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Ford Cognizant is a smart inventory control 
unit dedicated for the consumables carried 
in craftsmen’s light commercial vehicles. 
Screws, elbows, fasteners or any type of 
small material with a high usage frequency 
is hard to manage. This difficulty increases 
incrementally considering major nuisances 
that craftsmen face with in the trunk area.

The concept levels up the impractical ways 
of inventory management in the trunk. 
Accessible technologies are utilised to 
improve craftsmen’s inventory awareness 
and work efficiency by being their reliable 
assistant.

Craftsman’s
right hand.
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In Section I, role of the project partners and vision of Ford Motor Company 
were explained. Later on detailed design assignment and approach 
including the scope of the work and methodologies that has been utilised 
were shown. This section ends with stakeholder analysis and defined 
research questions with project goals.

Introduction

The Role of Partners

Ford Motor Company and the Future of Transit

Design Assignment

Design Approach

Stakeholder Analysis

Project Goals and Research Questions

F O R D  C O G N I Z A N T
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The term commercial vehicle is used to identify a vehicle which main purpose is to transport goods or 
materials. The light commercial vehicle market, comprising vans and trucks, in Europe is growing rapidly 
every year. Such that, they account for over 80 percent of total commercial vehicle sales in European 
markets (Wagner, 2021). According to Statista Research Department, Ford Motor Company sold 124.571 
vehicles between January and April 2021, which makes them the leader of the market with their signature 
model, the Ford Transit.

Craftsmen are one of the important customers of light commercial vehicles. They see their vans as 
trustworthy colleagues that help them to bring their materials everywhere. However the current state of 
their vehicles do not contribute for solving the issues that they face during intense work days. Deloitte’s 
consumer research suggests that the drivers of the next generation want their cars to act as smartphones 
on wheels, like to remain connected and productive while on the go (Ninan et al, 2015). With this vision, 
Ford RIC Aachen focuses on creating a smart trunk environment for craftsmen and building the future of 
the Ford Transit.

As the graduation thesis is in collaboration with TU Delft, Hoog+Diep and Ford RIC Aachen, the project’s 
focus is on the smart trunk ecosystem and inventory management in craftsmen’s light commercial vehicles. 
The particular topic was analysed with a user-centric approach to define a use-case and to add a value as 
a design engineer.

This report will take you through the process of Ford Cognizant, a smart inventory control system, aiming 
for enhancing craftsmen’s inventory awareness.

Introduction

F O R D  C O G N I Z A N T
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The Role of TU Delft,
Hoog+Diep and Ford Motor Company
This graduation thesis project has been done with 
multiple partners; TU Delft, Hoog+Diep and Ford 
Motor Company. During the project, it was taken into 
consideration to fulfil each partner’s expectations 
and wishes. TU Delft represents the explorative 
and scientific part of the graduation thesis, on the 
other hand, Ford Motor Company provides the 
potential use-cases and business-cases as a client 
and Hoog+Diep meanwhile covers both ends of the 
project. The chair of this project, Evangelos Niforatos 
is an Assistant Professor at the Sustainable Design 
Engineering department and specialised  in Human-
AI Interaction. The mentor of this project, Andre 
Valkenhoff is a designer and design coach at the 
Applied Ergonomics & Design department. 

Hoog+Diep is a multidisciplinary design consultancy 
located in Rotterdam. They are focusing on 
products and services for various industries, that 
catalyses new trends in physical and digital product 
development. Hoog+Diep and Ford RIC Aachen 
already collaborating on some projects in the 
same domain such as ‘Tool Tracking’ with the aim 

of building a smarter trunk ecosystem with a user-
centric approach in order to boost the efficiency 
of craftsmen at work.The managing director of 
Hoog+Diep, Wouter van der Hoog is the company 
mentor of the graduation thesis.

A branch of Ford Motor Company, Ford Research 
and Innovation Center (RIC), located in Aachen, 
houses multiple departments including smart 
mobility department which develops new mobility 
concepts with a vision and user centric approach by 
envisioning the future of light commercial vehicles. The 
smart mobility department has multiple workstreams 
that focuses on different projects and target users. 
Craftsman workstream is one of them that particularly 
focuses on improving the work efficiency of users by 
developing innovative concepts for the Ford Transit.
The team collaborates closely with a community of 
local craftsmen with different specialisations such 
as construction workers, plumbers, electricians in 
Aachen. This graduation thesis is done together 
with craftsman track team. Marcel Grein and Nicole 
Eikelenberg are the company mentors of the project. 

During my studies I had a chance to work 
with Ford RIC while completing the course 
Advanced Concept Design (ACD). Later on had 
this exclusive opportunity to finalise my master 
studies with collaborating with them once again
for the graduation thesis. I have been provided with 
potential use-cases that Ford RIC has been working 
on. My contribution was to approach these use-
cases with a user-centric manner in order to explore 
craftsmen’s actual needs, wishes, requirements and 
restrictive factors. During the entire design continuum, 
regular bi-weekly meetings, creative sessions and 
discussions with engineers from Ford RIC were 
conducted to maximise the richness of collaboration 
by compounding the explorative approach of TU 
Delft and Hoog+Diep with the business oriented 
approach of Ford RIC Aachen. 

F O R D  C O G N I Z A N T
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The Ford Transit, also known as the Ford T-Series in 
some markets, is a range of light commercial vehicles 
produced by Ford since 1965. Sold primarily as a 
cargo van, the Transit is also built as a passenger van, 
minibus, cutaway van chassis, and as a pickup truck 
(“Ford Transit,” n.d.). The Transit has been the best-
selling light commercial vehicle in Europe for forty 
years, and in some countries the term “Transit” has 
passed into common usage as a generic trademark 
applying to any light commercial van in the Transit’s 
size bracket. 

As can be seen from Ford’s sales channels, the current 
Transits are promoted for featuring the following 
characteristics: Safe, comfortable, functional and 
tailored. The characteristics have roughly stayed the 
same over more than 50 years of sales of the Transit 
line. It is possible to see the great examples of these 
values’ reflections on the Ford Transit’s product range. 
Available in different sizes, heights and lengths, every 
profession or specialisation have a version of the Ford 
Transit tailored for them. Since the International Van 
of the Year award was founded in 1992, the Transit 

has scooped the award five times (Moss, 2013). 
Craftsmen are one of the most popular customer 
group of light commercial vehicles, in fact, research 
by the Freight Traffic Control of the city of London 
showed that more than 32% of all LCVs in Britain in 
2014 were accounted for by craftsmen businesses 
(Spierings et. al.).

The Ford Motor Company has a lot of experience 
in the field of traditional product innovation. The 
year 2016 was a record year in number of inventions 
that were disclosed by Ford employees. However, 
with the transformation from an auto to a mobility 
company, Ford is looking into opportunities where 
not only products play an important role but also 
services (Spierings et. al.). Therefore, recently Ford 
Motor Company is collaborating institutions such as 
TU Delft, or design consultancies with user-centric 
approach. This vision estabilishes a ground for them 
to fit their smart services for craftsmen’s actual needs. 
This approach guided the company to steer their 
focus on topics such as ‘Smart Trunk’ and ‘Inventory 
Management’.

The project ‘Smart Rack’ and ‘Tool Tracking’ are some 
of them which are ultimately accentuating to solve 
the issues within the vehicle, especially in the trunk 
area where all the materials, consumables and tools 
are transported. For instance, ‘Smart Rack’ is focusing 
on enhancing the accessibility and usability of the 
trunk area by proposing an advanced, configurable 
racking system with dedicated storage solutions 
through carried materials, which craftsmen can use 
with reduced amount of required physical effort. On 
the other hand, ‘Tool Tracking’ produces a solution 
towards forgotten or lost tools either in the vehicle or 
the construction sites during working. 

During the developments of each concept, Ford 
Motor Company conducted extensive target group 
analysis in order to shape the future of the Transit 
while taking the real needs of the craftsmen into the 
consideration.  

Ford Motor Company 
and the Future of Transit
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Design Vision

Adapting beneficial technologies to craftsmen’s light 
commercial vehicles to ultimately improve their work efficiency.   

F O R D  C O G N I Z A N T
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1.1 Design Assignment

The initial design assignment for the graduation thesis 
was ‘Enhancing the smartness of the trunk of light 
commercial vehicles by using artificial intelligence 
with a human-centric approach.’ It was observed in 
user interviews that, advanced technologies such as 
artificial intelligence or machine learning triggers the 
scepticism of craftsmen towards technology which 
conflicts with the design vision of the graduation 
thesis. This particular drawback then discussed with 
the company and client mentors. The re-formulation 
of the design assignment has been made in a way 
that would steer the project into enhancing feasibility 
with accessible technologies and coming up with a 
solution that coincides with the design vision.

The final outcome of this graduation thesis is a fusion 
of a tangible product and a service design, that has 
been developed around the topic that the client is 
focused. The topic is the inventory management 
within the light commercial vehicle of craftsmen. This 
topic canalised the graduation thesis into questioning 
how can the inventory management be developed 
by making the trunk area smarter and providing 

beneficial services towards enhacing craftsmen’s 
inventory awareness, to ultimately improve their work 
efficiency. 

