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Abstract

Nowadays, there is an emphasis on gaining a competitive advantage through
continuous improvements. However, no company is immune to radical production
changes to stay competitive as production system ages, product portfolio develops and
market demand varies. It is becoming increasingly important to conduct radical
changes more efficiently with less installation errors. Thus, it is important to be able to
handle cutting edge technology to decrease design lead time and increase
understanding. 3D laser scanning is such a technology that has the potential to
revolutionise production development. However, the methodology to facilitate 3D
laser scanning is still underdeveloped. At Danfoss Heat Pumps while planning the
future production layout, has an action research attempt been made to continue
developing the methodology for 3D laser scanning by combining simplified systematic
layout planning and workshops with 3D laser scanning. This was conducted to
complement the existing 3D laser scanning method with an approach that considers the
entire factory layout planning life cycle, as the general layout phase is considered the
most important phase. Moreover, by planning the block layout and merging it with a
point cloud of the factory it is possible to create a visual support that potentially
increases understanding when evaluating and planning the factory layout. The research
contributes with a recommended layout planning method which is based on the
important aspects that was presented during the action research case and semi-
structured interviews with the layout planning team.

Keywords: 3D laser scanning, block layout, facility layout planning, layout planning
method, simplified systematic layout planning, workshops, point cloud, facility layout
problem, realistic visualisation, production development.
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1 Introduction

This chapter will introduce the study conducted in this master thesis. The following
sections are the background, problem definitions, purposes, objectives and delimitations
of the project presented.

1.1 Background

This section will give a concise background of the subjects contested in this thesis,
which are layout planning life cycle, the facility layout problem and visualisation with
three-dimensional (3D) laser scanning. Subsequently, the hosting company and
organisation are presented.

1.1.1 Visualisation and factory layout planning

Nowadays, production development has become a vital process for companies to learn
and understand in order to gain competitive advantage. It is a comprehensive and
complex area that concerns about setting up effective production processes and
developing the production ability (Bellgren & Siftsen, 2010). According to Wiendahl
& Hernéndez (2006) there is an increasing demand to have transformable factories to
stay competitive on the global market. Transformable factors are characterised by
either: rapid planning and implementation of results or ability to rapidly make
modifications and adjustments (Wiendahl & Hernandez, 2006). In Lean Production, is
Kaizen (continuous improvement) referred as an important part to master to achieve
effective and efficient production. According to Johansson (2008) continuous
improvement mentality has become normality within companies. However, from
experience it is known that Kaikaku (radical change) is not as emphasised as Kaizen in
literature but arguably as important. Since production systems ages, product portfolio
develops, and market demand varies, thus it is important for numerous reasons to
adjust and redesign whole production systems to remain competitive. According to
Johansson (2008) external factors are mainly the reason for radical changes and lately
factory layouts have been the main focus in change projects.

The facility layout problem (FLP) is a combinatorial optimisation problem and is
defined as determining the physical organisation of a production system (Meller &
Gau, 1996; Singh & Sharma, 2006). Facility layout is the placement of everything that is
required to produce the final product and the problem is to find the most efficient
arrangement. The arrangement significantly affects lead time, production costs, work-
in-process (WIP), and productivity. Well planned layouts can reduce the total
operating expense by fifty percent (Drira et al., 2007). The original objective of FLP is
to minimise internal material handling cost, however, research has shown that other
objectives can also be focused and achieved, e.g. reduce material movement, lower
WIP levels, overall congestion, and throughput times (Singh & Sharma, 2006). The
result of FLP is a block layout, which is a two-dimensional (2D) representation that
specifies the location of departments and work stations in a factory template. The
block layout is then further developed into a detailed layout which specifies details in
each block, e.g. input/output locations, aisle width, layout within departments and
stations. Problems to be solved in the detailed layout are flow line problems, machine
layout problems and cellular manufacturing design problems (Meller & Gau, 1996).



According to FLP literature reviews the research on FLP is strong, but diverging
(Meller & Gau, 1996; Singh & Sharma, 2006; Drira et al., 2007). Moreover, the
research has long been focused on developing different algorithms for layout planning.
However, mathematical based algorithms are difficult to apply due to complexity and
computational limitation. Thus, sub-optimal manual planning approaches like
Systematic Layout Planning (SLP) are often applied. SLP was first developed and also
simplified by Richard Muther in 1960 (Kusiak & Heragu, 1987). Johanssson (2008)
mention the most used layout planning method is the simplified version of SLP.
Moreover, some reviews point out the lack of concurrent engineering between layout
planning and material handling system design or production system design. Thus,
future research should be on breaking the sequential processing of layout and material
handling system design or production system design (Meller & Gau, 1996; Singh &
Sharma, 2006). Drira et al. (2007) stated that future research should focus on
embedding layout procedure into software tools and combine it with graphical tools to
make it more efficient and realistic.

3D laser scanning technology has been proven to be a powerful tool to utilise when
planning and visualising production system and layouts (Lindskog, 2014; Olofsson &
Sandgren, 2015). Some presented advantages with 3D laser scanning are that a high
quality and accurate 3D factory model can be built in matter of hours, which eliminates
time consuming tasks such as collect and insert measurement data into 2D or 3D CAD
models. Moreover, it eliminates the risk of human mistakes when measuring the
factory and inserting data into CAD models. Another advantage with scanned models
is that they can still be merged with other CAD objects, e.g. machines, robots, layout
planes, etc. Moreover, 3D visualisation is a very good way to verify layouts and systems
(Olofsson & Sandgren, 2015).

Current methodology for using 3D laser scanning to plan layouts and design
production systems is still developing. Lindskog (2014) presented LAMDA-cycle to be
applied during design phase to increase teamwork quality. Olofsson & Sandberg (2015)
expanded the approach by introducing 7 flows with cross-functional workshops which
should follow the LAMDA-cycle during sessions. The intention was to make design
decisions during the workshops. However, according to Olofsson & Sandberg (2015)
this was not accomplished due to unknown reason(s). The cross-functional workshops
with 7 flows and LAMDA-cycle have been mostly focused on developing the detailed
layout directly in 3D scan models. However, the life cycle of large factory layout
planning consists of four common phases when planning layouts: location analysis;
general layout; detailed layout; and implementation (Muther, 1974; Phillips, 1997,
Zardin, 2001). Currently the 3D laser scanning methodology does not aim at the
general layout phase, which produces the block layout that directly affects the
efficiency of detailed layouts. So to ensure and increase efficiency of planned layouts
this phase must be integrated. Moreover, block layouts are a visualisation technique
that can benefit 3D scan models when combined to increase the visual understanding
when planning the detailed layout during collaborative workshops with third parties.
Moreover, it can give layout planners the option to start applying optimal FLP
approaches, which can provide efficient block layouts based on quantitative
measurements, instead of qualitative approaches which are commonly used today.



1.1.2 Danfoss Heat Pumps and Danfoss Group

In this study, Danfoss Heat Pumps (former Thermia but still also branded as Thermia)
in Arvika, Sweden, has been selected to perform the study, which will be referred as
the company here on. The company develops, produces and sales heat pump systems
for heating, warming water and cooling. The company has approximately 190
employees with revenue of 700 million SEK. In 2005 did Thermia become a part of
Danfoss Group and operates as an independent business unit within Danfoss Heating
Division. The company is still branded as Thermia within the Nordic market while for
the rest of the world it is branded as Danfoss. Danfoss Group made the company as
the site for its global research and development of heat pumps. Today the company is a
technology leader and has one of the leading development sites in Europe.

Danfoss Group is a private owned Danish company which produce a diverse range of
energy solutions for four different divisions: Power Solutions, Cooling, Drives, and
Heating. Danfoss has approximately 23 400 employees worldwide with revenue of 5.1
billion EUR. Danfoss Group operates on a global market with widely sales in 100
countries and 61 factories in 20 countries.

The company, an independent site, develops, produces and markets heat pumps for
three different product segments: geothermal heat pumps (high volume), air-water
heat pumps (medium volume) and large capacity heat pumps (low volume). Due to the
nature of business, the sales of heat pumps are fluctuating according to seasonal
changes. The sales sharply increase during September to November (high season) and
sharply decrease during January to March (low season). The final product is produced
from three sub-parts that are assembled and covered: frame with or without water
tank, heat pump and control unit.

In the present production system, all product segments are being produced in parallel
sharing some resources. Each sub-part is produced in separated sub-flows which later
converge in the final assembly flow. Today, the production system has faced problems
as the system has become outdated and lacks capability to change due to previous
design solutions within the production system. The company recently initiated a new
product development project called Atlas, where both the next generation of
geothermal heat pump and new production system will be developed to modernise the
product segment and production.

1.2 Problem definitions

The company’s current production layout has work stations designed with pits under
the ground with scissor hydraulic lifting tables to support ergonomic work. Thus, the
system has experienced inefficient transport and obstructed to change for the old
production layout and system. Moreover, the current production system does not have
the capacity to introduce a new product family. Accordingly, the company has decided
to develop a new production system to eliminate current inefficiencies and increase the
flexibility for future remodelling. Moreover, the production engineering department
lacks adequate knowledge of a structured method to plan the physical structure of a
new production system. As a result, the production engineering department requires
assistance from specialist to introduce a new practical and efficient planning method,
which is aligned with current practices, to assist planning primarily larger layouts. Also,
the specialist will conduct training to the production engineering department in order
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to maintain knowledge and skills within the production. Moreover, the design
procedure to utilise 3D laser scanning still requires further development to consider all
details and improve the robustness and quality of the end result. Currently, the results
are very depended on the first impression of the empty point cloud model when
conducting collaborative workshops with any third parties. Further, it can be difficult
for third parties without previous layout planning knowledge to grasp the whole system
and to estimate area requirements and placement of functions when viewing an empty
point cloud model. To achieve the above statement, the following research questions
have been raised:

RQI1: How can simplified systematic layout planning, 3D laser scanning and workshops
be combined to create an efficient and practical layout planning method, which will be
referred as 3D-SSLP here on, that can complement current 3D laser scanning
methodology?

RQ2: How are simplified systematic layout planning, 3D laser scanning, workshops and
3D-SSLP, experienced?

Block layout, point cloud model and physical mock-up are three different ways to
visualise during layout planning of production systems. Block layout is a conceptual 2D
layout that gives an overview of the initial area requirements of each required function
to produce the products. However, height requirement cannot be considered in this
layout, also other small details are often difficult to plan since most schematics are
inaccurate due to human error during the measurement. Whereas, physical mock-up,
today commonly used by the production engineering department, is a realistic 3D
representation that gives a realistic environment and feeling of the layout but the
technique requires the production floor to be empty this can become more problematic
as the size of the layout increases. However, a point cloud model provides a very
detailed and accurate virtual 3D environment, which has proven very useful for
visualising the available area when planning layout which possibly can enable
developers to replace physical mock-ups with digital mock-ups (DMU). These
problems lead to the following research questions:

RQ3: How are block layout, physical mock-up and 3D-Block (DMU of block layout
and point cloud) experienced? When and in what context are these visualisation
techniques preferred during the layout planning life cycle?

1.3 Purpose

The purpose of this thesis is to develop a practical and efficient layout planning
method while training the production engineering department and planning the new
production layout using simplified systematic layout planning, 3D laser scanning and
workshops. Moreover, it is also aimed to integrate point cloud model and block layout
to be able to facilitate a collaborative coalition between the facility layout problem and
3D laser scanning and lastly, to further contribute to the methodology of utilising 3D
laser scanning during layout planning projects.



1.4 Objectives

The main objective of this thesis is to: develop a practical and efficient layout planning
method using simplified systematic layout planning, 3D laser scanning and workshops;
and to investigate how block layout and point cloud model can be integrated by:

e Mapping the current development practices and process flow of the new
production system

e Training the department in the components of 3D-SSLP

¢ Planning the future block layout using the components of 3D-SSLP

e Conducting 3D laser scan of the factory facility and machines of interest

e Processing the raw scan data and build the point cloud models

e Investigating how the block layout and point cloud model can be integrated

e Evaluating the effect of applying simplified systematic layout planning, 3D laser
scanning, workshops and 3D-SSLP

e Evaluating the effect of applying block layout, physical mock-up and 3D-Block

1.5 Delimitations

Firstly, this thesis is limited to the production functions and practices which are used in
producing the geothermal heat pumps in Arvika, Sweden.

Concept and detailed layout planning phases will only be considered in this thesis due
to the company’s time plan for the Atlas project and time limitations as this thesis was
conducted by only one author and was carried out on-site for 20 weeks.

The results will focus on the planning and visualisation methods but not on analysing
the new layout, due to time limitation and not to risk disclosing confidential
information to competitors in a sensitive market. Thus, the actual planning result will
be briefly presented with relevant data for the planning method and also briefly
illustrate an example with depersonalised data.

The 3D-SSLP has been developed to fit the current practices and responsibilities of the
department as it is intended to be a method that is practical and serve the users.



2 Theoretical framework

This chapter will present fundamental theories are applied in this thesis to provide the
reader with basic knowledge and understanding as well as create a foundation for
discussion and conclusion.

2.1 \Visualisation

In companies, communication occurs for different important reasons between different
parties. It is important to communicate in an appropriate way to convey the right
message and increase understanding. Communication can be both verbal and
nonverbal, visual materials, e.g. pictures, graphics, etc. (Gropper, 1963). Today’s visual
materials are focused on using human-computer interfaces also known as visualisation
to convey and handle information (Ebert, 2005). According to Gropper (1963) do
visual materials serve two functions: as a cue/reinforcement function to create
feedback; and as an example function to increase understanding. Moreover, the use of
visual materials can aid communication to increase time-efficiency and communicate
specific information which words simply cannot do (Gropper 1963). Rohrer (2000, pp.
1211) states that “Visualisation is the foundation for human understanding” and
highlights that the first languages were visual that later evolved to verbal. Moreover,
Rohrer (2000) argues that visualisation has become an important part to communicate
results and better understand simulation models. According to Teyseyre & Campo
(2009) visualisation has changed the scientific community as nowadays it is considered
inappropriate to communicate research without the use of visualisation. With the use
of graphical representations can complex solutions be communicated with high
precision, clarity and efficiency as the human visual system has enormous bandwidth to
communicate and process information with our brains (Ebert, 2005; Rohrer, 2000;
Teyseyre & Campo, 2009). Teyseyre & Campo (2009) mention that visualisation can
be used to enhance different cognitive processes: Exploratory to discover new data;
Analytical to make decisions based on data; and Descriptive to explain and verify data.
Rohrer (2000) mentioned that, in simulation, computer graphics can be used to assist
communicating complex concepts to novices and it is important with good graphics.
According to Rohrer (2000) good graphics consist of five key elements: interactivity,
realism, performance, flexibility, and user-friendly, see Table 1.

Table 1: Summary of the key elements (Rohrer, 2000)

Elements Summaries

It must be able to navigate, i.e. zooming, panning, etc., the

Interactivity graphics in real-time.

The graphics should be realistic so no explanation is

Realism needed and to increase credibility.

The navigation must be performed smoothly so viewers

Performance .
have no problem focusing.

The user should be able to select what information should
Flexibility be displayed so the focus can be directed to important
aspect.

Adding graphics to the virtual model should be easy and it
User-friendly is better if the model is accurate and mimics the real
system as it can improve decision making.

Visualisation can be presented in both 2D and 3D environments, and the purpose of
3D is to create representations that are closer to reality by adding an extra dimension.
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Inside the 3D environment, e.g. Virtual reality (VR), the user is able to navigate and
manipulate 3D objects without any problems (Smith & Heim, 1999; Teyseyre &
Campo, 2009). Teyseyre & Campo (2009) presented a number of strengths and
weaknesses of 3D visualisation to its counterpart 2D, see Table 2. Moreover, the
authors argued that 3D can improve the development procedure if the weaknesses can
be avoided while the strengths are utilised. Moreover, recent research has shown that
2D and 3D are best for different purposes and therefore it is reccommended to combine
both 2D and 3D, however, all visualisation techniques should be tested to ensure they
serve the intended users in practice (Teyseyre & Campo, 2009).

Table 2: Strengths and weaknesses of 3D visualisation (Teyseyre & Campo, 2009, pp. 90)

Strengths Weaknesses

e Greater information density e Intensive computation

¢ Integration of local and global view e More complex implementation

e Composition of multiples 2D views in a e User adaptation of 3D metaphors and
single 3D view special devices

o Facilities perception of the human e More difficult for users to understand
visual system 3D space and perform actions in it

e Familiarity, realism and real world e Occlusion
representations

Furthermore, the use of visual information and the development of software
visualisation are increasing (Teyseyre & Campo, 2009). Today, visual information and
software are broadly used to increase effectiveness and efficiency when developing and
managing production systems, e.g. digital factory, VR, augmented reality (AR),
Genchi Genbutsu, Andon, etc. Rohrer (2000) stated that visualisation is the best way
to validate production systems that still do not physically exist. Wiendahl & Hernandez
(2006) mentioned that a success factor in factory planning is “visualisation of results”
meaning that the planning results should always be visualised and it is very valuable to
use as realistic 3D-images as possible.

The original factory planning tools used simple 2D representation of the production
factory to arrange the layout with rectangular blocks which represented, e.g.
workstations, machines, etc. (Smith & Heim, 1999). Over time the visual information
has moved into visualisation software. In Lindskog et al. (2013) it is mentioned that
production systems are now normally visualised in 2D CAD or simple 3D CAD
representations. The 3D models have the advantage to give the user a better
perspective. Nevertheless, these CAD representations often lack in level of details and
precision in comparison to reality which can cause misunderstanding and to create
realistic visualisation could eliminate this problem (Lindskog et al., 2013). The benefits
of detailed virtual models have been widely reported and some of the benefits, e.g.
better evaluation to avoid mistakes, co-operative planning, increased understanding,
increased planning speed and quality, and decreased planning costs, have been
presented in (Lindskog et al., 2013; Weindahl & Fiebig, 2003). Moreover, according to
Zhou et al. (2016) photorealistic visualisation is important to accurately present all the
important features embodied in manufacturing processes. Nowadays, there exist
solutions to efficiently achieve photorealistic and accurate visualisation models by
using 3D laser scanning technology (Lindskog et al., 2013; Lindskog, 2014) which will
be presented in the following section.




