
 

 

 

  Development of a camera including 
motion detection 

 
Alexandra Andersson and Madelene Rundin 

 
 
 
 
 
 
 
 
 

 
 

 

 

 

  

DIVISION OF PRODUCT DEVELOPMENT | DEPARTMENT OF DESIGN SCIENCES 
FACULTY OF ENGINEERING LTH | LUND UNIVERSITY 
2016 

 

MASTER THESIS  

 

Alexandra Andersson and Madelene Rundin 

Development of a camera 
including motion detection 



 

 
 
 
 
 
 
 
 
 
 
 
Development of camera with motion detection 
 
 
 
Copyright © 2016 Alexandra Andersson and Madelene Rundin 
 
Published by 
Department of Design Sciences 
Faculty of Engineering LTH, Lund University 
P.O. Box 118, SE-221 00 Lund, Sweden 
 
 
 
Subject: Machine Design for Engineers (MMK820), Technical Design 
(MMK920) 
Division: Division of Product Development 
Supervisor: Karl-Axel Andersson 
Co-supervisor: Carl-Axel Alm 
Examiner: Olaf Diegel 
 



 

Abstract 

This report describes the development of concepts for a camera including motion 
detection, which should cover a large area in a horizontal angle of 180°. The 
existing motion detection technology could benefit from improvements, 
economically and in performance. Potential was noticed in using radar technology 
to create a more cost efficient and reliable product for the surveillance industry. 
This project focused on the functional and aesthetic design of a new security 
camera including radar technology. 
During the first phase extensive research was conducted in order to gather 
information and knowledge. The research mainly concerned the products 
components and requirements in order to place the components internally and to 
be able to develop the external design of the product. The following phase defined 
and clarified the product together with its requirements in a functional analysis.  
In the third phase the information and knowledge was used to develop several 
concepts, both placements of components and different external designs. The 
number of concepts were evaluated, refined and narrowed down to seven concepts. 
Through concept scoring, discussions and evaluation one of these was chosen 
since it was perceived as more innovative, interesting and that its design expressed 
the functionality of the product. 
The chosen concept was developed further and improved in the final phase. The 
concept had a wide and low design with smooth surfaces in front of the radar 
components. The concepts’ design was considered most suitable since it expressed 
the scouting features of the product’s functionality of surveillance in an angle of 
180°. 
The results from this project, both design and technical discoveries will facilitate 
the introduction of products including radar technology and forms a useful 
feasibility study.  
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Sammanfattning 

Denna rapport beskriver utvecklingen av koncept för en kamera med 
rörelsedetektorer som ska täcka ett stort område med en horisontell vinkel på 180°. 
Den befintliga rörelsedetektionstekniken skulle kunna dra nytta av förbättringar, 
ekonomiskt och prestandamässigt. Potential hade noterats i att använda 
radarteknik för att skapa en mer kostnadseffektiv och tillförlitlig produkt för 
övervakningsbranchen. Det här projektet fokuserade på den funktionella och den 
estetiska designen av en ny säkerhetskamera med radarteknik inkluderad. 
Under den första fasen genomfördes omfattande undersökningar för att samla 
information och kunskap. Undersökningarna berörde framförallt produktens 
komponenter och krav för att kunna placera komponenterna inuti produkten och 
för att därefter kunna utveckla den utvändiga designen. Den efterföljande fasen 
definierade och klargjorde produkten tillsammans med dess krav i en 
funktionsanalys.  
I den tredje fasen användes informationen och kunskapen för att utveckla åtskilliga 
koncept, både placeringar av komponenter och olika utvändiga designer. Antalet 
koncept utvärderades, förfinades och minskades ner till sju koncept. Genom 
poängsättning, diskussioner och utvärderingar kunde ett av dessa koncept väljas 
eftersom det uppfattades mer innovativt, intressant och att designen uttryckte 
produktens funktion.  
Det valda konceptet vidareutvecklades och förbättrades i den sista fasen. 
Konceptet hade en vid och låg design med släta ytor framför radarkomponenterna. 
Konceptets design ansågs vara bäst lämpat eftersom den uttryckte produktens 
spanande egenskaper av att övervaka i en 180° vinkel. 

Resultatet från det här projektet, både design och tekniska upptäckter, kommer 
förenkla introduceringen av en produkt med radarteknik och utgör en användbar 
förstudie. 
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1 Introduction 

This chapter introduces the master thesis and describes the company and their 
products briefly. It contains a description of the background, the problems it aims 
to solve and the purpose of thesis. The project arrangements are also presented in 
this section. 

1.1 Axis Communications AB 

Axis Communications AB, hereafter referred to as Axis, is a Swedish 
manufacturer of network cameras and the company values innovation and high 
quality [1]. In 1996 Axis invented the first network camera and initiated the shift 
between analog and digital video recording. In 2015 the company had sales of 6.6 
billion SEK. Axis has more than 2000 employees globally working with the vision 
“innovating for a smarter, safer world”. The headquarters is located in Lund and 
this is also where all the development takes place. 
Network cameras, video encoders, accessories, access control products and video 
management software are examples of Axis’ products [2]. The network cameras 
cover many application areas and consist of fixed cameras, fixed domes, pan-tilt-
zoom cameras and thermal cameras. 
Since Axis want to maintain their position on the market they have to be ground 
breaking and constantly explore, develop and evaluate new technologies to always 
improve their existing products and to invent new ones [3]. 

1.2 Background 

Axis provides a wide range of network cameras and some of them have video 
motion detection. This technology could benefit from improvements due to 
operating difficulties since it does not register any movements without lights. 
Other challenges are light phenomena, e.g. lights from a moving vehicle, which 
could trigger the motion detection and result in a false alarm. One solution is 
thermal cameras that work 24/7 but that technology is expensive. Therefore is it 
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necessary to investigate other solutions that can guarantee surveillance and 
security throughout the entire day as well as to avoid false alarms. 
Axis noticed potential in using radar technology to create a more cost efficient and 
reliable product that fulfills the demands on surveillance around the clock. Hence 
Axis wanted to investigate the possibilities radar technology could give to the 
surveillance industry and how it could be implemented in their existing products 
and new applications. 
The department Product Concept and New Ideas at Axis is an experimental 
department where future possibilities are examined in order to find out what could 
be feasible and become future products. This is the department where the radar 
technology is investigated and developed and therefore also the location for the 
master thesis. The department was established five years ago and this kind of 
department exist because Axis sees innovation as a continuous work; not only 
when it is needed. This has proven to exceed the competitors in the long term. 

1.3 Problem Discussion 

The objectives of the master thesis were to determine requirements for a product 
including both cameras and radar, investigate possible designs and determine 
suitable materials.  Axis wanted the thesis to be considered as a part of a feasibility 
study, in order to facilitate and expedite the future entry to the market. With a 
product like this it is possible to start recording when the radar has detected 
motion and then based on the recordings, decide which action is needed. More 
specifically this product was predetermined to be an outdoor product that would 
cover an area of 50x100 meters at a 180° viewing angle, both with the radar and 
the cameras. The area corresponds to a half circle with a radius of 70 meters due to 
the diagonal of the desired area, as shown in the figure 1.1 below. 

 
Figure 1.1 Top view of a building, the product and the desired area to cover. 
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Throughout the thesis the following questions was treated: 
1. What are the technical requirements of the product? 
2. What materials are suitable for the product? 
3. Where and how should the product be mounted? 
4. What is the optimal design for a product including radar technology and 

cameras? 

The assignment for the thesis contained studies of technical requirements, creation 
of multiple designs in order to manufacture prototypes and result in a high quality 
prototype of the final design. Materials and mounting solutions was also 
investigated. At first focus was placed on the technologies and functionalities of 
the product and its components and thereafter the external design to create a good-
looking product. 
To create a final design the assignment involved positioning of all components 
included in the product. That is radar components, cameras, cables and potential 
lights needed to fulfill the requirements for the products functionality. The radar 
components intended for the product were examined and developed in parallel, 
both at the department and in another master thesis. 

1.4 Purpose 

The purpose was to investigate the possibilities which radar technology could give 
to the surveillance industry and how it could be implemented in Axis’ existing 
products and new applications. The goal of the master thesis was to determine 
requirements, materials and mounting alternatives to make a cost effective and 
good-looking product that can record and detect motion. The end result was a high 
quality prototype of the final design for this product. 

1.5 Delimitations 

This thesis concerned the external design of the camera and not the design of the 
internal components. Information about these components was provided, for 
example size, requirements for functionality and performance. Selection of the 
internal components and their placement was made in agreement with Axis 
employees. 
Another limitation was the time, 20 weeks of full time studies (30 credits). Due to 
the time limitation together with the fact that this product was considered part of a 
feasibility study the technical features was examined to be able to design the 
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external parts of the product and to the point where small adjustments would not 
matter significantly or lead to any larger changes of the external design. 
During the project manufacturing aspects were taken into consideration but was 
not the main focus during the development of the concept and its design. 

1.6 Project arrangements 

The design team consisted of two master students, specialized in industrial design 
and product development, and was conducted from January 2016 to June 2016. In 
order to plan the master thesis methods were discovered and can be found in the 
next chapter. Since the design team was familiar with Ulrich and Eppinger’s 
methods for product design and development a selection of these steps were used. 
It was considered as guidelines and a tool to give more specific steps than the 
other chosen method: Double Diamond. The design team made a project plan and 
based this on the Double Diamond method. 
The project started with research in the discover phase and ended in the deliver 
phase with a detailed prototype. The design team kept a journal throughout the 
process in order to keep track of different activities as well as to follow the 
schedule. The preliminary and the final outcome of the schedule can be found in 
Appendix A. 
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2 Methodology 

This chapter aims to present different methods for development processes and 
describe thoroughly which methodology was implemented and why. Data 
collecting methods and three development processes that affected the implemented 
method are described. 
 
To maintain a structured process and gain reliable results is it important to keep to 
a clear methodology throughout the process. The methodology aims to provide a 
work plan of the research. The chosen methodology often consists of a series of 
methods describing how to collect data, how to perform selections, and how to 
find a solution to a problem [4].  

2.1 Data collection methods 

When selecting the data collection method it is important to consider which 
method will be most suitable for each research question. This section describes 
different methods and tools, which was used throughout the project. 

Interviewing is a very usable tool, which is flexible and can be altered to use 
during any step of the process [5]. A structured interview is a structured 
conversation where the purpose is determined by the interviewer and the outcome 
often depends on the level of preparation done before the interview takes place [6]. 
Unstructured Interviews is a method where the interviewer does have a series of 
question prepared but they are not fixed in an order and this allows the participant 
to elaborate and evolve each answer. There are many different variants of 
interviewing methods but in this thesis the method mainly used will be 
Unstructured Interviews and regular discussions and conversations with the 
employees and supervisor at Axis, experts and supervisor at the university. 

To get a deep understanding about a certain situation observations is a highly 
usable method [7]. There are two versions, participation and non-participation 
observations. When using participation observation the researcher is involved in 
the situation together with the target participant enabling the researcher to get an 
in-depth understanding of the situation and its difficulties. In a non-participation 
observation the researcher stand back to observe and analyze the situation, usually 
without influencing the process. The aim for both methods is to get an as objective 
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observation as possible. In this thesis both methods will be used throughout the 
research process. 

Benchmarking is a method used to be able to compare your company’s products or 
processes to others and find possible potential for improvement [8]. Benchmarking 
provides valuable insights about how your company compares to others and can be 
helpful even if the other companies are in a different business or have a different 
customer area. In this thesis benchmarking was used mainly to get a brief 
perception about what kind of cameras the competitors design and what design 
features the design team liked and did not like to find inspiration for their final 
design. 

Workshops are an interactive group exercise, which is an excellent way to 
discover different people's opinions and expertise regarding a subject [9]. It can be 
used in many different situations including evaluation of certain problems and as a 
way to discuss how and why decisions were taken. It is also a good method to 
establish which direction or next step is the most suitable for a project. During this 
master thesis the team conducted several smaller workshops as the design work 
progressed and primarily used it to decide where focus should lay concerning the 
outer design of the product. 

Testing throughout any development project is a good method to use to establish 
the important criteria for a project [10]. It shows whether a product meets, exceeds 
or fail the previously stated demands. In this thesis it is both relevant to test the 
external design, how the design of the radome might impact the radar and how 
well the product withstand weather. The design team both participated in tests 
performed by other projects with relevant focus as well as conducting own testing 
to evaluate their final design. 

2.2 Development Methods 

The thesis was a development process and was based on the Double Diamond 
method together with Ulrich and Eppinger’s methods for product design and 
development. Double Diamond is a method with a clear graphic illustration of a 
development process and therefore forms an accessible structure [11]. Ulrich and 
Eppinger’s method was used for more detailed steps in the process [12]. The 
methodology was also combined with and affected by Axis’ methods and mindsets 
since the thesis was performed at the company. 

 The Double Diamond Method 2.2.1

The Double Diamond method established the structure of the project and the 
report. This method was chosen since it provides a clear description of a 



15 

development process with its divergent and convergent steps. It consists of four 
phases: discover, define, develop and deliver. It begins with comprehensive 
research in the discover phase and the define phase clarifies the objectives. The 
third phase includes the development of possible solutions, which lead to the 
finalized solution in the deliver phase. 

 
Figure 2.1 Graphic illustration of the four phases included in the Double Diamond method. 

The Double Diamond method is a general method for design processes and 
therefore it is easy to combine with other methods and use as a framework. 

 Ulrich and Eppinger Product Design and Development 2.2.2

Ulrich and Eppinger created a thorough method for product development, both for 
students and professionals. This method encourages the readers to use the book as 
guidelines and tools to create own development methods for different 
personalities, talents and business environments. The Ulrich and Eppinger method 
has 6 different phases: Planning, Concept Development, System Level Design, 
Detail Design, Testing and Refinement and Production Ramp-up. The figure 2.2 
below is a visual presentation of the different steps.   

