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ABSTRACT :

Companies strive towards perfection in their product development processes and want to stay
as competitive as possible. In order to achieve that objective, emphasis needs to be put on
streamlining the process. Therefore, this thesis explores the Lean methodology from a product
development perspective and showcases the effectiveness of the value stream mapping (VSM)
and design structure matrix (DSM). The research is executed at a company specialising in energy
and marine power solutions and is outlined as a case study. Several research angles have been
utilised, which enabled the recognition of diversity in the collected data and information. The
methodology is divided into two primary elements: 1) analysing a case project from a component
functionality and managerial perspective, and 2) executing a value stream analysis of the hard-
ware development process, which is utilised to develop automation components for complex
power solutions. The qualitative research focuses on achieving a holistic understanding of a hard-
ware development process (HWDP) through VSM and DSM. Quantitative data can mainly be
seen in the case project analysis, where the output is formed on historical data from an applica-
tion lifecycle management system and Internal documentation platform. In line with the meth-
odology, the thesis aimed to answer the following research questions: RQ1: How can the process
be streamlined by identifying inefficiencies and proposing improvements? RQ2: How can coop-
eration and collaboration be improved to reduce overall development lead time?

The results of the thesis are categorised based on the research methodology’s two primary ele-
ments. The project analysis and current state findings have identified the challenges related to
outsourcing, communication, collaboration, and technological knowledge gaps. A cross-func-
tional VSM allowed for capturing the information flow between the departments and identifying
the wastes and bottlenecks in the process. A value assessment resulted in 47 VA, 16 RNVA, and
8 NVA activities. The NVA activities were analysed, and improvement suggestions were gener-
ated, focusing on stakeholder communication, supplier relationships, testing processes, change
management, release meetings, and field testing. The DSM enabled the visualisation of depend-
encies between tasks and structural changes with partitioning. Based on simulations comparing
the structural changes between the two DSMs, a 50 % decrease in lead time was identified.
However, the implementation feasibility of the new structure is unclear, and further evaluation
must be carried out in collaboration with the stakeholders. The thesis uncovered five managerial
implications related to holistic process overview, effective outsourcing, improved in-house ex-
pertise, robust project planning and scheduling, and continuous improvement. This comprehen-
sive efficiency analysis of the HWDP can be considered a success as it has pinpointed the crucial
aspects that can be utilised to achieve an optimal future state of the process.

KEYWORDS: Lean, Process Improvement, Waste Reduction Value stream mapping, Design
Structure Matrix, Hardware Development
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1 Introduction

Product development — a challenging field to take on — but surprisingly, every organi-
sation views it as a key strategy for outperforming the competitors (Tyagi et al., 2015, p.
202). Improving PD processes to be as optimal as possible is the crucial element in gain-
ing a competitive edge. The goal is to prioritise value creation as the foundation by fo-
cusing on the product’s design and functionality, enabling effective innovation through
developing and utilising new technology (Synnes & Welo, 2022, p. 626). The lean meth-
odology provides a framework for improving PD processes. However, a complete com-
prehension of how lean differs between manufacturing and engineering environments
must be achieved beforehand. (Reinertsen & Shaeffer, 2005, p. 57). The focal point lies
in process standardisation, making transparency possible with visualisations, distributing
project information quickly, and eliminating waste to enable continuous improvement

(Stechert & Balzerkiewitz, 2020, p. 764).

In order to enable the strategies of the lean methodology and successfully improve a
process, specific tools can be utilised. Value stream mapping (VSM) has become increas-
ingly recognised as a tool for capturing internal and external process details. It allows for
comprehensive visualisations of the workflow, including the material and information
flow, and considers the timeline, which surrounds details internally in the company and
to external stakeholders (Seth et al., 2017, p. 398). Additionally, the design structure ma-
trix (DSM) allows for visualising complex PD flows by highlighting the relationships and
interactions in the process (Eppinger & Browning, 2019, p. 133). Together, these tools
provide a holistic understanding of a process, enabling effective identification of issues

and bottlenecks and offering crucial improvement suggestions.
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1.1 Research Purpose

This research is performed for a technology company specialising in producing complex
energy and marine power solutions. In order to complete these complex solutions, sev-
eral components need to be developed, one of which is the extensive automation system,
whose primary purpose is to enable fluent control and optimal performance of the so-
lutions. While the software projects are running smoothly, issues have been seen in HW-
related projects involving control electronics and instrumentation components. These
issues are mainly related to the development lead times and inefficient cooperation and
communication between the involved departments in the hardware development pro-
cess. Thus, this thesis project aims to evaluate the current hardware development pro-
cess (HWDP) for automation components and identify its inefficiencies using lean engi-
neering tools. In this case, the focus is on Value Stream Mapping (VSM) and Design Struc-
ture Matrix (DSM). The thesis output will be a comprehensive analysis of the current
process. Based on the analysis, the thesis will propose improvement suggestions to

streamline and improve the HWDP.

To guide the thesis, two research questions were developed based on the identified
background at the case company. The thesis will be formed around the following re-
search questions:
RQ1: How can the process be streamlined by identifying inefficiencies and proposing
improvements?
RQ2: How can cooperation and collaboration be improved to reduce overall develop-

ment lead time?
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1.2 Research objectives

To fulfil the purpose of this research, the following objectives need to be completed:

1.

Produce a comprehensive literature framework: Study the fundamentals of lean
engineering and how it can be utilised in product development processes. Focus
on understanding how value stream mapping (VSM) and design structure matrix
are utilised to streamline activities in processes and how cross-functional com-
munication and collaboration are established.

Study the current value stream at the case company: Capture the task and ac-
tivity of the current HWDP at the case company. Identify the major stakeholders
of the process, both internal and external. Collect and analyse data from a spe-
cific HW development project executed by the current process. Utilise applica-
tion lifecycle management (ALM) systems and internal documentation as the
base for the data.

The current state of the value stream: Create a current state VSM of the HWDP
through a current state workshop at the case company. Use the case project data
as complementary information during the workshop.

Map out the critical problem areas: Analyse the VSM with the process’s primary
stakeholders (End Users), identify the problem areas and suggest improvement
suggestions. If the mapped process is complex and needs better visualisation of
the iteration loops and dependencies, utilise the DSM tool.

Future state value stream map: Visualise the improvement suggestion and the

overall lead time reduction.

A detailed diagram of the master’s thesis process can be seen in Figure 1. It was created

to increase the accessibility of the research objectives, understand how they are inter-

related and keep track of the current research phase of the author
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Figure 1. A detailed diagram of the master’s thesis process

1.3 Research delimitations

The thesis focuses on analysing the case company’s hardware development process
(HWDP), which is utilised to develop new and competitive automation components that
enhance the case company’s competitive position in the energy and marine markets.
The research is dedicated to analysing the HWDP and a specific case project, which can
be considered a somewhat problematic project due to its many challenges regarding lack
of product knowledge and project planning. The primary purpose is to improve the pro-
cess through lean engineering, with value stream mapping and design structure matrix
as the sole focus. The following delimitations outline the research of the thesis:
1. Hardware component — case project analysis: The research specifically analyses
a puzzling and drawn-out HW development project that has encountered many

challenges. The main emphasis of the project analysis is to determine how the
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project has been managed and where the bottlenecks have occurred. Further-
more, the engineering and technical parts of the component will also be studied;
these include the design, functionality, and implementation of the component,
but will be limited to only investigating as much as needed to get out the most
crucial parts regarding opportunities for process improvements.

Process improvement: The research’s main focus is identifying inefficiencies and
improving the overall efficiency of the process. Additionally, the focus will be on
achieving a holistic understanding of the process by focusing on the process itself
and related activities such as communication, collaboration, and decision-making
between different departments.

Value stream definition: The analysed value stream is in the field of product de-
velopment and includes all the steps on a high level, from concept development,
system-level design, detail design, testing and validation until ramp-up.

Data collection and analysis: The study uses several methods, including historical
data collection on the case project and a value stream mapping workshop on the
HWDP. The case project will provide a deep analysis of how the current process
is utilised with quantitative and qualitative data. The value stream mapping work-

shop will mainly provide qualitative data.
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2 Lean engineering

The theoretical framework presented in this thesis contains a comprehensive literature
review of the subject: Lean Engineering. The review is based on academic articles, books,
and reports. The literature review explores the nature of Lean engineering and is ex-
plored from a product development (PD) point of view, focusing on process improve-
ment and how value stream mapping (VSM) can be utilised in combination with design
structure matrix (DSM) to reduce waste in a process and achieve continuous improve-

ment.

2.1 The Origins of Lean

Novel methodologies arise from situations where old theories are no longer applicable;
this was undoubtedly accurate for Lean, which emerged at the right time to aid in in-
creasing industrial growth. In order to properly comprehend the roots of lean manufac-
turing, one must first investigate 1880s craft production and the shift to mass production
around 1915, when craft production found challenges that it could not overcome. In the
1920s, there was a breakthrough with the so-called mass production systems. The in-
creased utilisation of these systems came with negative and positive outcomes; however,
this was a learning curve at the time that shaped advanced industrial thinking. The term
lean production found its roots in the 1950s and was adopted by the Japanese company
Toyota, which was the first company in the world to fully utilise the power lean produc-

tion systems in the 1960s (Womack et al., 1990, p. 19).

2.2 Lean methodology key concept

The concept of lean engineering revolves around the elimination of muda, which is a
Japanese term for “waste” in business engineering processes. Any activity that consumes
resources without producing something of value can be defined as muda (Womack &
Jones, 2003, p. 15). Value is defined based on what the customer decides it is and what

is essential for them and is prepared to invest in, e.g., the customer specifies what is
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required for a product, and the supplier creates it. In reality, this is not as simple as it
sounds, especially regarding complex HW product development (Oppenheim, 2011, pp.
14-15).

To eliminate waste, Womack and Jones (2003) propose a lean thinking concept that pro-
vides a way to output more for the customers through minimised use of human effort,
resources, time and space. This is possible due to the following strategies defined in lean
thinking:

e A method for defining the value

e Optimal sequencing of value-generating activities

e Uninterrupted and effective execution of the activities
Lastly, a common solution in general process reengineering methodologies is eliminating
job opportunities. Lean thinking, on the other hand, is driven to enable waste-to-value
transformation through quick feedback loops on the efforts, ultimately providing new

job opportunities as opposed to eliminating them (Womack & Jones, 2003, p. 15).

2.3 Lean principles

Six lean principles have been developed in order to fully utilise the procedure of gener-
ating value without waste: value, value stream, flow, pull, perfection, and respect for
people (Figure 2). The last-mentioned, respect for people, does not belong to the original
lean principles but has become more common during later years; thus, it will also be
discussed. The importance of each will be described based on the works of Womack &

Jones (2003) and Oppenheim (2011).

The first principle — Value

The value can only be defined by the customer, which is either internal or external; thus,
the first principle is dedicated to understanding and defining customer value. Value in
the lean methodology is only essential when it relates to a specific product or service
and fulfils the customer’s price and time requirements. Therefore, the customer’s re-

guirements need to be accurately understood and correctly implemented in the product
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or service in order to make it according to the lean thinking methodology, avoiding re-

work to all costs (Oppenheim, 2011, p. 17; Womack & Jones, 2003, p. 16)

The second principle — Value stream

This principle consists of understanding and mapping the value stream of end-to-end
processes and activities involved in achieving a successful product or service. It entails
mapping end-to-end connected tasks, decision/review/approval nodes, and the infor-
mation and relationship flow between these elements to create value for the customer.
The mapping process focuses on eliminating non-value-added activities and allows for a
smooth flow for value-added activities by avoiding rework, backflow, and stopping (Op-

penheim, 2011, pp. 17-18; Womack & Jones, 2003, p. 19).