Furthermore, the founding fathers of Lean also seemed to understand the importance
of utilising the human visual system to convey information to knowledge. One of the
Lean principles, Genchi Genbutsu is a visualisation technique and means “Going to the
place to see the actual situation for understanding”. It is important to visit “The actual
place” (Gemba) to deeply understand the situation in order to solve problems, develop
the system or to evaluate the performance (Liker, 2004). However, no physical Gemba
exists when developing a new production system. Instead an accurate and
photorealistic model can be used as a virtual Gemba throughout the development
procedure to visit the future production system. Moreover, when visualisation such a
virtual model it is important to use cross-functional team to achieve the best result and
also realistic visualisation can be extra useful when including operators (Lindskog et
al., 2013). Moreover, Lindskog (2014) concluded that realistic visualisation can support
decision-making and evaluation of different layout solutions.

2.2 3D laser scanning

Ever since LASER (Light Amplification by Stimulated Emission of Radiation) was
invented in the 1960, it has been a steady development of laser ranging systems, ehich
can be seen in Figure 1. However, the hardware development increased rapidly after
the first commercial 3D laser scanning systems was introduced to the market. Since
then the quality and customer value has increased rapidly while the scan time and cost
has decreased rapidly (Randall & Philp, 2013). Bi & Wang (2010) concluded that
today’s 3D scanners are powerful and the areas of data gathering and processing
techniques are developing quickly. An expert in the field estimated that today an
investment package to efficiently utilise 3D laser scanning within a company would
cost approximately 500 000 SEK. The package would include 3D laser scanning
technology, software and training, but due to the growth of the area there are
alternative services such as hiring a third party to perform the 3D scanning or renting a
3D scanner.
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Figure 1: Development of hardware systems (Randall & Philp, 2013, pp. 3)

2.2.1 Scan technology and procedure

There exist different 3D laser scanner techniques and classes but this thesis will focus
on terrestrial LIDAR (Light Detection and Ranging) phase-shift scanners. According
to Dassot et al. (2011) are phase-shift scanners the most suitable to gather high
precision and detailed measurements in environments up to 100 meters due to its wide
fields of view, fast scanning speed and large point quantity gathering. This makes
phase-shift scanners suitable for capturing existing production systems to create
realistic visualisation (Lindskog, 2014). According to Gergor et al. (2009) 3D laser
scanning is the digitalisation and reverse engineering tool to connect virtual reality and
real virtuality for digital factory, as 3D scanning makes it possible to acquire accurate
data to produce detailed 3D digital mock-ups (DMU) of large existing objects i.e.
factory facility.

A phase-shift scanner continuously emits and deflects an infrared laser beam which is
reflected back from objects and captured by the scanner and the distance is calculated
by analysing the phase shift between emitted and captured beam (Dassot et al., 2011;
FARO Technologies, 2011; Klein et al., 2012). The captured reflection also known as
measurement point represents a point on the surface of the closest object (Klein et al.,
2012) which stores data about the position in Cartesian coordinates (x, y and z
coordinates) and the intensity (Staiger, 2003). Dassot et al. (2011) reviewed different
terrestrial phase-shift tripod scanners and the typical “Field of view” is in the
horizontal axis of 360 degrees and in the vertical axis 305 to 320 degrees, which can be
seen in Figure 2.

LASER

MIRROR

Moreover, the phase-shift tripod scanners can collect large amount of spatial data
(Klein et al., 2012) and has a capture capacity up to approximately a million points per
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second (Dassot et al., 2011) and by systemically combining the points into a data set, a
point cloud can be created (FARO Technologies, 2011). Point cloud is a 3D
representation of the scanned environment (FARO Technologies, 2011; Olofsson &
Sandgren, 2015). Moreover, to enhance visualisation of the point cloud has at least the
3D laser scanner manufacturer FARO integrated a digital camera to take
photorealistic images of the scanned environment which can be layered on top of the
data set to assign a RGB colour to each measurement point (FARO Technologies,
2011). Thus, it is possible to create virtual representations with realistic visualisation of
production system which has been proven value to enhance production systems in
research like Lindskog et al. (2013), Lindskog (2014) and Olofsson & Sandgren (2015).

It is common that a number of scans are required from different location in order to
cover an entire object of interest. In order to combine two or multiple local scans, it is
required that two scans at least share three different reference objects to be
successfully combined. The reference objects can either be natural object from the
scanned environment, e.g. walls, pillars, etc., or placed artificial reference object, e.g.
white spheres and block checkerboards or white spheres (FARO Technologies, 2011).
It is recommended to use the artificial reference objects as it normally results in more
accurate registration process (FARO Technologies, 2011) but it can also requires
additional planning before the scans as these artificial references has to be place
according to certain requirements, e.g. sphere should be completely visible in both
scans, laser beam should not hit the checkerboards with an angle less than 45 degrees,
etc., and have to be systematically relocated during the scan procedure as there are
limited amount of reference object (FARO Technologies, 2011) which can make the
procedure more time consuming in comparison to the little extra achieved in accuracy.
When scanning with a terrestrial tripod scanner, e.g. FARO Laser Scanner Focus™>,
the scanning procedure can be summarised into following three steps (Lindskog et al.,
2013; Lindskog, 2014):

1. Prepare scanning — Decide what type of reference object is necessary for the
situation and task. Plan the position of the scans and reference objects to
capture the data of interest and ensure two scans that should be combined have
three suitable reference objects visible. Moreover, ensure the lines of sight need
to be clear from the 3D scanner to important features of the scanned object and
reference objects to maximise the accuracy. Lastly, mount the scanner with the
tripod and level the scanner using one of the existing inclinometers (FARO
Technologies, 2011).

2. Perform scanning — Position the 3D scanner according to the pre-planned scan
locations, ensure it is levelled and perform the data capturing. To improve
results, it is important that there are no motions in the scanned environment.
Thus, if the scanned location is not separated from the current production flows
the scanning should be performed after working hours. A scan takes on average
five to seven minutes depending on the quality and resolution settings (FARO
Technologies, 2011).

3. Pre-process scan data — Pre-processing the scan data to increase quality by
eliminating or correcting faulty points through filtering processes. Assign colour
to the scan points if recorded (FARO Technologies, 2012). Register and
combine different scans to create a unified data set using the reference objects
(natural or artificial) in a manual, semi-automated or recently developed
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automated process (Autodesk, 2016a; FARO Technologies, 2016b). Finished
the procedure by with exporting the unified scan data for post-processing
(FARO Technologies, 2012).

However, preparing and performing the scanning is different when using a handheld
scanner, e.g. FARO Scanner Freestyle’®, in comparison with a tripod scanner. With a
tripod scanner, the data capturing is an iterative and static process, i.e. place scanner,
start scanner, user move away and wait until completed, move scanner to next position,
start scanner, etc., but with a handheld scanner the data capturing is a dynamic
process,. The handheld 3D scanner is visualised in Figure 3. The user shall slowly and
constantly move around with the handheld scanner to scan the object and move the
scanner in front of the object in small circles and between the specified minimum and
maximum range for the sensor.

Figure 3: Data capturing with a 3D laser scanner (FARO Technologies, 2016a, pp. 7)

Furthermore, the user can connect the handheld scanner to a tablet-computer which
makes it possible to track the captured data in real-time. In Figure 4 are real-time data
capturing app presented. The right software interface visualises how appropriate the
data capturing is in the environment, green colour represent areas which are suitable to
capture good data and yellow colour are not suitable so the scanner needs to be moved
to capture good data in these areas. Moreover, in the left interface visualise the capture
points in real-time (FARO Technologies, 2016a).

Figure 4: Tablet-computer interface (FARO Technologies, 2016a, pp. 38)
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Furthermore, before the scanning is performed a calibration plate is scanned in 90
degrees in two tests. The calibration plate can be seen in Figure 5. First, the handheld
scanner is calibrated for accurate measurements and secondly it is a “Device White
Balanced” calibration performed to adjust the digital colour camera (FARO
Technologies, 2016a).

OO 68
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Figure 5: Calibration plate (FARO Technologies, 2016, pp. 89)

Independent from type of 3D laser scanner, the result from the pre-processing is a data
set which represents the entire scanned environment in X, y and z coordinates, intensity
and RBG colour (FARO Technologies, 2011). This data set can then be exported into
different formats and software tools for further inspection, analysis and modelling of
the environment, e.g. production systems (FARO Technologies, 2012).

2.2.2 Scan software tools

Today, there exist an extensive range of commercial software tools associated with 3D
laser scanning, to handle everything from registration to 3D modelling (Bi & Wang,
2010; Klein et al, 2012). Bi & Wang (2010) presented that the software market for
handling scan data is growing which will probably consolidate stand-alone developers,
e.g. Kubit GmbH, and push large CAD and 3D modelling companies, e.g. Autodesk,
to update their software. Simonsson & Johansson (2015) presented different cases
from Siemens PLM, Autodesk and Dassault Systémes which indicate that this
development currently is happening. Furthermore, the stand-alone developer Kubit
GmbH was acquired by FARO (FARO, 2015). The current software can be
generalised and categorised into the following four categories (Simonsson &
Johansson, 2015):

e Pre-processors — FARO SCENE (SCENE) and Autodesk ReCap360
(ReCap360) are examples of pre-processors. All 3D laser scanner
manufacturers provide their own pre-processer (Bi & Wang, 2010; Olofsson &
Sandgren, 2015). The software is dedicated to pre-process and register data
from the scan locations to consolidate an entire data set, as described in above
scanning procedure.

o Web-based viewers — FARO SCENE WebShare 2Go (WebShare) is an example
of a web-based viewer. The software is dedicated to visualise the scan data in
panoramic photorealistic view and overview map in a web browser which can be
used and shared either online or offline. WebShare have both simple features to
explore and review the scan data which can be seen in Figure 6. The panoramic

12



viewer operates very much like Google street view with where it is possible to
move between scan positions and zooming. Moreover, it has point-to-point
measurement feature to review distances (yellow/black dashed line) and in the
overview map it is also possible to review measure areas (yellow box) (FARO
Technologies, 2012).

Figure 6: WebShare

Client-based viewer — Autodesk Navisworks Manage (Navisworks) is an
example of a client-based viewer. The software is as web-based viewers
dedicated to visualise point clouds and models but with more advanced features
to explore, review and animate the viewed models. As it is possible to move
around freely in the environment, can import other models (CAD objects), and
can animate and review robot’s movements and other things (Autodesk, 2016b).
For a more detailed review of Navisworks turn to Olofsson & Sandgren (2015).
Post-processors — Autodesk AutoCAD (AutoCAD) and CloudCompare are
examples of post-processer software. It is not uncommon that their post-process
software is dedicated to different purposes, e.g. modelling, analysing, etc.
AutoCAD is mainly used to model with the point cloud (Autodesk, 2016¢) and
the purpose of CloudCompare is to analyse, process and reconstruct surfaces in
a 3D point cloud and mesh (CloudCompare, 2016).

However, Olofsson & Sandgren (2015) presented that in recent research has it been
identified that every developer creates their own file format for competitive reason,
which cause issue for users that wish to switch between software from different
developers as all software had its advantages and disadvantages. This issue was the
birth of the file format .e57 for 3D Imaging Data Exchange (Olofsson & Sandgren,
2015). However, until the market matures, a solution can to minimise switching
between file formats by selecting a developer that offers a wide range of solutions
which are fulfil the required needs.
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2.2.3 Current methodology

In research projects founded by VINNOVIA (Swedish Agency of Innovation
Systems), did both Lindskog et al. (2014) and Olofsson & Sandgren (2015) attempt
develop the 3D laser scanning methodology with two different models: the LAMDA -
cycle and the 7 flows of manufacturing.

Lindskog et al. (2014) presented and applied the LAMDA-cycle (Look, Ask, Model,
Discuss and Act) which is a problem solving approach within Lean product
development. In Figure 7 can the LAMDA-cycle be seen. LAMDA is an improved
version of the PDCA-cycle (Plan, Do, Check and Act) (Olofsson & Sandgren, 2015)
which is an iterative learning cycle to solve problems applied during continuous
improvements projects (Lindskog et al., 2014). The five steps of the LAMDA-cycle
will be described in detail below (Lindskog et al., 2014, pp. 559; Olofsson & Sandgren,
2015, pp. 12):

Look — go and see for yourself,

Ask — get to the root cause,

Model — use engineering analysis, simulation or prototypes,

Discuss — with peer reviewers, mentors and developers of interfacing
subsystems, and

e Act - test your understating experimentally.

Look

Act ;
Discuss A Ask
: Model

Figure 7: The LAMDA-cycle (Lindskog, 2014)

Furthermore, Olofsson & Sandgren (2015) expanded the 3D laser scanning
methodology with the 7 flows of manufacturing model (7 flows) which can be applied
in order to gain a complete understanding of the system. By observing and analysing
the 7 flows for the development project it is possible to acquire data from multiple
stakeholders which can be used to make the right decisions (Ibid). The seven different
flows in the model will be presented below (Ibid):

The flow of raw material,
The flow of WIP,

The flow of finished goods,
The flow of operators,
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e The flow of machines,
e The flow of information, and
e The flow of engineering.

2.3 Facility layout planning

Lately, factory layouts have had a central part in change projects to discuss new
improvements or plan new layouts. The procedure normally starts by creating concept
layouts, and then evaluating the layouts before one candidate is detailed (Johansson,
2008). Moreover, factory planning is facing future challenges such as increase of
planning frequency, planning speed, handling unclear database and parallel
disciplinary planning cycles (Weindahl & Herandez, 2012).

2.3.1 Large layout planning life cycle

According to Phillips (1997) it is better to follow a layout planning procedure that start
from macro to micro through a number of phases to achieve better results and less
rework. The layout planning procedure cycle aims to help production engineers to plan
an efficient arrangement of the required operations using the required area foot print
of each operation. Moreover, the concept of the layout must be satisfactory before the
operations are planned in detail (Zandin, 2001). Three different layout project life
cycles have been reviewed in publications by Muther (1974), Phillips (1997) and Zardin
(2001). All layout planning life cycles differ slightly with either an additional phase in
the beginning or ending. However, all planning life cycles have four identical common
phases: location, general layout, detailed layout and implementation, as can be seen
Figure 8.

Location

Gereral layout

Phases

Detailed layout

Implementation

-

Time
Figure 8: Core phases of factory layout planning life cycle

Location consists of determining the location where the layout is to be laid out. It can
concern about designing a new plant, but redesigning an existing plant or rearranging
several locations is more common (Muther, 1974; Phillips, 1997).
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General layout consists of establishing the general arrangement of the operations as a
block layout in the selected location (Muther, 1974). In this phase, the basic flows
patterns and area allocations are determined in such a way that it roughly establishes
the general size and configuration of each area and the relationships and major flow
patterns between these areas (Muther, 1974; Phillips, 1997). Zardin (2001) also
mention that this is the main planning phase where the business strategy and focus are
integrated to block layouts. Muther & Wheeler (1962) argues that optimal efficiency
cannot be reached without having a correct block layout, because moving the details
later cannot fix what was missed in the block layout. Block layouts are also known to
be the output from the facility layout problem (FLP) (Singh & Sharma, 2006) which
purpose is to plan the physical structure of the production system using either optimal
or suboptimal algorithms or manual planning methods.

Detailed layout consists of arranging all the equipment or physical features within each
block (area of an operation) in the block layout as well as creating utilities and services
(Muther, 1974; Phillips, 1997; Zardin, 2001). The difference between detailed layouts
and block layouts is that detailed layouts are operational (Zardin, 2001). According to
Phillips (1997), detailed layouts can be visualised by either drawings, layers of 2D
CAD models, or even 3D models.

Implementation consists of planning the schedule to implement the new production
layout to minimise disruption for other ongoing production operations and then
actually implemented it. The major part of this phase is the planning (Phillips, 1997).

2.3.2 Success-promised planning principles

In order to handle the future challenges, Weindahl & Hernandez (2006) outlined nine
success-promised factors for factory planning which are aligned with the goals of
efficiency, attractiveness and transformability, which are essential for future factory
planning. This success-promised principles can be seen Figure 9.

Strategy

=1 alignment  [—
Scenarios Variants

. Transformability _
Life-cycles lteration
Visualisation Attractiveness Participation

~— —

Value added Co-operation

Figure 9: Success-promised factory planning principles (Weindahl & Hernandez, 2012)
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Principle of strategy alignment concerns about translating the business-strategy and
visions into factors that can be used on a factory planning level in order to achieve the
overall strategy (Ibid). Variants mean that it is important to plan many different
realistic solutions which are transformed from an ideal solution due to internal
restrictions (Ibid). With iteration means that the planning procedure should be
stepwise that grows in detail based on previous results and it should be easy to return
to prior steps for corrections (Ibid). Principle of participation concerns about the
importance of involving co-workers especially in the fine tuning in order to decrease
planning time and gain acceptance of the results (Ibid). Co-operation also aims to
decreases the planning time by synchronizing the different discipline through cross-
functional workshop planning to deal with the dynamic environment (Ibid). Principle
of value added is rooted in Lean production as it concerns about aiming to decrease
waste when planning to layout to achieve a better solution with lower throughput time
(Ibid). Visualisation, as previously mentioned, concerns about that it is important to
visualise the results from each planning step (Ibid). Principle of life cycle means that it
is important to consider all the future life-cycles when planning the factory, e.g. life
cycle of product, building and manufacturing processes. Scenarios mean that the
factory should be planned for future scenarios so that the layout can be adjusted for
potential changes in the future (Ibid).

