters the building complex
physically
Primary actor Security service
Preconditions None
Trigger Employees or visitors want to enter the building area

Main success

scenario . .
1. Primary actor defines roles in order to allow access

to specific areas of the company
2. Employee or visitor requests access

3. Software matches role of the initial user with access
rules for the area

4. Software allows or denies access

Associated use cases iEnable dynamic Workspacesi

Table 5.18.: Automate building access control

40



5.4. Resulting SCB Use Cases

5.4.17. Manage video surveillance

This use case description is based on the video surveillance features of [Si¢; Bos22] While
[Bos22] does not disclose any information about the fact that video surveillance is part
of their platform, [Sie22] describes their solution Siemens Siveillance Video as a single
management interface that simultaneously monitors multiple security cameras .

] Use Case: Q ‘ Name: Manage video surveillance
Description Use video analytics to monitor an increasing number of
video channels, as manual monitoring occasionally fails
Primary actor Security service
Preconditions None
Trigger None - Continuous data analytics
Main success
scenario

1. Software applies video analytics to detect security
breaches and threats

2. Software flags suspicious incidents

3. Software notifies primary actor by alarm in case of
suspicious incidents

Associated use cases | [mprove fire detection], iComply with healthcare regula—]
tioné

Table 5.19.: Manage video surveillance
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5.4.18. Improve fire detection

This use case description is based on [Joh22a]’s explanations of fire detection, testing and
maintenance of sensors, internet-based diagnostic services and alerts. The capabilities
mentioned were selected in particular because they overlap with those of other providers
[Sie; Bos22].

] Use Case: R ‘ Name: Improve fire detection
Description Testing and maintenance of sensors for fire detections is
simpler and more cost-effective
Primary actor Safety manager
Preconditions
Trigger Continuous monitoring of the devices
Main success
scenario

1. Software monitors devices for fire detection contin-
uously and electronically

2. Software tests sensors centrally and automatically

3. Software alerts the primary actor when fire detec-
tors are non functional, for example due to debris

4. Software takes environmental data (such as com-
mon contaminants in the air) into account to re-
duce the chance of false alarms

Associated use cases | Manage video surveillance

Table 5.20.: Improve fire detection
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5.4.19. Comply with healthcare regulations

This use case description is based on the functions of [Map22b; Joh22a] for compliance
with person caps in the context of the pandemic situation. [Map22d] enables the user
to set a maximum number of people for a building. [Joh22h] states without providing
further information that business operations can continue smoothly if an employee tests
positive for Covid -19. Since the two use cases do not have functions that overlap, some
were selected by both vendors that complement each other.

’ Use Case: S ‘ Name: Comply with healthcare regulations ‘

Description Compliance with rules developed during the Covid-19
pandemic is simplified by allowing security personnel to
adjust the parameters for the number of people allowed
per room, and automatically integrating the results into
the room and work space booking tool

Primary actor Employee, safety manager

Preconditions New and updated regulations are continuously imple-
mented

Trigger Room or workplace booking

Main success

seenario 1. Safety manager adjust parameters to the currently

valid laws and regulations

2. Software ensures that the number of permitted per-
sons is not exceeded when booking rooms and re-
serving workstations

3. If an employee subsequently tests positive, he or she
can communicate this via a feedback function

4. Other meeting participants are informed immedi-
ately via an e-mail alert function

Associated use cases | Enable dynamic workspaced, Simplify room booking,
Clean reactively and condition-oriente

Table 5.21.: Comply with healthcare regulations
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5.4.20. Maintain in a Predictive Manner

[Sie; Eco22] offer only little information about the implementation of the predictive
maintenance tool on their website. The work assistant maintenance app from [Nem] is
designed to help technicians perform their tasks by providing work orders, locations on a
map, maintenance activities and material accounting information [Nem22a|. Since this
description is not yet sufficient for deriving a use case, additional reference is made to
the work of [Cou+21]. In their literature review they investigate how a Digital Twin
combined with Extended Reality (XR) technologies can improve the maintenance of a
building. XR includes extended reality technologies such as augmented reality, mixed
reality and virtual reality. After considering more than 242 publications, they conclude
that locating and navigating to defects is just one way to use XR for predictive main-
tenance. Others include visual annotation, simplified inspection by providing relevant
information, and asset identification. For example, with Augmented Reality (AR) and
Mized Reality (MR) devices, 3D models can visually overlay their physical counterpart
and provide data relevant to maintenance. Overall, the DT is the most common model
type in facility management [Cou+21]. [Cou+21] describe in their work also how predic-
tive maintenance can be used to improve building inspection planning. This is started
after the last inspection and damage assessment is completed. By applying predictive
algorithms such as machine learning, linear regression, and neural networks to a BIM-
based DT, the remaining life of assets and emerging defects in buildings can be detected.
By better predicting emerging defects, proactive maintenance can be performed.
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Use Case: T Name: Maintain in a predictive manner

Description Intelligent evaluations detect in advance when an error
is likely to occur and maintenance measures are initiated
beforehand