The third principle — Flow

Continuous flow is critical in an engineering process to achieve a streamlined enterprise
where the work progresses through value-adding activities and processes without re-
work, backflow or stopping. To optimise the flow, work should be organised in batches.
Some prerequisites include strong value creation, good corporate preparedness, and sat-
isfactory planning of the lean program (Oppenheim, 2011, p. 20; Womack & Jones, 2003,
p. 23).

The fourth principle — Pull

The fourth principle emphasises the concept of pulling a product or service instead of
pushing it on the customer. First, there must be a specific need from an internal or ex-
ternal customer in the process in order to execute a task. Second, the task should be
executed at the right time, l.e., when the customer requires the task’s output. To effec-
tively utilise the pull principle, the performer of the task should be in close cooperation
with the customer to enable effective communication, work coordination, and task de-
liverables. If this is not sufficient enough, there might be obsolescence due too early task
execution and scheduling failures if the task is done too late (Oppenheim, 2011, p. 21;

Womack & Jones, 2003, p. 24).
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The fifth principle — Perfection

The fifth principle can be defined as how well the four previously mentioned principles
are performed. The purpose is to improve an organisation’s activities and processes con-
tinuously. According to Womack and Jones (2003), the most critical element for achiev-
ing perfection is transparency, l.e., making all wastes, defects, and inefficiencies visible
in the organisation and prioritising to eliminate the most extensive ones. To fully utilise
the concept of perfection, one needs to understand the difference in optimising a spe-
cific task or a whole process. The overall value proposition establishes whether the out-
put of a given task is sufficient. From the perspective of an engineering process, these
need to be continuously improved to stay competitive in the market at all times (Oppen-

heim, 2011, pp. 21-22; Womack & Jones, 2003, pp. 25-26).

The sixth principle — Respect for people
Interestingly, the last principle, Respect for people, is a reasonably new principle within
the lean methodology and does not belong to the original ones. Within a Lean business,
respect for people is the key to success. This principle encourages people to uncover
issues and imperfections, discuss fundamental causes and corrective measures, and
brainstorm effective solutions to minimise risks of problems occurring. The following el-
ements are needed to achieve this setting:

e A culture of mutual respect and trust

e Transparent and honest communication

e Cooperative relationships between stakeholders (Oppenheim, 2011, p. 22).
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Identify
Perfection the value

stream

Figure 2. The six lean principles (Oppenheim, 2011, pp. 17-22; Womack & Jones, 2003,
pp. 16-26)

2.4 Applying lean to product development

The field of lean product development is expanding rapidly due to the competition and
the desire of companies to develop products and systems more quickly, efficiently, and
at lower costs. Furthermore, the creativity existing in engineering is also a strong driving
factor due to its tenacious problem solvers (Oppenheim, 2011, p. 25). According to
Stechert and Balzerkiewitz (2020), numerous manufacturing companies have effectively
implemented lean thinking into their organisation. This is because the methodology has
been more thoroughly researched and applied in the manufacturing field for an ex-

tended period, naturally making it more successful. However, the authors further
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mention that product development organisations pose difficulties for lean implementa-
tion due to the following:
e A wide variety of diverse and non-repetitive tasks
e Extensive collaboration and communication between departments and external
partners in the value stream (Stechert & Balzerkiewitz, 2020, p. 764).
To address these difficulties, the general difference between lean product development
and manufacturing needs to be defined. Additionally, one must understand how the lean

principles are applied in the field of lean product development.

In general, the difference between lean product development and manufacturing is that
lean product development consists of defining a set amount of requirements that trans-
form into a physical product, whereas lean manufacturing consists of physical parts or
raw materials that flow through a production system (Oehmen & Rebentisch, 2010, p.
7). According to Reinertsen and Shaeffer (2005), engineering and manufacturing have
certain similarities; however, there is still a significant difference between them. Produc-
ing a physical product through manufacturing is a repetitive, sequential, and constrained
process, whilst, in engineering, the process is non-repetitive, non-sequential, and un-

constrained, generating logical information (Reinertsen & Shaeffer, 2005, p. 51).

To better grasp the differences between manufacturing and engineering, McManus
(2005) has defined a table on how the application of the lean principles, excluding the
respect for people principle, differs between these two fields (Table 1). In conclusion,
engineering is concerned with adjusting to new goals and prioritising information and
knowledge, whereas manufacturing is concerned with clear, defined goals and material
flow. Engineering strives for efficiency through planned iterations, but manufacturing
strives for a production flow driven by takt time. Lastly, engineering perfection enables
enterprise improvement, while manufacturing perfection achieves error-free, repeata-

ble processes.
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Table 1. Difference between lean principles in engineering and manufacturing
(Adapted from H. McManus et al., 2005 p.8)

Lean principle  Engineering Manufacturing

Value Emergent goals and adapts as the Clear goals, visible at each process step
process unfolds

Value stream Focuses on information and Focuses on parts and material
knowledge

Flow Efficient planned iterations Iterations considered waste

Pull Driven by the needs of the enter-  Driven by takt time (customer demand)
prise

Perfection Enables enterprise improvement It aims for a repeatable process without

errors

Finally, Reinertsen and Shaeffer (2005) state that caution is needed when implementing
lean principles into an engineering environment. It has been seen that engineering and
manufacturing are completely different when it comes to adding value. E.g., risk-taking
within the engineering field is crucial, whilst in manufacturing, it does not add any value.
In manufacturing, variability is considered waste, but it can be the essence of value-
added activities in engineering. Although engineering has its own character, there are

still an extensive amount of application where lean can be applied (p. 57)

2.5 Types of Waste and Identification

Waste elimination was defined as the fundamentals of the lean concept; however, to

eliminate waste, it must be identified first (Oppenheim, 2011, p. 15). To begin with, ac-
tivities involved in an engineering process can be categorised into three types:

e Value-Added (VA) activities — Generates value by enhancing the information or

material transformation, or reducing the uncertainty in a process. Furthermore,

they should be iterated as little as possible and the customer should be willing to

pay for these activities.
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e Required-Non-Value-Added (RNVA) activities — Do not generate any value but

are required and cannot be eliminated due to requirements set by, e.g., a con-

tract, legislation or existing technology.

e Non-Value-Added (NVA) activities — Consume time and resources and do not

generate any value but can be eliminated or reworked.

NVA activities can be directly translated into waste. According to Pepe et al. (2011), it is

crucial to know the types of waste within lean for successfully analysing the process,

identifying issues and bottlenecks, and suggesting potential improvement suggestions

(Pepe etal., 2011, p. 4). It needs to be noted that the wastes found in manufacturing are

not the same as in engineering processes, as discovered in the previous chapter; manu-

facturing is mainly based on a physical flow, whereas engineering is more dedicated to a

logical information flow. The following table (Table 2) defines the types of waste and

provides real-life examples of what these could be within engineering processes.

Table 2. The types of waste in lean engineering adapted from the works of (McManus,
2005, pp. 58-59; Oehmen & Rebentisch, 2010, p. 9; Pepe et al., 2011, pp. 4—-

5)

Waste type

Definition

Examples

Waiting

Idle time or delays due to un-
available information.

Waiting for information to be re-
ceived and information waiting
to be utilised.

Waiting for long lead time activi-
ties to finish and waiting due to
unrealistic schedules.

Excessive processing

Processing information be-
yond the specified require-
ment

Components and systems are
overengineered.

Fragmented reports and an ex-
cessive number of approvals for
information release.

Over production

Overproducing or producing
ahead of the following pro-
cess requirement

Providing information too early
or too detailed.

A lack of understanding the par-
ticipants’ needs resulting in a
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tendency to send all information
to everyone.

sation of human resources.

Inventory Unused or work-in-progress Interruptions in the work lead to
information. the need for saving the infor-
mation.
Saving outdate/obsolete/just-in-
case information
People Underutilisation or overutili- The manager engages in stress

activities to compensate for the
lack of human resources instead
of managing the team.

Having people work on tasks
that could be automated.

Unnecessary motion

Unnecessary motion of peo-
ple, information, or resources
during the process.

Excessive meetings/discus-
sions/emails not leading to any
valuable outcome.

Excessive hand-offs instead of
maintaining continuous owner-
ship.

Transportation

Transferring data/information
from one location to another
(between people, organisa-
tions or systems).

Duplicating and pasting identical
information to several places.
Data or information is handled
by several individuals before
reaching the end user.

Defects

Any error, mistake, or flaw
occurring in the process re-
quires rework.

Making mistakes in component
and architecture design.
Providing erroneous information
internally/externally

2.6 Value stream mapping

Value stream mapping can focus on manufacturing (Factory value stream mapping) or

engineering (product development value stream mapping). Since the thesis focuses on

an R&D organisation, the VSM will be studied from the engineering point of view. Ac-

cording to McManus (2005), there is only one common aspect of value stream mapping

that engineering and manufacturing share; they both benefit from the process
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improvement aspect. However, this alone is not enough to achieve a fully lean enterprise
(McManus, 2005, p. 19). Value stream mapping can be defined as a process mapping
method that analyses how the value enters, flows through, and is delivered to the cus-
tomer (either internal or external) in the process. Additionally, it investigates how infor-
mation and data impact the overall workflow. The process can be viewed from both a

logical and physical flow standpoint. (Pyzdek & Keller, 2010, p. 323).

McManus (2005) has created a comprehensive guideline on how to successfully apply
value stream mapping (VSM) to PD processes (p. 9). Although the guideline is thoroughly
made, other sources will also be used when building up the VSM framework for PD pro-

cesses.

2.6.1 Preparations

According to McManus (2005), VSM improvement can be executed as kaizen workshops
(p 21). These workshops consist of cross-functional teams, including experts from dif-
ferent areas whose primary goal is to solve problems and participate in lean process
improvement (Oakland, 2014, p. 351). A mapping tool is chosen before or during the
workshop, and a template is created. The process to be improved is selected based on a

pre-defined problem or a higher-level value stream map (McManus, 2005, p. 21).

In order to execute a VSM analysis and improvement of a process, the following ele-
ments need to be defined:

1. The process

2. Key stakeholders

3. The mapping team

4. The scope

5. The value (McManus, 2005, p. 21).

Defining the process consists of capturing internal and external tasks; this can be done

by performing interviews with the involved participants in the process (Pepe et al., 2011,



24

p. 3). Another way is acquiring historical project information through a Gantt chart or
analysing a currently existing process map (Oppenheim, 2011, p. 36). Knowing who the
key stakeholders are is heavily related to defining the process and the mapping team.
The key stakeholders in a process consist of the participants, users, customers (internal
or external), suppliers, and others (McManus, 2005, p. 21). It is crucial to use a broad
range of stakeholders to achieve a holistic understanding of the process (Barnhart, 2013,
p. 83). To succeed in implementing a VSM, it is crucial to have a committed mapping

team with clearly defined roles and responsibilities.

Additionally, all team members should be involved in lean concept training to success-
fully achieve the objectives of a VSM application (Serrano Lasa et al., 2008, p. 50). The
scope should be clearly defined to ensure the highest possible efficiency in the VSM. This
can be done by:

e Having the team define critical elements of the value stream.

e Bounding the process to include a strict beginning and ending point.

e |dentifying the product that the process uses.

e |dentifying inputs, outputs, constraints, and customers (internal or external)

(McManus, 2005, p. 24).