 
Figure 2.2 The steps in Ulrich and Eppinger’s method for product development. 

The planning phase results in a mission statement, which aims to summarize and 
define the project and its purpose. The mission statement could contain product 
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description, potential benefits, primary and secondary market, assumptions and 
stakeholders. 
During the development process the design team needed to make a selection of 
concepts and a successful system is decision-making matrices. These matrices are 
called concept screening and concept scoring and will make it easier to go from an 
extensive concept generation to a few concepts and thereafter to the final concept. 
The concept screening and scoring has six similar steps: 

1. Prepare the matrix 
2. Grade the concepts 
3. Rank the concepts 
4. Combine and improve concepts 
5. Choose one or a few concepts 
6. Reflect over the results and process 

 
The grading scale of the concepts in the screening is plus, zero and minus 
compared to a reference product. The second evaluation, scoring, is more detailed 
since it is a five-step scale. 

The aim is to decide on a final concept and if that is not possible the developers 
should go back in the process and repeat some of the steps, as mentioned before 
product development is an iterative and dynamic process and it does not imply 
failure. 

 Product Concept and New Ideas’ method 2.2.3

Since the master thesis was conducted at the Product Concept and New Ideas 
Department at Axis the methodology was affected by their methods and 
development strategies. The department is working with innovation and the 
process is more free than traditional processes and the work there is based on 
different mindsets [13]: 

 
Figure 2.3 The mindsets at the Product Concept and New Ideas Department. 
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These mindsets permeate the department's work and atmosphere. Since Axis sees a 
possible opportunity using radar technology the department are currently focusing 
on this technology; how it works, how to build their own, how to implement it and 
what opportunities it could give Axis. 

2.3 Implemented method 

The design team used all the methods above, combined into one method. This 
section explains the relevant steps more detailed and figure 2.4 is an illustration of 
the implemented method. 

 
Figure 2.4 Graphic illustration of the implemented method. 

It is of great importance to note that a design process often is an iterative process 
and this is demonstrated by the arrows in the implemented method. Throughout 
the project many of the activities were performed in parallel and some were 
repeated. 

 Discover 2.3.1

During this part of the development process the aim is to identify, research and 
understand both the initial problem and sub problems. The phase is based on 
extensive research. The discover phase included environmental-, technical-, 
market- and design-research to be able to develop this product and answer the 
questions in the problem discussion. 
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 Define 2.3.2

After the discoveries the assignment was defined in order to clarify all 
specifications and factors that affects the product and its design. The aim is to 
concisely define the information before the development of the product. The 
define phase included mission statement, functional analysis, scenarios and mood 
boards. 

The mission statement was used to clarify the discover phase in order to make the 
develop phase easier and contained a description of the product, the target market, 
core values and the stakeholders. 

The function analysis describes the requirements of the product and Ulrich & 
Eppinger refer to this as specifications. It is of importance that the requirements 
are expressed with equal level of importance so that they are also considered 
equally and none of them seem more or less important. 

Scenarios are used to describe the context behind to why and how the user will 
interact with the product [14]. It is usable both for the design process as well as for 
understanding the interaction with the user. The scenario often describes who the 
user is, why the user will come to a given site, what goals the user have at the site 
or with the product and how the user will fulfill his goals. In this thesis scenarios 
were used to describe different users, situations and sites where users will interact 
with the product. The design team chose one specific scenario and complemented 
it with two sub scenarios to show different cases. 

Mood boards are a usable tool to convey a design idea and the intentions for what 
the products should express and how it should be perceived [15]. A mood board 
could consist of relevant images but also textures, objects and texts related to the 
design theme. In this project the mood boards were used to show both big and 
small design elements and details, which the design team aimed to incorporate into 
the final design. Three mood boards were made in order to get images on what the 
product should express and what design features to be inspired by. These three 
were future design to see how new technology can be expressed, different shapes 
to inspire the shape of the product and a graphic illustration of the core values that 
the product should express. 

 Develop 2.3.3

During this phase of the development process the concepts were generated, further 
developed and investigated within the design team, company and by consulting 
with the supervisor at the university. A specific and early deadline for this phase 
was the determination of the placement of the internal components. Followed by 
generating many concepts to be able to cover all possible solutions for the 
problem. These concepts are thereafter evaluated and tested to enable further 
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development and refinement of the final concept during the deliver phase. The 
selection of concepts was both made according to Ulrich and Eppinger’s concept 
scoring and through intuition, workshops and discussions. The develop phase 
included concept generation, deciding the placement of internal components, 
acceptance and development of concepts. 

 Deliver 2.3.4

This phase describes the result of the process and starts with the acceptance of the 
final design. Thereafter the design was refined, both as separate parts and as an 
overall concept. In this phase the selection of design features and colors were 
made.  

The functional analysis was updated and commented on in this section, according 
to Ulrich and Eppinger [12].  

The resulting design is shown as a detailed prototype and CAD models. 
Components and subsystems were also described along with refinement and 
evaluation of the chosen concept. The design team’s recommendations are also 
presented in this section.    
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3 Discover 

During this part of the development process the aim is to research extensively to 
fully understand the problem and identify requirements for the product. This 
chapter will research environmental factors, general ethics about surveillance, 
information about radar and other components in order to narrow down and 
define the product. 

3.1 Environmental research 

Since the product will be located outside it is of great importance that it can 
withstand environmental factors. This will affect the placement of components, 
choice of materials and the external design. Both the dome in front of the cameras 
and the material surrounding the radar, from now on referred to as the radome 
(radar dome), will be affected by external factors.    

 Weather 3.1.1

The weather will affect the product through temperature variations, different kind 
of precipitation, sun and wind. This was examined from Axis’ existing weather 
shields together with a recent study on different weather types [16]. This study 
showed that water was the biggest issue for the previous weather shields sold at 
Axis, they are designed to protect the cameras from sun. The product needs to 
withstand the sun in three ways: light reflections, heat and UV-radiation.    
The rain impairs the technology if drops stay or fall along the dome in front of the 
optics or the radome in front of radar components. To avoid the water to affect the 
image and radar the best solution is to lead the water flow away from the front of 
the product and this is done through adding an angle so the shield leans 
backwards. The shield protects the cameras from water optimally when the edge of 
the shield is in a reclined position. Through discussions and testing it was 
discovered that a recline of 5° was desirable, which was evaluated more after the 
final concept was refined. It is also preferable to design an edge from which the 
water could drip easily since this prevents the water of forming icicles in cold 
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weather. The water also affects the selection of material, such as corrosion for 
metals and swelling and dissolution for plastics. 

Another factor is snow and the important thing to consider when designing is to 
prevent the snow from piling up upon the product. When the snow melts it can 
turn into icicles that could block the view. To avoid this the design team 
implemented a small radius on top of the shield so the snow melts and fall towards 
the sides. It is hard to make a weather shield to prevent the worst kind of hail but it 
has to withstand the normal size of hail. 

Wind can also affect the product since any movement of the product will affect the 
performance of the radar as well as the image quality. In order to design it is 
important to examine the aerodynamic factors in order to get lower requirements 
for its strength. The more streamlined it is the lower the strength. 

Lights hit the sensor in the camera in three different ways; direct light into the 
lens, by hitting the side of the lens from outside the viewing area and by 
reflections travelling inside the glass. Light sources from outside the viewing field 
are considered as unwanted lights if they reach the cameras, since this affect the 
optics. The first way is hard to prevent with some kind of weather shield since it 
will block the camera view but the other two can be prevented with adding a 
weather shield on top of the cameras. 

As some parts of the product will consist of plastic, due to reasons explained later 
in chapter 3.4.2, it is also important to take UV-radiation into consideration when 
designing the product [17]. UV- radiation will affect and degrade numerous plastic 
materials. Some plastics are more sensitive than others and to avoid degradation 
these plastics must be UV-stabilized. 

Overheating is a common problem in electronic products and in cameras it is the 
image sensor that is the major issue [16]. Heat inside the product will affect the 
image quality since it leads to image noise. Heat comes both from the sun but is 
also generated inside the product and components. When designing the product the 
design team focused on avoiding to trap the heat inside and considered that the 
more the volume of air the cooler it will be. The selection of colors was also made 
to consider the heat, e.g. not choosing a black color on top of the shield since the 
sun would generate heat. Many materials also tend to be affected by cold 
temperatures and their characteristics could drastically change as the temperature 
does so. This should especially be considered when choosing the plastic materials 
within the product. 
The product in this project was decided not to withstand all kind of extreme 
weather conditions. Instead it was designed to be a balanced product with a 
weather shield matching Axis other outdoor products to withstand “normal” 
weather conditions. 
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 Insects and spiders 3.1.2

Insects and spiders could cause problems for this product since it will be mounted 
outside, generate heat and might provide suitable space for their nests or webs. 
The problem with spider webs increases when infrared light is used. There is no 
good way to prevent spiders, since they can build nests on almost any surface, 
except for heat; 50℃ is a temperature which tend to intimidate them. Insects are a 
problem because they might cover the cameras or radar. The insects that cause the 
most problems are wasps and bees and they are at the smallest 3 millimeters and 
therefore the product should not have gaps larger than 3 millimeters [18]. 

 Vibrations 3.1.3

Another external factor are vibrations from the surrounding environment caused 
by traffic or railways since this may lead to fatigue and failure in the material and 
most importantly impair the image quality and disturb the radar [19]. Any relative 
movement between the radome and antenna will lead to large signal levels at the 
radar transceiver. Hence, it is important that the mechanical construction is 
designed to prevent or at least damp the relative movement between the radome 
and antenna. 

 Topography 3.1.4

Since the area the product will cover is relatively large it is important to research 
the topography of this area in order to decide on the angle for the product and its 
internal components. The surveyed area can contain differences in height and the 
product should be able to manage these differences and still deliver acceptable 
pictures. The topography researched was Sweden since the company and many 
customers are located there. Three locations were studied and the topography 
shows that it varies maximum 8 % and to take buildings, e.g. a storage house or 
container, into consideration 10 % was chosen [20]. At the distance of 70 meters 
that correspond to a height of 7 meters and assuming a person is 2 meters this 
gives 9 meters in total. Negative height differences are automatically covered 
since they will be in the area below 9 meters. 

 
Figure 3.1 The possible topography of the catchment area. 
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 Vandalism 3.1.5

As previously stated some people find surveillance cameras as an intrusion on 
privacy and integrity and the cameras are at risk for hostile attacks and coverage. 
Therefore most outdoor cameras are impact tested and classified as vandal-proof 
[21]. Metal parts provide better vandal protection than plastics. The traditional 
cameras are more vulnerable to attacks than more discretely designed cameras 
since they are more conspicuous. A smooth and round shape makes it harder to 
cover the camera. 

This product does not need to fulfill the highest criterion of vandal proofing [22]. 
To prevent it from being exposed to vandalism the design team decided to make 
the product unreachable to violent attacks. It should not be placed lower than 3,5 
meters; based on a person holding a baseball bat (2 meters tall, 0,5 meters arm and 
1 meters bat) [23]. 

3.2 Technical research 

The product will consist of several components in order to function. The main 
components are cameras, radar and lights and their technology is described here. 

 Cameras 3.2.1

To understand cameras general optics was studied. A camera functions similar to 
the human eye but works both with light of the visual spectrum and infrared 
spectrum [24]. The basic function of a camera component is that light enters an 
enclosed box through a converging lens and the created image is recorded on an 
electronic sensor or a photographic film. Cameras have a shutter mechanism, 
which determine the time of light entering, called exposure. This determines 
brightness and different focuses. Video recording works in the same way as in still 
cameras, only with many images per second. 

Since this projects aimed to deliver a high volume product the technical features 
need to be cost effective. To find out what possible ways there are to overview an 
area of 70 meters radius at the angle of 180° the design team researched this 
through unstructured interviews and observations to get the common Axis 
knowledge. 

In a similar project performed at Axis, three cameras were complemented with a 
fisheye camera to get a panoramic view of a large area. Due to this fact, together 
with knowledge at Axis, the same number of cameras seemed most suitable for 
this thesis’ product as well. The product was also desired to be a relatively cheap 
product and moving cameras would lead to more advanced mechanisms and 
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therefore be more expensive. Moving cameras would also affect the overview and 
this product aimed to monitor the entire area at the same time.  
An assumption was made that the sensor would be 16:9 sensor and this means the 
picture will have the same proportions as the sensor [22]. Since the product will 
have three cameras to cover 180° each will need at least a viewing angle of 60°. 
Through discussion with specialists at Axis handling the stitching of pictures and 
videos the design team learned that an overlap of the viewing area is desirable and 
that 5° overlap will be sufficient. 

 
Figure 3.2 The horizontal angles of each of the regular cameras 

Cameras with viewing angles of 65° horizontally entails 36° vertically due to the 
16:9 proportions. As previously stated the camera will be mounted at 3.5 meters 
height and aiming to see 9 meters high at the distance of 70 meters, vertically this 
leads to a so called “dead zone” in the area closest to the camera. This is the 
reason for complementing the three regular cameras with another camera. This 
camera was chosen to have a wide viewing angle to be able to cover the entire 
“dead zone” and this wide-angled camera is called fisheye camera. It was also 
desired that the fisheye camera can overview the whole area, angle wise and that 
means 180° horizontally and with the 16:9 sensor this means 101° vertically which 
is enough to cover the 9 meters at 70 meters distance and the wall right below the 
camera with a few degrees margin. 
 