It was also taken into consideration while concept 
development, that, benefits should comprise not 
just from employee craftsmen’s perspective but also 
organisational (small and medium sized craftsmen 
companies) point of view in order to empower the 
business. Along the entire design process, craftsmen 
and craftsmen companies had the main role, thus, 
there were the stakeholders who had the highest 
involvement. Their contribution were critical and 
substantial, especially while decision making in order 
to be able to tailor the concept for them and for their 
wishes. Therefore, not just during the field research 
phase, but also during the concept development, 
main target group were kept involved as much 
as possible. This has been done with  conducting 
multiple user tests and evaluations in order to 
endeavour answering questions such as; what 
type of information do craftsmen need to see to 
enhance their efficiency, how can those information

be communicated and integrated to the vehicle 
without manipulating or interrupting their work flow. 
The re-formulated design assignment stated below, 
focuses on answering aforementioned questions.

Figure 1.1: Craftsmen van in a construction site

F O R D  C O G N I Z A N T
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Designing a smart trunk ecosystem for craftsmen’s 
light commercial vehicles in order to improve the 

inventory awareness and work efficiency.

The concept must fit to target user’s identity and 
contextual requirements in order to successfully 

enhance the function of their vehicles. 

Re-Formulated Design Assignment

F O R D  C O G N I Z A N T
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1.2 Design Approach
1.2.1 Methodologies 

Initially, a stakeholder analysis and mapping has 
been made to state the level of involvement and 
find opportunity areas. Following that, literature 
research was conducted, considering the topic of 
the project, mainly about inventory management 
methods, the envisioned future of automotive 
industry and applications of big data and IoT. To 
gain greatest insights from user groups, interviews 
were held and overt shadowing followed through 
to examine unconscious behaviours of craftsmen. 
Japanese designer, Naoto Fukasawa emphasises 
the importance of those unconscious behaviours for 
design process by developing his own philosophy 
called ‘Without Thought’ which is about finding ideas 
in people’s spontaneous behavior and realising these 
ideas in design. Not having to think more about how 
to use a product could allow people to achieve their 
goals unconsciously, which makes the usage of a 
product easier and smoother (Xu, 2013). The extensive 
user research followed by a market research, focusing 
on inventory management methods, technologies 
and solutions that are preferred in different industries 
to find some inspirations. The comprehensive field 

research guided the graduation thesis to define clear 
and on-point research questions, problem statement, 
design goal, requirements and deliverables.

The Double Diamond method (Designcouncil, n.d.) 
was applied to the entire process to explore the 
issues regarding the topic widely and then to take 
focused actions (divergent to convergent thinking) to 
find an innovative solution (Figure 1.2). This method 
combining with lean project planning (Stepanov, 
2018) enabled conducting fruitful iteration cycles in 
order to identify the customer needs for continuous 
improvement. While concept development, ideation 
phase supported with user tests with high fidelity 
prototypes. The user tests were focusing on the 
communicational values and overall experience of 
the service with testing the relevancy and reliability 
of the chosen technology to implement.

Delft Design Guide was consulted frequently to 
support the design process. Metholodologies and 
approaches such as; Service Design, Data-Centric 
Design, Product Life Cycle and Morphological Chart 
were applied during the concept development phase 
of the graduation thesis. 

1.2.2 Scope of Work

The scope of this project is focusing on the topic, 
inventory management within the light commercial 
vehicles. It is analysed with a user-centric approach 
and a concept is developed to improve craftsmen’s 
inventory awareness and management. The concept 
will be finalised until the stage where engineers at 
Ford can take over and build a prototype from in 
order to integrate it to the project ‘Smart Rack’. The 
scope includes;

+ Integration of features and functions that are
beneficial for craftsmen workflow.

+ Discovering different ways of interactions
with a tangible product by utilising technology.

+ Providing the connectedness between the
vehicle and craftsmen

+ Developing a concept package to support
further developments by the engineers of Ford
for product integration.

F O R D  C O G N I Z A N T
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+ Integrating it in the usable space of the 
Transit Custom van, including doorposts and 
wheel-arches.
 

NOT IN SCOPE:

- Structural engineering and vehicle 
integration in terms of fixation to the vehicles 
chassis.

- Vehicle integration in terms of power supply. 

- Connectivity of the system to the warehouse 
of craftsman company.

- Cost estimation of non-mandatory or 
changeable parts.

- Advanced algorithm and coding that might 
be needed to utilise the system.

Figure 1.2: Project approach and plan (source: Design Council)
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Stakeholder analysis has been done for exploring each stakeholders influence and 
interest level in order to explore the opportunity areas. To achieve that, Mendelow’s 
Matrix has been used for mapping (Figure 1.3). Mendelow’s Matrix is a tool that may 
be used by an organisation to consider the attitude of their stakeholders at the start 
of a project or when they are setting out strategic objective (Bizzle Dizzle, n.d.). This 
method is also applicable to design process to define which stakeholder has the most 
power for interest and influence on the project. Therefore prioritisation regarding the 
level of involvement for the design process can be conducted. 

The key stakeholders were defined as Ford RIC Aachen, Hoog+Diep and small to 
medium sized craftsman companies. Ford RIC Aachen resources the use-case for the 
graduation thesis project and Hoog+Diep is the main partner. Compared to individual 
craftsman business, companies which have multiple employees and vehicles have 
more complex internal organisation, especially for inventory management. Specialised 
professions such as data managers, IT asset managers or service coordinators are 
more involved to the inventory management process unlike individual craftsmen 
who are responsible about every task regarding their work (See Appendix A). On 
the other hand, considering the overall income and financial status, large sized 
companies lean towards technological implementations in order to solve complex 
phases with decreasing human labour and chance of error via automated systems. 
However, for small and some medium sized companies the situation is a bit different. 
Because of having less employees and work, even though there are major problems 
regarding the inventory management, small to medium companies still prefer to 
utilise old inventory management methods and do not prefer to be part of digital 
solutions because of their scepticism which enables a room for improvement for 
this particular user group. 

1.3 Stakeholder Analysis

F O R D  C O G N I Z A N T

Figure 1.3: Stakeholder mapping with Mendelow’s Matrix
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The current craftsmen vans are a bus-like vehicles with openings to the trunk as 
the back and the side-door. The van’s interior, mostly compartment racks, is then 
built into the trunk, using both inner sides of the vehicle and is only accessible 
from the inside. Those built storage solutions are only focusing on providing space 
for carried materials and does not contribute to craftsmen’s work performance 
in any way. In fact this approach reveals major user and context related issues 
that downgrades the productivity due to the lack of practicality. This status quo 
should be questioned and a smarter solutions with a high potential to improve 
inventory accessibility and awareness should be developed. 

As craftsmen have a certain identity and a work routine, the developed concept 
should fit their standards and expectations in order to give them pride and 
confidence in their professional usage. At the same time, considering the ultimate 
design vision, the concept should familiarise the target group to the world of 
digitalisation and help them to realise the potential benefits of technology in 
the trunk context. The concept should also empower small and medium sized 
craftsman company businesses in order to improve their internal organisation 
regarding inventory consumption. Therefore, considering the defined use-case, 
comprehensive field research and it’s analysis, challenges and opportunities, the 
following research and design question had been formulated. In addition, couple 
of sub-research questions are revealed during the field research phase to be 
answered with the concept design:
 

1.4 Project Goals and 
Research Questions How to design a smart trunk ecosystem 

that will improve the inventory 
awareness of craftsmen?

How can craftsmen be adapted to the world of 
digitalisation?

How can the inventory management be improved in the 
trunk by utilising technology?

Can digital solutions spearhead to craftsman business for 
improving itself?

How can the physical effort required interactions in the 
trunk be evolved?

What type of information do craftsmen need for 
inventory management?

RQ1

RQ2.1

RQ2.2

RQ2.3

RQ2.4

RQ2.5

F O R D  C O G N I Z A N T
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FIELD RESEARCH

F O R D  C O G N I Z A N T
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2.1

2.2

2.3

2.4

2.5

2.6

26

28

30

32

38

44

Section II starts with the definition of craftsmen community and the bound 
with their vans. Later on this part continues with analysing the inventory of 
craftsmen observed by exploring vans during user interviews. Focused on 
each type of materials carried in the trunk in order to define the ones with 
high potentiality to obstruct inventory management. Later on, determined 
user problems are explained as a result of conducted interviews. This section 
finalises with analysing the reflections of user problems to craftsmen’s 
workflow on a regular working day.

During field research multiple steps of interviews has been conducted with 
eight different craftsmen (Table 2.1). Their vans, especially the trunk area 
and carried materials were observed in order be able to define a use-case 
regarding the inventory management. Diversity of the participants was 
taken into consideration in terms of specialisation, age and experience and 
the size of their businesses.

Craftsman

Jack of All Trades and the Specialist

The Trustworthy Colleague

Craftsmen Inventory

Defined Problems

A Day of a Craftsman

F O R D  C O G N I Z A N T

List of participans

Craftsmen

John M.