Primary actor Facility manager

Preconditions Data quality is sufficient for model generation

Trigger Machine learning algorithm suggests maintenance mea-
sures

Main success

scenario . .
1. Software monitors sensors on equipment and assets

continuously

2. Software applies machine learning to calculate how
likely equipment failure is to occur based on past
fault detection data

3. If Software detects patterns that indicate a high
probability of error, maintenance measures are ini-
tiated

Associated use cases | [mprove lighting management], Optimize heating, Opti-
mize ventilatiod, bptimize air conditioninﬁ, lEnable dy-
namic Workspacesi, Bimplify room bookiné

Table 5.22.: Maintain in a predictive manner
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5.4.21. Clean reactive and condition-oriented

This use case description is based on features from [Map22h; Nem]. [Map22b]’s platform
solution evaluates data of desk sensors to check if a desk is or was occupied and should be
cleaned [Map22a]. [Neml| offers the possibility of distributing demand-oriented cleaning
schedules in the in-house app. However, sensors in this case are used in a different way,
for example as door count sensors at the bathroom or motion sensors in meeting rooms.
The possibility to report a need manually is provided by a ticket system. [Nem22h] For
this use case, both the sensor and the manual reporting option were considered, since

both provide information about the current cleanliness status of the facility.

Use Case: U

Name: Clean reactive and condition-oriented

Description

User feedback options and traffic tracking can improve
the cleanliness of office spaces and restrooms without in-
creasing costs in the long term. Cleaning is no longer
done at regular intervals, but depending on the condi-
tion.

Primary actor

Employee

Preconditions Booking tool or manual user feedback
Trigger User feedback or critical sensor values
Main success

scenario

1. Evaluate data of sensors in a room and the dynamic
workplace tool to get information about the utiliza-
tion of the room

2. The user operates a feedback panel to confirm that
the room is clean or to report a problem

3. The cleaning schedules are adjusted accordingly

4. The cleaning person actuates a switch or touches
buttons to confirm that the cleaning is done

Associated use cases

FEnable dynamic work spacesi, bimplify room bookingj,
Comply with healthcare regulationsi

Table 5.23.: Clean reactive and condition-oriented
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H.5. Discussion

The application of the adjusted GRE method in this thesis results in an open-use case
list without a claim for completeness. Nevertheless, the list reflects common use cases of
SCB platforms. Therefore, it can be said that has been answered to a certain extent,
covering common use cases from different subject areas in an adequate granularity.

The use case descriptions enable software developers to derive requirements regarding
behaviors and functionalities for the SCB platform. The most important information of
the use case descriptions is listed in the main success scenario section as a sequence of
steps.

Categorizing the use cases aims to provide a better overview and enables the assign-
ment of common business objectives. The latter simplifies the consideration of conflicting
goals in the implementation, creating a better overview. Contrary to expectations, the
use cases could not be assigned to one category.

Since in this work follows a use case-oriented approach, GRE is suitable in the context
of GT in RE. However, there are further reasons for using it. GRE not only offers the
possibility to categorize use cases, but applying GT also makes it possible to understand
the relationships between them [WLD15].

GRE could also be interesting concerning the efforts to further automate the software
development process by combining model-driven development and requirements engi-
neering. The requirements could be represented as use cases, described with modeling
languages such as UML, and be used as basis for code generation. [LIA10]

However, due to the limited scope of this work and the fact that empirical values
outside the requirements analysis are missing so far, this topic is not considered further
at this point.

5.6. Threats to Validity

A major threat to the validity of GRE is that domain knowledge must be available in
advance in order to select proper data. In order to reduce the risk of missing domain
knowledge for this thesis, the research was started after a preparation phase. Another
weakness of the GRE approach described by [WLD15] is that it only considers processes
and activities that are already done, which diminishes the importance of GRE results.
This was counteracted in the previous chapters by examining recommended practices
from recent scientific publications instead of manual processes currently being performed.
As a result, new ideas were taken into account. However, one could argue against this
approach that the findings in the above-mentioned use case scenarios do not necessarily
fit specific needs of a company that is the focus of consideration, when applying this
procedure in practice. Consequently the use cases and use case descriptions from the
previous chapters are suitable as a basis for building an exemplary SCB platform, but
their implementation does not necessarily make sense for all companies. Besides use case
enumeration is an open list that does not claim to be complete. For some companies,
additional use cases might make sense, or some might not. In addition, features of
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providers were examined. To be able to apply GRE, it is assumed that user requirements
can be derived from vendor features. This assumption implies that platform providers
know their customers and their requirements well. However, non-transparent customer
requirements can lead to feature developments that miss market requirements. This
could lead to a bias in the results of the GRE and therefore a bias in this works’s results.
As a countermeasure, feature search results were only selected for further consideration,
if they were mentioned by at least two providers.