Another factor to consider when positioning the cameras is parallax, an optical 
illusion, which occurs when there is a change in observational position that 
provides a new line of sight and an apparent displacement appears [25]. This can 
be illustrated by observing an object, e.g. your thumb, with one eye. When 
alternating the active eye it is perceived as an illusion of a movement of the object 
in relation to the background. When using more than one camera parallax is 
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inevitable but to minimize the errors the cameras should be placed as close as 
possible to each other, otherwise the displacement becomes larger. 

3.2.1.1 Different areas of the catchment area 
From Axis knowledge, it was early established that the cameras would have 2 
megapixels each and a resolution of 1920x1080 pixels and this was chosen 
because it is the most common and valuable cameras. To specify the picture 
quality at different distances Axis uses three different definitions; detection, 
recognition and identification [26]. Detection is defined as being able to determine 
whether a person is present or not, with high certainty. Recognition is to see 
whether or not it is the same individual as someone has seen before and 
identification is when details are sufficient to enable to identify someone beyond 
reasonable doubt. The identification is divided into two different cases; one in 
critical condition (cc) and one in good condition (gc). 
 

Table 3.1 The catchment area. 

Definition [Horizontal 
pixels/face] 

[Pixels/cm] Calculated distance from camera [m] 

Identifications (cc) 80 5 3.7 
Identifications (gc) 40 2.5 7.4 

Recognition 20 1.25 14.9 
Detection 4 0.25 74.4 

 
Based on the 1920 pixels horizontally the different areas were determined as 
shown above, the full calculations can be found in Appendix B. By Axis 
definitions the design team gained a better understanding of the catchment area, as 
shown in figure 3.3 on the next page. 
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Figure 3.3 The different zones in the catchment area. 

 Radar components 3.2.2

The word radar is a contraction of radio detection and ranging and it is a well-used 
and proven technology to detect objects and people, historically used in ships, 
aircrafts and in the automotive industry [27]. Radar can use pulsed or transmit 
continuous signals to detect presence of a target and its distance, angle and speed.  

The radar consists of antennas, which send out electromagnetic waves and can 
determine if something is located in the catchment area from the returning waves 
[22]. Both distance and angle can be determined and furthermore, due to the 
Doppler Effect, use of more than one antenna can give information about speed 
and direction of the detected object. 

The radar suited for this product can cover a large area and was therefore 
considered relatively free of placement within the product [28]. Two radar 
components were needed to cover the desirable area and the angles between them 
ought to be 90° and tolerable between 80-100°. In the figure below the green areas 
represents the diversion of transmitted energy from the radar components.  
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Figure 3.4 The placement of the two radar components. 

Since the product will be placed at 3.5 meters height as the lowest the radar 
components needs to be tilted a few degrees forward in order to cover the whole 
area. In order to avoid dead zone the radar was positioned to aim for the lowest 
point 70 meters away which lead to a tilt of 2.9°. 

𝐴𝑟𝑐𝑡𝑎𝑛
3.5
70 =   2.9° 

The radar technology and the antennas itself were examined and developed during 
the same time as this thesis. The antenna patches should be placed a half 
wavelength from each other in a square shape [22]. A frequency of 24.125 GHz 
will be used which leads to a wavelength of 12.4 millimeters.  In addition, 
receiving antennas will be needed next to the transmit antennas. The placement 
and the number of antenna patches will give the size of the radar components. In 
order to design the concept the size was approximated to be 90x90 millimeters 
with a thickness of 5 millimeters. 

 
Figure 3.5 A simplified illustration of a radar component. 
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The transmitted energy will be below 50 mW according to regulations and its 
energy fields are illustrated in figure 3.6 below [22]. 

 
Figure 3.6 The angles of each of the radar components. 

 Lights 3.2.3

To be able to get usable recordings 24 hours a day the product will need lights. 
Modern image technology can make the sensor exceptionally light sensitive and 
this can be incorporated in the cameras [29]. The design team could early 
establish, through examination, that this technology would not give sufficient 
recordings in dark environments at long distances. Therefore, lights will be 
another component in this product or sold as an accessory. But since many 
scenarios have areas with surrounding lights in the environment, such as 
streetlights, all customers might not need the lights and a modular solution was 
decided to be the preferable alternative. 

3.2.3.1 Different lights 
First the design team needed to decide whether white or infrared light should be 
used in the product. Infrared light is outside the visible range of electromagnetic 
radiation, which means that with this kind of lightening it will not indicate when it 
is turned on. When using infrared lights the recordings will be black and white. 
With white light it will be obvious for the intruder when the product detects a 
movement as the lights are turned on. It will also give a color recording but at a 
lower picture quality than infrared lights will provide since it will contain more 
noise [30]. 
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The design team decided to prioritize a color image since it will make the 
identification of people and objects easier. With a color recording it is possible to 
follow a person or a car easier and even if the object moves out of view there is 
information that can help the identification, due to color on clothes etc. Based on 
this, the infrared light was ruled out. No matter if the design team includes lights 
or not the recommendation to Axis is to use white LED lights. 

 
Figure 3.7 Typical white LED illuminator sold at Axis. 

3.2.3.2 Design aspects 
The product focuses on covering a wide area and not a high area. Therefore the 
direction of the lights will be focused horizontally as well. A beneficial feature of 
the lights could be to set the lights in directions to the area where the movement 
has been detected by the radar. Since this product should be cost effective it would 
not be suitable to have moving lights, since it leads to a more advanced 
mechanism. It would be more cost effective to have them fixed and instead turn 
the lights on separately according to the radar. 

3.2.3.3 Light effects 
Light can be measured in different ways; lumen, candela, lux and watt are a few of 
these [31]. Watt can be confusing since it differs between LED light and regular 
lights. This project used lux since Axis uses this unit. Lux, candela and lumen is 
connected since one lux is equivalent to the illumination when one lumen is evenly 
spread over an area of one square meter. Lumen is the unit often given on different 
lights’ specifications. 

Since this product aims to provide acceptable recordings even at a distance of 70 
meters the lights should also aim for this distance. As previously stated the height 
of that area should be 9 meters. The horizontal distance depends on the number of 
lights and the design team approximated the final product to 20 cm in diameter, 
which gives room for maximum 12 lights (with an assumed diameter of 2.5 cm) 



30 

[22]. The area at 70 meters is a half circle of 220 meters, which entails 18.3 meters 
horizontally per light. 

𝐻𝑒𝑖𝑔ℎ𝑡 ∙𝑊𝑖𝑑ℎ𝑡 = 9 ∙ 18.3 = 165  𝑚! 
To decide on what light is needed the design team, together with the supervisor at 
Axis, decided that 5 lux is desired to gain good enough picture [32]. Through a 
converter this leads to 12 lights with 825 lm each [33]. But this is only if the 
design team decides to place them on one row horizontally. 

On the other hand this product aims to be a high volume and cost effective product 
which implies that lights might make the product too expensive. Since the product 
should balance the technical features and make them “good enough” it is hard to 
motivate expensive and powerful lights. Another factor that speak towards adding 
lights is that every customer has different areas they want to survey and every 
scene is differently lighted. It would be more efficient to add lights to specific 
areas such as an important gate or an aisle. These external lights might be possible 
to connect to the radar so that the effect of lights being turned on when a person 
enters still works. It might also work with PIR or other motion sensing devices to 
the lights. 
The design team had these discoveries in mind but had to set aside the requirement 
to have lights integrated in the product. This question will be evaluated further 
later in the process. Since different lights and their effects will have to be tested it 
was decided that this should be evaluated in another project and not be a part of 
this thesis. 

3.3 Market research 

 Surveillance 3.3.1

Today we live in a so-called surveillance society, which means the population is 
monitored in different ways. The first thing that comes to mind is cameras but the 
main focus today is through computer power and gathering of personal data [34]. 
Every society that depends on communication and information technologies for 
administrative and control processes is surveillance societies. The word 
surveillance and ‘watch over’ has two meanings: caring and controlling. Therefore 
some people are against the controlling of the surveillance and some have positive 
reactions due to the safety it gives. But people are more opposed to the intrusion of 
privacy by collecting personal data than to being monitored by cameras. 
According to Axis 92% of Swedish people are positive to the camera surveillance 
[35]. That, together with the fact that this product will be placed mainly in high 
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security areas, made the design team free to design the product without 
considering hiding it. 

Despite this, the design team needed to consider this in a few aspects of the 
product such as the material and placement of the product, and avoid making it 
easy to cover. The design team needed to prevent it from being easy to reach and 
destroy to those who are opposed to video surveillance. 

 Health concerns with radar technology 3.3.2

People who are exposed to radar have expressed concerns for their health such as 
an increased risk of cancer, reproductive difficulties and questions about how it 
could affect children [36]. The World Health Organization emphasize the 
importance of separating real dangers from the perceived as well as understanding 
today’s international standards and protective measures. 

Radar uses radio frequencies and sends out electromagnetic waves which generate 
electromagnetic fields, so called radio frequency fields. These fields affects the 
human body but how severe these effects are depends on the frequency. 
Radio frequency fields lower than 10 GHz can penetrate tissues and lead to 
heating through energy absorption. The severity of this depends on the frequency 
and lower frequencies lead to greater depth of penetration. This absorption is 
measured in Specific Absorption Rate (SAR) and is expressed in watts per 
kilogram. Four W/kg causes damages to people exposed to these fields of radio 
frequencies. 

Higher radio frequencies, above 10 GHz, are absorbed at the surface of the skin 
and with only a small amount of energy penetrating underlying tissues. The 
quantity for these fields is expressed by the intensity as power density in watts per 
square meter. Power densities over 1000 W/m2 are known to cause negative health 
effects, for example skin burns and eye cataracts. 

The radar used in this project was over 10 GHz but the intensity will be below the 
regulations. There are several factors that reduce the human exposure such as the 
fact that the radar only has one main beam and therefore it is significantly lower 
intensity in the rest of the area and the fact that the product will be located in 
restricted areas where people should not be located at a regular basis. This 
combined with the fact that the intensity of the fields’ decrease with the radius 
squared leads to a relatively low impact. 
It is of importance to be aware of the potential health concerns radar might cause, 
not only the actual adverse health effects, but the perceived effects are important 
too since it leads to fear and concern in the society. Despite that, the design team 
will not consider these when designing the product since the radar used will fulfill 
all requirements according to regulations. 
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Since the automotive industry started using radar to detect other cars and objects 
there has been positive reactions [37]. This motivates Axis to develop this product 
and not to hide the fact that it includes radar. 

3.4 Design research 

 Aesthetical design 3.4.1

The design team desired that the product would express numerous things, also 
inspired by Axis’ values. These were discovered through an exercise early in the 
process, where the design team brainstormed core values for the product’s 
expressions based on opinions within the design team, how Axis was perceived by 
the design team and by Axis design manual [18]. These values were assessed and 
valued to find the core values shown in the figure 3.8 below. The most important 
core values were innovative, reliable, balance and robust. 

 
Figure 3.8 The core values of the product 

The core values have recurred throughout all the different phases of the process. 
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One question the design team struggled with in the initiation of the project was 
whether the product should look aggressive, obtrusive and fierce or discrete and 
friendly. Different areas leads to different requirements on the security and 
surveillance, e.g. in shopping malls people might not want to be surveyed or at 
least not notice that they are. Therefore the cameras are hidden to avoid disturbing 
the surroundings. Through the different scenarios, fully described later in section 
4.3, it was determined that the main target is high security areas outside 
companies. Therefore it is accepted and fully motivated to feel surveyed. Hence, 
the design team will not need to create a product that is discrete or disguised. The 
design team decided to strive for an active look that express presence and security. 

In order to determine the product’s aesthetic design inspiration was found through 
mood boards and core values. Some of these feelings and values were taken into 
consideration through the functional analysis. 

 Functional design 3.4.2

As the radome material must be dry and electrically isolating it is not suitable to 
use any metallic materials in front of the radar antennas. The most suitable 
material to use is plastic. 

3.4.2.1 Design rules for plastics 
When designing with plastic materials there are many rules to take into 
consideration in order to ensure feasibility and that the design will fulfill all 
previously appointed requirements [17]. It is important to consider the specific 
characteristics of each plastics as this could affect the dependent of the material 
over time. Temperature, creep, the possibility to color and to recycle are examples 
of characteristics that may affect the choice of material. 
It is also crucial to consider different manufacturing methods and due to the fact 
that this aims to be a high volume product injection molding will most likely be 
the method of choice in an economically point of view. Injection molding is the 
most commonly used method for thermoplastics and provides an unrestricted 
design, high production rate and still provide cost advantages compared to other 
methods. When designing for injection molding it is important to maintain an even 
wall thickness throughout the entire product. This, not only to meet the lower 
weight requirements and to minimize the cycle time of manufacturing, but most 
importantly to avoid warpage and inner stress of the product after cooling. As a 
thicker wall shrinks more than a thinner wall, large thickness variation will affect 
the mold shrinkage and lead to inner stress problems. It is desirable to design a 
variation of maximum ±15% and beyond that, the wall thickness when designing 
in thermoplastics should be between 1.5-4 millimeters. 

If there is a need to increase the stiffness of a component with a thin wall thickness 
adding ribs could be the solution. It is also important to be careful when locating 
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the gate and it should be placed in the area where the wall thickness is at its 
thickest. It should not be located in areas that are going to be exposed to high 
loads.  

Another rule is to avoid sharp corners since many plastics become sensitive to 
notches when the design consists of too small corner radiuses. The radius should 
be given the size of at least half of the wall thickness, a smaller radius risks a 
formation of stress concentration, which can lead the component to break. 
It is crucial to add draft angles when designing for injection molding otherwise the 
component will be impossible to eject from the cavity. The draft angle should 
ideally be as large as possible but 1-2° is a rule of thumb. 