Kim v.A

Craftsman #3

Louis B.

Steef C.

Can T.

Ethem Y.

Hakan Ö.

Specialisation

Constructor

Constructor

Electrician

Carpenter

Field Service
Engineer

Plumber

Service 
Operator

Gardener

Age

31

34

47

51

37

32

41

38

Experience Business

Medium sized 
company

Medium sized 
company

Medium sized 
company

Medium sized 
company

Medium sized 
company

Individual
business

Large 
company

Large 
company

Vehicle

Renault 
Master

Ford Transit 

Mercedes-
Benz Vito

Volkswagen 
Transporter

Volkswagen 
Transporter

Ford Transit 

Ford Transit 

Ford Transit 
Flatbed

Table 2.1: Full list of participant craftsmen
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2.1 Craftsman
Craftsmen are skilled and adept trade workers 
that use hand tools, power tools, consumables and 
automated machinery in their daily work (Figure 2.2). 
Most of the time they commute with light commercial 
vehicles from their home or from headquarters to the 
construction site. Within the vehicle they store and 
transport their tools/items, materials, goods and 
loads. They may spend years perfecting their craft and 
can be a jack-of-all-trades or highly specialised in their 
knowledge and abilities. A craftsman may produce 
anything from furniture to bed springs to auto parts 
depending on their skill set. No formal education 
aside from a high school diploma is required to be 
a craftsman, however gaining experience and skill is 
key to having a successful career (Study.com, 2021). 

Craftsmen can either work individually as (jack-of-all-
trades) or can be a part of a larger business (with more 
specialised profession and role). This differentiation 
influences their income, vehicle specifications and 
tools that they are using. A craftsman can have a 
variety of tasks depending on their skill level or area 
of expertise. Some may focus on making models, 
die cuts, patterns, designing custom furniture while 
others might do electrical or construction jobs. Due 
to the physical and exacting nature of their duties, 

many craftsmen have a high non-fatal injury rate 
when compared to other professionals. According 
to the latest numbers of the ESWC*, 45.5% of 
the European workers report working in painful or 
tiring positions while 35% are required to handle 
heavy loads in  their work (Schneider, 2010). Therefore, 
they work in different environments, where safety 
is paramount and protection is mandatory. They 
may wear equipments like eye goggles, gloves and 
padded clothing to protect themselves. 

Craftsmen are undoubtedly connected to modern 
day society. They are seen in day-by-day traffic or 
at department stores, seemingly always on the way 
to a new job. They are also a very common image in 
pop-culture as they depicted as masculine, do-it-all 
guys, capable of finishing all kinds of tasks,. Another 
thing commonly associated with craftsmen is their 
van, in fact, Ford even called it the ‘Backbone of 
Britain’ in one of their advertisements (Figure 2.3). It 
is an indisputable part of handyman culture and the 
benefits it brings to society. Craftsmen have been 
portrayed generally positively, as do-gooder helpful 
types, but not particularly smart or ambitious.

S Y N O N Y M  /  H A N D Y M A N 
a person able or employed to do occasional 

domestic repairs and minor renovations.

F O R D  C O G N I Z A N T

Figure 2.2: Craftsmen
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Figure 2.2: Craftsmen

Figure 2.3: Ford’s advertisement: Backbone of Britain
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The term ‘craftsman’ covers a wide range of 
individuals, differing in age, gender, profession, 
education, etc. According to the field research, in the 
Netherlands two main different types of handymen 
are distinguishable (Table 2.4). Firstly, the “do-it-all” 
craftsmen, also known as ‘jack of all trades’, who 
perform various tasks in and around the house. This 
type of craftsman often works with a lower rate than 
their specialised counterpart and is recognisable 
by their informal appearance and improvisational 
approach. This way of work makes, do-it-all craftsmen 
or craftsmen companies often take part in short 
term service jobs. Specialists on the other hand, are 
more trained professionals. Their repertoire of skills is 
narrow but profound, as they are trained professionals 
with the paperwork to prove it. 

Depending on the job description, a specialist 
may come with a team of workers to get the job 
done. They typically take on bigger projects and 
may even call on other specialists to help them 
complete the project. While a craftsman is excellent 
for helping out around the house with things you 
could do yourself if you had the time or tools, a 
specialist is the better choice for more complex, 
long-term, or large-scale projects (Greaves, 2018).

Short-term service jobs usually consists of couple 
of job locations per day. Craftsmen apply more 
improvisational solutions through problems, by 
making a diagnosis during the initial visit to the job 
site. However, this impromptu can catch craftsman 
unawares, for instance with a deficiency of inventory. 
Therefore, short-term service jobs require to do some 
additional activities which are results of unforeseen 
events that make craftsmen lose time. On the other 
hand, specialised companies who do long-term jobs, 

often stay at the same construction site for some time 
which makes them utilise the area as a warehouse. 
Usually planning has been made resplendently with all 
the necessary and spare consumables, materials and 
tools which makes them perfectly prepared for the 
upcoming task. As a conclusion of aforementioned 
facts, craftsmen and companies who are doing short-
term service jobs were taken as a focus group due to 
the potentiality of major problems that are mentioned 
at Part 2.6.

2.2 Jack Of All Trades and  the Specialist

F O R D  C O G N I Z A N T

Table 2.4: Variations of 
craftsmen business
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Craftsmen of today rely on their trustworthy colleague - their van. A craftsman’s 
van is not only a means to get from A to B; it is also a toolbox, office, lunchroom, 
stock room, business card and a source of professional pride and corporate 
identity. In short, craftsmen spend a lot of time in or in close proximity to their 
vans. Because of this craftsmen often tailor their vehicles to their needs and 
have a very strong relationship with their vehicle (Spierings et al., 2018). 

Craftsmen’s vans are utilised with all different kinds of storage facilities, often 
self-built because of its less cost, and sometimes with equipment catered to 
them by professional van-interior companies (Figure 2.5). Suitable van racking 
is essential here in order to turn LCVs into flexible and functional assistants. No 
matter what size is the vehicle, chances are that it will quickly turn into chaos 
without an organisation system in place (Rapid Vans, n.d.). 

It was observed during user interviews that, current van racking solutions, 
do not provide any other benefits than offering an organised configuration 
with maximising the use of space in order to carry more materials, tools and 
consumables. While craftsmen were interacting with the trunk, it was also 
observed that,  current solutions do not address to actual difficulties that 
craftsmen face with, such as, inventory management and accessibility. This 
influences craftsmen’s workflow and  the provided organisation within the 
confined space. With the current solutions for craftsmen’s vans, every interaction 
within the trunk, demands a physical effort such as, searching, controlling or 
collecting.

2.3 The Trustworthy Colleague

F O R D  C O G N I Z A N T
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Figure 2.5: Different types of craftsmen van setups
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When it comes to what craftsmen carry in the back of their vans, there is 
a huge variety and amount (Figure 2.6). Craftsmen are good at utilising 
the spacious cargo area that light commercial vehicles provide by building 
racking solutions in order to carry as much materials and tools as possible. 
Clearly, a vans strength is in the amount of stuff craftsmen can pack into 
it. A well stocked van is pretty much a mini hardware store (Perry, 2020). 
Despite that fact, having too much materials and tools can reveal some 
major difficulties (see Part 2.6). It is compelling to come up with the most 
relevant solution for every type of materials and tools, especially when 
contextual nuisances do not provide any convenience.
 
The tools in the trunk are placed with a priority and requirements such as 
frequency of usage, order of usage, the size, the weight, routine check 
or the maintenance. Therefore it is hard to keep track of these factors 
for every single one of them. Craftsmen have to come up with tailored 
and specific solutions; for instance, the battery powered tools which are 
considered as valuables are often placed in storage units which cannot 
be accessed easily except by the craftsman himself. Even though the 
amount and type of materials can vary depending on the profession 
or specialisation, it is still possible to cluster them into sub-groups to 
understand the differentiations between them in terms of their states in 
the trunk area. It is essential to comprehend the ways of utilisation, storage, 
restocking and maintenance, along with potential difficulties that they 
reveal while transporting them. Therefore the observations can be utilised 
as drivers for the concept generation phase. 

2.4 Craftsmen Inventory

F O R D  C O G N I Z A N T

Figure 2.6: Craftsmen van inventory Figure 2.8: Inventory bins with side door access
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Consumables are one of the most essential group 
of materials for a craftsman inventory. This group 
includes screws, bolts, fasteners, nails, elbows, 
switches etc. which can also differentiate from one 
specialisation to another. (Figure 2.7) Because of 
tasks such as drilling, fixing or mounting that are 
almost always a case for craftsman work, they have 
a high frequency of usage and a turnover rate. This 
factor, combined with the difficulties experienced 
in the trunk drives craftsmen to carry high amount 
and variety of consumables. During interviews it was 
observed that the main issues regarding consumables 
are; having low-stock or over-stock which are equally 
substantial, and getting forgotten or lost either at 
the job site or in the trunk. 