2.4 Simplified systematic layout planning

Simplified systematic layout planning (SSLP) was created by Muther & Wheeler in the
1960 and is one of the most applied layout planning methods (Johansson, 2008). SSLP
is a stepwise planning method which is divided in six planning steps (Johansson, 2008;
Muther, 1974; Muther & Wheeler, 1962), which follows a logical sequence and cover
the core parts of any layout planning project (Muther, 1974). The SSLP workflow is
briefly visualised in Figure 10 and will be described more in detail below:

Figure 10: The six steps of SSLP (Lindskog, 2012)

241 Step 1 - Chart the relationships

The first step is to determine the relationship between functions, i.e. determine the
closeness to one and another (Muther & Wheeler, 1962). This is achieved by mapping
all the concerned functions and inserts them into a relationship chart, which can be

17



seen in Figure 11. In the chart is the desirable closeness of each activity pair rated in
the upper triangle. The rating system used is the vowel-letters A (Absolutely
necessary), E (Especially important), I (Important), O (Ordinary closeness) and U
(Unimportant). Also, the letter X (Not desirable) is used to show a relationship that
should be avoided. Each rating is documented with a control number, in the lower
triangle, which represent the underlining reason of the rating. Muther (1974) stated a
guide line or common occurrence is that approximately 75 percentages of the
relationships will be rated U due to the common nature of production flows. By
documenting the closeness and the underlining reasons creates a dependable process,
which makes it possible to document and control the ratings later (Ibid).
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Figure 11: Relationship chart (Muther, 1974)

2.4.2 Step 2 - Establish activity requirements

The second step is to determine the activities requirements, e.g. area, height, gas line,
water, compressed air, etc. (Muther & Wheeler, 1962). This is achieved by inserting the
same functions as in step 1 in the activities’ requirement sheet, which can be seen in
Figure 12. In the sheet the area needs to be established and documented for each
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function. Moreover, the special facility requirements are documented, e.g. overhead
clearance, max floor load, etc. Then the special utilities and equipment that are
required to operate and maintain the functions are documented, e.g. gases, water,
special electricity, etc. Lastly, the shape of the area is specified for each function (Ibid).
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Figure 12: Activities’ requirements sheet (Muther, 1974)

2.4.3 Step 3 - Create activity relationship diagram

The third step is to conclude and visualise the relationships of the system and create a
base pattern of the layout (Muther & Wheeler, 1962). This is done by drawing an
arrangement of the activities based on the relationships chart where the closeness
rating should be represented in the diagram, i.e. the ratings should be drawn in the
order as the importance decreases. Start by selecting a symbol for the activities and
then start drawing the relationships with A-closeness, which are represented with 4
parallel lines. Then add all relationships with E-closeness (three parallel lines). Then
continue with adding the relationships with I-closeness, (two parallel lines). Then
continue with adding relationships with O-rating (normal line) and X-rating (wave
line) to the diagram. However, if there are a lot of X-ratings it can be better to draw
them earlier. Then the relationship diagram is rearranged until all activities are placed
as good as possible. Lastly, in the diagram is the specific area requirement for each
activity noted (Ibid).

2.4.4 Step 4 - Generate different layout arrangements

The fourth step is to produce different block layouts based on the relationship diagram
(Muther & Wheeler, 1962). This is done by creating a template of the available area.
Then expand the relationship diagram with the noted areas and realistically fit the
diagram into the available area. Then continue to redraw different solution based on
different modifying factors, e.g. sewers, pillars, walls, general flow pattern, transport
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aisle, etc. Three to four different solutions are normally sufficient before moving to the
next step (Ibid).

2.4.5 Step 5 - Evaluate alternative arrangements

The fifth step is to determine the most sufficient block layout for the production
system (Muther & Wheeler, 1962). This is done by evaluating the layout from step four
using the evaluation worksheet, which can be seen in Figure 13. First it is important to
define and weight the evaluation factors that are important for the company and
production layout. The factors should be weighted in a descending manner, where the
most important factor is the weight value. The different layouts are named in the
evaluation sheet and should be marked with the corresponding letter, A, B, C, etc.
Then the solutions are rated for each factor using the same vowel-rating system, A
(Almost perfect), E (Efficient), I (Interesting), O (Ordinary), U (Unimportant) and X
(Unwanted). After the rating is performed are the factor scores concluded by
multiplying the factor weight with the rating A=4, E=3, I=2, O=1, U=0 and X=-. Then
all factors are summed up and the block layout with the highest value is the best
candidate to be detailed in next step. This way of evaluation ensures that no important
factor is forgotten (Ibid).
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Figure 13: Evaluation sheet (Muther, 1974)
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2.4.6 Step 6 - Detail the selected layout plan

In the sixth and last step is the best ranked block layout detailed to a complete layout,
which can be used as material to implement the new layout (Muther & Wheeler, 1962).
This is conducted by drawing the selected block layout in an appropriate scale. Then
name the functions in respective area and highlight the structural features, e.g. walls,
pillars, etc. Then start planning the work area in detail by drawing and identifying all
necessary equipment and machines. Moreover, insert the scale and important
measurements. The final layout should be so detailed that the implementation team
does not need additional documentation to complete the physical layout (Ibid).
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3 Current practices and Atlas project

This chapter will briefly present the current development practices at the company and
production engineering department, as well as the Atlas project. The underlining reasons
which initiated this thesis and shaped the research methodology are also presented.

3.1 Practices on company level

Danfoss Group has developed a standardised project methodology called Danfoss
Milestone Plan, to locally guide Product Development Program (PDP) projects within
Danfoss Group. The Danfoss Milestone Plan can be seen in Figure 14. The
methodology is built up by mandatory milestones (red diamonds), critical integration
points (yellow circles) and tasks in between. Moreover, the main purpose of the
milestones is to act as check-points where crucial data are provided to the management
for decision making in implanting the project.
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Concept

Finalize Product Validation &
Design Qualification

Concept
Definition

Supply Supply

Chain Chain ST

Concept

Preparation Definition

Build-up Start-up up
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Goals & Launch Plans Launch Deployment
Strategy

Project management

Figure 14: Danfoss Milestone Plan

The first phase between M-1 and MO can be categorised as the preparation phase,
where the project groups, workshops teams are formed and the supply chain strategy
are settled. Next phase between M0 and M1 can be categorised as the concept phase,
which starts with gathering and mapping customer data. Afterwards, the work flow is
divided into three parallel work flows: the top flow is the product development where
the research & development (R&D) department is the main driver with the supports
from other related departments; the middle flow is the supply chain development
where the production engineering department together with logistics and purchasing
are the main drivers with support from other functions; and the bottom flow is the
launch development where the marketing and sales departments are the main drivers.
The phase between M1 and M3 can be categorised as the detailed phase, where the
supply chain and product are detailed and the launch plans are created. The phase
between M3 and M5 can be categorised as the implementation phase, where the
production and supply chain are built and validated. Last phase between M5 and M6 is
the ramp-up phase, where the new supply chain system is ramped-up before full
production is started and the project completed.
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Danfoss Milestone Plan provides a clear overview of the project procedure. The plan is
then further detailed into standardised deliverables for the different work streams and
this thesis will focus on the supply chain work stream and the production engineering
department. The deliverables have instructions which state the purpose, definition and
actions for each task. Moreover, the instructions state the roles and responsibilities of
involved parties and also the authorized parties to approve the results. As seen in
Table 3, the production engineering department is responsible of (re)designing the
supply chain from strategy to ramp-up (Danfoss’s definition of supply chain is
equivalent to production system in this thesis). However, most deliverables are carried
out cross functionally to align all work streams, i.e. production engineers drive the
assignment with support from necessary functions for the deliverables in action to
ensure that the production system, product and launch plans are aligned throughout
the PDP projects, e.g. product design engineers, advanced quality engineers, logistics,
launch owner, supply chain controller, etc.

Table 3: Supply chain work flow deliverables at Danfoss

Work stream Mo M1 M3 M5
Supply Chain Supply Chain Supply Chain i:gg;g:on
Strategy Concept Design Qualification
. Supply Chain
Production Technology PFMEA Updated PFMEA
Engineering and A
Manufacturing ssessment
Control Plans
(Production)
H+S
Assessment
Supplier
Strategic Critical Suppliers | Evaluation,
Purchase Identified Approval and
Agreement
Ramp-up Plan
. Including Update
Logistics Capacity and Ramp-up Plan
Capability

3.2 Practices on department level

The production engineering departments within Danfoss have access to a set of
production engineering tools called “Toolbox” to assist daily production development
and also during PDP projects. The “Toolbox” is a Danfoss Group standard which can
be accessible at any time through the internal website. The contents of the toolbox are
developed and managed by Lean experts in a centralised and global production
development unit within Danfoss Group. The unit regularly visits the global factories
to conduct the Danfoss Productivity Program (DPP), which has the purpose to reduce
stocks and increase productivity, capacity and quality by locally applying the toolbox
and training the company in the tools, philosophy and principles within the toolbox.

The production engineering toolbox is mainly based on Lean production and has been
divided into six categories, which can be seen in Figure 15. Foundation category decides
how to manage and audit the production and set production goals. Flow category
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consists of how to create lean production flows with the main tool called MIFA
(Material and Information Flow Analysis), Danfoss’s version of Value Stream
Mapping (VSM). Organization category involves of spreading a lean DPP philosophy
and culture of continuous improvement. Problem solving category has tools to measure
and monitor the daily production and how to identify and eliminate the root cause of
daily deviations. Quality contents category concerns about how to deal with quality
issues and improve processes and work environment. Stabilisation category has tools
and methods that concerns about how to handle and improve Standard Operating
Procedures (SOP), maintenance, machine breakdowns and changeovers.

Flow Organization Problem Solving Quality Stabilisation
Kanban & Pull .
Systems T516949 Time Study
Flow & Line Suppl Empowerment of Maintenance and
pply Operators Machine Breakdown
Levelling & Continuous Methods & Machine OEE and
Balancing Improvements Capability Rapid Changeover
Value Stream Incoming & Internal
MIER Structure RRER Quality Follow up =5
. Team Structure Customer Focus &
Lead Time and Operators Measure to Improve Quality Organization sop

Foundation

Direction Setting Capability Building Performance Management

Project Management General Documents

Figure 15: Production engineering toolbox at Danfoss

The production engineering department at the company, which will be referred as the
department here on, consist of one manager and four engineers. The department’s
procedure for daily production development projects are conducted in a “use what is
required” manner with the assistance from the toolbox. However, the common
practice for all production development projects within the department is that the
production engineers are assigned to lead and drive the project from problem incurred
to new implementation. The lead engineer normally has supports from other
production engineers as well as other departments during the development process.
The collaborations are mostly conducted in workshops in order to obtain the right
mputs and take right decisions. The co-operation commonly increases in number of
people and workshops depending on the project’s complexity and size.

During discussions with the production engineers, it was expressed that currently the
department lacks experience and a structured layout planning method especially for
large layouts. Since the production system are remodelled approximately every fourth
to fifth year because the production system can often be reused by only changing tools
and fixtures when a new product family is introduced. The production engineering
manager and production engineer three expressed that this situation has most likely
increased planning costs and time. Production engineer one expressed that this
situation has most likely made them forget certain important things, which have forced
them to focus on correcting the layout for long period after the implementation,
instead of doing it right from the beginning. However, it was expressed that mostly the
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planning process starts with brainstorming ideas on the factory floor. Afterwards,
different suggestions are generated and the engineer selects the potential solution
based on the highest confidence level or “gut-feeling”. Afterwards, the selected layout
used to be detailed and verified with physical mock-ups made of simple materials, e.g.
pallets, boxes, etc. Previously, the department has utilised different techniques and
templates to generate block layouts, e.g. Visio, whiteboard, paper, AutoCAD, etc.
Production engineer one and three expressed that the 2D CAD drawing of the factory
has previously been used to generate layout proposals. However, sometimes the 2D
drawing was incorrect which has forced the process to restart while building the
physical mock-up or implementing the layout. Also, currently only production
engineer one is confident working with the 2D CAD drawing.

3.3 The Atlas project

The Atlas project was initiated to develop the next model of geothermal heat pumps.
Due to the current production system suffered from both capacity and change
constraints, the project management had decided that concurrently with the product
should a new production system be developed. This thesis was started approximately
midway into the task “Concept definition” and was intended to last until M3 with the
focus to plan the Atlas layout while developing a suitable planning method which the
department can obtain to complement the toolbox. Moreover, to further develop the
methodology for 3D laser scanning by extending it with the concept phase. As
previously mentioned, the underlining reasons for the focus are due to the department
had little experience of major layout planning and the toolbox lacked a structured
method to guide the department. In Figure 16 have the Danfoss Milestone Plan been
updated with a black rectangle to highlight the duration and focus area of this thesis.

Concept Finalize Product Validation &
Definition Design Qualification

Condept Supply Supply

. . . . Ramp-
Preparation & Process Design Chain Chain
Definftion 1Build-up Start-up up

Launch
Goals & Launch Plans Launch Deployment
Strategy

Project management

Figure 16: Thesis alignment with the Atlas project
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4 Research methodology

This chapter will describe the designed research methodology conducted in this thesis to
plan the future production layout and answer the research questions. Before the
procedure started, the research methodology was presented to the department which was
openly acknowledged and supported.

41 Research approach and method

Research is defined as a systematic and scientific investigation to discover new
knowledge in a specific field or topic. The purpose of research is to answer the research
question(s) (Kothari, 2004).

The research methodology in this thesis has been carefully designed based upon the
thesis purpose and current state in order to achieve the thesis objective. Prior to the
research started, the research methodology was presented to relevant parties and
gained highly acceptance and support. The research methodology will be described in
detailed in the following sections.

411 Qualitative approach

Qualitative approach enables the researcher to collect opinions and personal data from
participants at the site where the issue is experienced. Moreover, qualitative research is
emergent meaning that the processes can evolve during the procedure (Creswell,
2014).

Qualitative approach was selected for this thesis to able collecting in-depth data from
workshop observations, documents and personal interviews in order to understand
factors and contexts that influence layout planning and visualisation so that the
research questions can be answered and both 3D-SSLP and 3D-Block can be further
developed. Moreover, the research approach had to be emergent as action research
was the required method.

4.1.2 Action research method

Action research is known as participatory action research and the purpose is to learn
through actions. The researcher has to use a range of skills to achieve the purpose such
as careful planning, listening and observation, evaluation and critical thinking (Koshy
et al., 2010). The strength of action research is the focus on solving practical problems
by involving practitioners in the research, development and implementation (Koshy et
al., 2010). According to Kemmis & McTaggert (2000) is action research best conducted
in collaboration with co-participants and the process itself is social, educational, critical
and reflective. Ideally all participating researchers should be involved in the research
steps before applying the findings, i.e. collecting data, analysing data, planning and
implementing actions, and reflecting (Koshy et al., 2010). Moreover, action research is
situation-based or context specific (Kemmis & Mctaggert, 2000; Koshy et al., 2010).
The action researcher act as facilitator, hence, the researcher does participate,
influence and contribute in the research. As the researcher is involved on an intimate
level makes the research account the participants’ daily practices or day-to-day routine
work (Koshy et al., 2010). The model for action research has been defined in different
ways and the chosen model for this thesis is a progressive iterative cycle defined by the
four following steps: planning an action; act and observe the process; reflect on the
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outcome; Revise old action plan or plan new action (Kemmis & McTaggert, 2000). The
chosen action research model can be seen in Figure 17. However, action research
reports depend on reader’s consideration of the human context, hence, it is important
to include contextual details (Koshy et al., 2010).
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Figure 17: Action research spiral (Kemmis & Mctaggert, 2000, pp. 278)

Action research was necessary to be applied in order to achieve an emergent study
where the employees were trained throughout the procedure to fill the knowledge gap
and to ensure the research was flexible to handle the company and department context
and practices. Moreover, the iterative and emergent action cycle made it possible to
naturally develop 3D-SSLP and 3D-Block according to feedback from the participants
in pilot session of the layout planning steps.

4.2 Research procedure and data collection

The research procedure was conducted in 15 steps together with a literature review
and current state mapping. A summary of the research procedure is visualised in
Figure 18. The steps were categorised in four categories: preparation, training,
planning and evaluation. Preparation steps were conducted by the project leader to
gather data and prepare material to drive the procedure forward and make the steps
efficient. Training steps (pilot sessions) were done to train SSLP and 3D laser scanning
as well as test and refine the planning steps based on the design team’s feedback. The
planning steps were conducted to plan the Atlas layout using the revised version of the
training step. The planning steps were performed with both the design team and cross
functional team. Initially, the duration of two hours was allocated for each workshop.
The evaluation step was performed using personal interviews with the design members
to obtain in-depth data from the research procedure in order to answer the research
questions and suggest further development.
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The author’s role was assigned to be the leader for planning the Atlas layout, which
will be referred as the project leader here on. In addition, the project leader developed,
planned and moderated the steps and trained the design team simultaneously. The
project leader was also responsible to ensure that all documents were timely updated.
The production engineering manager acted as an assistant project leader to clearly
understand all steps of 3D-SSLP (both planning and preparation steps) and give
feedback for further improvements. The production engineers acted as the design team
since the department was responsible of designing the Atlas production system. The
design team was attended during the training and planning workshops to collectively
present data and ideas. According to the discussion among the design team, it was
concluded that the logistics department was required to be involved with the project in
order to obtain sufficient material flow data for the Atlas layout. Thus, a cross
functional team (design team and logistic department) was formed to gain additional
material flows data during the first planning step (Step 3). The following sections will
in chronological order motivate and present in details the conducted data collection
and steps.
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Figure 18: Summary of the research procedure conducted in this thesis

4.21 Literature review

The literature review was conducted in parallel with mapping the current state and the
research steps in order to gain necessary knowledge required to plan and perform an
adequate study. To create and design a sufficient procedure, it was crucial to study
different research designs and methods. Moreover, it was necessary to gain deep
insight in current methodologies for layout planning and 3D visualisation to contribute
to the field of study. SSLP was reviewed in details to create a well-planned block
layout and grant proper training for the production engineers to sustain the knowledge
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within the department. Furthermore, manuals for different software were studied to
ensure smooth processing and modelling during the project.