Furthermore, a higher-level VSM can be created as an initial starting point to better
scope the most crucial bottlenecks. By doing this, the areas where the improvements

will have the most considerable effect on the lead times can be identified.

Understanding how each task in a process contributes towards achieving a more stream-
lined process is critical. Although value is continuously created, it is not realised until the
process output is produced. Trying to measure it can be rather tricky in practice since
human estimations can cause errors and inaccuracies (McManus, 2005, pp. 31-32).
Therefore, the key value aspects should be selected by the team before the current state
mapping begins. As one gains more experience and insight into the process and its inef-

ficiencies, these values can be further updated to match the task contributions (p.33).
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In the work of Chase (2001), a comprehensive task contribution list has been developed,

including the following value attributes:

1.

10.

Functional performance of the end product — Activities that assist in defining the
function or the form of the product.

Definition of the process of delivering the product — Activities that contribute to
delivering the product to the customer.

Reducing risk and uncertainty — Activities that aim to decrease the potential risks
and uncertainty in performance, cost, or schedule.

Forming the final output — Activities that aim to form the final documentation
provided to the customer.

Facilitating communication — Activities that aim to increase communication and
collaboration efficiency between departments.

Enabling other tasks to start — Activities that pinpoint the critical dependencies
to achieve a smooth process flow.

Emphasising cost and/or schedule - Activities that contribute to reducing the
cost or labour of the product.

Learning or resource enhancement — Activities that aim to bring forward the es-
sential process knowledge, skill improvements, and resource development
within departments.

Improving employee job satisfaction — Activities that aim to improve employee
job satisfaction by increasing the employee to execute similar tasks.

Other - Activities that contribute to other areas than the above-mentioned ones,

e.g., work environment, regulatory, or environmental.

Finally, a relevant visualisation tool that can be used to summarise the elements men-

tioned above and better understand the values stream is a SIPOC (supplier, inputs, pro-

cess, outputs, customer) diagram (Oppenheim, 2011, p. 167). The SIPOC is utilised to

define business processes that are the key to successfully completing specific organisa-

tional objectives (Oakland, 2014, p. 18). The following questions are answered and visu-

alised in the SIPOC:
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Who is the primary stakeholder in the process?
What value and output does it generate?

Who is the process owner?

What inputs are provided?

What resources are used?

What are the value-creating steps?

Does the subprocesses have clear start and end point?

Cao et al. (2015) state that the SIPOC diagram’s five components interact and are con-

nected. The tool can be utilised for any company, showing a series of activities across

different departments in a business process. Moreover, it can support balancing the in-

formation flow and generating performance indicators, making the company effectively

achieve their objectives (Cao et al., 2015, p. 4104). A SIPOC diagram is illustrated in Fig-

ure 3 and is adapted from the work of Cao et al. (2015, p. 4110), Oakland (2014, p. 13),

and Pyzdek and Keller (2010, p. 202). The purpose and the objectives have also been

added to the SIPOC diagram since it will be used in the context of VSM implementation

and improvement. By doing this, the diagram becomes more aligned with the goals of

the VSM, assisting in practical implementation.

Knowledge

- 5
Concept System-Level I Pt
Detail D
development Design || i
PN o
i = o =
Testing and Production
Refinement Ramp-up
\ } J

%

Suppliers Inputs Process Outputs Customers
Process particpants Resources Products Process participants
Methods Service
People Infarmation
Skills

Purpose

Objectives

Achieve a more
streamlined process by
WSM implementation

Map the current state
Identify improvement suggestions

Figure 3. SIPOC diagram (Cao et al., 2015, p. 4110; Oakland, 2014, p. 13; Pyzdek & Keller,

2010, p. 202)
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2.6.2 Current state

The current state map can be defined as a non-streamlined graphical representation,
including performance data on the activities of the current product development plan
that serves as a starting point for identifying and eliminating waste (Oppenheim, 2011,
p. 35). It is crucial to thoroughly grasp the current state before identifying waste and
suggesting improvements (McManus, 2005, p. 37). The main focus of mapping the cur-
rent state is to achieve a holistic understanding of challenges in the process by present-
ing objective, uncomplicated data from a wide range of stakeholders. According to Barn-
hart (2013), the following aspects should be included when identifying these challenges:

e Where and when do the challenges occur?

e |n what form does it occur, and how often?

e To whom does it occur, and how often?

e What is known about the problem from theory and within the company?

e What process steps and dependencies surround the problem? (Barnhart, 2013,

p. 81)

The mapping process itself can be divided into three steps:

1. Organising the process steps (tasks) and information flow.

2. Gathering performance data on the activities and information flow

3. Assessing how value is produced (McManus, 2005, p. 37).

Organising the process steps (tasks) and information flow

Before the current state can be created, it needs to be decided on how detailed the pro-
cess steps and information flow should be. It is vital to find a balance between a high-
level breakdown and a detailed breakdown of a process. McManus (2005) states that
between 10 to 30 tasks is a sufficient breakdown, providing traceability and enough de-
tail. Furthermore, if the process is complex, more tasks may be appropriate to visualise
the process correctly. When the process detail decision has been made, the tasks and
information flow can be mapped out, establishing the current state's topology. Different
process mapping symbols should be utilised to better understand the meaning of differ-

ent activities in the process (p. 40-41).
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Table 3. Mapping symbols (Adapted from McManus, 2005, p. 41)

Shape

Used as

Action Task

Represents a task requiring specific action

Review Task

Represents an evaluation of a task

Decision Task

Indicating a decision point in the process

External Factor
Represents an external task impacting the

process

Inventory

Represents waiting or queues

]
D
et
|
A
—

Major Information Flow
Represents the major flow in the value

stream

Minor Information Flow
Represents the minor flow, such as rework

or iterations

Attention burst

Draws attention to a problem in the process
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Pyzdek and Keller (2010) state that a common way of mapping out a current state is with
a so-called spaghetti or entangled chart, as it will be called in this thesis. The entangled
chart typically represents a whole product development process and visualises how the
product flows through the value stream from concept development until production
ramp-up. The reason it is entangled is that it often visualises complex processes, includ-
ing iterations and information transfers back and forth between different people and
places. To the left in Figure 4, a mapped current state is visualised. In this process, all the
steps are mapped out as they are, considering all the waste and iterations. An optimal
process can be seen to the right, where the Lean principles have been implemented, and
the wastes and iterations have been successfully eliminated (p. 326). Considering the
entangled way of mapping, it can be further enhanced by utilising the cross-functional
format by implementing department/stakeholder lanes when mapping out the tasks.
This helps visualise the number of tasks a specific role has during the process (Oakland,

2014, pp. 215-216; Pyzdek & Keller, 2010, p. 195).

Before Lean After Lean

Figure 4. Entangled process (before lean) — Smooth process (after lean)(Pyzdek & Keller,
2010, p. 326).
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Gathering performance data on the activities and information flow

It is essential to successfully gather the correct performance data on the activities and
information flow to achieve a comprehensive analysis of the value stream (Oppenheim,
2011, p. 35). The data type should be determined based on the purpose, scope, and
goals of the VSM application. It is crucial to utilise the knowledge and experience of the
participants of the mapping team when it comes to identifying data sources and under-
standing complex data. It is also important to normalise the data from different sources
and to normalise it into a typical work effort, including minimum and maximum defined
efforts. When the data is implemented into the value stream map, only the most neces-
sary data that provides insight into the process should be utilised. A sufficient way of
visualising time-related data is with a timeline that represents cycle times with the con-
sideration of parallel tasks. It must be noted that depending on the level of the VSM
analysis, different types of data metrics and visualisation should be considered. l.e., the
data representation should be tailored to fit the purpose and nature of VSM analysis

(McManus, 2005, p. 44).

Lastly, to fully comprehend the performance data collection stage, McManus (2005) has
defined a thorough list including different types of data metrics:
e Cycle time: the time (clock or calendar time) it takes to perform an instance of an
activity.
e In Process time: the time (hours or days) of continuous work required to com-
plete an activity.
e Lead time: the period between when the task occurs until it is finished.
e Costs (fixed or non-recurring): the needed resources for a task to be executed.
e Capacity: the amount of jobs that a specified process can do.
e Utilisation: the amount of the actual usage of the capacity.
e Availability: the availability of resources (in percentage).
e Failure rate: the percentage of task failure rate.
e Rework rate: the amount a task needs to be iterated.

e Downstream task satisfaction: the quality of task outputs.
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e Waiting and inventory: the time a single job has to wait or the number of jobs in

a queue (McManus, 2005, p. 46).

Assessing how value is produced

Pepe et al. (2011) state that identifying the most critical areas in the process is a way of
assessing the values produced. To identify critical areas for improvement, the VSM
should be analysed and discussed with the key stakeholders. The goal is to identify the
areas where the process participants (key stakeholders) have the most challenging tasks.
The results of this identification can be utilised to create a priority list, including improve-
ment suggestions for the critical areas in the process (p. 7). Together with identifying the
most critical areas and generating a priority list on the improvements, the creation of a
minimum viable product (MVP) can be implemented. In traditional product develop-
ment, going from concept development until production ramp-up is often a lengthy pro-
cess aiming for product perfection. The objective of the MVP is to start the learning pro-
cess as quickly as possible, not to finish it. E.g., an MVP intends to address more than
technical or product design issues compared to a prototype or concept test. Its objective
is to evaluate key business assumptions supporting lean implementation (Ries, 2011, pp.

93-94).

Furthermore, the value can be assessed by tagging the tasks as VA, RNVA, or NVA. It
needs to be noted that more detailed map times reveal NVA tasks more quickly than
high-level ones. This is because NVA tasks are often hidden within VA tasks. Therefore,
it is critical to assess how tasks provide value, e.g., how they contribute towards defining
the process and product or lowering the risks to make the definitions more valuable. A
value assessment can also be executed on the information flow between tasks. By high-
lighting where the value-added tasks and information flows exist on the map, it supports
creating a future state VSM, aligning with the MVP’s objective of evaluating key business

assumptions (McManus, 2005, p. 49).
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2.6.3 Future state

According to Rother and Shook (2018), the future state map can be defined as a stream-
lined, optimised process that has undergone waste identification and elimination, de-
signed to materialise quickly and resulting in concrete improvements within a short pe-
riod (Rother & Shook, 2018, p. 57). The future state should focus on the following ele-
ments:

e First, analyse and rank the improvement suggestions based on their impact and
effort while also identifying markers for detailed improvements requiring further
detailed work.

e Second, streamline the process and eliminate unnecessary iterative flows to
achieve a precise and transparent information flow. Clarify who delivers what in-
formation, to whom, and in what format by defining clear expectations for infor-
mation supply. Information should be reformatted if it benefits downstream
tasks in a cost-effective manner.

e Third, balance the workload and the resource utilisation to avoid bottlenecks in
specific departments and to be able to keep up with specified task durations. Try
to minimise task variation and remove external constraints that slow down the
process.

e Fourth, try to standardise processes and implement new technology enabling au-
tomated tasks and reviews while also managing uncertainty with the least
amount of effort and ensuring effective iteration by managing reviews correctly.

e Fifth, implement key performance indicators that can be monitored and meas-

ured during future projects (McManus, 2005, p. 71; Pepe et al., 2011, p. 9).