It is important to manage consumables in order to 
improve the consumption rate and avoid additional 
expenses. In craftsmen vans, consumables are often 
kept in different sized inventory bins and organisers 
to bring to the job site. It is also possible to see spare 
boxes of those consumables in the van in order to 
avoid having low stock situation (Figure 2.8). In 
addition, interviewees mentioned that, consumables 
are the materials that do not invoiced to the customer, 
thus, any type of loss and waste is covered by either 
the employee craftsmen or the manager. 

2.4.1 Consumables

Figure 2.6: Craftsmen van inventory

Figure 2.7: Consumables in inventory bins Figure 2.8: Spare boxes of cosnumables

Figure 2.9: Consumables in organisers

Figure 2.8: Inventory bins with side door access
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Inventory bins are used for bin stocking which is an inventory management 
system that helps track how much of a specific item is available or what 
products get stocked (Sine-Tific, n.d.). Craftsmen provide these plastic 
bins with various sizes in their vans, mainly for consumables, due to their 
visibility, durability and longevity because those bins are maintenance free 
(Figure 2.10). To determine the correct type of storage container, it needs 
to be known what and how many items need to be placed in the them. 
Therefore usually small and medium sized industry standardised inventory 
bins are preferred (see Appendix B). One of the other advantages of 
these inventory bins is, they are stackable which enables reducement on 
occupied space. It can be also possible to see different versions of these 
bins, either as a part of a system or as built-in components. 

Organisers are compact and versatile cases with a fusion of toolbox and 
suitcase look. Even though, there are various types of organisers in the 
market, often it consists of a hard plastic body, a transparent cover (for 
maximising the visibility) and small plastic slots placed inside (Figure 2.12). 
Craftsmen prefer to use organisers a lot in order to reduce the interruption 
of work by going back and forth to the vehicle. It enables to carry every 
consumable necessary with one go. Even though, inventory bins and 
organisers have different purposes, two of the interviewees mentioned 
that they prefer to keep the stock of consumables in inventory bins and 
transfer to organisers whenever it is necessary.

2.4.2 Inventory (Storage) Bins

2.4.3 Organisers

F O R D  C O G N I Z A N T

Figure 2.10: Consumables

Figure 2.12: Stanley Fatmax Organiser

Figure 2.11: Different sized consumables in inventory bins

Figure 2.13: Organisers in storage system
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Battery powered tools are one of the most valuable goods 
for craftsmen inventory. Not just the fact that overall they are 
expensive, also, maintenance and battery replacement adds 
more cost. Therefore craftsmen tend to give a good care to 
battery powered tools. They are always placed in their protective 
cases in order to avoid any type of damage which can cause a 
stoppage at job. On the other hand, sometimes incidents such 
as theft can happen to vans, thus, craftsmen prefer to place 
battery powered tools in a spot which cannot be reached easily. 
Some craftsmen place them just behind the side door and in 
order to reach the tools a special key is needed (Figure 2.14). 

Batteries of power tools can get influenced by the temperature. 
For instance, during winter the back of the van becomes cold 
and that decreases the life-span of batteries, thus, they have 
to be kept in HQ or home, preferably with room temperature. 
Missing out this nuance, can cause craftsmen to buy additional 
batteries. Considering all of these details which increases the 
overall cost to obtain battery powered tools, craftsmen prefer 
leasing rather than buying them since companies provide free 
maintenance and gives an opportunity to change them with a 
new set of powertools periodically.

Examples for battery powered tools are; hand drillers, electric 
screwdrivers, circular saws, angle drills, sanders, compressors, 
vacuum cleaners and nailguns (Figure 2.15).

2.4.4 Battery Powered Tools

Figure 2.11: Different sized consumables in inventory bins

Figure 2.15: Battery powered tools

Figure 2.13: Organisers in storage system Figure 2.16: Side access power tools cases
Figure 2.14: Hardly reachable storage

for battery powereed tools
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Even if the extent of the craftsman skills boil down to simply tightening some 
screws or hammering a few nails, they still need some tools to get the job done 
right (Tirman, 2018). Everyday tools, have one of the highest frequency of use 
rate, thus, they are always carried from the trunk to the jobsite, often with a 
toolbox and or a XL sized softbag (Figure 2.17). Examples for everyday tools are 
screwdrivers, hammers, pliers, wrenches, clamps etc. 

When the job description is renovating a house or building a roof, then raw 
materials are needed. Examples of raw materials can be; wood beams, steel, 
iron and PVC pipes, metal rods, aluminum, copper and metal sheets etc. These 
raw materials are often bought with large sizes and it is challenging to find a 
place for them in the vehicle especially when the stowed out context is taken 
into consideration (Figure 2.18).

Job specific tools can be needed depending on the job description and they 
do not have to always stored in the trunk. For instance, a ladder or a sink can 
be needed in some occasions for a plumber or a PVC elbow for a construction 
worker when a comprehensive job includes plumbing tasks as well (Figure 2.19). 
It is obvious that carrying a toilet in the trunk regularly is irrelevant due to the 
space that it occupies . For some scenarios, craftsmen need to go to the supplier 
to get what is necessary. 

2.4.5 Everyday Tools

2.4.6 Raw Materials

2.4.7 Job Specific Items

F O R D  C O G N I Z A N T

Figure 2.17: Toolboxes that include everyday tools

Figure 2.18: Raw materials need long spaces

Figure 2.19: Ladder as a job-specific item
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During user interviews, I had a chance to observe 
different configurations of craftsmen with different 
specialisations which enabled to make a comparison 
chart regarding the van setup, priorities and inventory 
conditions. 

This observation guided the graduation thesis to 
focus on even more specific group of craftsmen 
who has the most tendency about having difficulties 
about inventory awareness and management. This 
decision has been taken by considering couple of 
aspects such as; 

- The amount/variety of materials in the trunk
- The complexity of the confined space
- The frequency of usage of consumables

Some craftsmen need advanced systems due to the 
amount and variety of tools that they have, such like 
constructors, electricians or plumbers. On the other 
hand, painters for instance, need spacious cargo area 
to transport bulky items such as large paint cans or 
wall insulation materials. As a result of this comparison

constructors, electricians and plumbers have similar 
van configurations (Table 2.20). Their materials shows 
similarity in terms of types and amounts which makes 
them demanded for better and advanced storage 
systems in their trunks. However, the necessity 
to carry lots of materials evokes major problems 

which are addressed at Part 2.5, and makes it harder to 
handle the organisation within the trunk. Considering 
the factors which were addressed in the first 
paragraph, plumbers, electricians and constructors 
were chosen as focus groups. 

CarpenterConstructor Plumber Electrician Painter

2.4.8 Specialist’s
Van Comparison

Table 2.20: Inventory comparison of different specialist craftsmen van
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2.5 Defined Problems
During user interviews, it was learned that, there are common 
problems that most of the participants face with, in fact often 
they are all because of the major issue, the disorganisation 
within the confined space. However just like a chain reaction, 
this chaotic context creates many more problems which can 
also be considered equally crucial. 

Starting from this observation, following difficulties and 
problems were determined.

- Disorganisation
- Accessibility
- Inventory awareness
- Scepticism
- Unnecessary loads

During interviews it was difficult to understand the perception 
of craftsmen towards technology, Therefore an iteration 
has been done on the interview protocol. This enabled 
to understand the reasons of the sceptical approach that 
craftsmen have towards digital solutions. Complete interview 
protocols can be seen on Appendix C.

F O R D  C O G N I Z A N T
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8 8 %
of the participants wor-
king with disorganised 
and chaotic trunk.

n = 7 / 8

Craftsmen have highly intense work flow. Time is a crucial 
factor to get everything done as planned and in order to be  
productive. They also need to travel long distances between 
job sites. Therefore, most of the time they cannot organise their 
trunk and it makes the confined space look chaotic (Figure 2.22). 
The only relevant time to organise the trunk are early mornings 
and end of days. Because of this inconvenience, finding and 
gathering desired tools are time consuming and effortful. The 
disorganisation in the trunk is also linked with if it is an individual 
or a company business. Large companies with multiple vehicles 
that are shared amongst craftsmen, care more about the 
cleanliness of the vehicle as they believe this influences the 
productivity, organisation and the brand image Disorganisation 
is also the main reason for the following substantially crucial 
issues.

2.5.1 Disorganisation

‘Sometimes I spend up to 20 minutes searc-
hing for tools that I am looking for.’

L O U I S  ( 5 1 ) ,  C A R P E N T E R

F O R D  C O G N I Z A N T

Figure 2.21: Pile of materials in the cargo area

Figure 2.22: Disorganised trunk
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‘It is hard to reach the drawers and toolcases
inside the van.’