5.7. Summary

In this chapter GRE is applied in order to determine common use cases of SCB platforms.
A categorized list of use cases is derived of the results and the identified use cases
and primary actors are described more detailed. Although the research question could
be answered, the enumeration of use cases is not a closed list, but an insight into a
more complex issue, valid only for a limited period of time. Nevertheless, the use case
descriptions can be used to derive requirements for an SCB platform. Furthermore, the
developed adapted GRE approach can be repeated and applied to other circumstances
to describe further use cases.
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6.1. Summary

In this thesis, the terms DT and DS in the context of SCBs are defined and distinguished
from each other. The proposed definition of a DT SCB is evaluated by an expert in-
terview. It has been shown that the detailed scope of the proposed DT SCB definition
is necessary in order to ensure a exact differentiation between both terms. In addition
to clarifying these terms, common use cases of an SCB platform were identified and
described in a form suitable as a basis for further use in software engineering. For this
purpose, the GRE method was adapted and applied. For this reason both research ques-
tions have been answered sufficiently. This thesis contributes to fill the gap in research
on terminology of Smart Commercial Buildings. The result of this work can serve as a
basis to create a blueprint of an SCB platform, based on a use case oriented approach.
It also shows that use cases of an SCB are diverse, have different requirements, and can
contribute to the achievement of different goals.
The procedure could be applied on other IoT application fields as well.

6.2. Future Work

The results of this work lead to further questions that have not yet been answered. First,
it could be interesting to examine which functional and non-functional requirements for
an SCB platform result from the identified use cases. The use case description could be
used as a basis for this. Furthermore, it might be possible to determine commonalities
between use cases, which can contribute to the implementation of reusable code, i.e.,
shared functions. The knowledge gained about the terms Digital Twin and Digital
Shadow could also be useful in order to build an SCB platform. Further work could
develop a systematic approach to translate use cases directly into DSs that can be
invoked and deployed by an intelligent platform.
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A. Expert Interview on Smart Commercial
Buildings and their Digital Twin

Date:

03.03.2022

Name: Dr. Ing. Kai Kasugai (Hereafter abbreviated with KK)

Current Position: Head of Research and Development, Formitas AG

About: Dr. Kasugai is a graduate engineer in architecture and completed

his PhD at RWTH Aachen University in the field of Human Com-
puter Interaction and Ambient Intelligence, focusing on proto-
types of room assisting technology. Formitas AG, for which he
currently works for, is a leading company for digitalization con-
struction industry whose portfolio includes Building Information
Modeling (BIM), Digital Transformation and Virtual & AR.

What do you consider to be the Digital Twin of a Smart Commercial Building?

KK: A Digital Twin is a data model that describes an abstract building. It is
also a geometric representation of the building with any level of detail.

Is a building represented by multiple Digital Twin s, or just one?

KK: This depends on the use case and thus on the context. A Digital Twin can
be very large and even represent an entire city area.

Is a Digital Twin only a collection of data or can it also contain functionalities?

KK: The Digital Twin is primarily a data model. Functionalities are more of a
platform topic. But that also depends on the use case.

What is the direction of data flow between digital and physical twin?

KK: The definition of Digital Twin is very broad. It is possible to have a Digital
Twin with bidirectional data flow and control capabilities of the physical twin,
but also scenarios of Digital Twins as a sensory representation are possible.

In which stage of a building’s existence is a Digital Twin used?

KK: A Digital Twin can be created even before the physical object, i.e. the
building. It is possible that it will not be used after construction phase. However,
the trend is for use to continue over the lifecycle of the building.
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Is the BIM model part of the Digital Twin or is the data integrated?

KK: The BIM model and the Digital Twin tend to be the same. The BIM model
should include sensory technology.

What current developments do you notice in the field of use cases for Smart
Commercial Buildings? Are there any new use cases?

KK: Smart Commercial Buildings are no longer only used for building design but
also in facility management. Recently, more use cases have been implemented as
part of New Work, supporting for example flexible working hours and workplaces.
Life cycle analysis for e.g. the carbon footprint of the building is also becoming
more important.

In your experience, what are the expectations of users for Smart Commercial
Buildings?

KK: The Digital Twin of a Smart Commercial Building should primarily support
use cases. In contrast, shadow data sets, which are not continuous in the data
flow, should be avoided. Data of the Digital Twin, which is available in a Smart
Commercial Building platform, should be based on a single source of truth.
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Glossary

AR Augmented Reality
BIM Building Information Modeling
CPS Cyber-physical system

DM Digital Model

DS Digital Shadow

DT Digital Twin

DT SCB Digital Twin of a Smart Commercial Building

ESG Environmental, Social and Governance

GRE Grounded Requirements Engineering
GT Grounded Theory

HVAC Heating, Ventilation and Air Conditioning

I[ICF Industrial Internet Connectivity Framework
IIoT Industrial Internet of Things
IoT Internet of Things

MR Mixed Reality
NAT Network Address Translation
OSI Open Systems Interconnection

RE Requirements Engineering
RQ Research Question
SCB Smart Commercial Building

SLR Systematic Literature Review

XR Extended Reality
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