In order to realise the goals of the future state map, several tactical actions must be
incorporated. First, it is crucial to have a clear and transparent information flow, where
expectations for who supplies what information, to whom, and in which format is de-
fined. Second, a balance between the workload and resources must be defined to com-
plete the tasks within a specified time. Task variation external constraints should be re-

moved.
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2.7 Design structure matrix

The DSM can be defined as a network modelling tool that visualises a system’s elements
and how they interact, l.e., representing a system’s architecture or the designed struc-
ture. This modelling tool has proven highly effective in engineering and management
process improvement. Eppinger and Browning (2019) have concluded that there are four
different types of DSM:
e Product Architecture DSM — Used for identifying and analysing the relationships
between different components within a product or system.
e Organisation Architecture DSM — Used for visualising the communication and
collaboration dependencies between a company’s departments or teams.
e Process Architecture DSM — Used for capturing the relationship and dependen-
cies between tasks and activities in a process.
e Multidomain Architecture MDM — Used for combining the above-mentioned
DSM types, creating a comprehensive visualisation of the developed product, in-

volved people, and processes utilised (Eppinger & Browning, 2019, pp. 1-2).

2.7.1 DSM definition

Since the thesis analyses the current state of a hardware development process, the pro-
cess architecture DSM will be the main focus of DSM literature. The DSM can be defined
as a square matrix with X amount of rows and columns where each task is presented in
a list format. Specifically, each task’s row visualises its inputs, while its column displays
its output. The information flow of the process is shown through markings in the cells of
the matrix (Ulrich & Eppinger, 2016, p. 400). As mentioned, the process architecture de-
sign structure matrix is a tool for visualising and analysing task dependencies and infor-
mation flow in a process. This tool allows for identifying serial, parallel, and iterative
flows, where these flows can be re-modelled or manipulated. E.g., in Figure 5, if task A
provides information to task B, a dot is placed in the cell in column A, row B. If a marking
is above the diagonal, it represents information flowing from a later task to an earlier,

l.e., an iterative process. A perfect flow is when the information flows from an earlier
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task to a later one; visualising this in the DSM results in the markings being under the

diagonal (Karniel & Reich, 2011, p. 38).

In order to fully understand the flows within the DSM, one must also investigate the

different types of DSM activity interactions visualised in Figure 4 consisting of:

Sequential activities: These activities are done in a specific order and are de-
pendent on the previous activity being completed. In some cases, sequential ac-
tivities can be overlapped by starting the downstream activity before the up-
stream activity.

Parallel activities: Parallel activities are independent from each other, meaning
that they can be executed simultaneously. However, two parallel activities can be
dependent on the same resources, which then results in interaction between the
two parallel activities.

Coupled activities: Generates iterations because of the nature of these activities
requiring inputs from one or more downstream activities. These activities are
common within engineering processes due to uncertainty and risks in develop-
ment-related tasks, such as design, analysis, testing, and validation.

Conditional activities: These activities can be defined as decision points in the
DSM and should be visualised with another symbol. |l.e., depending on the out-
come of the upstream task, it can take different routes in the DSM. (Eppinger &

Browning, 2019, pp. 133-135).



35

ABCDETFGH M

Sequential (Dependent)

Parallel (Independent)

Coupled (Interdependent)

Conditional (Contingent)

T O0MMMmMOUO >

=

OR

Figure 5. DSM activity interactions (Eppinger & Browning, 2019, p. 134)

2.7.2 DSM algorithms

Finally, different DSM algorithms will be discussed. Karniel and Reich (2011) have defined
three types of DSM re-modelling algorithms: Partitioning, Clustering, and Sequencing.
These algorithms are illustrated in Figure 6. The partitioning algorithm reorders the rows
and columns to eliminate or minimise the iterative loops. This is done by bringing the
feedback marks under the diagonal or as close as possible to the diagonal. The main
objective of partitioning is to minimise the number of iterations in a process; having
fewer iterations ultimately results in a more effective process. However, Karniel and
Reich state that it is unlikely that only the partitioning algorithm is enough to achieve an
optimal process; thus, the remaining coupled activities need further re-modelling with
the sequencing algorithm, which includes both partitioning and tearing. Tearing is not
an algorithm by itself; it is a manually operated procedure that eliminates feedback
marks based on knowledge of activity relationships. The clustering algorithm is mainly
utilised within the Product and Organisation architecture DSMs, where it is used to iden-

tify entangled component relationships. Lastly, the sequencing algorithm combines
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partitioning with manual tearing, allowing for the elimination of those left-over iterative
loops to get a more optimal process. In the sequencing example in Figure 6, the E to A
and G to A feedback marks could be eliminated, and then the partitioning algorithm

could be utilised (Karniel & Reich, 2011, pp. 42—-43).

Partitioning
AlBlchble Fle a D fF lclc B E
A A
B 1 11 D|1
C 1 1 - F 1
D |1 Gl1 1
E 1 C 1
F 1 B 1011
G |1 1 1 E 1 1
Clustering
AlBlchble Fle A F B ple lcE
A 1 A 1
B 1 1 Fl1
C 1 - B 11
D 1 1 D 1 1
E 1 G 11
F 1 C 1
G 1 1 E 1
Sequencing
AlBlchble Fls a F Efclc B D
A 111 A 1 [¥] |
B 1 1 Fl1
C 1 - E|1 1
D 1 1 C 1
E |1 1 G 1)1
F |1 B 1 1
G |1]1 1 D 1]1

Figure 6. DSM algorithms (Adapted from Karniel & Reich, 2011, p. 42-43).



37

3 Research Methodology

This chapter presents how the research have been executed and what tools and methods
have been used during the procedure. First, the case study approach is discussed and
how the approach has been utilised. Second, the data collection methods and analysis
are explained. Third, the research validity and reliability are elaborated on. All these el-

ements together create a thorough research methodology.

3.1 Case study

Simons (2009) indicates that depending on the type of circumstance, the definition of a
case study varies (p.19). Simons has studied prior works regarding the definition varia-
tion and concludes that “what they all have in common is a commitment to studying a
situation or phenomenon in its ‘real life’ context, to understanding complexity, and to
defining case study other than by methods (qualitative or otherwise)”. In many instances,
the case study relates to a specific company, project, or system. (Simons, 2009, pp. 21—

22).

The thesis analyses an end-to-end product development process used within hardware
automation component projects within the R&D sector of a technology company. Addi-
tionally, a specific case project is analysed to acquire deep insight into how the current
process has been utilised. The project is a typical R&D-based project for the case com-
pany, where the output of the project is a customised product utilised to complete and

enhance a more significant and complex system.

3.2 Data collection and analysis

Three main data collection elements besides the literature review were utilised in this
thesis (Table 4): An application lifecycle management system, a document management
system, and a VSM workshop. The two first mentioned were mainly related to the case

project analysis. The analysed data could be utilised as presentation material during the
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workshop as real-life examples to spark exciting and vital discussions. The VSM workshop
was the main contributor to analysing and identifying improvements to the current
HWDP at the case company. Lastly, a DSM software tool was used for dependency visu-

alisation, partitioning, and simulations.

3.2.1 Application lifecycle management system

The application lifecycle management (ALM) system was utilised to collect historical data
on the case project. The ALM system is a tool in which relevant project data, tasks, and
activities are managed and monitored. It provides functions for categorising and filtering
the relevant tasks and activities for a specific project and enables exports to Excel for
further data analysis and visualisation. Historical data from the project timeline was col-
lected from the start of the project up until the present day, providing an extensive per-
spective on the project’s progress. Using ALM as a data collection tool allowed for a
structured way of working, where the project’s milestones, decisions, and changes could
be thoroughly analysed. The most relevant data could be extracted from the system and
visualised, which made it possible to identify patterns or trends in the progression of the

project.

3.2.2 Internal documents

A document management system was utilised as a central hub to gather all of the pro-
ject’s relevant files and documents. This tool allowed for effective filtering and ease of
access to documents and files for the case project. The documents used were mainly
related to understanding how the project has progressed since the beginning and con-
sisted of a task list, weekly follow-up meeting notes, revision traceability instructions,
and a project schedule. The most important documents were the two latest mentioned.
The revision traceability instructions allowed for understanding how the component's
serial number could be used to identify which HW revision it was. This came in handy

during the construction of the project HW revision timeline. The project schedule,
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visualised as a Gantt chart in PowerPoint, consisted of several revisions of how the pro-

ject had been planned during 2019 — 2021.

3.2.3 VSM Workshop

The workshop data collection method has been highly significant because of its essence
of gathering all the relevant process participants and stakeholders in the same location,
resulting in sophisticated and vital debates regarding the way of working in the current
HWDP. The purpose of the workshop can be divided into two main objectives:

e Analyse and improve the current HWDP at the case company.

e Demonstrate the effectiveness of the VSM tool in order to increase process effi-

ciencies and eliminate waste.

The workshop participants consisted of individuals with different roles in the HWDP,
where the participants included were from the following departments: design and de-
velopment, testing and validation, and sourcing. l.e., various experts from different de-
partments were included, resulting in a cross-functional team providing valuable data
for the HWDP and the thesis. The thesis author has functioned as the facilitator, l.e., kept
the discussions ongoing, managed the VSM preparation phase, and was primarily re-
sponsible for the workshop documentation. The mapping process itself was documented
virtually in a visual collaboration platform called Miro. The first workshop was held face-
to-face as a kick-off meeting to build relationships, have better communication, and
faster decision-making. During the first workshop, the purpose and goals of the work-
shop data collection strategy were presented, and the VSM methodology was explained.
Furthermore, the workshop consisted of mapping the current state of the HWDP, includ-
ing identification and documentation of the tasks and sub-processes and the information
flows and dependencies. The second and third workshops were held online and were
devoted to analysing the mapped current state, identifying waste, and suggesting op-
portunities for improvement for the identified wastes. Additionally, potential risks and

challenges related to the improvement suggestions were elaborated.
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During the workshops, various background information was observed and looked upon
to provide context and to better understand the current situation of the HWDP. The fol-
lowing materials were utilised:
e An existing flowchart of the HWDP
e The thesis author’s Excel data collection sheet consisting of work item data from
the analysed case project
e A Gantt chart of the case project

e ASIPOC Diagram

To get an extensive overview of the current situation of the HWDP, insights and data
were not restricted to the analysed case project. It was encouraged to provide infor-
mation that was seen as critical from any development projects within the automation

department.

3.2.4 DSM simulation tool

A commercially available research tool from dsmweb was utilised for DSM partitioning
and probability simulation. This tool was developed by Prof. Steven Eppinger’s student
from MIT and consists of an Excel macro to be utilised for general DSM operations, such
as partitioning, tearing, banding, and simulation. The current state mapped during the
workshop was entered into the DSM tool in a list format. a DSM was generated from the
list, and it was then possible to add dependencies between the tasks. The tool was uti-
lised to partition the current state. Based on the structural differences, a probability sim-
ulation was then done on the non-partitioned and partitioned DSM to verify how much

the lead time could potentially be decreased.
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Method Type Analysis | Notes

Literature Qualitative Content | The literature review summarises the cru-

Review analysis | cial theory regarding lean engineering and
value stream mapping from scientific arti-
cles, reports, and books.

Workshops | Qualitative Content | The current value stream was mapped and

analysis | analysed in three workshop sessions.

ALM Sys- Quantitative | Trend Data from the ALM system was exported

tem analysis | from a specific case project and analysed
from a project performance perspective.

Internal Qualitative Content | Documents regarding the case project’s

documents analysis | planning and scheduling were analysed.

3.3 Research reliability and validity

The terms reliability and validity are mainly intended for quantitative use; however, in

pretty much all qualitative research, both are heavily utilised (Golafshani, 2003, pp. 601—

602). According to Golfshani (2003), reliability can be defined as the degree to which the

results of a study are consistent over time and include a comprehensive presentation of

the population under investigation. Moreover, the results can be considered reliable if

the findings can be reproduced with another research method (p.598). Golfshani further

mentions that validity can be defined as the degree to which the research measures

what it is supposed to do. Increasing the research validity measurement can be done by

defining precise research questions that pinpoint the investigated issue in the thesis.