J A N  ( 4 9 ) ,  E L E V A T O R  S E R V I C E  M E C H A N I C

7 5 %
of the participants have 
lack of either physical or 
visual accessibility.

n = 6 / 8

2 . 4  U S E R  P R O B L E M S

The proximity of the storage space and the compartment systems 
is a major problem that equipments placed in the open space, 
prevents easy access to storage units (Figure 2.23). This results 
with either reaching out to drawers and cabinets or getting into 
the trunk with bad posture which is harmful for physical health 
often in a longer term (Figure 2.24). According to the latest 
numbers of the ESWC*, 45.5% of the European workers report 
working in painful or tiring positions while 35% are required to 
handle heavy loads in their work (Schneider, 2010). Craftsmen 
prefer to use the side door to access frequently used materials, 
on the other hand, back door is often used for loading.

2.5.2 Accessibility

F O R D  C O G N I Z A N T

Figure 2.23: Hard access to drawers

Figure 2.24: Harmful body postures while reaching
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‘I need to travel to the supplier in Utrecht 
which makes me lose 1-1.5 hours!’

L O U I S  ( 5 1 ) ,  C A R P E N T E R

6 3 %
of the participants have 
a lack of serious inven-
tory awareness.

n = 5 / 8

Accessibility and disorganisation also influences the inventory 
awareness. Stowed out storage units and obstructive cargo area 
reduces visual accesibility (Figure 2.25). Craftsmen sometimes 
realise that there is not enough of specific material which is 
needed for the next job. Therefore they need to travel to the 
department store additionally at the middle of the day. This 
causes them lose time and consume fuel which could be utilised 
better since time and efficiency is important for craftsmen. On 
the other hand, overstocking is as bad as having low stock and 
because of the lack of awareness, this situation also happens 
time to time.

2.5.3 Inventory Awareness

F O R D  C O G N I Z A N T

Figure 2.26: Drawer with random materials

Figure 2.25: Chaotic and messy trunk
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‘Advanced configurations can influence my 
employers for taking good care of tools and 
materials.’

K I M  ( 3 4 ) ,  C O N S T R U C T I O N  W O R K E R

5 0 %
of the participants are 
sceptical about digital 
solution integrations.

n = 4 / 8

One of the interesting observations made during interviews was 
craftsmen’s sceptical approach towards digital solution. It was 
known that most of craftsmen are late adopters, however two 
of the participants were optimistic about the digital solutions 
as long as they are robust and easy to operate. Because, due to 
the harsh context, they think solutions containing technology 
cannot survive perfectly. However as long as the technology 
provides benefits and assures efficiency, early adopter craftsmen 
are interested. Which can be supported one of the participants’ 
statement: ‘If it is easy to use, saves me time and increases the 
efficiency of my employers, I would like be a part of it. 

2.5.4 Scepticism

F O R D  C O G N I Z A N T

Figure 2.27: Sceptical look of craftsmen for tech related questions
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‘I forget the things that I have to do due to 
the amount of tools and intense work.’‘
J O H N  ( 3 1 ) ,  C O N S T R U C T I O N  W O R K E R

6 3 %
of the participants car-
ry unnecessary loads in 
their trunk of the van.

n = 5 / 8

As mentioned above, disorganisation within the trunk causes 
craftsmen to be less aware. They sometimes carry tools 
which are not needed that day (Figure 2.29). This results as 
an inefficient use of space and eventually a demand for larger 
vehicles. Reduced vehicle weights can improve fuel efficiency 
in volume-limited operations and allow for increased payloads 
and reduced numbers of journeys to be made in weight limited 
operations, improving system efficiency (Hill et al., 2015). 
Increasement of the weight of the vehicle which causes more 
fuel consumption. However most of the time, it is possible to see 
piles of tools dumped to the corner of the trunk or not used for 
a long time. This makes them unnecessarily carried loads.

2.5.5 Unnecessary Loads

F O R D  C O G N I Z A N T

Figure 2.29: Unnecessary loads

Figure 2.28: Pile of materials dumped to the trunk
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2.6 Day of a Craftsman
A regular day for a craftsman can be really 
unpredictable considering that they are hired to do 
more short-term service jobs and emergency tasks. 
This makes their schedule quite intense and bring 
time and efficiency into prominence. Consequently, 
although there are times when a regular day begins 
at 8 am and ends at 5:00 pm, there will certainly be 
days when the task starts earlier and extends until 
midnight (Marie, 2018). Briefly, the day of a craftsman 
consists of, preparation in the early morning, on-site 
work at couple of job locations, debriefing at the end 
of the day and additional activities in between such 
as travelling between job-sites, lunch breaks and visit 
to department stores. 

This part of the paper will guide you through the 
reflections of determined user problems on a day 
of a craftsman. Due to the scope of the project, 
the focused phases are; preparation, on-site work, 
administrative tasks and additional activies that are 
done by craftsmen.

The complete chart visualising a day of a craftsmen 
with detailed information can be seen on Table 2.36. 

Figure 2.30: Craftsmen finding materials in his van

F O R D  C O G N I Z A N T
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Craftsmen start the day from their home or from the headquarters 
of the company. The main activities that takes part during 
this phase are, planning of the day, distribution of work within 
employees, loading the van and receiving ordered materials, 
tools or consumables from the supplier (Figure 2.31). Preparation 
is an important part of the day to have an efficient workflow. 
Because of the defined user problems there can be deficiencies 
in preparation ,for instance, having lack on consumables or on 
tools for upcoming jobs. This can be a reason to do additional 
activities which results with losing  time.

After arriving to the job-site, craftsmen park their vans and make 
the initial interaction with the customer about duration of task 
which then followed by a job diagnosis in order to detect what 
materials are needed (Figure 2.32). During this phase craftsmen 
interact with their vehicle most by collecting tools and going 
back and forth to the trunk. The user and contextual problems 
influence this most important phase of the day significantly. 
Since craftsmen do the actual work in the meantime, it is 
important for them to maximize the efficiency in order to be 
able to finalise everything on time.

2.6.1 Preparation

2.6.2 On-site Work

F O R D  C O G N I Z A N T

Figure 2.32: Vans at construction site

Figure 2.31: Craftsmen loading the van
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Craftsmen need to do administrative tasks during the day. It can 
be either with customers and or at the headquarters (Figure 
2.34). Throughout the day, they keep track of used materials, 
current inventory, working hours, driven kilometres and many 
other things themselves. At the end of the day, most craftsmen 
end up ordering new materials and stock themselves and 
spend copious amounts of time doing more bureaucratic tasks 
and desk work, like making invoices and receipts, and logging 
working hours (Spierings et al., 2018). Due to the methods that 
small to medium sized craftsmen companies use for inventory 
management, debriefing can take up to 45 minutes with a high 
tendency for inaccuracy.

A day of a craftsman often does not go how it is actually 
planned because of mentioned user problems which results with 
executing additional activities. Lack of inventory awareness and 
preparation, results with travelling to a department store after 
a realisation of a deficiency (Figure 2.35). On the other hand, 
due to same reasons, craftsmen often have to go back and forth 
to the trunk of the van for multiple times during on-site work. 
This is done to collect needed materials which were not taken 
to the job site initialy. Those activities are the reasons for losing 
significant time and interruption on the work flow.

2.6.3 Administrative Tasks

2.6.4 Additional Activities

F O R D  C O G N I Z A N T

Figure 2.34: Craftsmen company office

Figure 2.35: Craftsmen in a department store

Figure 2.33: Administrative work
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Table 2.36: A complete day of a craftsman
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3.1

3.2

50

52

In this section, inventory management was researched by focusing on 
different used methods and technologies that are preferred. Later on, 
sensors and load cells are explained due to the scope of the project. Market 
research including inspirational solutions for different industries can be 
seen on Appendix D.

Methods for Inventory Management

Inventory Management Technologies

F O R D  C O G N I Z A N T
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3.1.1 Pen, paper and whiteboards

Paper, pen and whiteboards are the most common 
method for inventory management, in fact, still 
most of the small to medium sized craftsmen 
companies prefer it (Figure 3.1). The age old method 
of taking care of the inventory included employees 
individually identifying, counting, and writing down 
the information about each piece of merchandise 
in the warehouse. (Element-ID, 2016). It is costless, 
however demands a huge human labour and have a 
high tendency for error since manuel inputs needs to 
be done by a personnel. 

3.1.2 Inventory spreadsheets

Inventory spreadsheets are relatively easy to use 
and maintain, as long as there was one person 
primarily responsible for data input (LinkLabs, 2020). 
Because of manual inputs which needs to be done 
by employers, they can also be unreliable considering 
the probability of human error and inaccurate data. 

3.1.3 Cloud-based systems

Cloud-based systems harness the power of IoT and 
moves into the world of real-time tracking, using the 
right combination of technologies. The IoT solution 
empowers the organisation to connect people and 
inventory, with automated processes. This increases 
productivity, mitigates risk, and monitors inventory 
continuously with a centralized automated system. 
A interviewee who works in a electrician company 
mentioned that, their supplier uses RFID scanners 
to detect what is necessary beforehand. However, 
despite mentioned benefits, predictive insights and 
smart decision-making will not be among them. 
Also, the organisation will still need certain staff to 
collect and correctly interpret it all before using the 
information to make business decisions.     