4.2.2 Mapping current practices and Atlas project

The current development practices were mapped throughout the thesis to understand
the work processes and project management within the department and the company.
The reason for mapping the current state with Atlas project was to understand how to
adapt and introduce a layout planning method that was aligned with the current
development approach. The data collection was primarily done by attending and
observing project meetings and employees daily routine. Secondarily, internal
documents from the database were reviewed to gain broaden understanding of the
organisation’s project management approach and the applied production engineering
tools. Moreover, the discussions were continuously conducted with the production
engineers in order to confirm the observations and understanding.

4.2.3 Workshop method

Workshop method was selected to form a platform for training the design team. This
approach was also applied to collect and align the planning data for the Atlas layout as
the method pro-actively engage participants to participate, share and evaluate the
topics through open discussions. Moreover, the department and company had previous
experiences of conducting workshops during development projects. Moreover,
workshops facilitated the success-promised planning principle of participation and co-
operation, see Section 2.3.2.

The training workshops were performed to ensure that the participants obtained the
“Learning-by-doing” training and also were able to assist in developing the layout
planning method by gathering the participant’s feedback. This will assist in creating a
practical and efficient method for the industry.

The planning workshops were conducted to ensure that all ideas were presented so the
right decisions and trade-offs could be made for the production layout. The planning
workshops were conducted both with design team and cross functional team.
Moreover, the design team was aware of the layout concept and involved from the
beginning of the design procedure. This resulted in a positive effect on the quality of
the feedback during the evaluation (Step 13). Lastly, it provided a platform to align the
view of the future layout among all design parties which simplified further
development.

There were two risks identified and handled before the procedure started which are
first the time management of planning session, there was a risk that the procedure will
be prolong as it was quite challenges to manage the time to align with the participants’
schedules. However, it can be eliminated by preparing complete input data before
sessions and also conclude and share the output after sessions; this resulted in
shortening the length of the sessions. Second, there was a risk that the participants
were not comfortable to share ideas and be straightforward during the sessions.
However, it was solved by creating an open and layback atmosphere within the design
team and project leader.
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4.2.4 Simplified systematic layout planning

SSLP was selected to plan the new production layout and to integrate with 3D laser
scanning to develop and evaluate the new proposed methods of 3D-SSLP and 3D-
Block. The method was selected because the author had previous experiences of the
method from the education and knew it was time-efficient, practical and suitable to
“Learning-by-doing”, which were suitable for the company. SSLP does not include and
start with the comprehensive material handling analysis as the full version Systematic
Layout Planning (SLP), but it still includes the intuitive planning steps and the material
flows can still be considered in the relationship chart. SSLP can always be expanded to
SLP for future requirements and changes. Moreover, SSLP facilitated the success-
promised planning principles iteration, variants and visualisation through the method
itself, but also the relationship chart could be used to plan the relationships based on
the principles value added, strategy alignment and life cycle, see Section 2.3.2. Thus,
SSLP was a sufficient method to close the knowledge gap and be the base for 3D-
SSLP.

However, some modifications were done to SSLP because it was intended to use 3D
laser scanning to add a realistic evaluation step for the evaluated block layouts. The
modification was that the fifth step of SSLP was not going to produce a final block
layout but only rank the block layout based on the scores instead and make another
evaluation using 3D-Block. Moreover, during the middle of the thesis, the Atlas
project got shut down, because the product design became too expensive. Thus, there
were no resources to carry out the sixth step of SSLP as initially intended which was to
conduct cross-functional workshops with production employees and 3D-Block to detail
the layout. Thus, it was also aimed to examine whether SSLP and 3D laser scanning
could be integrated to create a modern layout planning method that is practical and
efficient for the industry.

4.25 Step 1 - Preparation step 1

The procedure started by mapping and creating a flow chart of the Atlas process flow
in order to gain understanding of the production system and make the first workshop
efficient with input data. The process flow data was gathered by reviewing documented
project data regarding to the Atlas production system. The department had created a
supply chain strategy and concept of the production system prior to the thesis started.
The future state was the main reference for producing the flow chart. Moreover, the
flow chart was drawn into details based on the Atlas workshops and meetings with the
related parties. Once the draft was completed, the flow chart was reviewed by one
design member to ensure that all details were accurate and easy to understand. Lastly,
the process flow chart was reviewed and approved by production engineering manager.
Moreover, the area of each process was documented to make the first planning
workshop more efficient. The area data was gathered by measuring current processes
with assistance from a design member. The area data was reviewed and approved in
the same way as the flow chart to ensure the validity of the data. In addition, before
the procedure began were a SSLP guide and required worksheets for SSLP
(relationship chart, requirement sheet and evaluation sheet) acquired from Muther &
Wheeler (1962) and Muther (1974) as they were to be used during the procedure.
Lastly, a shared project folder was created on the internal server so that the guide,
worksheets and planning data was accessible to the design team throughout the
procedure.
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4.26 Step 2 - Training step 1

Pilot four sessions were performed to train the design team and test for the workshops’
duration and structure. As the project leader and author of this thesis was
inexperienced as a workshop moderator and design team were inexperienced with
large layout planning and SSLP, training sections were held to ensure that all
participants were familiarised with the method and procedure before focusing on
planning the Atlas layout.

During the first training workshop, the three first steps of SSLP were trained
(gathering and visualising the in data) and the relationship chart and requirement sheet
were reviewed. The session started with presenting and explaining the steps and work
templates. Afterwards, a process flow chart, relationship chart and requirement sheet
was distributed to each participant. Then the design members individually performed
the steps for a sub-flow to the Atlas production system with the assistance from the
project leader. The design team openly discussed and gave feedback about the work
method which was continuously noted by the project leader to adjust and improve the
step execution before the planning workshop.

4.2.,7 Step 3 - Planning step 1

During the first planning session, the relationship chart and activities’ requirements
sheet were completed for the Atlas layout. Based on experiences and feedback from
the first training workshop, the relationship chart and requirement sheet were
prepared by inserting all the future processes and area requirements. Also, the
requirement sheet was customised with additional columns to be able to document
utilities that were special for this production. Moreover, the session was started by
reviewing the process flow chart to confirm the process system and align the data with
all the participants. Afterwards, the project leader lead the session by presenting the
worksheets (starting with the relationship chart) using a projector and updated the
worksheets in real time while the cross functional team discussed and provided inputs
about the processes’ relationship and requirements.

4.2.8 Step 4 - Preparation step 2

The activity relationship diagram was created by the project leader based on output
from the first planning workshop, in order to be more efficient based on the
experiences from the first training workshop, as it was not considered efficient to
conclude the diagram with five people. Moreover, a layout template was created to
assist design members in generating layouts more easily. The layout template was
concluded by manually measuring the available area with a laser distance measurer
and making a representation using Microsoft Excel as it had a natural grid system
where one square represented one square meter to simplify the drawing process. In
Figure 19 are the layout template presented. The fork-lift truck paths are visualised
with dark grey, occupied areas with light grey blocks, structural pillars with black
squares and lastly the white colour represented the available area. Also, the activities
that already existed and were not going to be relocated were included. Furthermore,
the maintenance department (bottom left corner) started relocating to the available
area before the second training session and no one was able to predict the final size of
the department. As a result, the planning session was postponed until the template was
updated more precisely.
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Figure 19: The updated version of the Excel-template

4.29 Step 5 - Training step 2

During second training step, the fourth step of SSLP (generating layouts) was trained
and two drawing techniques were presented. In order to make the session more
realistic to the planning step the project leader decided to practice directly with a large
system instead of a sub-flow as in the first training session. Thus, the activity
relationship diagram based on the first planning workshops was used to train. The
session started with a brief introduction of the steps and two suggested drawing
techniques. The first option was to directly draw on the printed layout templates.
Whereas, the second option was to cover the layout template with a plastic folder and
use whiteboard pens and then document the completed layout in a printed template.
This option was more flexible to make changes in an attempt to reduce wasting papers.
Then the relationship diagram was distributed and the participants got to choose a
drawing technique. Afterwards, the design team practiced generating block layouts
based on the relationship diagram. After the session were all the block layouts
documented digitally and together with the layout template uploaded on the project
folder to enable people to continue practice and make changes.

4.2.10 Step 6 — Training step 3

During the third training step, the fifth step of SSLP was trained and different
commonly used evaluation factors were presented. In total it took four hours to
complete the step, i.e. it required two sessions. The first session was started by the
project leader distributed to the participants the evaluation worksheet, a document
with the block layouts produced during the second training session and a document
with commonly used evaluation factors which had been concluded by the project
leader based on Muther (1974). Then the project leader briefly presented the fifth step
of SSLP. Followed by the design team together reviewed the evaluation factors and
discussed which factors were suitable for their production and the Atlas layout.
Afterwards, the participants selected relevant factors and started practice evaluating
the generated block layouts from the second training session. However, a lot of time
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had been spent involving the evaluation factors so the training step had to be extended
with an additional session to complete the evaluation training.

4.211 Step 7 - Planning step 2

During the second planning session, the design team generated different block layouts
for the Atlas layout in the same manner as the second training workshop with the
additions that the layout template was updated by the project leader as the relocation
of maintenance department was finished and the participants had access to use the
computer to generate layouts as assistant project leader wished to directly utilise the
computer, for more details, see Section 5.1.2. After the session, the Excel-template was
replaced with a Visio-template, which can be seen in Figure 19. In the Visio-template,
operator paths were included with yellow colour.

Activity 21 & 22

Activity 23 Activity 23

0 Yy

Maintenance department

Figure 20: The Visio-template

In additional to the new template, pre-made activity blocks were drawn in the same
scale and the different sub-flows were assign a different colour, which can be seen in
Figure 21. The template and pre-made blocks were design based on the feedback and
request from design member four, the reason will be presented in Section 5.2.3. The
template sheets were shared to the design team so additional layouts could be created
while the project leader performed step 8 which was expected to take a while
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Figure 21: The pre-made activity blocks to move around on the template

4.2.12 Step 8 - Preparation step 3

In order to test and develop 3D-Block and 3D-SSLP, the factory and critical machines
were 3D scanned. Further, the raw scans were processed to create project point clouds
and WebShare data.

4.2.12.1 3D laser scanning of the objects

The 3D laser scanning was performed on 19" January 2016 with assistance from the
supervisor, Jonatan Berglund. Berglund’s role was to operate the laser scanner and
consult with planning the scan positions and processing the raw data. The company had
no internal reference system in the current CAD drawing of the facility, thus it was
decided perform the scanning using natural reference objects in order to cover a larger
area in lesser time. The scanning procedure was limited to three objects of interest: the
available factory area and two critical test machines.

The available factory area was one large workshop area of approximately 2,400 square
meters, see Figure 22. At the time, the company lacked warehouse space so the
available area was used as a spontaneous material storage of old equipment, scrap
material and final products, which will be referred as stored objects here on. Days
before the 3D scanning were the stored objects that blocked line of sight to important
structural features, 1.e. pillars and roof beams, moved from the available area. As it was
important to accurately scan pillars and roof beams because they had the potential to
hinder the placement of large equipment, i.e. the test machines. The stored object that
did not block structural features were not moved from the available area but instead
stacked together or moved along the walls to simplify removing the unwanted points
from the data set afterwards.
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Figure 22: The factory facility for the Atlas layout (inaccurate schematic)

The two critical machines were scanned to ensure that no structural features interfered
with the units and also to investigate the possibility to raise the machine units from the
floor on a platform and only have the machine component that interacted with the
product and operator still on the factory floor. This was an attempt to decrease the
required area foot print of large processes to reduce the overall required area and
simplify the product flow.

The scanning procedure began by planning the scanning of the first test machines
(Machine A) and it was decided to use the handheld scanner, FARO Scanner
Freestyle’®. After the handheld scanner was calibrated, the scanning proceeded
smoothly, however, Machine A were too high to scan the top side of the machine unit.
After Machine A was scanned, the procedure continued by preparing the scanning of
the available area with the terrestrial tripod scanner, FARO Laser Scanner Focus™>.
After planned the scan positions, grouped stored objects on the floor and warmed up
the tripod scanner, the scanning proceeded without any problems and 15 scans
locations were required as a lot of stored objects still remained. The different scan
locations can at the available factory layout can be seen in Figure 23. Lastly, the second
test machine (Machine B) was scanned with the tripod scanner and required four scan
locations but due to narrow space was the data capturing of machine side limited. The
3D scanning of all objects were complete in approximately four and a half hours.
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Figure 23: The scan positions in the factory facility (inaccurate schematic)
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4.2.12.2 Processing the scan data

After capturing all the scan data of three objects of interest, the processing and
registration continued on-site by importing the raw scans from each scanner into
SCENE, starting with the handheld scanner and then the tripod scanner.

Firstly, the scans were pre-processed to eliminate faulty and unnecessary scan points
with different filters, i.e. dark scan point filter, distance based filter and stray filter.
Afterwards, colour was added to the scan points before the scans were combined in a
registration process. For more information regarding the pre-processing and
registration, read FARO Technologies (2012 & 2016b). Lastly, the respective unified
data set and coordinate system was aligned before exporting it as project point clouds
in file format .e57 to easily transfer data and use additional software. Moreover,
WebShare data was created of the unified data set from the tripod scanning so it was
possible to visualise the available factory area. The on-site pre-processing and
registration took approximately one and half hours, hence, the scanning procedure
took in total seven hours to perform.

Furthermore, the project point clouds were polished through post-processing before
the actual modelling as they contain unnecessary points and the factory area was
scanned with extensive amount of unwanted stored objects, which can be seen in
Figure 24. The company already used AutoCAD and Inventor from Autodesk, hence,
it was decided to mainly stick to Autodesk products to minimise the file format
problem, i.e. ReCap360, Navisworks and AutoCad were used. However, the software
lacked some required features so CloudCompare was also applied to edit the project
point clouds. The software had to be taught concurrent with the post-processing
process.
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Figure 24: The factory point cloud with unwanted stored objects

The point clouds were polished by removing the unwanted and unnecessary scan
points in ReCap360. Moreover, the factory area and Machine B were included in the
same point cloud and these were separated to have three independent project point
clouds, i.e. Machine A, Machine B and the factory. Also, a fly-through video of the
factory point cloud was created to show the virtual model and software feature to the
design team. Then factory point cloud was exported from ReCap360 and imported into
CloudCompare to fill and repair the empty areas in an iterative process using the
software features segmentation, cloning and merging to increase visual effect. The
iterative fill and repair process can be seen in Figure 25.
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Figure 25: Iterative fill and repair cycle using CloudCompare

Moreover, as mentioned earlier, Machine A & B had some complications while
capturing the data which resulted in defects where it was possible to see-through the
point clouds as no points were managed to be captured, which can be seen in Figure 26.
Thus, the point clouds were imported into AutoCAD filled with simple 3D modelling
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which had its benefits for later in Navisworks. The final point clouds will be presented
in the section 5.2.5.

Figure 26: Point cloud defects of Machine A & B

4.2.13 Step 9 - Preparation step 4

Based on the learning outcome form training step where the design team generated
and evaluated layouts (step 5 & 6), it was necessary that the project leader and
assistant took on more responsibility to increase the quality of the end result by adding
a screening and reworking step where the rough brainstormed block layouts got
optimised before evaluation. Since according to Muther & Wheeler (1962), it is
important to create a proper block layout from the start as it sets the limit, see Section
2.3. Moreover, it was not satisfactory to add more workshops to familiarise more with
the data as the design members had other development projects in parallel.

The screening process took one to two hours and was conducted in two phases. Project
leader and assistant performed the screening together to increase the objectivity. As
design member four nicely expressed “It is philosophically impossible to be objective to
your own solutions”.

The first phase was aimed to sort out layouts that significantly deviated from the
relationship diagram and three layouts were eliminated. The second screening was
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stricter to the relationship diagram and also the general flow pattern was weighted
between the layouts until only three candidates remained.

Lastly, the three remaining candidates were then polished in a rework process. The
rework process was mainly conducted by the project leader during a week because the
assistant project leader had a tight schedule. However, the project leader and assistant
conducted two workshops (two hours per session) to discuss, share ideas and create
reworks. The polished block layouts were generated using the Visio-template to
directly draw on paper and moving the blocks in Visio.

4.2.14 Step 11 - Planning step 3

During the third planning workshop, the ten reworked layouts were evaluated. Based
on the leaning outcome form training evaluation layouts (step 6), beforehand the
evaluation sheet was prepared and the factors defined and documented. The session
started with distributing the settled factors to the design members so the factors were
understood and reviewed for changes. Then the design team discussed the weight scale
and rated the factors’ weight. Afterwards, based on the learning outcome from the
third training session, the project leader started presenting the block layouts using a
projector so the design team collectively viewed and evaluated the same block layout
one by one throughout the process. As it was experienced both ineffective and
inefficient when all block layouts were distributed to each participant.

4.2.15 Step 12 - Preparation step 5

To test 3D-Block and a proposed realistic 3D evaluation step for 3D-SSLP, it was
necessary to create CAD planes of the two best ranked block layouts (from step 11).
To create the CAD planes, AutoCAD and CATIA 5V were tested in order to find the
software that provided the best visual result after merged with the factory point cloud
inside Navisworks, which was the selected and applied presentation software as it
offered effective and simple presentation features and navigation (Olofsson &
Sandgren, 2015). Afterwards, the CAD plane was merged inside the factory point
cloud to create 3D-Block. An example of 3D-Block can be seen in Figure 27. The
scanned machines were also later prepared and merged inside Navisworks in order to
evaluate the height requirements and discuss solutions for raising the machine units.