These specified questions can be answered by looking through the work of others or by

performing tests or practical experiments (p.599).
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The case project of the thesis analyses quantitative and qualitative data, whereas the
workshop is completely based on qualitative data. In order to increase the reliability and
validity of the thesis, the triangulation technique was utilised. Rose and Johnson (2020)
mention that in order to achieve an accurate description and presentation of an outlined
research, the triangulation technique allows for recognising the diversity in the collected
information by expanding the research perspective to be approached from many angles
with different methods (Rose & Johnson, 2020, p. 10). In view of the thesis, it can be
said that the research approach is broad due to its nature of investigating the research
issues with the help of an individual case project analysis together with a collaborative
workshop. The case project provided the thesis with historical facts on how the project
proceeded, whereas the workshop included individuals with various expertise and back-

ground knowledge.
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4 Results and discussion

The results are divided into two main parts: a case project analysis and a value stream
mapping workshop of the HWDP. The case project has been analysed from two perspec-
tives: a component functionality view and a managerial perspective. This analysis in-
cludes an assessment of the rework rate, generated defects, and the project timeline.
This enabled for identifying what issues have occurred and where during the project
timeline. The outcome from the project analysis was also used as presentation material
before the workshop started to provide real-life examples. The workshop, its preparation
phase, and its findings are then discussed and presented. Lastly, a DSM analysis is per-
formed and elaborated on, the possibility of performing a future state VSM is brought

up, and a cross-functional diagram of the HWDP is presented.

4.1 The case project

On the subject of the case company, one of its core competencies is the development of
marine and energy power solutions. As part of these complex systems, many compo-
nents need to be developed to achieve a fully functioning system. One of which is the
extensive automation system, whose main purpose is to enable fluent control and opti-
mal performance of the solutions. The ongoing case project can be categorised as a hard-
ware research and development (R&D) project following the outlined HWDP guideline
in Appendix 1. The project is an internal development project entailed to enable new
technology within the automation system and strengthen the position of the company’s
marine and energy power solutions. The guideline is an internally developed process

used for hardware development projects within the company.

The case project was analysed through an internal Application Lifecycle Management
(ALM) system and an internal document management platform. Since the main objective
is to allocate inefficiencies that have happened in the past time of the project, the anal-
ysis will be executed by focusing on the HW development timeline of the project both

from a component functionality view and a management view.
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4.1.1 ALM system

The ALM system provided the author with a complete introduction to the project
through and information page in the ALM system. Within this critical information page,
a key project storyline detail was identified: the component's concept development was
totally handled by an external supplier before it was relocated to the case company. This
presented challenges since there was a lack of in-house expertise on the component;
thus, there might have been insufficient knowledge transfer between the supplier and
the case company. Additionally, it was found that the work methodology within the de-
velopment department was changed from traditional project management to agile and
specifically SAFe (Scaled Agile Framework) during the project timeline, resulting in a

learning curve related to this new way of working.

The ALM system was also utilised to collect historical data on the case project. Within
the system, categorising and filtering relevant activities related to the project was possi-
ble. The ones utilised in this analysis will be described below:

e HW Revision — The HW revision defines the version of the HW component and is
built upon a unique alphameric code indicating specific configurations and spec-
ifications. It helps to categorise the modifications and defects to the component
in which they occurred, improving the traceability.

e Modification — The modification includes improvements and changes within a
new HW revision. They often address known issues identified in the previous HW
revision and other potential improvements based on feedback and technical pro-
gress.

o Defect — A defect is an issue or failure found in the component that negatively
affects the functionality or performance. Defects can occur as either an in-house
defect or an in-service defect. The first mentioned is related to the development,
including the design, manufacturing, and validation phase, while the second is

related to issues generated on customers’ systems.
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4.1.2 Hardware revision timeline

A comprehensive HW revision timeline was created in Excel and can be seen in Appendix
2. The timeline contains all the production dates of the different HW revisions, acting as
milestones on the timeline. To better understand how the project has proceeded, the
timeline also contains defects, modifications, and the first planned full release of the
component. The HW revisions and the modifications can be seen above the timeline,
while the defects are visualised below the timeline. The modifications are linked directly
to the HW revision in which it is applied. The defects are visualised as periods with the
discovery date as the start point and the fixed date as the endpoint. Some additional
information was added to the title of the defects, showing if they are still in progress or
not valid. Overall, the generated HW revision timeline shows that the case project has
been ongoing for an extensive time. There have been several defects and revisions
throughout the project that have resulted in it not being possible to follow the original
plans of the project. As the project has progressed, it is evident that a large amount of
HW revisions has extended the length of the project significantly; however, the extensive
amount of revisions has most likely been seen as necessary to ensure the quality of the
full release component. To increase accessibility and the efficiency of the analysis, the
following charts were visualised:

e An analysis of HW revision amounts and lead times between the different revi-
sions (Figure 7).

o A breakdown of defects and modifications linked to their respective HW revision
(Figure 8).

o A defect trend chart represents the number of defects discovered over time,
which enables identifying patterns of when defects appear during development
(Figure 9).

o A defect fix time chart visualising the number of defects and their fix time as lead

time. (Figure 10)
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The full release of the component was postponed multiple times, resulting in not suc-
cessfully meeting the project schedule. The majority of the modifications have been
gathered as a large batch in HW revision 6.2. This might be due to the 3™ planned full
release that was supposed to take place after the releases of the 6.2 revision. Figure 7
shows the amount of HW revisions in the project and the lead time between them. An
interesting finding is that the HW revision 6.2, consisting of the large modification batch
from the HW timeline, has a relatively small wait time from the previous revision. This
indicates that multiple revision development has been ongoing simultaneously, e.g., dif-
ferent, more minor SW-related features and/or larger HW-related features. So, in this
case, it is perhaps necessary to consider the time between 6.1 and 6.2 since the 6.0.1
revision only contains more minor changes. Overall, it can be stated that the component
has been reworked many times, leading to a long project timeline. Reworking a compo-
nent often contributes towards more administrative work due to the increased amount
of documentation needed and the obligation to keep the stakeholders informed on the

new revision.

Figure 8 shows the defect findings, resolutions, and modifications across the HW revi-
sions. HW 1 experienced a higher number of defects; however, several did not require
an HW upgrade. l.e., the defect was inexact or could be fixed through administrative
work. It can also be seen that the number of modifications in the later HW revisions was
higher compared to the rest. This indicates that the fixed defects resulted in modifica-
tions to the component that increased its durability and ensured its compliance with
various factors within the complex system. Furthermore, the defects reported have con-
tinuously decreased as the HW revisions advance. It must be noted that the data repre-
sented in the chart are the defects and modifications that could be directly linked to a

specific HW revision.
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Figure 7. HW revision amounts and lead times
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Figure 8. Breakdown of defects and modifications based on HW revisions
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Figure 9 visualises the number of defects discovered over time. Most of the defects were
discovered in the beginning phase of the project during the first released HW revisions,
which was also seen in the breakdown of defects and modifications. However, there have
also been a few discoveries during the project's later stages, which have contributed to
the lengthy project execution. Figure 10 visualises all the reported defects and their fix
time as lead time in chronological order from the most considerable wait times to the
smallest. Overall, most of the defects have been fixed within a set amount of time. Three
of the reported defects stick out and have a much larger fix time/in-progress time com-
pared to the others. This adds some indication towards where the extensive project
length might have come from. To get some deeper background information, it was de-
cided to investigate further, gathering data on the lengthy defects. Furthermore, the
analysis will also consider the in-service defects since they often result in more extensive
issues requiring complex decisions. By analysing the most extensive and crucial defects,
including both those that emerged from the development (in-house defects) and those
that emerged after the deployment (in-service defects), the following observations were
seen:

e During the project’s ramp-up, failures at the supplier side started showing that
the product did not fulfil the specified requirements. This might relate to the
manufacturing process quality on the supplier side being slightly deficient.

e There have been issues with the different capabilities of the component, which
have affected the product’s performance and compliance with the more exten-
sive system. This might be due to insufficient knowledge regarding how the prod-
uct should work within the extensive system, both at the case company and the
supplier.

e The analysis indicates that the product was put too early on the field, since sev-
eral failures have been generated from the customer’s systems. An important
lesson learned would be to push towards not releasing a product if it is not fully

validated.
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4.1.3 Existing project schedule

An existing project schedule was found in the document management system, illustrated
in a Gantt-type format. The chart included the tasks of both the case company and the
supplier. The chart had been created in PowerPoint, resulting in the accessibility some-

what decreasing due to the space limitation on a single slide.

After observing the Gantt chart, it was found that the tool was implemented in the later
stages of the project, which indicates that no project schedule has been created, or at
least, no visualisation tools such as a Gantt chart have been created in the beginning.
The chart reveals that many tasks have been postponed, resulting in project changes and
further project schedule updates. Regarding progress monitoring, it can be seen that the
progress of the scheduled work has not been fulfilled since many of the tasks have been
postponed, resulting in changes and further updates to the project schedule. With post-
poning the tasks, both the limited and full development release of the component have
been pushed forward, leading to the internal customers being unable to fulfil their plans
with the component. No clear dependencies structure can be identified, such as finish
to start, start to start, finish to finish, or start to finish dependencies. This makes it rela-

tively hard to identify relationships between the tasks and activities.

4.1.4 Time data collection

An attempt was made to collect the grand total amount of the documented hours on the
project; however, without any success. This data would have been beneficial during the
later part of the results, which focuses on improving the HWDP. Normally, the project’s
hours are documented on a single investment element specified for the project. In this
case, the project’s documented hours have been spread out on five different elements,
where three of them are general investment elements, and two are project-specific. Un-
fortunately, it was not possible to filter out the hours documented on the case project.
This results in not being able to gain any insight into the level of effort required to com-

plete the project, how efficient the project was, or how much the project cost.
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4.1.5 Project analysis summary

The project analysis has shown that there have been many difficulties with the project
and that it has been ongoing for an extensive amount of time. One of the first observa-
tions was that the concept development and first designs of the component were com-
pletely handled by an external supplier before it was moved to the case company. This
posed difficulties since there was a lack of in-house expertise on the component, and
there was a possibility that the knowledge transition between the supplier and case
company was inadequate. Another general finding was that the departmental work
methodology was changed from traditional project management to SAFe, resulting in a

new way of working.

Based on the timeline analysis and the existing project schedule, it can be seen that
many tasks and activities have been postponed multiple times, and these difficulties
have made the project’s length very extensive. Since the execution of the project has
been so long due to all the technical difficulties, it has become evident that project plan-
ning and scheduling are essential at the start of a project. Therefore, to increase the
effectiveness of future projects, a scheduling tool, such as the Gantt chart, is highly rec-
ommended to minimise the risk of delays and waiting to occur. The work methodology
transition also needs to be considered here. Hence, the SAFe framework and its roadmap
and iterative planning could include a dependencies structure and critical path to better

keep the project on schedule.