When businesses don’t have a handle on the activity 
of their inventory, or worse, track it with outdated 
spreadsheets and data entry, the rest of the pieces, 
like order fulfilment, don’t fall into place (Walts, 
2020). Also this lack of information can cause a lot 
of unforeseen events that reduces the efficiency of 
work . There are many different methods used by 
organisations to have a better inventory management. 
Choosing the accurate method is linked with the 
scale of the business due to their cost, complexity 
and relevancy. Warehouses, retail stores and health 
industry some of the industries that gravitate towards 
advanced inventory management methods. By 
having an inventory management system in place, 
the organisation can track, forecast and replenish the 
inventory in a timely manner. It provides clear insights 
of what is happening in the inventory, enabling to 
see what products are moving (eSellerHub, 2018).  

Still most of the small and medium sized craftsman 
companies old and manuel methods which results 
with spending long times for inventory check with a 
high human error tendency and physical effort.

Also, simple inventory spreadsheets cannot track 
inventory in real-time and data integrity is definitely 
problematic. Equally significant, it takes a great 
deal of staff time and physical effort to do various 
operations on data to make good business decisions

3.1 Methods for
Inventory Management

F O R D  C O G N I Z A N T
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Figure 3.1:  Pen and paper method Figure 3.2:  Inventory management spreadsheets Figure 3.1:  Cloud-based systems
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The technology for inventory management and their applications in 
industries have rapidly evolved in the past two decades. Many of the 
challenges that businesses face, such as running out of stock, having 
excess stock, obsolete stock or spoilage are as a result of poor inventory 
management (Soh Pin Pin, 2019). To overcome this, there are lots of 
different technologies ready for implementation on a small or a large scale 
depending on the business needs. A wide range of tracking technologies 
are available to cater the business needs for inventory management (Table 
3.4). Choosing the right technology for the business use case depends on 
what the aim is, what the business challenges are, and in which environment 
will it deploy the solution. (Deloitte, n.d.). 

There are a few general parameters that can help to make a smart 
decision. These parameters were taken into consideration and 
prioritised while choosing a relevant technology for the concept design. 
Since the aforementioned solutions on the first paragraph already 
preferred in various industries such as warehouses or retail stores, a 
contextual comparison has been made in between those contexts and the 
trunk of the craftsmen van (see Appendix E).

- The number of materials being managed
- Desired granularity / accuracy of data
- The value of inventory being manage
- The physical environment(s) in which the tracking will be made
- Ease of use, including installation and setup
- Costs to purchase and maintenance 

3.2 Inventory Management Technologies

Table 3.4: Comparison of inventory management technologies (source: Deloitte)

F O R D  C O G N I Z A N T
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3.2.1 Sensors

With the advent of computational technology 
and digitalisation of data, newer methods have 
been developed for inventory management using 
computational intelligence. Electronic Sensor based 
technologies combined with this intelligence can 
create a remarkable combination of inventory 
management, which can not only keep a thorough 
track of the goods required, but the system is also 
very easy to manage, as a consequence of which 
these sensors based smart inventory management 
system become very efficient in terms of preventing 
any mismanagement of goods (Singh, 2019). Starting 
with a definition, a sensor is an electronic device that 
is used to measure some sort of physical parameters 
(e.g. weight, temperature, pressure, light intensity, 
etc) (Figure 3.5). Each sensor has a different working 
principle and the parameter it’s measuring but they 
all convert a physical parameter to an electric signal 
(Magdy, 2020). A sensor acts like a gateway between 
the computing world and the real world (Imandi, 
2020). Due to the scope of the project this part will 
proceed with further explanations about one of the 
most preferred force sensors in various industries; 
load cells with strain gauges. The complete research 
on classification of sensors and complete research 
about force sensors can be found on Appendix F. 
achine

3.2.2 Load cells

A load cell is a device that is used to measure weight 
or force. When a force is applied to it in a specific 
manner, a load cell produces an output signal that 
is proportional to the applied force. Strain gauge 
load cells are at the heart of the majority of weighing 
and force measurement devices produced today 
(Figure 3.6). Load cells can be used individually or 
in combinations in weighing devices, as dictated by 
the geometry of the object weighed (Patoray, 2010). 

The most common ones, generally consist of a spring 
element on which strain gauges have been placed. 
The spring element is usually made of steel or 
aluminium. That means it is very sturdy, but also 
minimally elastic. As the name “spring element” 
suggests, the steel is slightly deformed under load, 
but then returns to its starting position, responding 
elastically to every load. These extremely small 
changes can be acquired with strain gauges 
(Figure 3.7). Then finally the deformation of the 
strain gauge is interpreted by analysis electronics 
to determine the weight (Schmidt, n.d.). Because 
of the flexibility of use in different applications, 
easy accessibility and accuracy load cells are 
one of the most preferred force sensors. Main 
disadvantages for load cells are the bulky size and 
sometimes it can require expensive electronics. .

Figure 3.6: Different types of load cells Figure 3.7: Load cell working principle (source: Kobastar)

Figure 3.5: Examples for sensors

F O R D  C O G N I Z A N T
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4.1

4.2

4.3

4.4

4.5

56

59

63

64

66

Section IV starts with analysis of the comprehensive field and market 
research. Later on important Key Findings were shown which will be 
reflected on the concept design. Analysis of the research and key findings  
conduce towards defining list of requirements and a persona.

Analysis

Key Findings

List of Requirements 

Concept Strategy

Persona

F O R D  C O G N I Z A N T
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4.1 Analysis
As it can be seen on the extensive field research, there are numerous 
difficulties and nuisances that craftsmen face with within the trunk 
of their light commercial vehicles. Even though it was observed that 
most of these problems influence each other just as a chain reaction, 
it was important to prioritise them in order to define the problems 
which will be tackled with the concept design. Therefore, a problem 
tree analysis has been made with putting the most major and 
common problem at the center, almost every craftsmen experience; 
the clutter, chaotic and disorganised trunk (Table 4.1). 

Every other difficulties which can be considered as equally substantial 
placed around that main problem. Problem tree analysis (also called 
situational analysis) helps to find solutions by mapping out the 
anatomy of cause and effect around an issue in a similar way to a mind 
map, but with more structure (Wageningen University & Research, 
n.d.). Therefore, the problem can be broken down into manageable 
and definable chunks. This enables a clearer prioritisation of factors 
and helps focus objectives. On the right hand side, focused problems 
with full opacity boxes are shown.

This method was helpful to specify the focus objectives that 
compliments with the given use-case by the client, Ford Motor 
Company. This guided the graduation thesis to define a concrete 
design goal and full list of requirements which are substantial to 
take into consideration during the concept development phase.

SY
M

PT
O

M
S

RE
A

SO
N

S

CLUTTER, CHAOTIC 
AND DISORGANISED 

CONFINED SPACE

Demand for larger
space and vehicle

Lack of physical and 
visual accesibility

Spending long times
for gathering tools

Physical effort
required interactions

Additional travelling
to department store

Lack of awareness
about consumables

Stowed out, messy 
storage systems

Unnecessarily excess
amount of tools

Intense workload
and busy schedule

F O R D  C O G N I Z A N T

Table 4.1: Problem definition tree
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Enhancing accessibility and inventory awareness 
of craftsmen through offering informative digital 
services with smart interactions towards carried 

consumables in their trunk.

Design Goal

F O R D  C O G N I Z A N T
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During the day, craftsmen have to interact 
with their vehicles multiple times. Some of 
those interactions are essential to be able to 
start to work, but some of them are made 
because of the impracticalities happening in 
the trunk. Losing time while searching and 
collecting the necessary tools and materials 
is one of them. The same situation occurs 
when an inventory control in the trunk is 
needed. Craftsmen need to check every 

consumable and their holders individually. 
This control happens during work and at the 
end of the day, when the inventory status 
needs to be reported. Since every operation 
requires physical effort in the vehicle, routine 
inventory controls becoming constrained 
and long-lasting (Figure 4.2). Craftsmen 
should avoid getting in and out to the vehicle 
every time the inventory condition needs to 
be checked. 

1
RQ1 How to design a smart trunk ecosystem that will improve 
the inventory awareness of craftsmen?
RQ2.2 How can the physical effort required interactions be 
evolved?

Impractical activities and overwhelming 
interactions, requiring physical effort

F O R D  C O G N I Z A N T

4.2 Key Findings

Figure 4.2: Evolving interactions
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2 3

Consumables are one of the goods in the trunk which are not 
invoiced to the customer unlike raw materials or job specific materials. 
Considering their frequency of use and turnover rate consumables 
are difficult to manage and have a high tendency to get lost or 
forgotten. This can result with having low-stock before the work 
which is a reason for craftsmen to additionally travel to department 
stores. The travelling can take up to 1.5 hours in some occasions 
which is a crucial time loss for craftsmen.  Those problems can create 
additional expenses, stoppage in the optimisation of consumption 
and eventually lack on the orders from suppliers.