3.4.2.2 Radome design 
The design team, together with the department, found out that it is not only the 
material in front of the radar components that is important - the shape affects the 
signals too. No radome is perfect, all shapes has some influence on the detection 
field therefore some rules should be considered, shown in figure 3.10 below [19]. 

 
Figure 3.9 Guidelines for the design of the radome. 

In the figure above the radar component is illustrated by the grey part and the blue 
parts are the surrounding radome, seen from a top view. The guidelines for the 
design of the surrounding material reads as follows [38]: 
Table 3.2 Design guidelines for the radome. 

Guidelines 
Use smooth curved forms; as smooth as possible to prevent distortion of the radar beam 
Avoid sharp bends and areas with changing thickness 
Avoid chrome parts or any other design features in the direct field of view 
Avoid an exact parallel orientation of the surrounding material, since it would cause a direct back 
reflection of the radiation into the sensors antenna 
 
Plastic is the most suitable material but there are also some plastics that are more 
preferable than others [19]. This is due to the materials different characteristics, 
and more specifically it is important to have a low dissipation factor, tanδ, to avoid 
weakening of the microwaves. The permittivity, also called dielectric constant, 
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affects the optimal radome thickness and is therefore also important. The table 
below shows the most commonly used materials for radome design. 
Table 3.3 Materials and their characteristics. 

Material Permittivity, ɛr  Dissipation factor, tanδ 

Polycarbonate 2.0 0.012 
ABS 2.0-3.5 0.005-0.019 
PEEK 3.23 0.048 
Teflon® (PTFE) 2.0 <0.0002 
Plexiglas® 2.6 0.009 
PE 2.3 0.0003 
 

According to table 3.3 polycarbonate and ABS are the most suitable materials to 
use for the radome due to the permittivity and dissipation factor. 

The radome thickness will also affect the transmitted waves and it is therefore 
important to calculate the optimal radome thickness. The wavelength, λm, in the 
radome material plays a key role in in these calculations. The wavelength becomes 
shorter in the radome material than in free air depending on the permittivity εr. The 
goal is to get a thickness of the wall so that a multiple of exactly half the 
wavelength can pass through. This enables the radome to become nearly 
“transparent” for the microwave. The calculations below shows how to decide the 
radome thickness depending on what material is chosen. 

𝑓! = 24.125  𝐺𝐻𝑧 
𝑐! = 𝑆𝑝𝑒𝑒𝑑  𝑜𝑓  𝑙𝑖𝑔ℎ𝑡 = 3   ∙   10!  𝑚/𝑠 

λ! = 𝑊𝑎𝑣𝑒𝑙𝑒𝑛𝑔𝑡ℎ  𝑎𝑡  24.125  𝐺𝐻𝑧  𝑖𝑛  𝑣𝑎𝑐𝑢𝑢𝑚 
ε! = 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒  𝑝𝑒𝑟𝑚𝑖𝑡𝑡𝑖𝑣𝑒𝑡𝑦  𝑖𝑛  𝑡ℎ𝑒  𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙   

λ! = 𝑊𝑎𝑣𝑒𝑙𝑒𝑛𝑔𝑡ℎ  𝑖𝑛  𝑡ℎ𝑒  𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 
T! = 𝑂𝑝𝑡𝑖𝑚𝑎𝑙  𝑟𝑎𝑑𝑜𝑚𝑒  𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠  (𝑎𝑡  24.125  𝐺𝐻𝑧) 

D! = 𝑂𝑝𝑡𝑖𝑚𝑎𝑙  𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒  𝑏𝑒𝑡𝑤𝑒𝑒𝑛  𝑟𝑎𝑑𝑜𝑚  𝑎𝑛𝑑  𝑎𝑛𝑡𝑒𝑛𝑛𝑎𝑠  (𝑎𝑡  24.125  𝐺𝐻𝑧) 
 

λ! =
𝑐!
𝑓!
= 12.4  𝑚𝑚 

λ! =
λ!
𝜀!
   

T! =
λ!
2
=

λ!
2 ∙ 𝜀!

=
6.2  𝑚𝑚

𝜀!
   

It is also important to find the optimal distance between the antenna and the 
radome in order to minimize the effects of reflections caused by the radome. These 
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effect will be as small as possible if the waves returned at the antenna are in phase 
with the transmitted waves. 

D! =
λ!
2
= 6.2  𝑚𝑚 

Distances smaller than 6.2 mm should always be avoided while distances larger 
are not as critical. 

Consequently, the material selection affects the thickness. Axis uses polycarbonate 
in many of their products today and since this one of the most suited materials for 
the radar as well the product will be out of polycarbonate. This leads to the 
following material thickness: 

T! =
6.2  𝑚𝑚

𝜀!
=
6.2  𝑚𝑚

2
≈ 4.4  𝑚𝑚     

 
A thickness of over 4 millimeters is not desired when designing in plastics and 
therefore the optimal radome thickness, 4.4 millimeters, will not be feasible. It 
should also be noted that a thickness of 4.4 millimeters is optimal for those waves 
going perpendicularly through the radome. Since several of the transmitted waves 
permeate the radome slightly diagonally these waves will not benefit from the 
optimal thickness and consequently, the wall thickness should be evaluated.  
The department also discovered that rain and ice impairs the radar, which means 
that the product would benefit from a weather shield that also covers the radar 
components. 

The design team decided to take all the affecting factors above in consideration 
when designing the product and due to manufacturing aspects a wall thickness of 4 
millimeters was chosen. 
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4 Define 

This chapter aims to summarize the previous discoveries and define the product 
and its requirements, starting in a mission statement. 
 
The key word used to describe this product was balance; balance between 
aesthetic, performance and cost. The product has a wide functionality and should 
not exceed in any particular area. The product will not be extremely weather- or 
vandal-proof and not have the strongest lights. The functionality has been 
contemplated to deliver a high volume product that allows it to detect and record 
video in a 180° horizontal angle of view and a distance of 70 meters. 

4.1 Mission Statement 

The mission statement is a tool from Ulrich and Eppinger’s method and aims to 
define the product and the assignment. 

 Product description 4.1.1

The product shall be able to detect motion and record video. The product should 
cover an area of at least 70 meters radius and a horizontal angle of 180°. In this 
area it should detect motion, trigger an alarm and start recording. This will aim to 
be a high volume and cost effective product. It is also desirable to identify faces 
but the main focus is to get a good overview of a large area. 

The product will contain radar technology, network cameras and possibly white 
LED lights to provide a color video. The intention is to design a camera suitable 
for wall mounting but to also investigate the possibilities of mounting it e.g. 
around lampposts at parking lots. 

It should also be able to detect people and motion at different heights as well as 
distance. The main purpose of this product is to facilitate the security company to 
evaluate the specific situation in order to send the right reinforcement and rule out 
potential false alarm. 
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4.1.1.1 Sequence of events when using the product 
The figure below shows typical situations when the product is used. 

 
Figure 4.1 Sequence of events using the product. 

Different threats could be: 
1. No threat (false alarm, e.g. animals) 
2. Low threat, one person (e.g. confused person, harmless pranks) 
3. Average threat, one or few people 
4. Extensive threat, many people 

In conclusion, the product needs four cameras to cover the desired area, three 
regular cameras and one complementing fisheye camera. To detect motion, two 
radar components are required and the technology requires a smooth surface in 
front of it, made of plastics. The requirements for the radome together with design 
rules for plastics resulted in guidelines for the design. The thickness of the radome 
depends on the material selection, in this case polycarbonate, which led to an 
optimal thickness of 4.4 millimeters. Despite this, the thickness was set to 4 
millimeters due to the fact that 4.4 millimeters exceeds the desired thickness for 
manufacturing in plastics. This also since the optimal thickness only is beneficial 
for a small amount of the transmitted waves; most of them permeate the radome 
diagonally. The wall thickness should be recommended to be reconsidered before 
the realization of the product. It was also discovered that the product needs to 
withstand the environment, which resulted in incorporating a weather shield in the 
design. 
As for the external design, the product does not need to be hidden or designed to 
blend in and it should express reliability, balance and innovation to mention a few 
of the core values.  

 Company Incentives 4.1.2

This thesis will examine the possibilities of using and implementing radar 
technology in future applications. Axis wants to be able to be a pioneer and enter 
the market rapidly when the technology is more accessible, at lower costs and 
possible to produce in-house. With a feasibility study already conducted the 
entering of the market will go faster, lead to the opportunity of gaining greater 
market share and increase sales due to lower prices. 
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 Core values 4.1.3

To better express the product and its features several core values were established, 
both from Axis design manual and from the design team themselves [18]. The 
main values were reliability, balance and innovation. 

The product will mainly be mounted on walls and people will see it from a 
distance. Due to the fact that the product will be displayed at trade fairs and at 
distributors people will also see it up close. Therefore it must both express 
reliability, security and robustness from far and up close. Axis’ products sell due 
to both performance and looks. Consequently, it must give the potential buyer the 
right feeling of quality, professionalism and aesthetics. 

 Stakeholders 4.1.4

The stakeholders of this product are listed in the table below. The main 
stakeholder is Axis, secondly the users and the customers. Determination of the 
user is somewhat problematic; is it the buyer, the installer or the person being 
observed? Since this product will be in high security areas where people often are 
aware of the fact that they are being monitored, the design team decided the users 
to be the people buying it, the people installing it and the ones operating it. 
Criminals are considered as a stakeholder since the design team would like to 
design a product that could make them reconsider and not complete the crime. The 
customers were considered as the facilities where the product will be mounted, e.g. 
prisons, industrial facilities, stores and private buildings. 
Table 4.1 Stakeholders. 

The product’s stakeholders  

Axis Designers, developers, assembly staff, sales people 
User Buyer, installer and operator 

Customers Prisons, industrial and governmental facilities, stores, private buildings 
Criminals  
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4.2 Functional Analysis 

Through the discover phase the requirements of the product were established in 
order to get a better understanding of what the product is aiming to achieve. The 
complete function analysis can be found in Appendix C and below the most 
important needs are presented. 
Table 4.2 Part of the functional analysis. 

Need 
General 
The product will detect motion 
The product will record 
The product will be innovative 
The product will express quality 
The product will be balanced 
Viewing 
The product will have four cameras 
The camera will overview a large area 
The product will give a good overview 
The camera will cover a horizontal angle 
The camera will cover a vertical angle 
Radar 
The product will include two radar components 
Lighting 
The product will include lights or have external lights 
The lightning will overview a large area (if included) 
Axis 
The product will represent the Axis brand 
Material and color 
The material of the product will be optimized for outdoor use 
The material of the product will not interfere with the radar technology 
The color of the product will not interfere with the radar technology 
Feasibility 
The product will be user friendly 
The product will not be able to mount in a wrong way 
The product will be feasible 
External factors 
The product will be resistant to all kinds of weather 
The product will withstand UV light 
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4.3 Scenarios 

The estimated target markets for this product are high security areas where there 
are high demands on reliable and accurate surveillance systems. To determine and 
understand the possible markets customers’ different scenarios were investigated. 
The development of the product was simplified through finding scenarios that 
described the usage and potential customers. First all potential scenarios were 
discovered to be able to define the spot on scenario. The complete list of scenarios 
can be found together with detailed sub scenarios in Appendix D. 

 Spot on scenario 4.3.1

It is 04:14 in the morning and a guard, who works at a security company, is 
located at the surveillance center and monitoring the screens. He is drinking a cup 
of coffee and sporadically looking at the screens as he is scrolling down the news 
feed on his phone. 
Suddenly the alarm triggers. This captures the guard’s attention and he turns his 
focus towards the screen. The product outside of Baxter’s high security facilities in 
Lund has detected a motion in the outer range of the parking lot and as the 
cameras started recording the guard can see something moving. 
At first he cannot see what it is but after a few seconds he can distinguish a person 
wandering along a wall. This person has no business being on the grounds at this 
hour and the guard decides to send out a patrol of guards. Since it is, so far, only 
one person on the ground the guard decides to only send one man to patrol the area 
and he grabs the phone to call in the alarm. 

As the patrolling guard is on his way to the to the area the first guard continues to 
monitor the screen and follow the intruder as he makes his way closer to the 
camera. They are continuously in contact and as the intruder closes in on the 
camera it provides the guard valuable information about the clothes the intruder is 
wearing which might be helpful in case the intruder suddenly decides to leave the 
area. The guard watching the screens sees the patrolling guard arriving to the area 
and at the same time the intruder disappears and hides behind a container. 

Fortunately, the guard watching it was able to see the color of the intruder’s 
clothes and could describe his appearance to the patrolling guard who was able to 
find him and make an arrest. 

4.3.1.1 Comments about the scenarios 
Baxter was chosen both since it is an industry with high secrecy, and therefore 
high security, and also because of its location; right outside the office where the 
design team worked. The closeness to the spot on scenario facilitated the work 
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throughout the process since the design team could discuss the scenario while 
observing it. 
The different specified scenarios, presented in Appendix D, shows that it is of 
great importance for the security company to know the level of severity to be able 
to send the right amount of staff to the location and also to know the urgency of 
the situation. 

4.4 Mood boards 

Three different mood boards were used during the master thesis to inspire and 
remind the design team of the core values of the product and the design team’s 
own inspiration. 

 

 
Figure 4.2 Examples on expressing future design and new technologies. 
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Figure 4.3 Shapes to be inspired by. 

 
Figure 4.4 Illustration of the core values. 
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5 Develop 

This section describes the development of concepts based on the previous 
discoveries and requirements. It contains the placements of components, 
development of external designs and evaluation of concepts. The possible concepts 
were refined in order to select a final design. 