The analysis indicates that more focus needs to be put on the project in terms of under-
standing the requirements. Especially the scope of the projects needs to be defined,
both internally and at the supplier. Since many related projects within this hardware de-
velopment sector are complex, the technical knowledge of the product to be developed
needs to be on a top-tier level to understand how the requirements of the product are
defined. Since the automation components are developed to be used in a more complex

system, adopting a holistic approach towards the development is crucial. This involves
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not only understanding the standalone functionality of the component but also grasping
how these components operate within the broader scope of the complex system. If there
is a lack of this knowledge, consultation should be considered in order to minimise the
risk of misunderstandings and possible rework of the component. Reworking a compo-
nent always contributes towards more documentation and requirements in informing
stakeholders that new revisions are coming. Therefore, the amount of revision should

be limited to a certain amount.

The analysis of the extensive defects also showed insufficient knowledge regarding how
the product works within the extensive system. During the project’s ramp-up, failures at
the supplier side started showing that the product did not fulfil the specified require-
ments. Additionally, the analysis indicates that the product was put too early in-service
on the field, since several failures have been generated from the customer’s systems. An
important lesson learned would be to push towards not releasing a product if it is not

fully validated.

4.2 Workshop preparations

Preparation of a workshop is crucial in order to make the workshop execution phase as
effective as possible. In this case, the preparations are mainly built upon defining crucial
elements around mapping the process’s current state. First, the process to be mapped
was defined. Second, the stakeholders of the process were defined, and a mapping team
was selected consisting of people with a variety of expertise and responsibilities. Third,
the scope and critical value aspects were chosen to specify the focus of the mapping
process. Fourth, to summarise all of these elements, a SIPOC chart was created to in-
crease the accessibility of the elements and understanding of them. Finally, a virtual
mapping template was created, and the process mapping symbols to be used were de-

fined.
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4.2.1 Define the HWDP

The current hardware development process defined at the case company can be seen in
Appendix 1. The HWDP is a flow chart diagram containing a major information flow with
smaller feedback and iteration loops. The diagram visualises the whole HWDP process
from concept development until ramp-up. The diagram utilises several flow chart sym-
bols such as start/end, process/task, decision, and document symbols. It can be seen
that there has been an emphasis on defining the document outputs for the involved
activities. Several departments are involved in the HWDP as well as the suppliers, and it

can be stated that there is no clear definition of who does what in this diagram.

4.2.2 Define the team

The mapping team was defined before the workshop was executed. To get a cross-func-
tional representation of the process, people with a variety of expertise and responsibili-
ties were included in the mapping team. The team was mainly defined based on the
people involved in the case project and other crucial stakeholders closely involved in the
HWDP. The team composition was based on internal documentation of the assignees of
the case project tasks and an ART (Agile Release Train) team composition chart in the
ALM system. The majority of the defined individuals participated in all of the workshops
and consisted of the following roles:

e Product Owner, HW development

e Scrum master / Developer, HW development

e 2 xExperts, HW development

e 2 x Senior Experts, HW development

e Application Engineer, HW development

e Line Manager, Testing & Validation

e Supplier Development Engineer, Sourcing
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4.2.3 Scope and value definition

The scope of the HWDP consists of five phases: concept development, system-level de-
sign, supplier selection and cooperation, testing and validation, and the ramp-up phase.
The main goal was to achieve a higher-level map where the activities and information
flows are clearly visualised. The activities and information flow between the depart-
ments were analysed to identify improvement suggestions and increase the overall pro-
cess efficiency. The reason for only mapping the current state into a higher level is to
provide a more extensive overview of the process and increase the understanding of

how communication and collaboration between specific departments should be done.

Furthermore, the critical value aspects were selected based on what the tasks in the
existing HWDP contribute to. These consist of the following:
e Reduction of risks and uncertainties — Activities that aim to decrease the poten-
tial risks within the HWDP
e Facilitating communication — Activities that aim to increase communication and
collaboration efficiency between departments.
e Enabling other tasks to start — Activities that Aim to pinpoint the critical depend-
encies within the HWDP to achieve a smooth process flow
e Learning or resource improvement — Activities that aim to bring forward the es-
sential process knowledge, skill improvements, and resource development
within the R&D.
e A Definition of processes to deliver the product — Activities that contribute to

defining the released product to the ramp-up phase within the company.

4.2.4 SIPOC diagram

A SIPOC (Suppliers, Inputs, Process, Outputs, Customers) diagram was created before
the workshop, which summarises the key parameters mentioned above. The SIPOC dia-
gram was used as presentation material when introducing the purpose and goals of the

workshop. The SIPOC was utilised to give a comprehensive overview of the process being
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mapped and analysed. When observing the SIPOC diagram (Figure 11), it can be distin-
guished the types of people and information that are needed to map the current state
of the HWDP. Additionally, it specifies the outputs and who is gaining something from it.

Lastly, the SIPOC was used as a guideline for the participants in the workshops.

SIPOC diagram

Suppliers Inputs High-level Process Outputs Customers

ALM systems Other relevant HW projects

Hardware developers Process participants' knowledge Improved Process Hardware developers
Testing and Validation Process documents Detailed process documentation Testing and validation
Supplier development team Case study (project and process) Supplier development team

Purpose Objectives

Cross-functional team collaboration visualising the current state Map and review the current state

Acquire an overview how the process is actually done Identify and eliminate non-value added (NVA) activities
Reduce the overall development lead time
Improve the communication
Identify opportunities for improvement

Figure 11. SIPOC diagram

4.2.5 VSM template and mapping symbols

A VSM template was created virtually (Figure 12) as part of the VSM workshop. The tem-
plate was created in a cross-functional diagram style consisting of four lanes, where the
lanes were dedicated to the specified stakeholder departments stated in Chapter 4.2.1.
This type of template style was chosen to present the entire process flow visually and to
easily be able to capture all of the tasks, sub-processes, information flows, and depend-
encies between the different departments. This results in a structured framework for
outlining the process’s current state, enabling a thorough comprehension of how value

is created and delivered across the different departments.

Furthermore, some distinct mapping symbols were also created to increase the map’s
accessibility (Figure 13). In this case, the symbols used represent the following process
aspects:

e Activity (Square) — This symbol represents an activity, task, or process step in the

VSM and includes a short description of it.
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Review/Decision/Approval (Diamond) — This symbol represents a review, deci-
sion or approval within the process. E.g., it indicates whether an action is ready
to proceed in the process or if it has to take another path based on some criteria.
Flow of information (Arrow) — This symbol represents the information flow be-
tween the process’s steps, including the flow of physical items, data, or commu-
nication.

Delay (Triangle) — This symbol represents delays and waiting in the process. It is
used to indicate where the waiting occurs and can support in locating areas

where improvement is needed in the process.

eeeeeeeeeee

ssssssss
<<<<<<<<<<

Figure 12. VSM template consisting of the specified stakeholder lanes

Activity Review/Decision/Approval Flow of information Delay

Figure 13. Mapping symbols
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4.3 Workshop execution

The workshops have resulted in an extensive overview of the current value stream of the
HWDP, consisting of the physical process, the information flow and dependencies be-
tween the different tasks and activities, and the visualisation of the value-added and

non-value-added tasks.

4.3.1 Pre-workshop brainstorming

At the beginning of the workshop, it was found out that the specified template to be
used during the current mapping session was insufficient, according to the workshop
participants. At this stage, the template included four different departments: develop-
ment, suppliers, testing & validation, and the supplier development team. It can be
acknowledged that these departments are the ones that were defined when executing
the preparative work before the workshop. This resulted in discussions regarding who
should be added to the mapping template. After the discussions, the template had
shifted quite heavily, with an increased amount of lanes. The final template consisted of
the following stakeholder lanes:

e Upper management

e Product owner (part of the HW development team)

e HW Developer / Expert

e Technical Services

e Suppliers

e Testing & Validation

e Supplier Development Team

e Supply Management

e ELMEC (Electromechanical)
It was decided to split the development team into a product owner lane and a devel-
oper/expert lane, the reason being to distinguish between management-related activi-
ties and engineering-related activities. Additionally, these two lanes consisted of the

most amount of tasks. A stakeholder map was created to better grasp the stakeholders’
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contribution to the HWDP (Figure 14) afterwards. The stakeholder map is organised into
three major sections:

e Coreteam: The core team includes the HW development (HW developer / Expert
and Product Owner), Testing & Validation, and Suppliers. These departments are
the key decision-makers in the project, ensuring that the project is completed on
time.

e Involved: The involved consists of the Supplier Development Team and Supply
Management. These departments are not part of the core team but work closely
with them, attending regular meetings where the core team is gathered and pro-
vides input or helps to move work forward.

¢ Informed: The informed comprises Senior/Upper management, Technical Ser-
vices, and ELMEC. These departments mainly want to stay up-to-date with pro-

ject progression and provide feedback/consultation when necessary.

Upper
Management

Technical
Services

Supply
mnnlgement

Core Team

HW Development

Product Developer/
Owner Expert

Testing &
Validation

Figure 14. Stakeholder map
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4.3.2 Current state mapping

During the current state VSM workshop, the current situation of the HWDP was mapped
in the produced VSM template. The procedure for mapping the activities and infor-
mation flows was facilitated by the thesis author. The existing process flow chart of the
HWDP (Appendix 1) was the main guideline during the mapping phase. All participants
had access to the virtual mapping board and contributed via there. The main approach
during the mapping workshops was to follow the existing process flow chart of the
HWDP one task at a time and then elaborate on the critical information flows and de-
pendencies related to that task. After the mapping stage, all of the activities were gone
through and tagged as Value Added (VA), Non-Value-Added (NVA), or Required Non-
Value-Added (R-NVA). This classification phase was done to achieve a categorised value
stream displaying how each activity contributes to the process. The activities were
tagged from a process perspective, i.e., how they benefit/counteract the process. The
activities were tagged in teams where the teams of the different departments tagged
their own tasks. Since not a participant from all of the stakeholder lanes was present,
the whole group defined these tasks. After activity tagging, they were reviewed and ei-
ther accepted or declined to have the correct tag. Those tasks that caused conflicts were

further discussed.

4.4 Current state findings and analysis

The findings and analysis chapter focuses on the information flow, task value assessment,
and issue identification of the current state of the HWDP. Furthermore, improvement

suggestions are discussed and listed.

4.4.1 Information flow

The produced current state VSM can be seen in Appendix 3. By observing the current
state map, it can be seen that the main focus is set on mapping out the activities of the

HW development team, suppliers, and testing & validation; thus, their tasks are perhaps
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more detailed than the other lanes. The main reason that these tasks are more detailed

is due to their high impact in achieving an efficient process and complete product.

However, the other stakeholder lanes play an equally important role because their sub-
processes create dependencies for the main development activities. l.e., due to the com-
plexity of all the entangled dependencies and information flow, the cooperation and
communication must flow smoothly and need to be clearly visualised between the de-
partments in order to achieve a lean process. Iterations can be identified, but it is difficult
to define how extensive and crucial these are; therefore, it was decided to investigate

these issues more deeply with the help of a DSM (Chapter 4.6).

The mapping symbols used during the workshop were limited to the information flow
arrow, activity, and review/decision/approval symbols. No delay symbols were utilised
to decrease the number of symbols mapped, resulting in better accessibility when ana-
lysing the current state map. However, delays were later discussed and documented in

the sense of where they occur in the process.