Sceptical approach towards technology drives craftsmen to prefer 
impractical solutions and methods for inventory management. 
Despite that scepticism, there is still a group that are optimistic 
towards digital solutions and their potential influence for improving 
the efficiency. It was concluded during interviews that, the most 
promising way to familiarise craftsmen to digital solutions is, providing 
a solid proof regarding their benefits for their work flow considering 
their requirements which are, robustness, reliability and easiness of 
operation. In addition, it was observed that craftsmen do not prefer 
being supervised and forced while working. Suggestive informations 
and reminders, rather than forcing them to follow certain rules were 
well-received. It is beneficial to adapt craftsmen towards technology 
and future of commercial vehicles with small steps.

RQ2.2 What has the most potential to aggravate 
the management from the inventory of 
craftsmen?
RQ2.4 Can digital solutions spearhead to craftsman 
business for improving itself?

RQ2.1 How can craftsmen be adapted to the world 
of digitalisation?
RQ2.3 How can the inventory management be improved 
in the trunk by utilising technology?
RQ2.6 What type of information do craftsmen need for 
inventory management?

Unnoticable deficiencies on 
consumables, setbacks in the 
organisation

Excentricity towards technology can 
be exceeded by proving benefits

F O R D  C O G N I Z A N T
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It is important to consider both employee craftsman and the company 
point of view. The methods the small and medium size companies 
prefer for inventory management, extends the inventory control 
phase unnecessarily. Relying on pen, paper and whiteboards requires 
long times and human labour, hence, increases the possibility of errors 
which can result with deficiencies in orders. Accelerating this phase 
of the day, by taking craftsman companies from Stage I to Stage III 
of inventory management methods can empower the business and 
shrink the time that is currently spent. This improvement promises for 
improving the internal organisation within the company and avoid 
performing additional activities such as travelling to department 
store during work by contributing for accurate orders and 
consumption optimisation.

Craftsmen, in general, are self-confident professionals about 
everything related to their work. During interviews, questions 
which are related about inventory awareness and difficulties about 
finding materials were responded swiftly, with mentioning having 
no problems. However, despite this self-confidence, the reality was 
different which was observed while shadowing when participant 
craftsmen were asked to find specific materials or consumables. One 
of them was mentioning how easy it is for him to find everything he is 
looking for while simultaneously checking five different organisers to 
get the one which has fasteners in it. It was interesting to observe the 
fact that even though craftsmen were aware of the difficulties that 
they experience in the trunk, they prefer to neglect or ignore them 
mainly because of their self-confident personalities.

RQ2.4 Can digital solutions spearhead to craftsman 
business for improving itself?

RQ2.6 What type of information do craftsmen need for 
inventory management?

Empower and amplify the busi-
ness with improving the inter-
nal organisation

Contrast in between craftsmen’s 
self confidence and the reality

4 5

F O R D  C O G N I Z A N T
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4.3 List of Requirements
Category

Product Features

Product Architecture

Product Economics

Safety & Durability

PF1

PF2

PF3

PF4

SD1

SD2

SD3

PE1

PE2

PA1

PA2

PA3

PA4

The product must contribute for decreasing the physically effortul interactions.

Communication with the user should be made with suggestive informations.

The product should look of robust, reliable and futuristic.

The electronics chosen for the product must be easily operable by craftsmen.

The electronics chosen for the product must be highly reliable for precision.

Functional part groups such as modules should be dismountable together

The product must enable practical assembly to catalyse maintenance

Parts of the product must be ergonomically relevant for different craftsmen.

Components must be provident for dirt, dust or spilled liquid in the trunk.

The product must resist excrenscence forces can be applied by craftsmen.

Safety critical components must (electronics) be reachable and removable.

The product must be economically accessible considering craftsmen’s income.

The electronics preferred for the product must be affordable .

ID Requirement

Certain requirements need to met 
before getting into the concept 
development. These requirements 
are defined during the extensive 
field research and important key 
findings. To differentiate better, 
requirements divided into groups 
which are; Product Features, 
Product Architecture, Safety & 
Durability and Product Economics 
(Table 4.3). 

These requirements worked as 
guidelines for upcoming phases of 
the design process.
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4.4 Concept Strategy
Considering the important key findings, the design vision and the 
possible future developments, the concept fundamentally focuses 
on improving the inventory awareness, simultaneously adapting 
craftsmen to the world of digitalisation while building the future of 
light commercial vehicles. This is achieved by enhancing the function 
of the trunk by making craftsmen and their inventory connected 
via smart and accessible technologies integrated to the concept 
(Figure 4.4). Reducement in effortful physical interactions is also a 
motivation for the concept by taking in mind the current contextual 
state that craftsmen’s trunk have. Therefore, not just the efficiency but 
also practicality within the confined space can be enhanced in a way 
that visual accessibility will not an issue anymore for consumables.  

Following the proposed topic of Ford RIC Aachen, a direction was 
taken after comprehensive user-centric analysis towards inventory 
management. That resulted with defining a use-case which guided 
the graduation thesis to conduct the concept solution. From different 
types of materials that they transport, consumables are the ones with 
high potentiality to disrupt inventory management. This observation 
combined with defined user problems enabled Ford Cognizant to 
provide a communicative and informative service for various types 
of consumables that craftsmen carry. While accomplishing the aimed 
benefits mentioned on the first paragraph, design iterations have 
been made in order to improve user experience, user interaction and 
compatibility of the concept to list of requirements. 

Inventory Awareness

Increase

Increase

Decrease

Technology integration

Value of LCVs

Physical Effort

Ford CognizantCurrent solutions

Figure 4.4: Concept strategy
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As it stated on Part 4.1, the design goal of the concept is improving craftsmen’s inventory 
awareness for consumables carried in the trunk. Achieving that will help craftsman and 
craftsman businesses to overcome situations such as having a low-stock or over-stock 
which conduce towards minimising inventory costs and maximising efficient consumption. 
With solid inventory management, you know what’s in stock and order only the amount 
of inventory you need to meet demand (Jenkins, 2020). Enhancing awareness also 
contributes for having greater insights about the inventory which is important especially 
from craftsman business point of view. Companies with multiple employees and vehicles 
can have an idea about the consumption of each craftsman employee in order enable 
optimisation which results with accurate ordering from suppliers. This will be achieved by 
enabling connectedness between craftsmen and inventory via enhancing the smartness of 
the trunk. 

Research showed that, current solutions that craftsmen implement in their vans require 
a huge amount of physical effort. Obviously this problem makes operations within the 
trunk impractical combines with accessibility issues, that ultimately affects the inventory 
awareness. As it mentioned on Part 2.6, during debriefing session, craftsmen need to report 
their inventory status. To do that, they have to go back and forth to the trunk to check every 
single inventory bin in order to have an idea about the consumption. During developing 
Ford Cognizant, smarter and practical interactions were seeked that will inverse the current 
impracticalities in the trunk. For consumables, since the frequency of use and turnover 
rate is high, the concept should offer interactions that will give a quick and clear idea, also 
should be not tiring and do not take long times. 

4.4.1 Increasing Inventory Awareness

4.4.2 Reducing Physical Effort

Figure 4.5: Craftsmen trying to control materials
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Before concept development, a craftsman and organisation persona has 
been created in order to address the target group. The craftsman persona 
is a reflection of interviewees, especially the ones who are optimistic 
towards digital solutions with similar user problems and demands (Figure 
4.6). The same approach has been shown to the organisation persona. 
A small or medium sized craftsman companies usually have one or two 
responsible employers for inventory management (Figure 4.7). Defining 
target craftsman companies is important for the concept development and 
technology implementation because it enables to think from organisational 
point of view. 

JOHN DOE
John is a craftsman usually does construction 

works but in addition also plumbing and electrical 

works. He runs his own small sized company with 

4 employers and 4 vehicles and often doing short 

term service jobs. Lorem ipsum valos numerino 

siniatis magnifistra violen luzzino vera perronimassa

Age: 34

Occupation: Const. / electrician

Location: Rotterdam

Vehicle: Ford Transit Custom

JOHN DOE
John is a craftsman usually does construction 
works but in addition also plumbing and electrical 
works. He runs his own small sized company with 
4 employers and 4 vehicles and often doing short 
term service jobs.

Age: 34

Occupation: Const. / electrician

Location: Rotterdam

Vehicle: Ford Transit Custom

Personality

Goals and motivations

Frustrations

Way of working

Needs and wishes

Technology savviness

- Optimistic about the influence of digital solutions 
on efficiency.

- Open for being early adapter if the service is 
affordable, easy to learn and time saving.

- Losing time while searching for the tools in the 
trunk that he needs for the job.

- Additional travel to the supplier when he notices 
that he is out of certain consumable or tool.

- Impracticality of movement or to do certain ope-
ration within the confined space.

- More organised setups can make his employers 
more efficient and avoid unforeseen events.

- Prefers reminders and assist for the things either 
he forgets or skips related to the job.

- Finding everything he is looking for in the trunk 
as fast as possible.

Introvert ChaoticExtrovert Organised

Feeling TraditionalThinking Innovative

Judging ImprovisionalPerceiving Planned

4.5 Persona

Figure 4.7: Craftsman organisation persona

Figure 4.6: Craftsman persona
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5.1

5.2

5.3

70

72

80

After defining craftsmen’s difficulties that they face within the trunk 
regarding the inventory management, the concept development phase 
had been started. Defined room for opportunities mentioned as key 
findings, translated into a beneficial product and service. This section 
outlines the development of the concept, with it’s initial state, followed by 
user experience tests and further iterations. 