5.1 Placement of the components 

 Cameras 5.1.1

First of all, the number of cameras was defined and this was based on research and 
Axis knowledge. To get an acceptable view of all 180° at the same time and to 
maintain low costs the product will need three fixed cameras complemented by 
one fisheye camera. The design team were then able to determine the placements 
of the cameras since the requirements were clear, to cover: a horizontal angle of 
180°, a distance of 70 meters and the ground’s altitude variations of 10%. The 
design team discussed and sketched possible placements of the cameras, see figure 
5.1 on the next page. In the figure the fisheye camera is represented by the red 
cylinder and the regular cameras are represented by the blue cylinders.  

 
Figure 5.1 Possible placements of the cameras. 
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Through discussions with employees handling the stitching of the recordings (the 
merging of the images) into one video it was clear that it would be preferable to 
place the regular cameras at the same height, as close as possible and that their 
optical axis should cross at some point. To facilitate the stitching further the 
optical axis of the fisheye camera should converge into the same point as the 
regular cameras’ optical axes. This led to that there were only two possible 
solutions of placing the cameras:   

 
Figure 5.2 The optimal placements of the cameras. 

When examining the right alternative it showed that the two outer cameras 
unfortunately blocked each others view and were not be able to see 180°. 
Consequently, was not a suitable placement and led to that there was only one 
possible solution, above to the left. 

The next challenge was to decide the vertical angles of the cameras and this was 
decided through the worst-case scenario described in the previous topography 
section. Calculations of the worst-case scenario showed that the three cameras will 
need to reach to 9 meters height at the distance of 70 meters. With the regular 
cameras mounted at 3.5 meters height this entails an angle of 13.8° in relation to 
the horizontal line. This angle is the optimal angle for how the optical axis of the 
cameras should be directed and therefore also the direction of the camera 
components.  

 

Figure 5.3 The regular cameras and its vertical angles. 
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Placing the cameras at this angle leads a so-called dead zone of 4 meters 
underneath the cameras and in order to cover this area a complementing camera 
was needed. The reason it should be a fisheye camera is to cover the entire area at 
the same time at the viewing angle of 180°. The perspectives in an image from a 
fisheye camera will be distorted in the outer edges and therefore the optical axis of 
the fisheye camera should be relatively close to the wall since that area is not 
covered by the other cameras. The best angle for the fisheye camera proved to be 
45° in relation to horizontal line. This result was based partly on test videos and 
calculations that 45° makes the optical axis aim on the ground 3.5 meters in front 
of the product [39]. This means it would provide coverage of the area which the 
regular cameras are not able to cover. 

The fisheye camera provides a 180° horizontally image which together with a 16:9 
sensor will give 101° vertically image. A 45° forward tilt of the fisheye camera 
provides a coverage of the entire area, from the wall beneath it to the height of 9 
meters at the distance of 70 meters. Since the area to cover is 95° vertically and the 
fisheye camera can cover 101° this leads to a margin of a few degrees. These facts, 
together with the test videos, ensured the decision of a 45° tilt forward.  

 

Figure 5.4 The vertical angles of the regular cameras (blue) and the fisheye camera (red). 

The cameras need to be protected and a dome encloses them. This dome could be 
designed in three different ways. It could contain all of the four cameras in a 
sphere shaped dome, secondly the fisheye camera could be separated from the 
regular cameras and thirdly all cameras could be separated into four different 
domes. For the three regular cameras it is possible to use a plane surface in front of 
each camera instead of domes. The fisheye camera, on the other hand, requires a 
rounded spherical shape in front of it. Separated domes are the most beneficial 
alternative in order to achieve the best possible premises for the optics. This option 
was ruled out since the combination of a round shape and plane surfaces was 
perceived as odd.  This would also imply more manufacturing steps and a more 
complex assembly. A spherical shape, containing all four cameras, was considered 
as the best solution due to the manufacturing aspects together with the aesthetical 
aspects mentioned above. Due to the previous stated requirements the cameras 
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should be placed as below to avoid errors due to parallax and that their optical 
axes are desired to converge, see figure 5.5. 

 Figure 5.5 Placements of the cameras. 

In the figure below different catchment areas of the cameras, due to its given 
angles, are shown and this also shows how the stitching will be made in order to 
provide one recording from the four cameras. With only a fisheye camera the area 
could be covered but provide a recording of less quality.  

 

Figure 5.6 A photo where the different cameras cover areas are illustrated. 
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 Radar components 5.1.2

The radar components could be placed anywhere within the product with the only 
requirement of a smooth surrounding surface of plastic in front of the components. 
Through the first concept generation the design team based the designs on 
relatively small radar components since this was before enough discoveries were 
found. 

The possible placements were discussed and assessed in order to narrow down the 
amount of solutions. The figure below illustrates the four possible placements and 
it is important to notice that the placements could be slightly adjusted.  

 
Figure 5.7 Placements of the radar components in relation to the cameras. 

 Lights 5.1.3

The design team decided to focus on the product’s design and then in future 
development evaluate at what level the product could manage to illuminate the 
surroundings, based on the remaining volume for incorporating lights in the 
product. 

The problem with integrating lights is that it would make the product expensive 
and that it will be hard to guarantee a sufficiently illuminated area. Furthermore 
the customers’ areas will differ and therefore it could be unnecessary to illuminate 
the entire area. Through discussions with Axis employees, Sjöholm and Ek, the 
alternative to include lights was debated and more cons were added to integration 
of lights [40]. Since this is a cost effective product it was considered a better 
alternative to focus the means on the main functionalities of the product, e.g. 
better, more light sensitive sensors. This in order to maximize the performance of 
the product, a camera with motion detection. Consequently, the concept was 
chosen to have an extra outlet and a relay connected to the radar in order to control 
external lights. The external lights will be sold as an accessory. However, if Axis 
decides to integrate lights in a future product the recommendation is to choose 
white lights with the ability to focus in the direction where an object has been 
detected. 
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5.2 Design 

The design of the concepts was based on the mood boards and on the design 
values, both from Axis, the design team’s own interpretations and also from Axis’ 
existing products. An additional aspect of this project was to create a product that 
could inspire to new ideas and therefore the product does not have to fit directly 
into Axis’ product portfolio. The design team were more free when it came to the 
aesthetical design. However, Axis’ design features were still considered during the 
entire design process.  

When the concepts had been narrowed down they were refined and developed 
more according to the Axis Design Manual [18]. In an early state, the design team 
took the liberty to freely design and develop many concepts. The manual was used 
more as guidelines for this project since the company will redevelop the design 
before the introduction of the product. 

5.3 Concepts 

Throughout this section the concepts were brainstormed and sketched both by the 
design team and also in sketching workshops together with Alm, Åhman and 
Persson [22; 41; 42]. 
The design team conducted a simple first concept generation, during the second 
week, to start thinking of concepts and to be open minded about concepts ideas 
before any information or discoveries were found. This was performed with the 
intention of to gather early and intuitive ideas. The design team kept an open mind 
and welcomed all ideas and this resulted in a lot of different concepts. The goal of 
this exercise was to briefly investigate possible component placements and 
requirements for the product. A selection of the concepts from this exercise can be 
seen in figure 5.6 below. 

 
Figure 5.8 Selection of sketches from the first concept generation. 
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When the size and possible placements of the internal components were 
established the external design could be developed. The radar components were 
found to be able to place above, below or next to the cameras. This with the 
requirement that the material in front of it would consist out of plastics together 
with the fact that the surface had to be smooth. The radar components also needed 
to be tilted a few degrees forward and preferably be positioned at 80-100° relative 
to each other to cover the entire area. 

Table 5.1 shows a selection of early concepts. The yellow sections represents 
possible lighting. 
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Table 5.1 Early concepts 

Sketch Description CAD (or photo) 

 

A cone shaped concept with the radar 
placed above the cameras. It obtains 
some concerns with the weather shield 
since the cameras are placed far away 
from the shield on top of the product. 

 

 

A triangular concept with the radar 
components placed above the cameras. 
The shape was inspired by the triangular 
lights in the shape mood board. This 
concept has some difficulties in CAD 
and with a weather shield. The depth of 
the product proved to need to be deeper 
than in the original sketches.  

            

 

 
 

A round concept with the radar 
components placed underneath the 
cameras. This concept makes it difficult 
to protect the radar components from the 
rain.   

 

 

A round concept with the radar 
components placed over the cameras. 
This concept was inspired by Axis 
regular dome cameras but with an 
alternated shape in order to contain the 
components.  

 

A concept where the radars were 
integrated in the weather shield. The 
radars are not protected from the rain in 
this design. 

 

 

A concept consisting of four different 
dome sections. The section for the radar 
needs to be larger than the other sections. 
This design requires a larger weather 
shield than in the sketches. 

      

 

A concept with separate plane surfaces 
for each of the cameras, inspired by the 
shape of a football and the candle lantern 
from the shape mood board. The fisheye 
requires a spherical dome and this leads 
to that this concept was perceived as odd. 
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Later the concepts were developed through sketching, CAD and by creating 
prototypes. In parallel to the generation of concepts the size of the components 
was updated since the radar components turned out to be larger than expected. 

 First acceptance of concepts 5.3.1

The components size and placements led to that some of the early concepts were 
impossible to develop further. Some concepts could be seen as potential concepts 
after they were adjusted according the updated size. Another reason to these 
adjustments were the inability to protect the components from sun and rain. Based 
on discussions with Axis employees and intuition more concepts could be 
eliminated. Through these discussions the design team found seven concepts. 
These concepts were sketched, designed in CAD and made into prototypes with 
basic polystyrene foam. At this point the prototypes and CAD models were used 
only to provide a perception of the size of the different concepts. 
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Table 5.2 Seven potential concepts 

Sketch Description CAD 

 

Lion, a round concept, inspired by 
the traditional dome cameras at Axis, 
but with an off centered position of 
the dome.  

 
 
 
 

            

Hat, a concept that illustrates the 
design when the radar components 
are placed above the cameras and 
protected from the weather. Because 
of the two shields this concept was 
perceived as odd.  

 
 
 
 
 

        

Spy, a wide and low concept with the 
radar components placed on each 
side of the cameras. In this concept 
the weather shield protects both the 
radar and the cameras. 
 

 

 

Post Box, a high and narrow concept 
with the radar components placed 
below the cameras.  

 

 

Door Bell, concept with a small, 
conventional dome and a weather 
shield. The concept contains a 
vertical placement of the radar 
components underneath the dome. 

            

 

Mad Spy, a concept with edges. This 
concept also contains vertical 
placements of the radar components. 
Inspired by the v-shaped lamps in the 
shape mood board. 

      

 

Pez, this concept represent what it 
would look like if the dome was 
extended backwards into a cylinder. 
This concept was complemented 
with cylindrical shapes of the body 
in order to optimize the radar 
functionality.                 
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Instead of performing a concept screening at this stage, the design team decided to 
select the best concepts through further discussions with Axis employees and the 
supervisor from the university [22; 41]. Through discussions, testing and intuition 
the concepts were narrowed down to three concepts that were considered to have 
the highest potential of realization. These were also the concepts judges to have 
the best potential to achieve an appealing design. 

 Second acceptance of concepts 5.3.2

Three concepts were refined and further developed in order to conduct a structured 
selection - concept scoring. The chosen concepts were the Lion, the Post Box and 
the Spy, see figures 5.9-5.11 below. 

The design team created many different variations of the three concepts, more seen 
as concept families with the possibility to vary in detailed design. The sketches 
show different attempts to find an appealing design, creating an efficient weather 
shield and enable a smooth surface in front of the radar components. 

 
Figure 5.9 Variations of the concept Lion. 

Lion was a round concept that expressed innovation and could easily be varied 
through different design features.  
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Figure 5.10 Variations of the concept Post Box. 

The Post Box concept was discovered early in the process and has a conventional 
shape. 

 
Figure 5.11 Variations of the concept Spy. 

The Spy concept was developed fairly late in the process. It was kept in the 
process due to its shape since it was perceived as if the shape represented the 
products functionality of covering a wide area. 

The sketches were complemented by simple CAD models to examine what 
designs seemed feasible. The team also gained inspiration from exercises, e.g. 
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through an exercise based on the question “How would this concept look if it was 
from the brand X?”. This gave the design team new ideas for different design 
features and shapes, which could be incorporated into the designs. 

 Concept scoring 5.3.3

In order to choose which concept to develop even further a structured concept 
scoring was performed. The criteria come from the function analysis and were 
selected due to a weighing between importance of criteria and criteria affecting the 
external design. According to Ulrich and Eppinger this should be based on a 
selection matrix including a weighing of the different criteria against each other 
[12]. The importance of the criteria was set by the design team based on the 
knowledge gained throughout the project also in combination with Alm’s 
knowledge and judgement. These importances was used to weigh the scores and 
are shown in table 5.3 on the next page. 

The scoring was made through discussions within the design team depending on 
each concept’s performance or assumed performance on each of the criteria. 
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According to Ulrich and Eppinger a reference is supposed to be used that should 
correspond to the value of three but since this product is a pioneer no reference 
was used. The scores were given through comparison of the concepts in relation to 
each other. 

The first seven criteria are subjective since they focus on how the product is 
perceived. Therefore the scores for these are based on opinions and assumptions, 
which could make the scoring less reliable.  

The innovation criterion covers both the external design and shape and the concept 
Spy was considered to be the most unconventional concept since it has a wide and 
low shape. The Post Box, on the other hand, has a shape that is more commonly 
used and recognized in wall-mounted products. 

The durability criterion covers both the performance and design, because it is of 
importance that the product is perceived as durable. Lion received the lowest score 
due to its round shape and could be perceived as more soft rather than durable. 
The Post Box, due to its conventional shape, was considered most durable. This is 
also represented by the criterion on expressing quality, where the Spy and Post 
Box received four points each and the Lion only three points. Likewise on 
expressing robustness, where the Spy and Post Box got five points each. The Spy 
concept requires more work to enable to be perceived as robust since it is 
considered less durable. 