4.4.2 Outsourcing

The outsourcing of the HWDP was a subject that was heavily discussed during the work-
shop since it is a significant factor in the development and as it was defined to be an area
requiring improvements regarding communication and collaboration. Since the case
company’s HW development is often related to longer projects, there are often many
iterations if technological problems occur. Projects are occasionally put on hold internally,
mainly due to internal priorities, poor management planning, resource constraints or
strategic or business-related changes. When the project is on hold, the suppliers also
shift their focus towards other customers. Moreover, when the project is started again,
there is a risk that the same individuals from the supplier side cannot be involved due to
their new commitment and priorities towards other customers. New people must be
included in the project, and there have to be new learning curves established, resulting

in slow start-ups and delays.
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Another issue is the misunderstanding of component requirements. With outsourcing,
the suppliers must fully understand what is being developed and what the specified re-
guirements are meant for. The requirements must be opened up and explored deeply to
avoid looping with contacting and discussing what the purpose of the requirements is.
It was noticeable that when selecting new suppliers, it is essential to focus on communi-
cation and collaboration skills, technologically related knowledge, and project manage-
ment expertise. The way of working needs to be clear, and there needs to be a robust

communication structure with the suppliers.

4.4.3 Value assessment

The amount of VA, NVA, and RNVA activities in the HWDP is visualised in Figure 15. In
total, there are 47 VA, 16 RNVA, and 8 NVA activities. To further improve the HWDP, the
value assessment chapter will focus on bringing up the NVA activities and discussing the
major issues related to them. The goal of addressing the major issues related to NVA
activities is to identify opportunities for process enhancement. This is done by further
elaborating on the information and data from the workshop. Table 5 lists the NVA tasks
and categorises them according to the type of waste. It can be seen that the majority of
the NVA tasks are categorised as waiting (five tasks), followed by excessive processing
(two tasks), and defects (one task). It was found in the literature review that the most
common waste is waiting; this can also be concluded from this waste categorisation. The
next step will be to list the issues and improvement suggestions in detail. Furthermore,
to improve the accessibility of actually being able to implement the improvement sug-
gestions, a summary of the issues and improvement suggestions in the NVA can be seen

in Appendix 4.
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VALUE ASSESSMENT OF THE HWDP

W Value-Added W Non-value-added

M Required-non-value-added activities

47; 66 %

Figure 15. Value assessment of the HWDP

Table 5. NVA task categorisation

Task name Task type Waste type

Scope review with stakeholders Review Waiting

Does order and contract exist Approval Waiting

Review test cases Review Waiting

Update test specification Activity Excessive Processing
TRS update Activity Excessive Processing
Review the change content of the TRS Review Waiting

Release meeting with stakeholders Review/Decision Waiting

Field test Activity Defects

Scope review with stakeholders

The scope review is considered to be executed wrongly during the HWDP. In some cases,

there have been scope creeps during projects, which have led to challenges in managing

the project correctly. The stakeholders of the projects have shown that they do not fully

grasp all the related requirements to the product and how they relate to the project’s

scope. Additionally, it is sometimes challenging to involve the correct stakeholders if the

topic is complex and to integrate all of their requirements. As this NVA activity was de-

fined as a review meeting, it has been seen that the stakeholders have not prepared
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enough before the meeting to completely get engaged in the discussions and resolve
potential issues and difficulties. This results in iterating the meeting due to stakeholders

having to attain more profound knowledge regarding the product’s scope.

The issues were addressed through several improvement suggestions. First, the possibil-
ity of implementing automated reviews was discussed. It could perform certain verifica-
tions such as document completeness, consistency, and compliance checks. This would
allow for continuous updates of the project scope by ensuring that the necessary ele-
ments are included. Secondly, push the stakeholders to read up on the concept and re-
quirement of a product and start tracking how well-prepared the stakeholders are.
Thirdly, a stakeholder map visualising the expertise areas of the stakeholders should be

mapped out to better know whom to contact for which issue.

Does order and contract exist?

This review task is related to the supplier selection process and the creation of the frame-
work agreement, which is a type of contract. The contract on its own is value-added;
however, the contract establishment often generates long lead times (up to nine
months). Based on this issue, the case company might end up obtaining competence

from an inadequate supplier, resulting in unfulfilled product requirements.

Based on these remarks, the supplier selection process needs to be of higher quality to
understand the core competence of the suppliers in scope. This includes executing more
detailed evaluations and site visits to gain hands-on experience with the supplier’s com-
petence. Furthermore, project management knowledge needs to be emphasised and
confirmed that it is at the highest level to ensure that the projects are managed as effi-

ciently as possible to minimise the potential risks.

Review test cases — Update test specification
The review test cases and update test specification activities will be described jointly. It

was noticed that there is no outlined procedure for test case creation, and currently, the
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validation of a product is done jointly by the developers and testers, making it hard to
work systematically since the developers are not always trained in writing comprehen-
sive test reports. This issue causes confusion and delays during the process due to exces-
sive processing. Additionally, there are no strategies to avoid re-testing of a test case.
This sub-process should be opened up, mapped out precisely, and analysed for ineffi-
ciencies. Furthermore, training materials regarding test report writing should be investi-

gated.

Update TRS — Review and negotiate the change content

The loop of updating the TRS and then reviewing and negotiating the change content
generates excessive processing and waiting. It was noticed that this is related to tracking
how often the TRS is being updated during the project. Currently, there is no quick dis-
tribution of the updated content to the stakeholders. The review and negotiate change
content is partly the same issue. E.g., if the TRS is updated, the contract needs to be re-
negotiated, and if the product needs an exception even though the requirements are
accepted, a new TRS document is needed. Based on this, it was concluded that the main
issue is related to not having a sufficient traceability system while also not having a suf-

ficient TRS created when the contract is signed with the supplier.

There needs to be more effort put into the TRS creation process so that it is complete
when the contract is signed with the supplier. A set amount of allowed iterations could
be specified in the process. Furthermore, A proper change action follow-up system
should be implemented, which automatically distributes the source of the change and
information to the stakeholders. This would allow for faster action points to be decided.
E.g., a system could be implemented that alarms when a requirement has been updated,

and it would show an overview of which test case that has to be updated.

Release meeting with stakeholders
During the investigation of the release meeting activity, it was noted that there is insuf-

ficient closed-loop feedback during the project timeline, l.e., the correct stakeholders
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are not updated correctly about the critical events and milestones of the project. Fur-
thermore, when it is time for the product release meeting, there are still a lot of opinions
and questions in it. This results in unnecessary iterations of the release meeting. The
primary purpose of the meeting is to synchronise between all stakeholders and agree

that the product can be released.

To solve these issues, there were suggestions of creating a thorough list of the correct
stakeholders, which indicates their impact and significance during the project timeline,
and these need to be informed if there are critical changes and events that occur during
the project. Furthermore, this goes well with the improvements listed in the previous
activity analysis, pinpointing that a proper change action follow-up system should be
implemented. In this case, the system could be utilised to resolve questions and con-

cerns before the release meeting.

Field test

Lastly, there is the field test activity. This activity takes up much time; the product must
collect a significant amount of operating hours before getting fully released. There are
issues seen with establishing the contract of allowing a not fully released product to start
running on a customer’s systems. This often takes much time, as it requires locating the
correct customer willing to be responsible for implementing the not fully released prod-
uct. Overall, this activity is rather crucial and cannot be done in other ways at the mo-
ment. However, there was discussion that there might be a potential to research into
more improved environmental tests that could replace/shorten this extensive test and
bring out the potential risks and defects as accurately as the field test. This would result

in a considerable efficiency improvement in the process.
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4.5 Design Structure Matrix

A DSM was generated based on the mapped current state from the VSM workshop (Ap-
pendix 5), collecting all stages from concept development to ramp-up. A partitioned ver-
sion of the DSM can be seen in Appendix 6. The DSMs visualise the dependencies and
relationships between the activities in the HWDP and will aid in the operation of knowing
if a particular decision or task could be made earlier in the process. A total of 71 tasks
are listed within the DSM, which can be considered a hefty amount. To better be able to
analyse the DSM:

e The listed tasks were coloured-coded to distinguish which department/role per-

forms which task (Table 6).
e The most extensive feedback loops were marked with a grey symmetrical square

within the DSM to identify them better.

Table 6. DSM task colour-coding

Colour Coding:

|
|
|
|

Testing & Validation
Supplier Development Team
Supply Management

4.5.1 DSM analysis

By observing the generated DSM, it can be seen that there are several extensive feed-
back loops, where the largest ones occur in the middle of the process. These feedback
loops result in unnecessary rework within the HWDP, causing long project execution
times. The colour coding shows that close collaboration and communication between
departments are needed at the beginning of the process. However, the colour coding

also indicates that there might be some collaboration and communication issues since
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the testing & validation department and suppliers are included somewhat later in the
process compared to the other departments. The workload distribution between de-
partments could be considered somewhat imbalanced since most tasks are dedicated to
HW development, suppliers, and testing & validation. Moreover, this could result in bot-

tlenecks within the process, causing delays and wait time issues.

The DSM was partitioned to get the feedback loops as close to the diagonal as possible.
There is a clear difference between the original DSM and the sequenced one, as it can
be seen that the most extensive feedback loops have been eliminated and turned into
smaller continuous loops in the middle of the DSM. So, with the new DSM, there are
more feedback loops, but they are more compressed than in the non-partitioned DSM,
and most of them are one-step loops. It was also identified that the smaller loops in the
middle of the DSM would be hard to execute in the defined order. Therefore, it is difficult
to tell if the re-ordering can be implemented as a new way of working in the HWDP.
However, both the unpartitioned and partitioned DSM can be used as guidelines in a
future state mapping workshop, optimising the information flow within the process to

streamline information exchanges, eliminate redundant flows, and reduce dependencies.

4.5.2 DSM simulation

A task transition probability simulation was executed on the non-partitioned and parti-
tioned DSM. The simulation was done to compare the structural differences between
the two DSMs. The simulation input was based on in-process time assumptions on the
listed tasks in the DSM. The assumptions consisted of a minimum, likely, and maximum
assumption of in-process time. Furthermore, the task transition probability was defined
as 80 % on all tasks under the diagonal and the rework probability to 20 % on all the
tasks above the diagonal. Two tests consisting of 100 simulations were run to get a suf-
ficient result. The exact simulation input was used in both tests. Figure 16 and 17 visual-
ises the simulation results. This result suggests that there would be a 50 % decrease in
lead time. It is evident that the structural differences between the two DSMs’ simulation

outputs play a fundamental role. However, a 50 % lead time decrease can be considered
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rather optimistic since achieving such a large decrease in lead time demands fully grasp-
ing the process and understanding the availability of resources and actual implementa-
tion of the partitioned process. Furthermore, it is essential to consider that the stability
and quality of the process might be reduced if the efficiency of a process is heavily in-

creased.

Due to the limitation of the data used only consisting of assumptions, the findings cannot
be fully relied on and should be evaluated with caution. The result is also not a final
output of the lead time reduction but rather some initial indicators of how much it can
be decreased in theory. Therefore, it would be important to run a similar simulation with
more gathered data on the actual in-process times and task transition and rework prob-
abilities. This data could be estimated, e.g., by experts in the process or by historical data

documented on the tasks.

Process Duration Distribution - Non-partitioned DSM
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Figure 16. Simulation results — Non-partitioned DSM
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Process Duration Distribution - Non-partitioned DSM
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Figure 17. Simulation results — Partitioned DSM

4.6 Future state VSM

Unfortunately, there was no official future state VSM workshop due to the time limit of
the thesis; thus, a new process of the HWDP will not be proposed, including any of the
identified findings. However, a cross-functional flowchart based on the current state

map was created. This topic is elaborated more in chapter 4.7.

The recommended next step would be to arrange a future state VSM workshop, where
the case project, VSM and DSM findings would be discussed and analysed with the main
stakeholders. In the workshop, the main goal would be to:
e First, rank the improvement suggestions based on their impact and effort
e Second, try to streamline the process and eliminate iterative flows by adding or
deleting tasks.
e Third, balance the workload and the resource utilisation to avoid bottlenecks in

specific departments.
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e Fourth, try to standardise processes and implement new technology enabling au-
tomated tasks and reviews.
e Fifth, implement key performance indicators which can be monitored and meas-

ured during future projects.