,/ . P
igure 27: Example of 3D-Block
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4.2.16 Step 13 - Training step 4

During the fourth training session, 3D-Block and potential of realistic 3D evaluation
step were reviewed and software used to model and visualise point clouds and block
layouts were presented. The project leader moderated the workshop as well as
navigated in Navisworks while the design team discussed and provided feedback.

First, the factory point cloud was introduced and reviewed in Navisworks. Then, a
CAD plane representing the block layout was unhidden in Navisworks to review 3D-
Block as visual support instead of an empty point cloud when visualising and planning
the detailed layout during cross-functional workshops. Afterwards, the scanned
machines were unhidden in Navisworks to test if a realistic evaluation had any
potential to be developed and added to 3D-SSLP.

4.2.17 Step 14 - Planning step 4

Based upon the positive feedback from the fourth training step about 3D scanning and
3D-Block, it was decided to extend and try a realistic 3D evaluation step to see if there
were any differences between evaluating in 2D and 3D. Only the two best ranked
layouts were used due to time limitations so before the session a CAD plane of the
runner-up block layout was created in the same way as the previous one. The session
began by discussing which additional evaluation factors were relevant in 3D.
Afterwards, the layouts were reviewed one by one and evaluated according to the 2D
evaluation session (step 11). Based on the learning outcome from the previous step
where the 3D-Block and 3D evaluation was presented (step 13), different viewpoints
had been prepared in Navisworks to avoid as much navigation as possible as it was
hard to follow and made the participants tired.

4.218 Step 15 - Evaluation step 1

Personal interviews were conducted with the design team to acquire necessary data to
answer the research questions and further develop 3D-SSLP and 3D-Block. The
interviews were semi-structured and divided into three parts which lasted in total
approximately one hour. The main questions for each part were broad and open so the
interviewees were able to rise up their ideas and then the interviewer further steered
the interviews into details to gain a wide spectrum of data of all relevant components.

The first part started by greeting the interviewees and explaining the purpose of the
interview to create a relaxed atmosphere between the interviewer and interviewees.
Afterwards, the interviews proceeded with the interviewees presenting past layout
planning approaches and experiences to gain an understanding of the interviewee.
That way the questions and probing could be adopted so that interviewees could relate
to create a flow in the conversation and when evaluating 3D-SSLP and 3D-Block.

The purpose of the second part was to gain feedback of 3D-SSLP and further
development potential. It started with recapping the layout planning approach used in
this thesis. After 3D-SSLP had been recapped, further questions were asked to gain a
deeper input of SSLP, workshops and 3D laser scanning.

The third part of the interview was dedicated to primarily acquire data of the
visualisation techniques: block layout, physical mock-ups and 3D-Block. Also, evaluate
if 3D-Block can replace physical mock-ups and if it is satisfactory to create a 3D-Block
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before moving into the detailed planning phase. Moreover, investigate what
visualisation technique and template are preferred during the different planning steps
and phases. Also, additional 2D-templates that could be produced from the scan data
were evaluated by the interviewees to compare with the Visio- and Excel-Template.
The two of the scan data templates can be seen in Figure 28 & Figure 29. The third
part finished by letting the interviewees expressed their opinions regarding the
application and usefulness of WebShare.
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Flgure 29 2D-sectlon of factory pomt cloud with floor
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5 Results

This chapter will present the results from the research procedure. First, the experiences
and results from training workshops are presented. Then, experiences and results from
the preparation and planning steps are presented. Lastly, the interviews are presented and
summarised.

5.1 Training steps

This section will present the experiences and feedback of the workshops’ content and
structure during the training session.

5.1.1 First training step

During the first training workshop, the three first steps of SSLP were trained and the
relationship charts and requirement sheets were reviewed. The participants’ overall
reactions were positive during the session, even though the project leader was self-
critical of the session development and preparation as it was the first performed
workshop with tight schedule.

While participants were training the first steps of SSLP, two participants noticed a
process improvement while reviewing the process flow chart while concluding the
relationship chart. This situation caused problems as certain data had to be changed.
Thus, the learning outcome was to thoroughly review the process flow chart before
starting the steps to avoid late changes. Most design members experienced that it was
good to visualise the process flow while applying the relationship chart because the
details can be easily omitted. Moreover, the relationship chart was experienced
valuable as it assisted the participants to think in new ways. However, the assistant
project leader expressed that it was difficult to be completely objective and not fall
back on old ideas. Also, it was time-consuming before the participants understood and
got familiar with the mechanics of the relationship chart. The activities’ requirement
sheet was experienced to be a very useful way of working and it was suggested that the
document should be uploaded in the server folder so the design members could
continually update the sheet since it was experienced difficult to remember all
requirements at once without any help. The assistant project leader expressed that it
was hard to understand and create the activity relationship diagram. However, the
participants tried to map the whole diagram in their minds before drawing instead of
following the instructions, which made it more complicated.

5.1.2 Second training step

During the second training step, the fourth step of SSLP was trained and two drawing
techniques were presented. Each design members managed to produce two block
layouts before they felt exhausted. The produced block layouts were all unique and
varied a lot in quality. All participants expressed that the first layout was hard to
produce because there was no reference which could be followed. The participants
tried to create practical layouts directly instead of creating an ideal layout. Participants
started thinking of what-if scenarios or did not plan ahead during the first attempt
which resulted that the relationship diagram was not followed, i.e. changed areas and
ignored relationships. Thus, the moderator had to intervene to explain and encourage
the participants to follow the relationship diagram data and the second attempt showed
promising block layouts.
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The participants preferred and selected different drawing techniques; half of the group
selected the plastic cover method mentioned in the methodology whereas the other
half selected to draw directly on the layout templates. However, assistant project
leader expressed that he preferred to directly use the computer to generate the block
layouts as he considered him poor at drawing and it took him extra time to draw and
calculate the areas accurately, hence, assistant project leader expressed he got
inpatient as it was experienced to be double as efficient with a computer.

Due to the mix of quality in the drawn block layouts, the project leader and assistant
project leader discussed and suggested that in some way it would be good to extend the
generation step in order to increase quality of the end result when planning the Atlas
Layout. Moreover, as the maintenance department was currently relocating, the
planning workshop was suspended until the layout template can be accurately updated.

5.1.3 Third training step

During the third training step, the fifth step of SSLP was trained and different
commonly used evaluation factors were presented. It was intended to manage all
training during one session. However, it consumed too much time to present and
review the commonly used evaluation factors and therefore an additional session was
required to complete the training.

The participants thought that 11 out of the 20 commonly used evaluation factors were
relevant for the company and Atlas layout. To view the 20 commonly used evaluation
actors, see Muther, 1974, pp. VI-1. It was quite hard to decide which weight range was
satisfactory for the factors. During the evaluation, it was experienced ineffective to
document the worksheet and design member number three suggested that the
evaluation worksheet should be prepared beforehand by inserting the factors and
weights. Only two out of ten layouts were evaluated during the first session. During the
extra workshop, the remaining eight layouts were evaluated. It was experienced hard
to settle the average rating level of the first evaluated layouts which resulted in that the
average rating became too high. This caused problems later in the evaluation as there
was no room to differentiate layouts that were better than the first as it already was
rated E, i.e. as the only rate factor left was A (Almost perfect) and solutions X was
better and Y, but both got rating A. Towards the end of the evaluation, the
participants acknowledged this problem by themselves and pointed out that it was
because of inexperience and no reference point. However, the project leader had taken
notes during the session so the ranking was adjusted and the final results were
concluded and visualised. Another set up was that the relevant factors from Muther
(1974) were blindly selected and not adjusted. As the evaluation factors were widely
defined, it became unclear what should be assessed and some factors were impossible
to assess in 2D. The learning outcome was that the settled evaluation factors should be
assessable in 2D, defined concisely and have a representative name to make it
apparent for what the participants should assess. Moreover, during the session, a
document containing all block layouts was distributed to all participants. This caused
some participants to look around on all layouts instead of collectively address one
layout at the time. The learning outcome of this situation was that the digitally stored
block layouts had to be presented using a project so that each block layouts were
collectively addressed one by one by all participants.

43



5.1.4 Fourth training step

During the fourth training session, the result from the 3D laser scanning and modelling
was introduced and proposed visualisation technique 3D-Block (representing the best
ranked block layout) was presented. The participants experienced that the 3D laser
technology was a great tool for visualising. Moreover, 3D-Block was experienced very
helpful and increased the understanding as it provided the viewer with better
perspective than a block layout. While visualising the best ranked block layout inside
the point cloud, the different machines were added to give more perspective and
evaluate if the machines units could be raised from the floor. The participants
experienced that it was possible to raise the machine unit after reviewing it in the 3D
model and start discussing different solutions. Moreover, the design team got more and
more interested in the 3D technology and started discussing how they can continue
utilising the 3D scan data and which software and hardware were required. However,
as a project leader, it was a challenge to both navigate the 3D model while acting as a
moderator. Moreover, a lot of navigations were done to show different features which
made the participants tired as the model was constantly moving in high pace. The
learning outcome was that suitable viewpoints should be prepared when visualising in
Navisworks with other participants to minimise the navigation.

5.2 Planning procedure

This section will present the results from the preparation and planning steps for the
Atlas layout. The result has been depersonalised so that no sensitive data are disclosed.

5.2.1 First preparation step

The procedure began with mapping the process flow which was required for Atlas
production system. In Figure 30, the mapped process flow of the new production flow
is visualised. The Atlas production flow (dotted box) is divided into three sub-flows
which are connected by two supermarkets (Activity 8 & 16). Two warehouses (Activity
21 & 22) supply all the activities in the production flow with components and Activity
23 process raw material to Activity 1. The products are tested and approved at
different locations (Activity 3, 6 & 14) to ensure high quality and no hazard risks.
Finally, the finished goods are transported from the production flow before delivering
to customer.
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Figure 30: Process flow chart

5.2.2 First planning step

During the first planning session, the relationship chart and activities’ requirements
sheet were completed. The overall feedbacks of the sessions from the participants were
positive, but some participants felt frustrated with the low contribution from the
Logistics department and some participants lost their focus at the end of the session.

The views regarding the material flows were collided during the session. According to
Logistics representative, the relationships between the Atlas production processes and
the different warehouses were rated as unimportant, even though the other
participants did not agree because the design team wanted to improve the material
flows for the Atlas production system. However, Logistics representative argued that
“Currently, there was a bigger issue as there was no available warehouse space for raw
materials required to produce the Atlas product family. Thus, if this problem was not
solved, the raw materials are required to be stored off-site and the in-house material
flows will become negligible, except the flow from the processing Activity 23 and the
flow of finished goods to Activity 20”. However, the design team was sceptical as they
had higher expectations and tried to discuss with the Logistics representative to
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reconsider the relationships, but Logistics department were responsible of designing
the material flows.

Later, the Logistics representative and design member number three lost focus towards
the end of the session. This could have been because they were tired as the workshop
was scheduled in the late afternoon or the Logistics representative did not see any
more value of the process as all material flow from the warehouses (Activity 21 & 22)
were to be considered as unimportant. As the above mentioned, the unfocused
participants made the rest of the group more tired and passive which might have
affected the rating towards the end. The project leader encouraged the design team to
focus to achieve consistent ratings with previous arguments and relationships.

5.2.3 Second preparation step

After the first planning step, as mentioned before, the relationship diagram and Excel-
template were created by the project leader. Measuring the available factory area was
experienced very inefficient and the accuracy different and had to be repeated to
ensure that the layout was somewhat accurate. The measurements varied for some
structural features which were not satisfactory to visualise in an Excel-template so the
measurements were round to the nearest whole meter or half meter. Moreover, the
fork-lift truck paths were two and a half meter and that is why the upper path was
rounded to three meters wide and to compensate for the extra half meter the lower
path were visualise as two meters wide. This was a downside when using the template
in the second planning workshop.

5.2.4 Second planning step

During the second planning step, the participants managed to produce in total seven
original block layouts. In addition, the project leader contributed with three original
block layouts. The computers were accessible but no one chose to use it to create block
layouts. Moreover, design member number four chose another technique to produce
block layouts by cutting out paper blocks of each activity to move around on the
template. However, the design member faced a problem and noticed that the supposed
squares in the grid net did not have the same height and width length. Thus, blocks
became inaccurate if turned in the layout. Thus, the Visio template was created as it
offers better drawing options and flexibility. Excel was initially used as the project
leader did not have access to Visio at the time of the first generation workshop.

5.2.5 Third preparation step

As mentioned before, the 3D scanning and pre-processing took approximately seven
hours and afterwards there was still a need for post-processing as the point clouds had
some defects to be corrected, see Section 4.2.12. The post-processing took longer time
than necessary due to the software had to concurrently be taught. Moreover, there
were some setbacks as the computer hardware used barely fulfilled the minimum
software requirements which were a drag. Simple CAD blocks were extruded inside
Machine A & B to eliminate the see-through defects, which can be seen in Figure 31,
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Figure 31: CAD blocks with point clouds of Machine A & B to take aay visual defects

Furthermore, as mentioned before, the unwanted stored objects on the available
factory floor were eliminated and replaced, which can be seen in Figure 32. Overall the
factory point cloud became better and usable but there were still many visual defects
but they were insignificant for the project and in the end it started to become time
consuming and demanding for the computer hardware. Thus, it was decided to move
on after post-processing for approximately three weeks.

W, — < -
Figure 32: Unwanted stored objects removed from the factory point cloud
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5.2.6 Fourth preparation step

The screening process continued until three satisfactory candidates remained and this
process took approximately one and half hours. Out of the three candidates was one
generated by design member two and two were created by the project leader. The
candidates were then reworked by the project leader and assistant. A rework example
can be seen in Figure 33 & Figure 34. The candidate was produced by design member
two and had an overall good flow patterns which were similar to U-flows, which the
company looked for, and in the middle there was a lot of unused area which could be
used to eliminate waste. By making the U-flows more compact it was possible to
eliminate movement distances and create a more visual flow. Moreover, the visual
effect of the Excel-template and Visio-Template can also be visualised. In the Visio-
template, the sub-flows got different colours and necessary operator walk paths were
added. Block with dashed line indicates preferred location but is flexible within the
parent block, e.g. block 2 & 7.
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Afterwards, the project leader and assistant discussed and defined what factors that
were important for the Atlas layout in a one-hour workshop, see Table 4. The project
leader assistant pointed out that safety is always the most important factor as no
accident should occur. Thus, it was important to ensure the operators and vehicles are
separated as much as possible and that the operators had enough space to move
around. Then there was a focus on the production flows, both the material and product
flows were divided into two factors to make it more justified to the parties it affected.
Also, flexibility and space utilisation were considered.

Table 4: Important evaluation factors
Factor Guiding question(s)
-How well are the truck paths and operator flow separated?
-Any space for operator paths in the detailed layout?
Material flow -How well are material available for operators (block configuration)
-How well can logistics operators provide the activities with material?
-How well are logistics flows and product flows separated?
Product flow -How well does the layout configuration support visual flow and control?
Product movement | -How long distance does the WIP have to be moved?
-How easy is it to change the layout without costly machine relocations?
Flexibility -Is it possible to combine current system solutions with new?
-Is it possible to fit current test machine design?
-Is there additional free space and is it possible to utilise it?
-Do previous activities need to move because of the layout?

Safety

Material movement

Space utilisation

5.2.7 Third planning step

During the third planning session, the fourth step of SSLP was conducted to evaluate
the reworked block layouts. The design team reviewed and understood the aim of the
evaluation factors. No changes were made as they were considered sufficient by the
design team. The weight scale ranged from seven to one (instead of ten to three as it
would be with SSLP) as it felt more natural for the design team, the factors weights can
be seen in Section 5.2.9. Moreover, it was decided that it was not in the design team’s
interest to continue with a block layout that received a factor evaluated as X
(unwanted), if this occurred the block layout was excluded from the evaluation. The
evaluation proceeded efficiently and all ten block layouts were evaluated. Layout D
were the winners and Layout F the runner-up. The layouts can be seen in Figure 35 &
Figure 36. Layout D consisted of two U-flows (green & yellow sub-flows) which
converge into a straight flow (blue sub-flow) while Layout F consist of two L-flows and
the same straight flow. Moreover, during the session was it concluded that the fork-lift
truck path into the production layout (black rectangle) for the two layouts were
considered to decreased the safety, hence, they were replaced with addition material
space for Activity 10 & 11 in Layout D and for Activity 2 in Layout F. Moreover, it was
concluded that the configuration of Activity 19 was better in Layout D, so it was
applied for Layout F too. All these changes were made before the 3D evaluation with
realistic visualisation.

49



Activity 21 & 22

Activity 23 Activity 23
g
g
— <
L7 2
—— (¥ -
-
s 19
[] L ] [ ]
6
/ wn 16 17 18
4 1 | -
I —
@ 10|
12 1
Maintenance department
Figure 35: Best Block layout D
Activity 21 & 22
Activity 23 Activity 23
g
g
=
g
5 -
3
e
7 15
1 8 —u | ]
7 16 17 18 o
e | 2 10 ‘
%z :
w
A 12 1
9 Maintenance department

Figure 36: Runner-up Block layout F

5.2.8 Fifth preparation step

After testing the compatibility, it was experienced that Navisworks and AutoCAD had
the best compatibility in comparison to CATIA V5 (the modules “Mechanical Design”
and “AEC Plant” were tested). Moreover, it was an advantage working in AutoCAD
as it was possible to attach the point cloud so the block layout was merged at the
correct location from the beginning instead of spending time moving inside AMN.
However, one disappointment between AutoCAD and Navisworks was that the group
function in AutoCAD did not follow into Navisworks, which made it inefficiently to
move around the blocks as it was hard to smoothly select all three components
representing a block, i.e. drawn lines, extruded box and inserted activity number.
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5.2.9 Fourth planning step

The result from the 3D evaluation became a little more detailed than normal 2D
evaluation but the change for safety was because removal of the fork-life truck path
and not due to better visualisation, see Table 5. Layout D remained the best layout but
only with one point. No additional factors were added during the 3D evaluation even
with the option to evaluate the height requirement and convenience/cost of raising the
machine units, because the design member had the attitude to get the best layout
rather than cost or building convenience as it was meant to be a long lasting layout and
the additional cost of raising the machine units between the layouts would be
insignificant in comparison to the total investment sum.