The Lion received low scores on trust once again due to its round shape, but since 
it is original and innovative it was considered good at expressing new technology 
together with the concept Spy. 

The balance of the different concepts was considered as equal since they contain 
the same components and will be balanced during the more detailed design later 
on. Even though they will include the same components the Lion received a lower 
score on including the radar component since its round shape does not facilitate 
the shape of the radar components. For the criterion about included or external 
lights the concepts received the same score since that question was set aside for 
this project. 

The criterion concerning at what level the concepts represents Axis’ brand none of 
the concepts were considered to exceed any other since this is a new product area 
and the concept does not fit directly into existing product families. 

The usability criterion was considered as a part of the refinement process of 
chosen concepts since they all need to be user friendly and this was not a fact that 
separated the concepts in the selection process. The feasibility criterion, on the 
other hand was different due to the shape of the concepts and once again the Lion 
got a low score since it was assumed to lead to difficulties in manufacturing. 

The resistance to weather criterion concerns rain and sun. All the concepts have to 
protect the dome in some way and therefore the protection of the radar 
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components was decisive. The Spy received the highest score since it covers the 
radar components in the best way. In the Post Box the radar components are 
placed further away from the weather shield and therefore received a lower score. 
The Lion has the smallest weather shield due to its round shape and the radars are 
more exposed, especially from the sides. 

The concepts also require power and therefore cable outlets. The round shape of 
the Lion complicates this and led to a low score. The other two concepts are more 
customizable for cables and therefore received three points each. 

The criteria and their weights were determined by the design team together with 
Alm and the concept scoring was made by the design team alone. Since the 
concepts received relatively different score the scoring was considered to be 
sufficient enough to use for a selection. 

5.3.3.1 Chosen concepts 
The concept scoring showed that Lion received the lowest total score and that 
together with Åhman and Alm’s opinions led the design team to decide to not 
continue with this round concept [41; 22]. The Post Box was considered as the 
most durable concept and received a high score. The Spy was considered most 
innovative since it has the most unconventional shape. This concept received the 
highest score in total. Since these two concepts received high numbers and were 
considered feasible they were chosen. 

To develop these two concepts further, extinct sketching was conducted in order to 
find out what kind of designs would make the product most aesthetically pleasing. 
In order to get a better feeling of the products’ sizes one prototype of each concept 
was created through rapid prototyping. This resulted in two products that had 
margins in height and width, respectively, towards the radar components. The 
concepts could be combined into a more square shaped concept and therefore three 
different shapes were investigated: portrait (Post box), landscape (Spy) and square. 
The square shape was not considered for a long time since it was perceived as 
more odd than the other concepts and added unused, unnecessary space internally. 



60 

 
Figure 5.12 Prototypes of the concepts Spy and Post Box on a wall. 

Through a workshop with Åhman the concepts were refined and evaluated and a 
selection of these sketches are presented in the figures below [41]. 
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Figure 5.13 Sketches of the Post Box concept. 

 
Figure 5.14 Sketches of the Spy concept. 

The expression of the two was discussed and the Spy felt more obtrusive, new and 
displayed the function with its wide shape. The shape of the Post Box was 
perceived as being more safe and conventional since other products on walls, e.g. 
electrical housings, often have these proportions. The Post Box gave associations 
of resembling a birdhouse which was not a desirable association.  

The discussions of expressions made the design team come to the conclusion that 
the concept Spy would be a better shape for a new product. The main reason for 
this decision was the low and wide shape representing the products functionality, it 
was perceived more as scouting and actively watching the area.  
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Except for design reasons the Spy concept also provides better protection for the 
radar components. In this concept the weather shield can cover the radar and 
camera components without being perceived as too protruding. This lead to an 
optimal placement of the radar components, as seen in figure 5.15. 

 
Figure 5.15 The optimal placement of the components. 

Due to this and the design expression The Spy concept was chosen as the final 
concept. 

 

  



63 

6 Deliver 

This phase presents the final design and its refinement and evaluation. The 
functional analysis was updated due to new and changed criteria. This phase 
delivers the final design presented by photos of the prototype and renderings of the 
concept. 

6.1 Acceptance of final design 

The concept Spy was chosen as the final design since it received the highest score 
in the concept scoring and was perceived to express a new shape and also the 
scouting features of the product’s functionality of surveillance in an angle of 180°.  

 
Figure 6.1 One of the early models of the Spy concept. 

The product will consist of four main parts; wall bracket, electrical housing, back 
cover, front cover, in order to be assembled and be waterproof. The front cover 
includes the body, dome and weather shield. 

6.2 Refinement of final design 

The concept Spy is a low and wide concept with the radar components next to the 
dome containing the cameras. This section will refine the concept in different 
aspects; the dome, the body, the weather shield and the coloring. From the first 3D 
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printed prototypes some issues were discovered concerning the dome for the 
cameras. It was perceived as too small from the front and too round and protruding 
when observed from the side. Consequently, it was not perceived as balanced in 
comparison to the concept’s shape. Therefore other shapes and possibilities were 
investigated without influencing the optics notable. 

 Dome design  6.2.1

The original dome was a quarter of a sphere but since it was perceived as too 
round and too small the dome design needed to be refined.  

 

Figure 6.2 The original dome. 

One solution was to make a larger sphere and trim it so that it would be wider 
from the front and less round and protruding from the side.  

 
Figure 6.3 The trimmed dome. 

Another modification of the dome could be to retrieve inspiration from the 
previous idea of separating the regular cameras from the fisheye camera. Since the 
body is low the intention for this solution was to follow the shape of the body 
when observed from the front and resemble a visor.   

 
Figure 6.4 The dome with an edge. 

Both of the modified domes affects the optics of the cameras but in order to 
improve the aesthetics it was considered tolerable to make minor compromises on 
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the functionality. The lenses’ surface towards the dome should be parallel but this 
was compromised with the modified domes and could lead to minor refractive 
errors. The dome with and edge was believed to comprise the optics less since the 
lenses were more in line with the dome’s surface than in the trimmed dome 
solution. It should be emphasized that the cameras still perform as required and 
their viewing angles are intact.  

Since this project aims to deliver a good-looking product and since the design 
team wanted to inspire the company with a new and innovative design the more 
unconventional dome with an edge was chosen.    

To enhance the shape of the chosen dome, and since many of Axis’ products have 
this feature, the design team choose to incorporate a precision ring around the 
dome. The ring was decided to be manufactured in a rubber material which was 
believed to create an interesting difference towards the glossy surface of the dome. 
In order for the dome to be perceived as black a covering camera holder was 
developed, to place the cameras in the correct angles and to enclose the dome.  

 Radome design 6.2.2

The functionality of the radar affected the shape of the body since it needed a 
smooth surface. Hence, the basic form turned out to be have an outline of 
rectangular and to enable a smooth surface in front of the radar components the 
front received an elliptical shape, see the figure below. The dome needs to be 
attached to a relative flat surface, which enables all cameras clear view.  

 
Figure 6.5 The basic shape from the front and bottom view. 

Based on this basic shape numerous sketches were made of different design 
features. A selection of these can be seen in figure 6.6 on the next page.  
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Figure 6.6 Sketches of different design features for the concept Spy. 

To be able to get a better understanding of different design features and shapes 
prototypes in styrofoam were created in the school workshop through sawing, 
carving and sanding and can be observed below. 

 
Figure 6.7 Prototypes of different design features. 
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Through intuition, discussions and imaginable associations some of the different 
designs could be eliminated and finally a combination of the concepts were chosen 
to be created and refined in CAD. 

The product needed a great depth and the design could benefit from adding space 
between the product and the wall to give the illusion of a slimmer product. A 
wedge was added and through testing a 10° tilt forward was perceived as most 
suitable since less was barely noticeable and more made the product feel heavy 
and unreliable. This design feature made the product feel slender when observed 
from the side and also perceived as more active. To build even less depth the angle 
between the radar were increased to 110° instead of 80-100°.  

 
Figure 6.8 A refined version of the Spy concept. 

The concept was refined even further to incorporate the design details from the 
previous sketching workshop. Through discussions with Åhman it was decided 
that it would be more preferable to keep the design as simple as possible and that it 
should be evaluated to adjust the proportions of the shape [41]. It was also found 
that the outer shape could benefit increasing the tension of the upper and lower 
surfaces. 

 Weather shield design 6.2.3

The weather shield was defined to lean backwards 5° in order to make the rain 
flow backwards. The shield also needed to protrude over the dome to cover it from 
the sun. The table 6.1 shows different variations of the possible weather shields. 
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Table 6.1 different weather shields. 

Description CAD 

A weather shield with two different levels 
and one edge. 

 

A simple shield wide a side edge that 
follows the body shape 

 

A shield with edges and height. This 
concepts build unnecessary space in the 
shield. 

 

A shield with edges, without height.  

 

A shield with edges in the middle and 
round on the sides to follow the body 
shape.  

A round shield intended to follow the 
body shape. 

 

 

None of these weather shields fulfilled the requirement of a good looking design 
and it was reconsidered. The design team chose to compromise on the weather 
protection and make an integrated smaller shield to seal off the top of the product 
and to make the product look more complete. Instead it was decided to 
complement the product with a larger weather shield, sold as an accessory. The 
design team was motivated to do this since several of Axis’ existing products do 
not have integrated large weather shields. Also since many customers probably 
will place the product on a wall with an existing roof enabled to cover the product.  

 Coloring 6.2.4

Axis have a selection of standard colors for their products and the most commonly 
used is “Axis white”. This color is not pure white, it is off-white. Since this project 
is more free in the design of the product it could depart from the usual Axis’ 
coloring and designs. Therefore other options were discussed and tested. The 
figure below shows different possible color combinations and the design team 
found the reflecting black surface as more interesting and aesthetically pleasing.  
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Figure 6.9 Illustration of different coloration. 

The decision on color combinations was taken based on the renderings of the final 
concept, in section 6.4. 

6.3 Update of functional analysis 

Throughout the project minor compromises has been made and some information 
has changed which led to an update of the functional analysis.  

The radar components were developed throughout the project and were not 
complete when this product was finished but the latest update changed the need to 
two radar components with 80 millimeters width and 70 millimeters height. The 
components were meant to be angled 80-100° but in order to build less depth an 
angle of 110° was used, which still could manage to cover the desired area [22].  

The product needed to be protected from the environment and this need affected 
the design but in the end proved to be better for the product’s design to make a 
small shield and sell a proper weather shield as an accessory. This shield will have 
to be developed in another project but the purpose is to deliver a shield that easily 
can be attached to this concept. 

The original dome was refined to provide a more aesthetically pleasing product 
and this modified dome affected the optics of the cameras. These effects were not 
severe and hence, the criteria of the viewing were not changed.  

The wall thickness of the radome and product in total was compromised since the 
optimal thickness for polycarbonate exceeded the manufacturing rule of maximum 
4 millimeters. This might affect the radar technology rather than affecting the 
feasibility. It is also of importance to reconsider the wall thickness since 4 
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millimeters is relatively large even if it is allowed, it could cause warpage and 
internal stress. The optimal thickness should also be investigated since the 
permittivity constant for the material might differ. 

One other criterion was to include or to have external lights. Due to the discoveries 
from the technical research included lights were decided to be set aside. Instead 
this concept will provide a solution for external lights. This concept was supposed 
to be balanced and lights was disregarded from this project, different lights need to 
be tested in order to know how many and what effect will be needed to illuminate 
the entire area. Another question to evaluate is whether the product should 
illuminate the entire area or if it is sufficient to illuminate parts of it. This since the 
customers’ areas will all be unique and in need of lights in different places. The 
criteria concerning lights need to be investigated further in order to make any 
decisions. 

6.4 Detailed prototype 

The final concept was realized in a detailed prototype, produced through the rapid 
prototyping technique stereolithography SLA and fused filament fabrication. This 
resulted in the different parts: front, back, dome, the ring around the dome, the 
hatch to the front, electrical housing, camera holder and radar holders. 
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Figure 6.10 Photo of the final prototype. 

 
Figure 6.11  Photo of the final prototype. 
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Figure 6.12 Photo of the final prototype. 

The final prototype was painted and mounted to present the concept. The concept 
was perceived as smaller than expected. The wall thickness of 4 millimeters 
affected the weight of the concept and when holding it the high weight made it 
express quality and robustness. This was a fact the design team did not realize 
before printing the concept and were able to examine it up close.  



73 

 
Figure 6.13 Rendering of the final design on a wall. 



74 

In the final design the height of the concept were altered to find more balanced 
proportions of the product. This proved to imply other benefits as the product also 
needed a larger height to enable waterproofing and mounting without interfering 
with the gasket or cables needed for mounting.     

 
Figure 6.14 Rendering of the final concept. 

When deciding to incorporate a small weather shield and to sell a larger version as 
an accessory the aim was to find a solution where the smaller shield was perceived 
as a part of the product and not protruding in any way. To assure this the design 
team decided to create a simple shield where the shape of the shield would follow 
the shape of the front body when viewed from underneath. This since, once 
mounted, the product will mainly be viewed from underneath.  



75 

 
Figure 6.15 Rendering of the bottom view. 