4.7 Novel Cross-functional diagram of the HWDP

Since there was not enough time to execute the future state mapping workshop, a new
process flowchart of the HWDP was created in a cross-functional style (Appendix 7).
However, creating the process flow chart did not consider the analysed findings or the
partitioned DSM. It mainly illustrates the current state of the HWDP in a more stream-
lined format to avoid all of the entangled information flows. The process flow chart was
made for all individuals involved in HWDP to better understand the whole picture of all
the steps within the current process. The chart is mainly utilised by the core team, except
the suppliers. When visualising the process in this style, it becomes more apparent which
department executes which activity and the dependencies between activities and de-
partments. By implementing a routine of following the cross-functional flowchart, com-
munication and collaboration could potentially be increased. Furthermore, the new pro-
cess flowchart is an excellent tool to use as background material when executing the

future state mapping workshop.
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5 Conclusions

Through the utilisation of lean tools, this thesis aimed to produce a comprehensive anal-
ysis to enhance the current state of the HWDP at the case company. The lean methodol-
ogy and its implementation in engineering were conceptualised as fundamentally im-
portant when translating the results and discussions into a product development context,
contributing to overall process improvement. The thesis was formed around two decisive
research questions, which aimed to seek answers to how the process can be streamlined
by identifying inefficiencies and proposing improvements and how cooperation and col-

laboration could be improved to reduce overall development lead time.

The empirical findings need to be categorised into two foundational elements: analysing
a puzzling and drawn-out HW development project from a managerial and functional
perspective combined with acquiring a holistic view of the HWDP by focusing on its re-
lated elements, consisting of communication, collaboration, and decision-making be-
tween different departments through the VSM and DSM tools. By utilising the case study
methodology, it allowed for acquiring data from a real-life context. The research is mainly
a qualitative study; however, many different research angles have been utilised, which
enabled the recognition of diversity in the collected data and information. Quantitative
data can mainly be seen in the case project analysis, where the output is formed on
historical data from an ALM system and Internal documentation platform. Moreover, not
only looking at the process itself but also including an analysis of a project carried out
through it allowed for a comprehensive evaluation, providing insight into how the pro-

cess functions in theory and has been put into practice.

The project analysis highlights the key points showing where and how the bottlenecks
and implications have occurred. The analysis has pinpointed several challenges that have
led to difficulties regarding the project's progression, resulting in an extended project
timeline. Initially, the project was almost fully outsourced since both the concept devel-
opment and first designs were done at the supplier, leading to a lack of in-house exper-

tise and potential knowledge gaps when the project was transitioned to the case
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company. The findings are related to outsourcing activities, internal scheduling, commu-
nication, and collaboration. The project’s timeline was greatly extended because of sev-
eral delays; thus, emphasising project planning and scheduling is crucial to facilitate ef-
fective project execution, reducing delays and managing dependencies. A clear technol-
ogy knowledge gap has been identified, resulting in extensive rework and delay of the
component development. Since projects within the hardware development sector are
often rather complex, they require a broad range of expertise. Therefore, more focus
needs to be put into understanding the project requirements internally and with the
suppliers, ensuring that a holistic understanding of the component is achieved, not only
understanding the standalone functionality of the component but also grasping how it

is integrated and utilised in the more extensive system.

Mapping out the current state of the HWDP was a critical contribution toward identifying
waste inefficiencies and improving communication and collaboration. The approach in-
volved going through the current state on a higher level with the main stakeholders and
identifying VA, NVA, and RNVA activities, which contributed to assessing the activities’
impact on the process. Firstly, a general observation from the current state mapping ses-
sion was that outsourcing was a hotly debated topic. Since there is a significant need for
outsourcing, a strong communication structure with the suppliers is crucial to execute
projects effectively. In order to achieve this, the supplier selection process should con-
sider the following aspects: communication and collaboration skills, technologically re-
lated knowledge, and project management expertise. Furthermore, the product's re-
guirements to be developed must be clearly defined to avoid misunderstandings and
looping conversations regarding the requirement definitions with the supplier. Secondly,
the current state analysis provided a value assessment of the mapped tasks, resulting in
47 VA, 16 RNVA, and 8 NVA activities. The NVA activities were categorised based on their
task type and waste type providing a detailed description. These activities were further
elaborated on by outlining their crucial issues and focusing on providing detailed im-
provement suggestions to them. The focus was on improving stakeholder communica-

tion and engagement, supplier relationships, testing processes, change management,
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release meetings, and field testing. All the improvement suggestions contribute towards
achieving a streamlined process and enhancing cooperation and collaboration to reduce

development lead time.

The cross-functional current state VSM effectively captured the dependencies and infor-
mation flow between the departments. In some parts of the map, the amount of infor-
mation flowing between the groups was heavily entangled when analysing the map. Ul-
timately, it became evident that another tool was needed to sort out this mess: the DSM.
Utilising the process architecture DSM enabled powerful visualisation of the process's
relationship between tasks and activities. Utilising the partitioning algorithm on the DSM
allowed for structurally changing the process by minimising the iterative loops. Two sim-
ulations were run to see how much the lead time may be reduced based on the structural
changes between the non-partitioned and partitioned DSMs. When the simulation re-
sults were compared, the partitioned DSM showed a 50% reduction in lead time. This
indicates that minimising the large iterative loops decreases the lead time effectively.
Unfortunately, the possibility of fully implementing the new structure cannot be an-
swered since the re-ordering is only based on an algorithm instead of careful evaluation
by the stakeholders. Furthermore, since there was no collection of time data on the tasks
and activities, the DSM simulations had to be executed through assumptions, putting
limitations on the simulation results in terms of reliability; however, the results could still

be utilised as initial indicators of how the lead time could be decreased in theory.

Since the current state was only mapped to a higher level, sub-processes within the
HWDP could be opened up and explored further for NVA activities. On the other hand,
mapping the current state to a higher level provided a more extensive overview, resulting
in an increased understanding of how communication and collaboration could be im-
proved. Converting the mapped current state into a cross-functional process flowchart
enables a more transparent and holistic approach towards working together in future

projects by placing the related tasks and activities in their specified department lane.
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Based on the analysis, there are several managerial implications to consider:

Holistic Process Overview — managers should focus on enhancing communication,
collaboration, and decision-making across the different departments involved in
the HWDP. Effective communication is vital, and a transparent flow of infor-
mation between departments reduces inefficiency and aligns the teams toward
the same goal.

Effective outsourcing — the suppliers should be carefully selected based on their
technical expertise, managerial skills, and communication and collaboration
competence. A clear internal and external understanding of product require-
ments is crucial to prevent misunderstanding and enhance project execution.
In-house expertise development — a broad range of expertise needs to be devel-
oped to achieve a comprehensive understanding of the components and their
integration into the more complex system. This includes having a thorough un-
derstanding of the project requirements both internally and with the suppliers.
Effective project planning and scheduling — emphasis should be placed on effec-
tive project planning, scheduling, and managing dependencies in alignment with
the SAFe framework to meet the project timeline.

Continuous improvement — strive for continuous improvement by encouraging

teams to evaluate the process, identifying wastes, and proposing improvements.

It can be concluded that the thesis has effectively answered the two identified research

questions. The research question “How can the process be streamlined by identifying

inefficiencies and proposing improvements?” is addressed through the case project anal-

ysis and current state findings by highlighting challenges related to outsourcing, commu-

nication, technology knowledge gaps, and project planning and scheduling. By using

VSM and DSM, it has been possible to effectively capture the process's current state,

visualising all the wastes and bottlenecks. Improvement suggestions have been identi-

fied from the value assessment, including an analysis of VA, NVA, and RNVA activities.

The second research question, “How can cooperation and collaboration be improved to

reduce overall development lead time?” was answered by highlighting the importance
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of communication and collaboration in the HWDP. By implementing the VSM and DSM
together with the analysis, it has become evident that there is a need for better commu-
nication between the involved departments, including the suppliers. All the identified
improvement suggestions contribute towards achieving improved cooperation and col-
laboration to reduce the overall lead time, and additionally, utilising the partitioning al-
gorithm allowed for structural changes in the process where the iterative loops were

minimised. This adjustment can potentially decrease the overall lead time by 50 %.

Undoubtedly, this extensive investigation of the specified hardware development pro-
cess can be considered a successful outcome as it has provided a comprehensive over-
view by highlighting the essential aspects that contribute to a more streamlined and en-
hanced process. Even though the implementation phase could not be executed, the the-
sis’s output still produces a critical value that hopefully could be utilised in attaining an
optimal future state of the process. Ultimately, as one of the earliest statements in the
thesis claims, to secure a competitive advantage in product development, one must

strive to achieve perfection in the process.
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Appendices

Appendix 1. Existing hardware development process
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Appendix 2. Hardware revision timeline of the case project
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Appendix 3. Current state value stream map
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Appendix 4. Summary of non-value added issues and improvement suggestions

Activity Name

Issues

Improvements

Scope review with stakeholders

- Scope creep during projects leading to chal-
lenges in project management.

- Stakeholders not fully grasping project re-
quirements and scope.

- Difficulty involving correct stakeholders for
complex topics.

- Stakeholders not adequately prepared for
review meetings, resulting in iteration.

- Implement automated reviews for continuous
updates of project scope.

- Push stakeholders to read up on product con-
cepts and requirements.

- Create a stakeholder map which visualises their
core expertise.

Does order and contract exist?

- Long lead times (up to nine months) in es-
tablishing supplier contracts, potentially
leading to obtaining services from inade-
guate suppliers.

- Execute more detailed evaluations and site visits
to understand suppliers’ core competence.

- Emphasise project management knowledge on
the supplier and ensure high-level management
to minimise project risk effectively.

Review test cases — Update test
specification

- No outlined procedure for test case crea-
tion, causing confusion and delays.

- No strategies to avoid re-testing of a test
case

- Open up and map out a precise process for test
case creation.

- Analyse the process for inefficiencies and make
necessary improvements.

Update TRS — Review and negoti-
ate change content

- Generates excessive processing and waiting
due to updating the TRS multiple times dur-
ing the project.

- Specify a set amount of allowed iterations for
TRS updates.

- Implement a change action follow-up system to
distribute change information to stakeholders
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- No quick distribution of updated TRS con-
tent to stakeholders, leading to contract re-
negotiation and a new TRS document.

automatically.

- Implement a system to alarm when a require-
ment is updated and identify which test cases
need to be updated.

Release meeting with stakehold-

- Insufficient closed-loop feedback during the

- Create a thorough list of correct stakeholders in-

ers project timeline, leading to stakeholders not | dicating their impact and significance during the
being updated about critical events and mile- | project. These need to be informed about critical
stones. changes and events.
- Unnecessary iterations of the release meet- | - Implement a proper change action follow-up sys-
ing due to opinions and questions not being | tem to address and resolve questions and con-
addressed beforehand. cerns before the release meeting.

Field test - Field test activity takes much time, requir- - Research into improved environmental tests that

ing 3000 hours of operation before full re-
lease.

- Challenges in establishing contracts for not
fully released products running on a cus-
tomer’s system

can replace/shorten the extensive field test while
still bringing out potential risks and defects as ac-
curately as the field test
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Appendix 5. Unpartitioned DSM
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Appendix 6. Partitioned DSM
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Appendix 7. Novel cross-functional flowchart of the HWDP