The results of the 2D evaluation were visual during the evaluation. Moreover, the
design members had a tough day and were exhausted at the time of workshop and in
addition the Atlas project had long been terminated, which made the design members
a bit passive and often referred to the old result rather than in-depth discuss the factors
again. However, it was expressed during the session that if more simple digital mock-
ups can be added before the 3D evaluation it will be priceless as it will easier to
determine such as the general flow patterns and such in the layout.

Table 5: Comparison between the 2D and 3D evaluation

2D evaluation 3D evaluation
Factor Weight | Layout D | Layout F | Layout D | Layout F

Safety 7 E E A A
Material flow 3 | | | |
Material movement 2 | | | |
Product flow 6 A E A A
Product movement 5 E | E |
Flexibility 4 E A E A
Space utilisation 1 @) U @) O
Result 83 75 90 89

5.3 Personal interviews

This section will present the data from the personal semi-structured interviews as well
as a summary of the interviews.

5.3.1 Production engineering manager & Assistant project leader

The interviewee thought that overall it was a good planning method and it was a good
approach to do the steps in workshops. The method steps were logically sequenced and
balanced between preparation and planning steps. “It is a good planning method for
large layouts or if you are inexperienced in layout planning, I am absolutely positive to
apply it in the future for next design project”.

However, in the aftermath of the procedure, the interviewee thought that it would be
good to define and document the evaluation factors earlier in the planning process so
the design team can strive towards a common goal and know what is important
throughout the process. Moreover, a VSM should be used to complement the process
flow chart so that the planned layout can be verified with the VSM.
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The interviewee expressed that a problem with the Atlas project was that the product
team could not conclude different design options that affected the process flow so the
production concept that was created was uncertain before and while planning the
layout. At Danfoss, the concept design of the product and production system begin at
the same time, whereas, the product concept has been more settle before the
production design begin at previous companies. It caused a lot of problems to have a
“Rough detailed” production layout ready at the same time as the product concept is
settled, “This is nearly impossible” the interviewee expressed. This situation caused
some uncertainty and doubt of the design members during the workshops. The overall
workshop duration was experienced sufficient. However, the interviewee personally
felt that it will be more efficient to conduct more workshops with shorter period of
time (approximately one hour) rather than long period workshops because he became
tired and unfocused during the last hour.

Furthermore, the interviewee really appreciated the relationship chart because it made
the users consider all the relations in a structure way and he felt that it could even have
more benefits on a detailed level, i.e. designing a block within the layout or isolated
work station. The interviewee experienced that the reason why the result of the chart
had to be polish throughout the procedures were because the result was diminished as
the design team were novices and the logistics department was not that interested in
the process. However, the interviewee thought that if the chart was repeated, the result
would become more accurate from the beginning.

Furthermore, the interviewee experienced that the relationship diagram was confusing
to create with four, three, two or one line, which made it feel like rocket science and
superfluous. Interviewee expressed “I might be over thinking about the relationship
diagram but why did not we directly use the relationship chart and activities’ requirement
sheet?”.

The second workshop was really appreciated when the design team sat down and
everyone focused on creating different layout solutions. However, the interviewee
expressed that drawing blocks were not his expertise and he did not have patience to
draw when he thought that it could be done more efficiently using a computer. Thus,
the interviewee proposed that each member should do it at their work station so that
the computer is an option for those that prefer it.

The interviewee thought that the screening and rework steps are necessary to early
eliminate unsatisfactory solutions and polish potential solutions, but the steps might
not be needed for a very experienced and competent group. The interview thought that
the only obstacle of implementing the method fully is the investment in 3D laser
technology. The interviewee expressed “if I had 500,000 SEK today to put on
measuring technology, then I would instead spend it on a laser measuring arm to verify
produced components and raw material from suppliers, which would currently generate
more returns into the company. Today, the company is quite small and majority is
manual assembly with few machines. However, the company is constantly growing and
when it reaches a moderate size, then there will be a room to invest in less prioritise tool
and then 3D laser scanning is absolutely interesting. Because I believe it would be “gold
worth” even for small changes to have collaborative workshops with other functions, to
show how our department think to gain feedback and do real time changes before
implementation”.
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The interviewee thought that the strength of 3D laser scanning and modelling is that
the solutions can be shown to a group to discuss solutions, and gather everyone on the
same train. The interviewee expressed “From experience I have noticed that if I draw a
square and show it to you, it is not exactly necessary that you recognise it as a square, but
instead as a jet plane. It is very hard to draw an idea for others sometimes and then they
confirm that they have understood. However, once you start implementing your idea, all
problem raises, because you and the other persons had different ideas of that square”.

As for visualisation, the interviewee thought that when generating new layouts, it is
more preferable to focus on quantity rather than quality. Thus, based on the
department’s experiences, competences and sometimes resource prioritising, it is most
efficient to work in 2D than 3D, because it is fast and simple. Currently, we do not
have the competence to efficiently start working in 3D without training design
members. The interviewee would prefer to work with Visio rather than Excel, but
personally the interviewee liked AutoCAD since it is very easy to move things and
take measurements. However, Visio was preferred to create material for discussions
due to its simplicity and the interviewee expressed “In the beginning, it concerns about
sketching new ideas to generate more ideas form discussions”. The interviewee thought
that the template depends on which technique or software that is utilised, but both the
Visio-template and the 2D-section without floor was sufficient for generating layouts.
The interviewee thought that using a 2D-section with visual roof beams and ventilation
might have application for factories with very low roof height.

During evaluation of layouts, the interviewee thought that 3D evaluation with all the
equipment would be incredibly good. It offered amazing visualisation and it would
become very clear of what had been designed, which would not be possible in 2D with
blocks. “In 2D, you do not get that the perception of what one meter right here will
impact. If everything has been scanned, you will be able to see how one meter plus or
minus in a direction will impact if you can move the item around, which you do not get
from just a top view”. In 3D, it is easier to understand how the placement of items
would affect operators and flows. However, there was experienced not that big of a
difference between 3D-Block and block layout when evaluation the conceptual layout
except the height requirement. Interviewee, however, thought it would have been
outstanding if more details could be added in 3D-Block before evaluation. 3D laser
scanning was experienced as a great tool to communicate a solution upwards in the
company to gain support and investment capital. Moreover, in the aftermath, the
interviewee thought it would have been great if we had the possibility to scan the
current work stations to make the 3D-Block more detailed and visualise small
improvements afterwards. The interviewee expressed “We would have profit from
getting more 3D figures in the model”.

The interviewee experienced that physical mock-ups have previously been efficient on
a detailed level, because you gain basically the same benefits as in a 3D model.
However, the interviewee expressed “It requires that the factory floor have to be empty,
but that is only possible during low season. For the rest of the year, it would have been
good to utilise the 3D-Block”. The interviewee thought that point clouds are more
satisfactory than physical mock-ups for large layout planning projects since it provides
a better overview of the whole system. The interviewee expressed “The integration
between block layout and 3D model can absolutely replace physical mock-ups, provided
that the layout is later further detailed through modelling or scanning and merging
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current functions. Since for large layouts it cannot be demanded that the factory floor
should be empty to do physical mock-ups”. 3D-Block was experienced a necessary
improvement from empty point cloud when starting to detail the layout during
workshops with operators and other functions.

WebShare would have been very nice to have of the whole factory to eliminate factory
visits because all visiting sales people want to see the factory production. It would be
good to be able to show the factory virtually on a project using WebShare because it
would decrease operator disturbance, increase safety, more time efficient and deliver
professional impression. The tool can be selected to review and estimate production
process requirements, e.g. areas, utilities, etc., based on the current system in a
workshop. Moreover, WebShare can be shared with hired third parties responsible of
implementing certain facility features, e.g. gas lines, pluming, fire safety units,
ventilation, etc., to increase sustainability, flexibility and efficiency of the planning
phase as it can eliminate a lot of travelling.

5.3.2 Production engineer & Design member 1

The interviewee thought the integrated planning method was good because the
procedure became structured and transparent, so everyone know what is required and
it eliminates the risk of forgetting something. The method provides documentation
which can be communicated within the company and wused for continuous
improvements for future layouts. The order of the steps procedure and division of
responsibilities were sufficient. The interviewee thought it was satisfactory to apply
workshops for the different planning steps since it forced the project to move forward
and involve with all relevant parties. Moreover, the interview expressed “If is
important that one or two design leaders prepare the workshops because if we had done
them spontaneously, it would not have been as efficient”. The workshop duration was
reasonable but design members got tired during the second hour. The interviewee
expressed “There is no obstacle to implement the method today except the fear that it
might take longer than current practices depending on the size of the layout since we are
still novices”. The interviewee expressed “I am pleased with the planning method and
the time has not been wasted. Also, there are parts that I will definitely use regardless of
the size of layout (mapping the requirements and follow the structure)”. However, it was
experienced that the spirit diminished when the management cancelled the Atlas
project but the work still was not wasted and it has been performed very well.

However, on a detailed level, there are always certain parts that have pros and cons
with each step. The relationship chart was beneficial because it forced the team to
consider all relations in a structured way so nothing is omitted. However, the
interviewee thought that relationships are common sense and he felt that with his
experience, common sense and Lean-thinking, the same conclusion could be made
without the chart. Moreover, the chart is important to do in a cross functional team
because the solutions that production engineering team want may not suit to every
function. However, logistics department should probably get involved in every step
since the material flows are such a big part of the system. Although, the department do
not care or cannot contribute that much, it is important to keep them updated. The
interviewee really appreciated the activities’ requirement sheet as it was conducted in a
collaborative workshop. The sheet gives a good overview of what is required and
ensures that nothing is omitted. He expressed that “Gas lines were normally forgotten
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and considered late in the planning phase”. With the collaborative workshop, the
process was very time efficient and it made the design team consider everything from
the beginning. The layout generation step is a bit like playing in AutoCAD but here
you had given areas and made it a very easy way to visualise. During the evaluation
training workshop, we felt that all twenty presented evaluation factors were good.
However, the most important factors that were measureable in a 2D layout was
defined and prepared before the planning workshop. This was another positive
attribute for the evaluation since it forced participants to really evaluate and motivate
all factors for each block layout. The 3D laser scanning was very beneficial for the
visualisation and was a great complement to 2D and physical mock-ups. However, the
issue is in order to continue managing the data in the future, it requires the company to
invest in the technology. The interviewee expressed “500,000 SEK to utilise a 3D
scanner is not that much money if you consider the potential result”. The interviewee,
however, expressed that the technology probably provides more value for companies
in an industry which demands rapid and large production system changes, e.g.
automotive, etc., but historically the company only made large production system
changes every fourth to fifth year. Thus, to utilise the technology, the first step and cost
effective way is to hire a consultant to do the scanning to gain the raw data for
modelling.

For the visualisation during generation of layouts, the interviewee expressed that
working in 2D is the most sufficient because it is simple, faster and easier. Also, people
can work closely within the group. The interviewee would prefer to use 2D-section
without floor as a template because it accurately shows the available area, obstacles
and transportation lanes. The interviewee thought the template of the 2D-section with
roof beams and ventilation was interesting as it is easy to forget how the roof is
constructed. Moreover, the interviewee preferred generating layouts with a flexible
technique that makes it possible to easily move around blocks either virtually or
manually.

To evaluate block layouts, the best visualisation method is 3D since it provides best
overview and space awareness of the block layout in comparison to 2D. However, 2D
1s better to briefly discussion many different solutions since it can be faster created and
handled. Physical mock-ups are not suitable to evaluate block layouts because it does
not provide a good overview and requires large floor space especially for large layouts.
However, if there is available, physical mock-up it is the best option to detail and
evaluate on a small manual system, e.g. assembly station, etc. The interviewee thought
that 3D modelling cannot replace physical mock-up on a detailed level for manual
assembly because it is not possible to achieve the same space awareness and feeling in
a virtual environment. The interviewee expressed “In a 3D model it is hard to evaluate
questions like: how many times do I need to turn to assembly the part? Can I properly
reach the tools or materials?”. Thus, the interviewee perceived that it is easier for an
operator to relate to a physical mock-up rather than a 3D model, since it is like the
natural work environment. However, Interviewee thought that 3D modelling is more
suitable than physical mock-up if the production has a high level of automation (LoA)
or are machine intensive since suppliers can provide detailed 3D models of the
equipment which saves modelling time and increases the level of details. The
interviewee summarised that the best visualisation methods along the process were to
generate layouts in 2D and than evaluate them in 3D with 3D-Block, and then
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continue to detail the best block layout with 3D modelling. Lastly, each function
should be verified one by one by building a physical mock-up before implementation.
As a physical mock-up is very easy to build when it has been detailed and evaluated
virtually.

The interviewee considered WebShare useful as it can be used earlier in the procedure
to efficiently measure and estimate area and view utilities to complete the activities’
requirement sheet either individually or in group during a workshop.

5.3.3 Production engineer & Design member 2

The interviewee had no experience in planning a large layout before and expressed
that it had been a very interesting process and he had overall positive perspective
towards 3D-SSLP and especially appreciated the addition of 3D laser scanning.
Overall, it had been a positive and absolutely practical method. However, the
interviewee thought it was a pity and unpleasant that Atlas layout was not continued as
the Atlas project had to be terminated as the individual wanted to go further into
details and build something totally new. The interviewee expressed that “It had been
interesting to scan the whole current production system and made a case for it to see how
we can improve that area when nothing happened with Atlas”. Some small changes will
be implemented but normally it takes a few years before something big will happen
again. The integrated planning method has been very good as it becomes a tool to
ensure that all details are addressed and nothing is omitted, e.g. the relationships,
utilities etc. It is good that the method structured the process, since otherwise it is easy
that a person just sits down and starts drawing without carefully thinking of what needs
to be considered and have to adjust or redo later when you remember that something
was omitted. The interviewee thought that it was a natural and logical sequence of
steps. Moreover, it was good to do the planning steps in workshops where a group of
four to five members worked together when a large layout is planned. As a group
composition, the interviewee thought it was sufficient to only involve production
engineering and logistics during the relationship chart. However, an experienced
maintenance engineer could probably assist during the activities” requirements sheet as
they have knowledge of old gas lines, etc. The duration of the workshops was
moderate, however, it was experienced that there had been a bit too much time in
between the planning workshops as the interviewer had to do many things in between
such as planning, developing and training 3D-SSLP and 3D-Block. Interviewee
expressed “I think it was moderate with two hours’ sessions and the time passed very
fast. The process was very good and interesting discussions occurred so people could
address the issues and solutions”. Interviewee thought two hours provide sufficient
data. However, it would be good to double check and verify the data with an additional
workshop for each step before continue to next step. Moreover, more time would have
been spent on the Atlas layout and continued unless the project was terminated. The
interviewee could not express any direct obstacle of implementing the integrated
method today. However, it was pointed out that it was necessary to work with the
method to gain rotations and experience as there is always a risk that people forget it
as large layouts are rarely planned, but when it happens the interviewee expressed “I
absolutely want a structured method during large layout planning otherwise it is a great
risk that something is missed so I am open to this method”. Moreover, it is good that the
method is flexible and can be conducted for small layout planning, e.g. a work cell or
station, by doing this way, the method can be taught and applied for future project.
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The interviewee had never worked with mapping the relationships before but
expressed it had been interesting to conduct the relationship chart. As it is possible to
create a better flow if the relationships between the activities, e.g. use of same
personal, flow patterns, etc., are mapped and rated. However, the matrix itself was a
bit messy to fill out. For the activities’ requirements sheet, the interviewee thought it is
good to start based on the current system and it is not necessary having in mind to
decrease all areas in the beginning since it is hard to visualise the exact block and it
does not need to be a more detailed concept. Overall, it was interesting to see the
transformation from the relationship chart to the final block layout. The interviewee
expressed “3D evaluation used a cool technology and that will probably be used in the
future”. The 3D technology has made it possible to get a better overview with volume
rather than a 2D picture. It becomes more visual either with or without details when
you can walk around in the model as walls, roof and, etc. are visible. Moreover, it is
possible to easily take accurate measurements. However, to spend 500,000 SEK on
acquiring the technology is probably a bit too much and it would be more suitable to
hire a consultant to scan the relevant area and provide the scan data for us to process
and model it. Since it would be unnecessary to buy the 3D scanner as it would be rarely
used in our situation, it is preferred to hire a consultant service to scan at the beginning
of large projects now when we know how it works. However, the technology would be
suitable to be purchased and applied by a central development unit within a large
organisation, e.g. DDP within Danfoss Group, to supply production sites with accurate
facility data, also to support factory planning and modelling. However, the spending of
500,000 SEK which may be used every fifth year would be a big investment that is hard
to motivate unless it is a joint purchase with Danfoss Group or it could be used for
either something or someone else within the company. The interviewee expressed “It
would not surprise me if Danfoss already had a 3D scanner lying somewhere in the
world”.

As for the visualisation, during generation or “rough sketching” of layouts, 2D is the
easiest way to work as it becomes too much information in 3D. However, it would be
desirable to work in 3D but on a detailed level. 2D is more practical and sufficient
enough for rough sketching. The interviewee would prefer to work with 2D-section
with floor from the point cloud as current details are included, but would like to create
a measurement grid as in Visio. The 2D-section with roof beam and ventilation is also
positive as it is good to have as many details as possible. The interviewee preferred to
generate layouts by drawing on paper templates as it was experienced to be the most
efficient way for the individual. The interviewee expressed “I prefer all the 2D
templates produce from the 3D scanning (cross-section of point cloud). However, for a
totally empty area, it does not matter what type of 2D template is used. But when there
are current functions in the facility, it is good with a template from 3D scanning so that
all details can be utilised”.