To ensure that the shield will be perceived as a part of the product the left and 
right outer edges were designed to merge into the existing product and avoiding 
any parted surfaces where they meet.  
At the bottom of the weather shield, where the shield meets the front body, the 
color was decided to be black. This fulfilled two desirable aspects. First of all the 
design team wished for the surface to be black out of aesthetic reasons. As the 
product consist of numerous large white surfaces the black bottom of the weather 
shield would serve as a divergence towards the rest of the product. The other 
benefit was that the cameras would gain from being surrounded by darker surfaces 
as these would absorb light and hence not interfere with the optics.  
When analyzing both the renderings and the finished prototype the selected dome 
with an edge was established as a suitable solution. This due to that it 
corresponded to the shape of the remaining of product as well as bringing a new 
design element to the product. The edge itself was not perceived as protrusive or 
odd in comparison to the body. On the contrary, the visor and the front edge of the 
weather shield also enhanced one and other. 
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Figure 6.16 Rendering of the front view 

As many surfaces were designed to be smooth it was decided to add an axis 
element in the form of a wing detail to the front cover below the dome. It was 
decided not to be either reclined or recessed in comparison to the front cover 
surface to keep the expression of a kept together product. The renderings also 
showed that adding a precision ring indeed did enhance the dome and its outer 
shape and was consequently established to be incorporated in the prototype as 
well. 

In order to accomplish an incline of the concept a wedge on the back cover was 
added. This feature also provides a desired design aspect in terms of adding space 
behind the product enabling the product to appear slimmer. Another feature that 
made the design be perceived as slimmer is the framing of the product. The 
framing was created to contrast the pervading body shape and give the expression 
of enclosing the surface. The frame was decided to be simple without details, in 
order to not inflict too many conspicuous features and let the design maintain its 
harmony.  
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Figure 6.17 Rendering of the side view, showing the wedge. 

It was originally predicted that making the front surface in a glossy black color 
would enhance the product as feeling new and innovative. However, when 
observing the renderings this intuition changed and the product was perceived as 
too dark in combination with the precision ring and dome. It was decided that the 
shape of the dome and body brought enough new and inspirational ideas to the 
product and its future product family. This decision made the concept more similar 
to Axis’ other products by having an “Axis white” front surface. 
The upper part of the weather shield was chosen to be white in order to avoid heat 
from the sun and black underneath the shield since it facilitates the optics and 
expresses precision.  

The design team is content with the resulting white concept but is still open 
minded towards adjustments and other color combinations. The figures below 
show different renderings of color combinations. 
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Figure 6.18 Rendering of a black front surface. 

 

 
Figure 6.19 Rendering with a darker wedge. 
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6.5 Components and subsystems 

 Components 6.5.1

The concept Spy is recommended to contain four 2 megapixel cameras, three 
cameras with a 65° horizontal angle of view and one fisheye camera with a 180° 
horizontal angle of view. The cameras were decided to be placed together, as close 
as possible, in one dome.  

The product was designed to contain two radar components, each 80 millimeters 
wide and 70 millimeters high. The optimal placement of the radar components is 
next to the dome, one on each side, since the weather shield will provide the best 
coverage with this placement without designing a larger shield not in balance with 
the rest of the design. The integrated weather shield was decided to be as small as 
possible and to add a weather shield optimized for extreme weather conditions 
when needed.  

Concerning the lights, integrated lights would affect the cost of the product 
significantly since the technical research showed that at least twelve strong lights 
will be needed to illuminate a scene at a distance of 70 meters. The Spy is 
prepared for lights, both integrated and external lights, due to an extra outlet. This 
concept was intended to control external lights with a relay. For this project no 
lights were tested, lights were left for future development of the product.  

 Assembling 6.5.2

The concept Spy was divided into two main parts, the front cover and the back 
cover. These encloses the components and the product is hereby prepared and pre-
assembled with a pigtail cable ready for installation. This will ensure that the 
customers are not able to touch or adjust any of the components. This is desirable 
since the radar antennas are sensitive. Also because the product is preset to cover 
180° as a standard and to ensure this no settings should be adjusted. The front and 
back cover pre assembling offer ease of use, both for the buyer and the installer.  

The other components included in the pre assembling were the dome, a precision 
ring framing the dome and the radar and camera components. The dome and 
precision ring should be assembled to the front cover. In this conceptual solution 
the dome was attached to the front cover by glue but it is recommended that this 
assembly should be performed by screwing the dome into place. A hatch was also 
created in order for the customer to be able to choose between installing the cables 
from within the wall or from underneath the product. In the event of installing 
them from within the wall the hatch is to be used to seal the front cover. 
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Figure 6.20 Illustration of the dome, front cover, precision ring and front cover hatch showing 

how the different parts should be assembled. 

The radar and camera components are to be assembled to the back cover. The 
radar and camera component holders should be attached to the back cover without 
breaking through the wall since it is important to keep the volume in between the 
front and back cover completely waterproof.  

 
Figure 6.21 Illustration of the back cover, the two radar components and all four cameras 

showing how the different parts should be assembled. 
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Figure 6.22 Assembly of back cover, the radar components and the cameras. 

 

To ensure that the assembling between the front and back cover will be waterproof 
a gasket was included. A conceptual solution was made to accommodate the 
requirement of being waterproof where the gasket was included. The back and 
front cover are assembled with four screws from the back into the front cover to 
enable that none of these screws are visible when observing the product from the 
front.  

 
Figure 6.23  Illustration of how the back cover is assembled to the front cover using four 

screws. 

The product will be presented to the installer like an assembly in order to facilitate 
the installation. An illustration of this assembled concept is presented in figure 
6.13 below. 
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Figure 6.24 Assembly ready for mounting. 

 Mounting 6.5.3

This section will describe in detail what steps the installer will conduct when 
mounting the product on a wall. In order to mount the product a mounting bracket 
will be used. The mounting bracket enables an installer to attach the bracket and 
prepare all necessary cables in advance of the actual camera installation. The 
bracket includes two mounting holes for where the cables could be mounted. The 
bracket is attached to the wall by four screws.  

 
Figure 6.25 First the mounting bracket is mounted to the wall. 

The electrical housing is then to be assembled to the bracket by using four screws. 
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Figure 6.26 Secondly, the electrical housing is assembled to the mounting bracket. 

The installer could then connect the preinstalled cables to the housing securing the 
sealing with a gasket for each cable.  

 
Figure 6.27 Gaskets assembled to secure the sealing. 

The entire housing is then sealed with a lid including a gasket. 

 
Figure 6.28 The lid is assembled to the electrical housing. 
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The piglet cable could now be attached to the outlet of the electrical housing. 
Hereafter all the components are assembled and ready for mounting, within the 
front and back cover. 

The back cover was provided with two hooks in order to be mounted to the 
mounting bracket. When the hooks are in place two screws are to be used to secure 
the positioning of the product. 

 
Figure 6.29 Illustration of how the product is assembled to the mounting bracket. 

The two final screws are to be inserted underneath the front cover and pass 
through the lower volume of the product which is not waterproof to ensure that the 
product stays waterproof. This act concludes the mounting of the product. 

This product aimed to be mounted on walls and Axis’ existing products show 
different ways of mounting. Most of the company’s products uses screws but some 
of the larger products have incorporated solutions that facilitate the installation. 
Some of these solutions are a wire with a snap hook, hinges and hooks. These 
could carry the product while installing the electronics before placing and 
attaching the product in its place. Two sets of hooks at two levels could make the 
installation easier since you can hang the product on the top level, make the 
installation of electronics and then hang it on the low hooks and attach the product. 
If the product is easy to grip with one hand a mounting aid might not be needed 
and the installer can install the electronics with one hand and then attach the 
product directly.  

The design team recommends implementing a mounting aid to ease the installation 
and in the prototype one set of hooks was implemented.  

The design in this project would need adjustments to be able to fit in other 
locations than on a wall. Other mounting places could be directly on ceilings, from 
a pole in the ceiling, around lampposts or in the upper corner of the wall. 
Mounting on poles implies some problems due to vibrations, and would impair the 
cameras and the radar technology. 
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6.6 Final evaluation and future development 

In the beginning of the thesis the following four questions were stated: 

1. What are the technical requirements of the product? 
2. What materials are suitable for the product? 
3. Where and how should the product be mounted? 
4. What is the optimal design for a product including radar technology and 

cameras? 

Throughout the process the thesis has accomplished to answer all of them. The 
technical requirements for the product and its components have been established. 
Concerning the materials it was considered to be most suitable to use 
polycarbonate. This material choice should be revised since polycarbonate leads to 
a large wall thickness. The project also provided a conceptual solution on how it 
could be mounted and assembled. Concerning the optimal design this thesis 
provides an aesthetically pleasing and functional concept that has potential to 
become a high volume product. The concept has an innovative, functional, and 
interesting expression.  

In the further development the material, therefore also the wall thickness, of the 
product should be investigated in order to understand to what level the material 
and shape affects the radar technology. The materials permittivity must be tested 
and examined further to be able to better estimate the optimal thickness. To avoid 
uneven shrinkage and internal stress the wall thickness needs to be even and 
preferably thinner. Polycarbonate indicates a thickness of 4.4 millimeters which 
might entail manufacturing issues since the desired thickness is 1.5-4 millimeters. 
In the presented concept a thickness of 4 millimeters has been chosen but should 
be revised because of the requirements stated above. But it is also notable that a 
larger wall thickness gave the product an expression of quality and robustness, 
which also was desired. To further accommodate all other manufacturing aspects 
to enable injection molding the product should be updated to keep an even wall 
thickness, to add draft angles and to avoid sharp corners throughout the entire 
product. 

Incorporated or external lights should be examined and tested in order to find the 
number of lights and the total effect needed to illuminate the desired area. Yet 
again, the desired area to illuminate should also be discussed and defined, is it the 
entire area that the radar and cameras cover or customized to the customer’s 
specific area? 

The product’s design will be feasible if the gasket system and the mounting are 
further developed. The design team recommends the front and back cover 
enclosure since this facilitate the installation and assures the components 
functionality. The conceptual solution of the assembly in this thesis requires 
further development to become feasible and to ensure being waterproof. To ensure 
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that the gasket is completely waterproof the sharp corners of the gasket should be 
avoided and redeveloped. Another solution to reduce the number of assembling 
steps could be to redesign the electrical housing and back cover. This could lead to 
an enclosing of the electronics without the need of a lid for the housing. 

The electrical housing needs to be redesigned since it most probably needs to be 
larger and more in according to the electronics and cables it is intended to contain. 

The dome should also be tested to verify that the modified dome with an edge not 
affects the optics and the viewing angles. Regardless of the results of the testing of 
the dome with an edge there is the possibility to use the trimmed dome or even the 
original and conventional dome. The design team recommends Axis to consider a 
more unconventional dome since it fits the product’s identity and shape 
significantly better. The positioning of the cameras, their inclination, should also 
be tested and finalized.  

It was defined by the design team that the product should express innovation, 
reliability and balance. According to the team, in agreement with Axis employees, 
the final concept was perceived to express this.   

 Final recommendation  6.6.1

The design team recommends Axis to develop this concept further since it has 
great potential of becoming a high volume product. This because of its 
performance and design. The basic shape of this concept has great possibilities to 
become a product with a high design value. The wide and low shape could also 
represent the new product family of products including radar technology since it 
expresses the functionality in a representative way.   
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7 Discussion 

In this section the result of the project and its process is discussed. The design 
team’s work throughout the process is also evaluated. 
 
The development of a product including cameras and radar technology proved to 
be more challenging than initially expected. Far more technical requirements 
needed to be taken into consideration when developing the external design.  
In the initial phase the design team found that there was an ongoing similar project 
that also aimed to develop a camera for 180° surveillance. That project was at an 
early stage when this master thesis was conducted but the work went on in parallel 
and their knowledge helped the design team at the initiation of the project. 
Throughout the thesis the design team itself could also share their many 
discoveries concerning technical requirements, deliberations and reasoning 
concerning the concept and its solutions. The design team’s gained knowledge has 
also affected other projects due to the extinct research and possible concepts. 
The design team aimed to establish the placement of the internal components at an 
early stage of the process and this was performed for the cameras but not for the 
radar components. The reason for this was that the radar had more than one 
possible placement that could be implemented in different design concepts and 
therefore it was a decision made later when evaluating concepts. This led to that 
the design team had more alternative and more widely spread concepts for a long 
period of time which possibly affected the final design. Still, the design team saw 
it as an important factor to keep an open mind throughout the entire process which 
was enabled by keeping the many placement solutions in the process. 
In the development phase several concepts were found to be impossible to further 
develop since they did not fulfill the requirements. This was also perceived as a 
step forward in the process since the design team then knew what they should and 
should not design and consequently could shift their attention to other concepts.  
To be able to select the final design the concepts were iterated until there were no 
longer any large variations from one idea to another. As long as new ideas and 
discoveries were found the design team had the apprehension that the solutions 
were not sufficiently developed or still needed refinement. To no longer find new 
ideas consequently served as a sign that the design was ready to be seen as the 
final solution and prepared for final refinement.  
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The design team is content with the shape of the concept since it expresses the 
performance as an all-seeing eye. The wide and low shape might even form the 
entire new product family for products with radar technology included. 
The results of this master thesis managed to answer the stated questions and 
fulfilled the purpose of the project. Therefore the design team is overall content 
with the result. The project arrangements worked well, the design team 
continuously updated and kept track of the preliminary time schedule. The 
division of workload has been equal and in the last weeks of the project the 
activities were divided due to efficiency means and different expertise. When 
evaluating the projects and its activities the design team could have focused more 
on the aesthetic design, although the functional research and development was 
necessary. The design team tried to do this by having an early concept generation 
but afterwards it was obvious that they should have implemented the designing 
earlier and more comprehensive. Although, the first generation made the team 
more efficient in the following sketching workshops since it served as a sketching 
exercise and an excellent way to start off the brainstorming. The design team 
could have focused less on researching lights and its effects and relocate the time 
to the designs instead. In conclusion, the design team has worked efficiently, 
overcame many obstacles and could deliver a well elaborated concept. 
The project has in general made many discoveries that will be useful for Axis, 
both regarding the resulting product, both on what is feasible and what was 
impossible or less viable. This project has been a thorough feasibility study that 
will serve its purpose of making a quicker entry on the market when the radar 
technology is developed and accessible. 
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8.1 Figure Credits 

1 Introduction 

Ø Figure 1.1 Top view of a building, the product and the desired area to cover. 
Made by Madelene Rundin 

2 Methodology 
Ø Figure 2.1 Graphic illustration of the four phases included in the Double Diamond 

method.  
Made by Madelene Rundin 

Ø Figure 2.2 The steps in Ulrich and Eppinger’s method for product development. 
Made by Madelene Rundin 

Ø Figure 2.3 The mindsets at the Product Concept and New Ideas Department. 
Made by Madelene Rundin 

Ø Figure 2.4 Graphic illustration of the implemented method.  
Made by Madelene Rundin 

3 Discover 
Ø Figure 3.1 The possible topography of the catchment area. 

Made by Alexandra Andersson 
Ø Figure 3.2 The horizontal angles of each of the regular cameras. 