During evaluation and detailing, the interviewee thought that it is easy to be tricked by
2D in comparison to 3D. 2D only presents an overview of the area but there is more
perspective with 3D. The interviewee had never worked with physical mock-up but
believed that the method is best for smaller systems, e.g. work station, as it is more
visualise of how large it becomes. However, 3D scanning is better in large systems, e.g.
large layouts, as it provides a better overview with accurate details. The interviewee
expressed that the integrated visualisation method is better than physical mock-up
when it is possible to further detail the layout as it probably goes faster to do a
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complete 3D model by an experienced user than building a physical mock-up of the
same level of detail, because it takes time for any user to build all items in natural size
using cardboard and similar. Moreover, the interviewee expressed “3D-Block is a
necessity to later detail the activities by involving third parties, e.g. other departments or
suppliers, because it would be hard to show an empty point cloud model and expect
everyone alone can estimate and visualise the concept system e.g. activity areas, general
flow patterns, relationships etc.”. The interviewee expressed that it is possible to learn
3D modelling fast if you use it a lot. However, it is rarely applied at the department
and it might be hard to maintain the knowledge as remodelling of new layouts or cells
are not frequent happened. The interviewee summarised the visualisation part with “In
turn of generation, I would want to use block layouts. During evaluation, I would prefer
to visualise using 3D-Block because it is more visual and height requirements can be
considered”.

As for WebShare, the interviewee thought it was useful to simplify visualisation
without repeatedly visiting the production floor every time which would save a lot of
time and not disturb the operators. Moreover, it added the possibility to work from
another place and can also be shared with consultants hired do to certain facility
planning, without the need to constantly travelling back and forth.

5.3.4 Production engineer & Design member 3

The interviewee thought that overall it was a positive and good planning method but it
was unusual to work with a structured method since “Normally, we have an empty
space and add items and move them around until it becomes good”. The method was
experienced in details, systematic, and applicable with a logical step sequence, also
flexible as late changes have been smoothly adjusted without the need to redo a step.

The interviewee had only one concern about using workshops which was that it can be
hard to get coherent decisions within a large group during a workshop and it can
happen that the person with the highest voice can force through decisions even if it is
not the best one. However, at the same time the interviewee was pleased with the
group size (six to seven members) and mentioned that the group size depends on the
magnitude of project. Interviewee expressed “Everyone needs to be involve in the Atlas
project since the system shall work for 10 years and will cost approximately 15 to 20
million SEK. It would be too much responsibility for one person so the work needs to be
conducted in the group we had”. As for group composition, it was good experienced
that the department and logistics department were involved in the first workshop and
thought logistics department should also be involved during later detailing as they shall
supply materials to the production system. However, interviewee expressed “The
logistics department was included but the Logistics manger did not show any interest of
being involved, which resulted in that some concerned questions were not addressed
properly. I think the logistics department should take more responsibility and address the
concerns. The relationships between activities might be unimportant for the logistics
manager, but not for the personnel that will supply materials”. Based on the outcome
the interviewee suggested that it might be good to involve a representative from the
production floor, i.e. production manager, group leader, etc., as it is their personnel
that will be affected by the new layout and might have some concerns. The interviewee
thought that it was satisfactory with two hours’ sessions, but expressed “It was hard the
first time as it took the interviewee one hour before considered himself useful”. Time was
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the only identified obstacle and the interviewee thought the department needs to
spend time getting used to the method by training on smaller projects to be able to
apply it for larger projects efficiently. Otherwise, the process might become more time
consuming as they are not used to it and maybe do not have any assistance next time.

The interviewee thought the relationship chart and activities’ requirements sheet were
detailed and that it was good to get the data documented. However, the chart was
experienced hard and it was a thought that more practice should have been performed
on smaller systems. Moreover, the interviewee thought that more evaluation should be
done thoroughly on the specific areas based upon what can be done to make the
current areas more efficient. Furthermore, it was experienced reasonable to let the
project leader concluded the relationship diagram. The interviewee thought that it was
necessary to do the first step as the size of the layout increases. It was interesting to
create different layouts, but it was hard to follow the relationship diagram as the
interviewee had a preconceived idea of how only the production flow was supposed to
go without considering the relationships. The interviewee thought that adding the
screening and rework step was good as “In the beginning, it becomes more
brainstorming with a lot of ideas, some wild and some constructive, so it is suitable to do
a qualified evaluation and then polish the constructive candidates between the project
leaders, also it is good to involve the manager as he will be presenting the results
upwards to obtain understanding and supports”. The interviewee was especially
impressed with the evaluation step and thought it was a good way to choose between
better or worse solutions. The 3D technology was expressed to be a great complement
to 2D drawing as it added the option to evaluate measurements, e.g. heights
requirements, without the need to visit the production floor every development
meeting. Moreover, it is a good tool to present solutions for management and
operators as it is easier to view a realistic representative of a system. However, the
interviewee was disappointed on the resolution of the projector which made him tired
fast and stated “If you spent money and time to create and present a 3D scan model, it is
important to have a good computer and projector to visualise the result”. Moreover,
interviewee expressed that it would have been interesting to scan the current system to
insert all stations in the layout to gain even better visualisation during the 3D
evaluation. The interviewee thought it was hard to evaluate if the 3D laser technology
was worth 500,000 SEK, but thought that the larger the development project and
capital investment, the bigger reason to invest in the technology. However, there is
always someone else with the wallet and think “No, we will instead spend an extra week
to measure accurately”.

As for visualisation, during generation the interviewee experienced that it is an
advantage of working in 2D and it provides simple visual overview which is only
needed when arranging all blocks into the available area. The 2D-section without the
floor would be preferred as a 2D-template as it visualise current details but without a
3D scanner, a template from Visio or Excel have to be used and they are still good
enough.

In general, the interviewee experienced that it is an advantage of using 3D scanning as
it provides the viewer with more details and realistic space awareness and it was not
harder to evaluate using 3D than 2D. However, interviewee mentioned that during the
evaluation for the Atlas layout, the final result turned out the same for using 2D and
3D. The interviewee thought that using 3D evaluation depends of the facility, also if
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more details from current production system could be merged, it would be perfect as it
would be possible to provide more accurately visualised flows. For detailing, the
interview expressed “Now we only focus on 3D and we would need to scan required
objects or receive completed models from other companies to create a flow from start to
end. Then, present it to the management and operators to explain and gain supports”.
The interviewee thought it was an advantage to apply 3D-Block as it detailed the
layout and structured and supported when detailing a layout. Moreover, with visual
blocks, it is easier for people to understand the size of a block in comparison to an
empty point cloud where anything can be made which increases the risk of running out
of space and have to start again. The interviewee stated “Thus, 3D-Block is better”.
The interviewee was also disappointing that the Atlas project was turned down so the
detailed phase never started where operators and other department would be involved
in workshops to finalise the Atlas layout. The interviewee did not try WebShare and
had nothing to comment about its applicability.

5.3.5 Summary of the interviews

The key data from the semi-structured personal interviews with the design team were
highlighted and summarised in a concise bullet point list as follows:

e All interviewees experienced that it was an interesting and good planning
method that was structured and systematic. Some interviewees also experienced
that the method was detailed, practical, efficient and flexible.

e The workshop approach was experienced good and suitable as it pushed the
procedure forward, however, design member number three was concerned that
it can be hard to get a coherent decision which is a common risk for group work.

e The total time spent on all planning workshops was experienced sufficient to
achieve good results but there were mixed thoughts about the duration of a
single workshop.

e The interviewees wanted the logistics department to be more involved and they
should take more responsibility in the process. Moreover, after performing the
procedure most interviewees suggested other parties that could be relevant to
involve in the process, e.g. maintenance engineer, production manager and
production leader.

e The sequence of the planning steps was experienced logical. However, the
assistant project leader experienced that more tasks can be added or moved to
the first preparation step. Moreover, design member number two thought that it
could be a good idea to add data verification workshops before moving to next
planning step especially while being novices.

e The interviewees had different preferences and concerns regarding to each step
in details. Mostly, the concerns were the impact of less practice except the
design member number three who highlighted that by using 3D scanning, it is
important to have a computer and projector that can support high quality
resolution. The added screening and rework process was experienced to be
adequate to increase the end result.

e All of the interviewees were willing to apply the method in the future, but they
felt that it would require more practice on smaller scale before the department
feel comfortable to efficiently conduct the method for a large layout alone.

e All interviewees experienced that 3D laser scanning was very valuable to
develop and visualise a production layout or system especially for detailing.
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They were disappointed that the Atlas project was terminated so there was no
purpose to attempt doing the detailed phase and shape the blocks using cross-
functional workshops and 3D modelling as there was a lack of resources to
allocate to the project. However, the assistant project leader was the only one
who thought that investing in 3D laser technology was an obstacle due to
current size of the company, but the other design members suggested that a
consultant should be hired.

e Some interviewees thought that investing 500 000 SEK in 3D scanning
technology would be reasonable for a company in a rapid and change
demanding industry, e.g. automotive, or a central development department in a
large organisation, e.g. DPP in Danfoss Group.

e When generating layouts, all interviewees preferred to visualise in 2D as it is
mainly faster and simpler. 2D-section without floor from a point cloud was the
most preferred template to be used as previous details can be utilised and
measurements are accurate. Using both computer and drawing on paper were
preferred, thus the assistant project leader suggest that the work should be
performed at each work station.

e Most interviewees preferred to evaluate layouts using 3D as it provided a better
overview and space awareness, especially if the layout could be detailed more
before the evaluation. Moreover, none of the interviewees experienced that it
was more complex to evaluate using 3D-Block instead of block layouts.
However, design member number one thought that for a briefly discussion for
the solution within the group, it is better and faster with simple 2D.

e When detailing layouts, all interviewees preferred to work in 3D. Previously,
physical mock-up had been experienced efficient but everyone agreed that 3D-
Block was the best option for especially the large systems or high LoA as it
provided more visual overview, flexibility, efficiency and does not require that
the production floor are empty. However, design member number one thought
that physical mock-up was still more suitable for small manual systems, e.g.
assembly station, as it provides a more realistic feeling for operators to move
around and test. Thus, it was suggested in their situation to use 3D modelling
and then verify each station with physical mock-up before implementation.

e To continue with the detailed phase, it was experienced a necessary
improvement to start with 3D-Block instead of an empty point cloud as 3D-
Block provided more insurance, structure and visual support when involving
third parties, e.g. operators, during detailing workshops.

o Lastly, the interviewees thought that WebShare was a useful tool to measure,
plan and visualise the production to increase safety, efficiency, professional
impression and decrease operator disturbances. Much like a virtual Gemba that
could be used when conducting the activities” requirements sheet either
individually or in group.

6 Discussion

This chapter will address and discuss different discoveries and issues that have been
presented during the research procedure and results.
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6.1 The developed research design

The author of this thesis experienced that the applied research design was the most
suitable and necessary based on the research purpose as it was necessary to gather
personal data and continuously develop 3D-SSLP and 3D-Block. However, the
research approach could have been expanded from a qualitative to a mixed approach if
there had been more time, so that an additional dimension can be acquired for
triangulation or used to compare the outcome of 3D-SSLP with the current state to see
if the method facilitates users to plan better factory layouts. Nevertheless, it would
have been too early to only conduct a quantitative study as the research purpose as it
would not be easy to gain in-depth data of the factors that influenced the production
engineers. Moreover, as the purpose was to develop a layout planning method for the
department, it was satisfactory to have a research design which was emergent so that
different planning steps could be tested and optimised based on the feedback to fit the
users better. Moreover, the author had to be involved to train design members as they
had lack of time and experiences of factory planning and the components of 3D-SSLP.
Thus, it was more suitable with action research instead of a case study where the
researcher is limited as an observer and not a facilitator. However, this might have
affected the opinions of the design members as the researcher was involved and shared
knowledge. The data gathering methods were selected since they were suitable to
gather the data required for answering the research questions. Moreover, semi-
structured interviews was selected it was experienced that structured interviews were
experienced too inflexible to gain in-depth data in unknown areas and unstructured
interviews were experienced to be too challenging to fairly collecting data from all the
relevant areas.

6.2 Planning sequence versus research sequence

The planning sequence was overall considered as logical and positive. However, design
member two pointed out that sometimes there was too much time spent in between the
workshops which resulted in a longer research procedure. As only one author was
conducting the thesis, it was hard to carry out steps in parallel to decrease the
procedure lead time. The author had to learn, develop, plan, prepare, test and
document each step in the sequence which prolonged the time in between certain
workshops especially after 3D scanning was performed. 3D scanning was a new
technology to handle by the author so a lot of trial and error was performed in order to
achieve satisfactory visualisation of the point clouds and 3D-Block. As a result, the
prolonged planning sequence may have probably impacted on how some design
members experienced with 3D-SSLP in regard to effectiveness and efficiency.
However, to increase the efficiency and consistency of the planning method, it is
recommended to perform the 3D scanning and processing of the visual models in
advance.

6.3 Cancellation of the Atlas project

As the Atlas project was terminated during the midway of the thesis, the research
purpose and objective had to be reshaped as it was not satisfactory for the company to
allocate resources, i.e. operators and other functions, to attend cross-functional
workshops to detail the Atlas layout. However, the department was still interested in
continue developing the Atlas layout and planning method until the final block layout.
As a result, the thesis only focused on the concept phase to add it with current 3D laser
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scanning methodology and make a suitable planning method for the department. The
new research purpose and objective was remained as before to investigate 3D-Block
but also to emphasis more on developing 3D-SSLP (combined layout planning
method) to be more practical and robust for the industry, i.e. instead of continue with
the detailed planning phase, the new focus is to make the concept planning phase much
better since it sets the limit of the final layout. However, the design team have
expressed their disappointment with the termination which can have impacts to the
engagements during the rest of the workshops as the team was interested to proceed
with the Atlas layout.

6.4 Scanning the factory and visual model

The 3D scanning was planned and performed midway into the research procedure due
to schedule limitations and unawareness of early benefits. As previously mentioned,
overall of the scanning was considered as very successful even if many would consider
that it is not satisfactory to have a lot of unwanted objects scanned. However, the 3D
scanning proceed with a lot of unwanted objects remaining on the factory floor to
highlight the most significant aspect with 3D laser technology, its flexibility which
allows users to easily eliminating unwanted objects and replace them by cloning similar
parts of the point cloud. However, the users have to analyse and plan which structural
features that are important to be visual when planning the production system and
move nearby items to get sufficient scans of the features. In this thesis, the roof beam
and pillar were important to be scanned accurately and the floor was not considered
important so most of the unwanted objects were grouped together on the floor and
later removed from the point cloud to save resources for normal production. However,
one thing that was learnt from this thesis was that it is a lot easier and efficient to edit
and replace parts from the floor than the walls in a point cloud. Thus, to decrease
editing time and increase quality of the point visual model, it is recommended for
future scans to place unwanted material in the middle of the factory floor for the trade-
off of more scans than moving it along the wall. Furthermore, the more time could
have been spent to achieve, the better quality of the visual model but since the block
layout was not going to be detailed, the decision was to save time as it was limited.

6.5 Early benefits of 3D laser scanning

After using the WebShare and point cloud, the author noticed that both visual models
had big potential to improve early preparation and planning steps in 3D-SSLP or any
planning method. The potential improvements were also shared by some design
members during the interviews. Both WebShare and the factory point cloud provides a
photorealistic representation, hence, it was able to work as a virtual Gemba, see
Section 2.1, but WebShare have the advantage of photorealistic panorama pictures
which makes it possible to clearly visualise small details. Thus, WebShare can be used
to either individually or in group, i.e. in a workshop, determine areas and utilities of
each activity with higher efficiency, consistency, accuracy and flexibility, in comparison
to manually measure areas or memorise all utilities during the workshop. Since two
persons were required to efficiently measure the areas manually. Moreover, it was hard
to estimate and measure activity in person compared to WebShare that provided a top
view too, this resulted that some activities were a little inaccurate. Compact and
rectangular activities, e.g. machines, were measured approximately at the same with
both techniques. However, other activities were either over- or underestimated when
manually measured which can affect the final block layout before starting to detail it.
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As for flexibility, WebShare are only required a few mouse clicks to update previous
data or to directly discuss a topic. WebShare also have the same benefits to perform
measurements to procedure a more accurate layout template. Moreover, from the
factory point cloud it is possible to directly create a suitable 2D-template that includes
all the current details and the interviewees expressed that the most satisfactory 2D-
template was the 2D-section of the factory point cloud of without floor, see Figure 28.
However, some interviewees pointed out that it would be preferable if a grid net can
be added. This has to be investigated if such a software feature exists or it has to be
made manually. The highlighted benefits in this section was suggested that 3D
scanning and scan data processing should be performed before starting to plan the
physical structure of a production system to increase accuracy and efficiency of the
planning.

6.6 3D laser scanning investment

In Section 2.2 was it presented, that the cost of 3D laser scanning equipment is
dropping but still scanners can cost tens of thousands of dollar and to ensure proper
utilisation is training and software products required. To probe for information
regarding 3D laser scanning investment during the interviews, the previously
mentioned investment of 500 000 SEK was presented as a reference point to the
interviewees. The interviewees had recognised the value of utilising the scan data and
digital mock-ups (DMUs) presented in the theory section and previous research work,
but even though the interviewees pointed out that in the company’s current context the
company is too small and the time between radical changes at long to justify
investment in 3D laser scanning. The design team, however, already had software
products compatible with point clouds and it was widely suggested to reduce the
investment cost by only acquiring required computer hardware, additional software
(that are not free), and training in order to efficiently utilise scan data and 3D
modelling and hiring a third party to perform the 3D laser scanning and scan data pre-
processing. However, project leader experienced that it was easy to operate the 3D
scanners and recently the pre-processing software products are user-friendly and offer
automated solutions. Also, nowadays there are renting services of 3D laser scanners
which could be more cost effective solution to use during rare radical changes instead
of hiring a third party or buying the scanner equipment. It would provide the design
team more flexibility and freedom during the change project to ensure that all
important features are included with high quality and the scan data can be updated
after implementation to be used in between radical changes for continuous
improvement projects, flow planning, and facility management. However, this is
something that each company has to investigate in order to find the optimal solution in
their own context but until the equipment cost drops even more, it can be concluded
that with the company’s situation (company size and change frequency), it is still not
considered viable to invest in the 3D scanning equipment. However, some interviewees
shined a light that the investment could be viable for companies that are in a change
demanding industry, i.e. automotive, or if it can be jointly purchased with the
organisation or other partner company.

6.7 3D-Block foundation for DMU

It was presented in the literature, that 2D laser scanning is the tool to create large
DMU of factories and it is important include the whole layout planning life cycle in
order to achieve well planned layouts, see Section 2.2.1 & Section 2.3.1. Moreover,
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3D-Block that was created and used in this thesis was appreciated by the design team
as it was experienced to enhance the planning through visualisation of the block area in
a photorealistic environment when start planning the detailed layout with operators as
well as 3D-Block gave a better overview for a block layout rather than a 2D or physical
mock-up. In order to successfully use a virtual model, two tables were presented by
Rohrer (2000) and Teyseyre & Campo (2009), see Section 2.1. By visualising 3D-Block
in a client-based viewer like Navisworks makes the virtual model facilitates the
elements: interactivity, realism, flexibility and user-friendly, Navisworks made it
possible to easily zoom and pan around the realistic environment and adding new
object into the environment. However, the performance varied a lot due to the lack of
hardware capacity in computer equipment and the compatibility between Navisworks
and AutoCAD functions, i.e. group function, could be improved so it will be more
efficient to target and move around the block areas. 3D-Block facilitated all the
strengths of 3D visualisation presented by Teyseyre & Campo (2009). Moreover, most
of the weaknesses were avoided but as mentioned earlier due to lack of computer
hardware, there was a diminish effect in the 3D model inside Navsiworks, i.e. some
hidden objects were shown and vice versa. In this thesis, Navisworks was used to
diminishing the file format issue, however, there might exist more efficient and
effective client-based viewer that can handle more data, i.e. scan points, with lesser
computer hardware. The seven years old computer and old projector used in this thesis
were experienced to be the main limitation to overcome the weaknesses of 3D
visualisation when the data increased. However, nevertheless the interviewee felt it
was easy to manoeuvre and understand the 3D model but it would have been smoother
navigation with newer hardware during the workshop, which did not make the viewers
tired. Moreover, 3D-Block is neutral to which method is used to produce the block
layout which is merged with the factory point cloud. Thus, it is possible to investigate
other planning methods to efficiently produce sufficient block layouts such as optimal
algorithm developed to solve the FLP. By integrated this algorithm as add-ons to
CAD software, it would be possible to automate the process from input data to 3D-
Block, that would make it possible to make the process quantitative instead of using
the sub-optimal manual and qualitative methods. 3D-Block makes it possible to move
the research areas 3D laser scanning and FLP to start collaborations to gain the best of
best of two worlds: optimal planning algorithms to achieve an efficient block layout;
and realistic visualisation to verify and detail the block layout with third parties.

6.8 Workshop method

Overall content and structure of the workshops were experienced positively by the
design team. Moreover, in Section 2.3.2 it presented that it is important to facilitate co-
operation between within the design units and cross-functionality in order to gather
data efficiently and gain acceptance within the company and department. However,
design member one and three explicitly pointed out the importance to have a project
leader who prepared, planned and led the procedure otherwise there was a great risk
that it lost its systematic structure, which would most likely decreased the efficiency
and quality. Thus, the design team needs to practice the procedure on smaller scale in
order to conduct it efficiently during next large layout planning project which all the
design team mentioned. Moreover, the overall workshop time was experienced
sufficient but it is hard to divide the workshop duration to suit everyone and task. As
the assistant project leader pointed out in the interview that “The workshop duration is
a personal preference and it is hard to make it fits everyone, but I would prefer one hour
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workshops instead”. Most SSLP tasks took approximately 90-120 minutes to complete
during the workshops and most tasks build up a temporary reasoning or “Rating
average” during the session. There was a risk that the temporary reasoning did not
follow if there was a break in case that the session is cut in two one-hour session with a
few days in between which might cause inconsistent and flaw rating. However, it is
maybe more important that the design team practice more on a small scale so that the
tasks or sessions became more autonomous and efficient without risking the quality by
cutting the workshops short, i.e. not complete the whole task at once. Moreover, the
author of the thesis acted as the workshop moderator alone. As a result, some
workshops became more challenging when the moderator had to lead the session while
simultaneously carried out another task, e.g. navigating the 3D model. A future
recommendation to both the project leader and assistant is that they are required to
train beforehand, so they can divide all the required tasks for the workshop as a
moderator to increase efficiency, e.g. one lead the session and another one document
data or navigate models.

6.9 Order of the planning steps

The interviewees thought the planning procedure was overall positive as it was logical
and systematic. However, assistant project leader suggested it can be good to settle and
review the evaluation factors early in the planning procedure by converting the settled
supply chain strategy into evaluation factors for the block layout. Moreover, the
importance of strategy alignment in factory planning was presented in the theory, see
Section 2.3.2. Thus, this was considered as a positive contribution as it gave the design
team a clear aim throughout planning procedure which could increase the robustness
and quality when rating relationships and generating layouts. Moreover, assistant
project leader also suggested it can be good to include a VSM to complement the
process flow chart when rating the relationships and to verify the final block layout so
nothing is omitted, as the process flow chart only includes the flow of: raw material;
WIP; and finished goods, while VSM also includes the flow of information and
additional production data. This is considered to be a positive contribution to the
procedure as it can increase the robustness of the relationships. Moreover, the
department already had to conduct a VSM during the preparation phase so no
additional layout planning time is required. However, another suggestion can be to
complement the process flow chart by applying the 7 flows model, especially for
companies that does not utilise VSM, see Section 2.2.3. Thus, the feedback from the
assistant project leader is considered as compelling and aligns with the theory and it is
recommended that design teams apply one of the two suggested method (7 flows or
VSM) in the final planning method based on their own preferences.

6.10 Screening and reworking step

During the research procedure, it was noticed that many generated block layouts did
not follow the relationship diagram. An underlining reason has been identified based
on the interview data which was that more practice was needed. Design member three
expressed “Project leader should point out more clearly that the relationship diagram
needs to be followed when generating layouts. Maybe you did but the design team was
too focused on generating block layouts in a structure manner for the first time”.
However, during the workshops it was highlighted by the project leader few times that
the design team should use the relationship diagram and start with planning an ideal
solution which is then adopted to reality, but it was experienced that the design teams

66



were already too focused on generating block layouts and did not acknowledge the
information clearly. As a result, the screening and reworking preparation step was
added to the procedure. The step was designed based on what was suitable for the
current practices and resources of the department and it put demand on the project
leader(s). The interviewees experienced the additional step was suitable as both
constructive and wild solutions will be generated especially for an inexperienced design
team. However, one interviewee thought that this step might not be required for an
experienced design team. Thus, this step might be redundant for experienced design
teams. Moreover, there might be more suitable approaches in other contexts to
increase the quality for both an in- and experienced design team and that is something
that has to be further investigated.

6.11 3D evaluation

It was presented in the theory that realistic 3D visualisation can improve the
evaluation process for different layout solutions, see Section 2.1. The ratings for
Layout F got polished in the realistic evaluation step but some factors were a direct
effect of the updates in the block layouts. There were other factors which could have
affected the results. One reason could be that the 2D evaluation results were presented
in the evaluation sheet during the 3D evaluation which could have influenced the
participants to stand by the old results. Another reason could be that the Atlas project
had been terminated so maybe there was little incentive and value to carry out an extra
and more detailed evaluation in 3D. Moreover, no additional evaluation factors, e.g.
height requirement, ease to build, etc., were not added in the 3D evaluation as it had
previously been concluded that it was possible to raise the machine units from the
floor. However, the design team expressed during the fourth training session that it
was a great idea to present the block layout inside the point cloud as it gave more
perspective than just a simple 2D representation of the block layouts. Also, the
interviewees did not consider it as more complicated evaluation in 3D than 2D.
Moreover, most interviewees expressed that it would be very valuable to add
additional simple DMUs (both CAD and point cloud) before the 3D evaluation as it
would give more correct representation of the actual flow patterns. As a result, it is of
interest to further investigate 3D evaluation as a replacement for 2D evaluation to
evaluate block layouts and how it should be performed in the best possible manner.

6.12 3D-SSLP and success factors

Nine success-promised principles for factory planning were presented in the theory, see
Section 2.3.2. During the Atlas project, most of these factors were achieved with the
components of 3D-SSLP, but the principle of [life-cycle and scenarios were not
considered and tested in this thesis due to delimitations in both the research and the
Atlas project. However, it can be argued that with 3D-SSLP it is possible to create
block layouts for different cases by repeating the first steps of the methods. Moreover,
it can be possible to translate the different life-cycles to a relationship level or as
evaluation factors so the cycles can be in cooperated into in the different work material
i.e. relationship and requirement mapping and block layout evaluation. Moreover, the
design team are pleased with the outcome from the planning procedure. Thus, it can be
summarised that 3D-SSLP is a satisfactory factory planning method for those that are
interested in moving towards realistic visualisation and success.
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7 Conclusion

This chapter will conclude the results and discussion in order to concisely answer the
research question presented in the introduction as well as present the recommended
planning procedure for the concept phase. Lastly, different future efforts suggested to the
department and academia.

7.1 Research questions

The research questions asked in the introduction chapter are highlighted with italic
font and the answers were presented accordingly in the below paragraph:

RQI1: How can simplified systematic layout planning, 3D laser scanning and workshops
be combined to create an efficient and practical layout planning method, which will be
referred as 3D-SSLP here on, that can complement current 3D laser scanning
methodology?

This thesis has presented an emergent study to develop an efficient and practical
layout planning method that can complement current 3D laser scanning methodology.
By combining SSLP, 3D laser scanning and workshops, this has been achieved as 3D-
SSLP and final block layout had gained positive feedback. Moreover, the appreciated
addition of 3D-Block provides a merging point with the current 3D laser scanning
methodology as 3D-Block was considered as crucial support when starting the detailed
planning phase with cross-functional workshops.

During the interviews, it was revealed that the project leader of the factory layout
planning has a crucial role in making the planning procedure efficient and practical.
The project leader is the driving force and facilitator, hence, this person needs to have
some experience of SSLP, 3D laser scanning and workshops so the methods can
consistently be pushed forward without major hold-ups. Moreover, practice was also
experienced to be a cornerstone of 3D-SSLP to confidently continue applying without
the fear of being ineffective. The screening and reworking process was a good addition
for an inexperienced group to increase quality of the final block layout. However, it is
required that the practitioners should be able to devote their times to optimise general
flow patterns of potential candidates in details. Furthermore, the workshop moderator
responsibilities must be delegated between project leader and assistant to facilitate
efficient workshops that do not lose the pace. Also, the WebShare and factory point
cloud must be performed before the project starts in order to make the layout planning
method efficient and consistent during the concept phase. Lastly, it is required that the
design team should also have experiences with 3D modelling and have the computer
hardware and software to smoothly model and visualise the point clouds.

RQ2: How are simplified systematic layout planning, 3D laser scanning, workshops and
3D-SSLP, experienced?

3D-SSLP was experienced as a good planning method to create a block layout and
facilitate the detailing with third parties. 3D-SSLP has been experienced to be
systematic, structured, efficient, practical, flexible and detailed. Workshops were a
positive and flexible way of working as it involved relevant parties to work collectively
and the group can be adjusted according to size of project. SSLP was appreciated as it
provided 3D-SSLP with a systematic structure which ensured all details had been
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considered and not omitted. 3D laser scanning was experienced as a very good
addition to the method as it could improve preparation, development and
communication when planning layouts as the technology can efficiently generate
accurate data to create realistic and visual models. However, it was still experienced
not feasible in the current company context to invest in the actual 3D scanner unless it
was jointly purchased with the organisation. In the current situation, it is experienced
suitable to invest in the computer hardware and software to handle the scan data and
hire a third party to perform the scanning for data.

RQ3: How are block layout, physical mock-up and 3D-Block (DMU of block layout
and point cloud) experienced? When and in what context are these visualisation
techniques preferred during the layout planning life cycle?

Working in 2D view with block layout was experienced to be the best option when
generating layouts as it provided a satisfactory system overview for arranging blocks
according to the settled requirements and created the general flow patterns. Moreover,
block layout could be generated using a range of different generation methods (from
simple drawing to advance modelling) which could facilitate everyone to conduct more
easily and fast. It was experienced that 2D view with block layout provided sufficient
conceptual overview to be the most suitable way of briefly discussing different ideas
within the design group as block layout is quickly created and easily shared.

Physical mock-up is experienced to be the best method for small scale systems to
evaluate and verify the impact on operators from different solutions before
implementation as 3D was preferred for final evaluation and detailing of layouts.
However, physical mock-up is experienced inefficient to plan large systems and block
layouts as it requires a lot of production floor to be available and it does not provide
viewer with a satisfactory system overview in comparison to working with 3D-Block.

3D-Block is experienced to be a necessary addition to the 3D laser scanning
methodology in order to facilitate detailed layout planning using workshops with cross
functional teams. Moreover, it is experienced that 3D-Block is the best visualisation
approach when evaluating and detailing large layouts or possibly machine intensive
production system.

7.2 Recommended planning method

Based on the learning outcomes from this thesis, the recommended planning method
for the concept design phase has been concluded and presented, see Table 6. The dark
grey colourings represent the transition from other phases. The light grey colourings
represent the preparation steps conducted by the project leaders and the uncoloured
steps are the planning steps where workshops are applied with different teams. The
duration times are approximated based on the size of the layout project and process
flow in this thesis. Moreover, the preparation steps are also estimated for a project
leader that can allocate to the project approximately 100 percentages of the working
hours.

Layout planning team is the department or group of employees that are responsible for
designing the new production systems and layout.
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Project leader(s) is the engineer(s)/manager(s) in the layout planning team that is
entrusted with leading and decision making when planning the physical layout of the
production system. The project leader(s) should have experiences with workshops, #d
laser scanning, SSLP and 3D modelling. The duration for the preparation steps are
estimated based on a project leader that focus 100 percentages of the working hours on
the project due to its size and impact.

Cross functional team is a group that includes design team and employees from
relevant department that are affected by the layout design, e.g. logistics, operators,
production manager, etc. This team is responsible to assist the design team to make the
best relationship trade-offs for the production system concept.

Table 6: Recommended layout planning method

Step Task description Involved | Work method | Duration
-Perform 3D laser scanning
-Process 3D scan data Tasks that are preferably conducted before
0 -Create WebShare starting the concept design phase to
-Create and edit point cloud decrease the lead time of the phase.
(-Create VSM if company practice)
-Create a process flow chart
-Acquire required Plannlng vs{orksheets S P S
1 -Insert processes in the relationship chart Self
. leader(s) week
and requirement sheet
-Investigate and settle evaluation factors
-Review process flow chart, evaluation
factors and VSM or 7 flows Cross Workshop AbDrox. 2
2 -Conduct and complete relationship chart | functional until tasks are pprox.
. . hours
considering process flow chart, evaluation | team completed
factors and VSM or 7 flows
Layout
-Conduct and complete the requirement planning or | Workshop AbDrox. 9
3 sheet with assistance of WebShare to cross until tasks are pprox.
. . hours
view current state functional completed
team
-Create the relationship diagram . Siaee Ao 5
4 -Create preferred layout template with leader(s) Self da
assistance from WebShare or point cloud y
-Review the relationship diagram and Workshop Approx. 2
Layout . hours or
layout template . with either 1
5 L planning based on
-Each participant generates around 1 or hours .
. team . internal
original block layouts per hour session(s)
preferences
-Review the original block layouts and
weed out those that are not satisfactory
6 until 2-3 remain Project Self Approx. 1
-Optimise remaining original block layouts | leader(s) week
and try to make 2-4 reworks for each
original
-Review settled evaluation factors again Layout Workshop
. . . Approx. 2
7 -Review reworked block layouts planning until tasks are hours
-Evaluate reworked block layouts team completed
8 -Convert top rated layouts and critical Project Self Approx. 1

70




process solutions to CAD models and leader(s) week
merge them with point cloud
-Review point cloud with 3D scan model Lavout
-Make a realistic evaluation of the top rated you Approx. 2
9 1 planning Workshop
layouts to ensure layout can facilitate the hours
" . team
critical solutions
Either by repeating the steps in 3D-SSLP for
-Plan the detailed layout for each block each block with cross-functional workshops
10 until the model is able to be used as a or read Lindskog (2014) and Olofsson &
schematic for implementation Sandgren (2015) for more information and
suggestions.

7.3 Future development and research

The recommendation for the department is to nurture the knowledge acquired during
this study until next large layout planning project by practicing the layout planning
steps on small projects. Moreover, according to different preferences have been
presented during interviews, it is recommended for the department to address
promptly in order to settle the planning procedure as a standard operating procedure
(SOP) and properly document the recommend layout planning method until next
radical change.

Recommendation for future research would be to combine 3D-SSLP with the current
3D laser scanning methodology (LAMDA-cycle and 7 flows) to conduct a case study
from concept to detailed layout in order to find further improvement areas, e.g. it
could be more resourceful to follow the 7 flows while conducting the relationship chart.
Moreover, 3D-Block is not depended on which procedure is applied to procedure the
block layout. This allows it to be combined with any approach to generate block
layouts, so further investigation can be carried out to combine it with optimal FLP
algorithms to further digitalise the planning process together with 3D laser scanning.

A task for software developers is to start developing add-ons to existing CAD software
or stand-alone programs that can automatically generate block layouts based on
certain inputs which can after be merged with point clouds, preferably in the same
software to minimise transferred. The layout planning procedure needs a digital make-
over with today’s computer hardware.
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