Made by Alexandra Andersson 
Ø Figure 3.3 The different zones in the catchment area.  

Made by Alexandra Andersson 
Ø Figure 3.4 The placement of the two radar components. 

Made by Alexandra Andersson 
Ø Figure 3.5 A simplified illustration of a radar component. 

Made by Madelene Rundin 
Ø Figure 3.6 The angles of each of the radar components. 

Made by Alexandra Andersson 
Ø Figure 3.7 Typical white LED illuminator sold at Axis. 

http://www.axis.com/sites/default/files/axis-t90b25-w-led.png?chunk-nid-37360-
chunk-vid-51739 

Ø Figure 3.8 The core values of the product 
Made by Alexandra Andersson 

Ø Figure 3.9 Guidelines for the design of the radome. 
Made by Madelene Rundin 

4 Define 

Ø Figure 4.1 Sequence of events using the product. 
Made by Madelene Rundin 

Ø Figure 4.2 Examples on expressing future design and new technologies. 
Made by Madelene Rundin 

Ø Figure 4.3 Shapes to be inspired by. 
Made by Madelene Rundin 
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Ø Figure 4.4 Illustration of the core values. 
Made by Madelene Rundin 

5 Develop 

Ø Figure 5.1 Possible placements of the cameras. 
Made by Madelene Rundin 

Ø Figure 5.2 The optimal placements of the cameras. 
Made by Madelene Rundin 

Ø Figure 5.3 The regular cameras and its vertical angles 
Made by Madelene Rundin 

Ø Figure 5.4 The vertical angles of the regular cameras (blue) and the fisheye 
camera (red). 
Made by Alexandra Andersson 

Ø Figure 5.5 Placements of the cameras. 
Made by Alexandra Andersson 

Ø Figure 5.6 A photo where the different cameras cover areas are illustrated. 
Made by Madelene Rundin.   

Ø Figure 5.7 Placements of the radar components in relation to the cameras. 
Made by Madelene Rundin 

Ø Figure 5.8 Selection of sketches from the first concept generation. 
Made by Alexandra Andersson and Madelene Rundin  

Ø Figure 5.9 Variations of the concept Lion. 
Made by Alexandra Andersson and Madelene Rundin 

Ø Figure 5.10 Variations of the concept Post Box. 
Made by Alexandra Andersson and Madelene Rundin 

Ø Figure 5.11 Variations of the concept Spy. 
Made by Alexandra Andersson and Madelene Rundin 

Ø Figure 5.12 Prototypes of the concepts Spy and Post Box on a wall. 
Photo by Alexandra Andersson 

Ø Figure 5.13 Sketches of the Post Box concept. 
Made by Alexandra Andersson and Madelene Rundin 

Ø Figure 5.14 Sketches of the Spy concept. 
Made by Alexandra Andersson and Madelene Rundin 

Ø Figure 5.15 The optimal placement of the components. 
Made by Madelene Rundin 

6 Deliver 

Ø Figure 6.1 One of the early models of the Spy concept. 
Made by Alexandra Andersson 

Ø Figure 6.2 The original dome. 
Made by Alexandra Andersson 

Ø Figure 6.3 The trimmed dome. 
Made by Alexandra Andersson 

Ø Figure 6.4 The dome with and edge. 
Made by Alexandra Andersson 

Ø Figure 6.5 The basic shape from the front and bottom view. 
Made by Madelene Rundin 
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Ø Figure 6.6 Sketches of different design features for the concept Spy. 
Made by Alexandra Andersson and Madelene Rundin 

Ø Figure 6.7 Prototypes of different design features. 
Made by Alexandra Andersson and Madelene Rundin 

Ø Figure 6.8 A refined version of the Spy concept. 
Made by Alexandra Andersson 

Ø Figure 6.9 Illustration of different coloration. 
Made by Madelene Rundin 

Ø Figure 6.10 Photo of the final prototype.  
Photo by Madelene Rundin 

Ø Figure 6.11 Photo of the final prototype.  
Photo by Madelene Rundin 

Ø Figure 6.12 Photo of the final prototype.  
Photo by Madelene Rundin 

Ø Figure 6.13 Rendering of the final design on a wall. 
Made by Alexandra Andersson 

Ø Figure 6.14 Rendering of the final concept. 
Made by Alexandra Andersson 

Ø Figure 6.15 Rendering of the bottom view. 
Made by Alexandra Andersson 

Ø Figure 6.16 Rendering of the front view. 
Made by Alexandra Andersson 

Ø Figure 6.17 Rendering of the side view, showing the wedge. 
Made by Alexandra Andersson 

Ø Figure 6.18 Rendering of a black front surface. 
Made by Alexandra Andersson 

Ø Figure 6.19 Rendering of with a darker wedge. 
Made by Alexandra Andersson 

Ø Figure 6.20 Illustration of the dome, front cover, precision ring and front cover 
hatch showing how the different parts should be assembled. 
Made by Alexandra Andersson 

Ø Figure 6.21 Illustration of the back cover, the two radar components and all four 
cameras showing how the different parts should be assembled. 
Made by Alexandra Andersson 

Ø Figure 6.22 Assembly of back cover, the radar components and the cameras. 
Made by Alexandra Andersson 

Ø Figure 6.23 Illustration of how the back cover is assembled to the front cover 
using four screws. 
Made by Alexandra Andersson 

Ø Figure 6.24 Assembly ready for mounting. 
Made by Alexandra Andersson 

Ø Figure 6.25 First the mounting bracket is mounted to the wall. 
Made by Alexandra Andersson 

Ø Figure 6.26 Secondly, the electrical housing is assembled to the mounted bracket. 
Made by Alexandra Andersson 

Ø Figure 6.27 Gaskets assembled to secure the sealing. 
Made by Alexandra Andersson 
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Ø Figure 6.28 Illustration of how the electrical housing is assembled to the 
mounting bracket. 
Made by Alexandra Andersson 

Ø Figure 6.29 Illustration of how the product is assembled to the mounting bracket. 
Made by Alexandra Andersson 
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Appendix A Time Schedule 

A.1 Preliminary Time Schedule  
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A.2 Final Time Schedule 

 
  



98 

Appendix B Calculations of the 
cameras’ catchment area 

 

Table 8.1 Calculations of the catchment area. 

Definition [Horizontal 
pixels/face] 

[Pixels/cm] [Horizontal 
distance,  

1920 px/(px/m)] 

Calculated distance 
from camera [m] 

Identifications (cc) 80 5 3,8 3,7 
Identifications (gc) 40 2,5 7,7 7,4 

Recognition 20 1,25 15,4 14,9 
Detection 4 0,25 76,8 74,4 

 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒  𝑓𝑟𝑜𝑚  𝑐𝑎𝑚𝑒𝑟𝑎 =
𝐻𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙  𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

2 ∙ arctan 65
2
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Appendix C Functional Analysis 

The importance of the different needs was evaluated on a scale from one to five by the 
supervisor at Axis, Alm, and the design team. Since Alm has more experience and 
knowledge and in fact is the project sponsor his opinions carries more weight and 
corresponds to the design team together. 

Table 8.2 The functional analysis. 

Importance 
Scale 1-5 

Need 

Design 
team 

Carl-
Axel 
Alm 

Average 
General 

5 5 5 The product will detect motion 
5 3 4 The product will record 
3 3 3 The product will be cost-efficient 
3 4 3.5 The product will use a standard low power 
3 4 3.5 The product will be a high volume product 
5 3 4 The product will be innovative 
4 4 4 The product will be durable (performance and design) 
3 2 2.5 The camera will withstand mechanical load 
5 3 4 The product will be aesthetically pleasing 
3 4 3.5 The camera will be market leading 
5 4 4.5 The product will express quality 
4 4 4 The product will express robustness 
3 2 2.5 The product will express the radar technology 
3 2 2.5 The product will be modular 
4 4 4 The product will express trust 
5 2 3.5 The product will express new technology 
3 2 2.5 The product will express performance 
3 2 2.5 The product will be sustainable 
5 5 5 The product will be balanced 

   Viewing 

5 5 5 The product will have four cameras 
4 5 4.5 The camera will overview a large area 
5 5 5 The product will give a good overview 
4 3 3.5 The camera will cover a large distance 
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5 5 5 The camera will cover a horizontal angle 
4 5 4.5 The camera will cover a vertical angle 
4 - - Each viewing angle must overlap to enable stitching 
3 3 3 The optical axis of all cameras will converge into one point 

   Radar 
5 5 5 The product will include two radar components 
2 5 3.5 Each radar component will cover a horizontal angle 
2 - - Each radar component will cover a vertical angle 
2 - - The radar component will be as small as possible 
2 4 3 The radar component will cover a large area 

   Lights  
5 5 5 The product will include lights or have external lights 
5 3 4 The product will give a color image 
3 4 3.5 The product will give a good video quality 
4 4 4 The lightning will cover a horizontal angle (if included) 
5 4 4.5 The lightning will overview a large area (if included) 
   Axis 

4 2 3 The product will be designed according to Axis' standard 
3 2 2.5 The product will use torx 20 screws if needed 
3 2 2.5 The color of the product will match Axis' standards 
3 2 2.5 The texture of the product will match Axis' standards 
3 2 2.5 The graphics of the product will match Axis' standards 
3 2 2.5 The Axis logo will be displayed according to Axis' standards 
5 4 4.5 The product will represent the Axis brand 
5 2 3.5 The product will fit into the product portfolio at Axis cameras 
   Material and color 

4 5 4.5 The material of the product will be optimized for outdoor use 
5 5 5 The material of the product will not interfere with the radar 

technology 
4 5 4.5 The color of the product will not interfere with the radar 

technology 
4 2 3 The product will use as little material as possible 
   Feasibility 

5 4 4.5 The product will be user friendly 
4 4 4 The product will be easy to use 
4 4 4 The product will be easy to install 
4 4 4 The product will be easy to mount 
4 5 4.5 The product will not be able to mount in a wrong way 
3 3 3 It will be easy to replace any damaged components 
5 4 4.5 The product will be feasible 
4 2 3 The product will be easy to package and transport 



101 

   External factors 
4 4 4 The product will be resistant to all kinds of weather 
4 2 3 The product will withstand violence 
4 2 3 The product will not be easy to cover 
5 5 5 The product will withstand UV light 
2 2 2 The camera will not be disturbed by light reflections 
3 2 2.5 The product will not be appealing for insects and spiders 
4 2 3 The product will be designed to prevent icicles to appear on lens 
3 3 3 The product will not be disturbed by raindrops waterproof 
5 2 3.5 The product will provide several cable outlets (back, side 

underneath) 
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Appendix D Scenarios 

D.1 Potential scenarios 

Table 8.3 Potential scenarios of usage 

Scenario Comment 

Companies with high security High secrecy 

Industrial facilities  

Prisons Building where nothing should get in or out of, large 
buildings with large areas to cover 

Critical infrastructure For example water reservoirs 

Parking lot outside a shopping mall To provide an overview, would lead to difficulties for the 
radar technology due to the cars’ metallic surfaces 

Schools at night  

Areas outside shops For example load docks 

Nuclear power plants  

Temporary events For example festivals 

Government facilities For example the area surrounding the White House 

Private buildings  

  

D.2 Sub scenarios 

Construction site at the civil engineer’s building 

At 23.37 a Friday night a group of students gets the idea to climb the fence 
surrounding the ongoing construction at the building next to their party. The 
students are drunk and not harmful but still they are trespassing a restricted area. 
The alarm sets of and a light switch on. Someone gets cold feet and runs away, 
which make the rest of the group hesitate for a while. 
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At the same time the staff at the surveillance center sees the students and send a 
guard immediately. Before sending more security staff they await the students’ 
next moves. 

One student is pushing to go further but he obeys the others and they head back. 
While climbing the fence they see the Securitas car approach and hurry up and get 
away running in different directions. 
Way out West festival in Gothenburg 

The day before the festival, all equipment is set up and the party will start the next 
day. The area is restricted and closed off with a fence. Since the area contains 
valuable products the security is high and they have Axis’ cameras with radar to 
see if someone breaks into the area at nighttime. 
Meanwhile a group of experienced house robbers are planning to steal the valuable 
equipment and has had their eyes on the area for days. They know the weak spots 
in the fence and where the cameras are. 
At 03.47 the team of robbers start their attack - they shot the cameras with 
paintball guns and starts to climb the fence and enter the area. All goes according 
to their plan and they start packing up the equipment quickly. 
What they do not know is that the cameras had radar that detected their movement 
and started an alarm at the security company. Since the staff sees nothing from the 
camera recordings they realize that something serious is going on and sends many 
guards and call the police. 

When the reinforcement comes to the location the robbers are still inside packing 
the goods and the guards and police can surround the area and catch all of them. 
 

 

 

 

 

 