Initial Concepts

User Experience Tests

Ideation

F O R D  C O G N I Z A N T
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5.1 Initial Concepts
For mid-term evaluation, three very initial concepts were presented 
focusing on the service design part of the project. It was essential 
to provide beneficial services, which then be coated with a tangible 
product around it (see Appendix G). Evaluations resulted with taking 
the adventageous points of two of the presented concept and fusion 
them in order to provide a more comprehensive system (Figure 5.1). 
Technologies which will be implemented were confirmed during 
the mid-term evaluation as well. Thereafter, the final concept, Ford 
Cognizant started to get developed from that point. During the 
concept development, an envisioned scenario has been created, 
reflecting the user experience aimed to be achieved (Figure 5.2). The 
main focus of the envisioned scenario is motivating the Key Finding 1, 
which is transforming physically efforful interactions to more practical 
and efficient interactions.

F O R D  C O G N I Z A N T

Figure 5.1: Initial concepts

Figure 5.2: Envisioned scenario
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Morphological Chart

Extensive concept development phase continued 
with dismantling the components that will constitute 
the comprehensive system. This has been done to 
find possible and potential solutions and exploring 
the accurate fusions considering the findings of 
user research and requirements. In this duration, 
a morphological chart has been created and sub-
functions were listed. While functions are abstract, 
solutions are concrete, but they do not need to have 
a definite shape or size yet (Boeijen et al., 2020). 
The morphological chart evolved during the design 
process, for instance initially there was not a sub-
function named ‘threshold definition’. Since the 
concept development phase and user tests went 
simultaneously, findings of those tests were reflected 
to the morphological chart. Then another iteration 
has been done for the improvement of the concept 
(Figure 5.3).

F O R D  C O G N I Z A N T

Figure 5.3: Morphological chart

considered
Product
Implementation

evaluated with
User Experience
Tests

findings from
Research
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5.2 User Experience Tests
5.2.1 Test goals and setup

Simultaneously with ideation phase, user tests have 
been conducted to get beneficial inputs that will 
ultimately improve the concept. The main goal of 
the user tests was to observe and evaluate the 
overall user experience during interacting with 
the product. The term user experience within the 
conducted user test represents the service features, 
operational steps that participants needs to do 
and communicational values of the system such as 
different types of indications.

Deconstructing the comprehensive system of Ford 
Cognizant to its sub-functions via morphological 
chart guided me to compare some potential 
solutions with user tests. At the same time, drawn 
conclusions upgraded the morphological chart by 
including additional sub-functions such as, defining 
individual thresholds which will be mentioned later 
under this part. 

Finally, since one of the requirements for the 
concept was the reliability and precision of electronic

Due to the aforementioned reasons a high-fidelity 
prototype has been made in order to maximise the 
realism of the experience. A representative shelf 
has been made with wood pieces with providing 
housing for electronics that needs to be placed. 
Circular laser cut wood parts were used as 
representative consumables (Figure 5.7). The

components that are chosen to be implemented, 
user tests provided a great opportunity to evaluate 
them. One of the components, single-point load cell 
can get influenced by external factors such as tilt and 
drift which can downgrade its precision (Figure 5.4). 
Tilt is caused by placement of bins and unbalance 
of goods in it. The drift may be because of sudden 
change in weight due to external factors such as 
loading or unloading (Divyasimha et al. 2009).

Therefore, with different tilt scenarios, load cells were 
tested to see the change of precision of calculation. 

The reason to conduct those tests was, inventory 
bins or tool cases in craftsmen trunk are put with an 
angle in order to make them avoid falling down to the 
cargo area (Figure 5.5).

Figure 5.4: Load cell load angles (HBM, 2017)

Figure 5.5: Angled shelves in a craftsman vehicle

F O R D  C O G N I Z A N T
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main components that has been used for this 
prototype was; Seeeduino Lotus, 5kg load cell 
with HX711 amplifiers, chainable and blink LEDs, 
button from Grove, a breadboard and a plastic box 
(Figure 5.6). Each LED light responses differently, 
thus, it was important to make a comparison in 
between them within the same task that is given to 
participants.

In order to give a structure to the user experience test, 
a simple task has been generated and given to each 
participants to complete. Before explaining the given 
task, functions and purposes of used components for 
tests shown at Table 5.8. 

Starts blinking once the value is 
below the defined threshold level.

Weighs the consumables that are 
placed in the inventory bins.

Color of the light changes from 
green to red once the value is below 
the threshold.

Translates the value to a digital 
output that can be read by the 
micro controller.

Button is used for defining the 
threshold level for the system by 
holding it for two seconds.

A microcontroller that every 
components connects to. Used 
with Arduino Software.

Table 5.8: Functions of each component

Figure 5.7: Representative consumableFigure 5.6: Components for tests

The Task

(1) Setting up the system for the first time 
after for the consumables received from the 
suppliers.

(2) Mimicking loading/unloading by moving 
consumables in and out of the bin. 

(3) Observing indications and responses of the 
prototype on each step of the given task.

F O R D  C O G N I Z A N T
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What the user experience test expects from 
participants was to imagine themselves in a situation 
that they are setting up the system for the first time 
after receiving the ordered consumables (in this case 
they are the circular wooden parts) from the supplier. 
Afterwards, they were asked to place the inventory 
bin on the prototype and define a threshold level 
by holding the button for two seconds. The amount 
is up to user’s own desire. The threshold level here 
means, the limit amount of consumables that makes 
the system indicate the inventory bin either as critical 
or sufficient (Figure 5.11). 

Later on, they were asked to put the rest of the 
consumables and start taking them out and putting 
back in. Meanwhile the system’s responses and 
indications via LEDs were observed by participants.

After completing the task, a user test evaluation 
form was provided for each participant. Questions 
asked regarding the overall experience, operations 
and communicational indications under scales such 
as, clarity, relevancy, performance, stimuli and 
easiness. 10 point scale is used for questions.

Total of 12 participants were attended to the user 
experience test. The complete user test evaluation 
form and results of each participant can be seen on 
Appendix H.

Figure 5.10: Test setupFigure 5.9: Building process

Figure 5.11: Defining the threshold level and the system response

F O R D  C O G N I Z A N T
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Figure 5.12: Participant #11 working on the given task
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5.2.2 Results and outcomes

The full result of user tests are shown on Figure 5.14. 
Each score were calculated by taking the average out 
of 12 participants. 

While participants completing the task, made 
observations by watching them already gave some 
inputs about struggles and difficulties. Especially for 
indications, sometimes participants looked confused, 
waiting for some time with an expectation of a 
response that made them feel unclear about what to 
do next. This was because of the lack of indications 
which were also emphasised by participants.

Using only green and red LED light limits the given 
information, not just about the state of the inventory 
bin but also for other operations such as defining 
the threshold or having a complete empty bin. The 
transition  from ‘sufficient’ to ‘critical’ was waquite 
sharp because of using only two colours. In practical 
terms this transition is not coherent considering the 
difference in frequency of use for different types of 
consumables (Figure 5.13).

Participants were satisfied about the easiness of 
operations since only one button needed to be 
utilised. They were optimistic about the feature; 
threshold definition, however it was concluded that, 

there is lack of indication there as well. Especially
when participants wanted to reset or change the 
threshold level, they expected a confirmation 
regarding to that. This deficiency was taken into 
consideration on next iterations due to the fact 
that, craftsmen’s consumption can change from 
week to week, which means that changing the 
defined threshold level can occur often. Combining 
the evaluation forms, inputs and feedbacks from 
participants and committed observations, the main 
results were; 

(1) Deficiency of indication regarding the level of 
consumables in the inventory bin.

(2) Lack of feedback for the confirmation of set 
threshold level.

(3) Unclarity between having low-stock or empty 
bin.

(4) The indications are unable to guide the user 
for next steps.
 
(5) When there are high number of bins, it can be 
overwhelming to a lot of red lights.

Figure 5.13: Current/improved indications

F O R D  C O G N I Z A N T
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Evaluation scales

As it can be seen on Figure 5.14, participants gave 
points to each scale after finishing the user experience 
test. White line indicates scores for each scale and 
green line indicates the aimed scores with next 
iterations. Below, explanations for each scale is given.

Clarity
Apprehensibility of indications and their meanings

Relevancy
Satisfactoriness of the informations given by indications

Performance
Proportion of gainings by the shown effort for the given 
task

Stimuli
Impact on the inventory accesibility and conditional 
awareness
 
Easiness
Perceptibility of operational steps of the service

Figure 5.14: User experience test results

n=12

F O R D  C O G N I Z A N T
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5.2.3 System bottlenecks

Apart from the results gathered from the user 
experience test, couple of bottlenecks were 
determined regarding the system and its components. 
In order to look for a solution a meeting has been 
conducted with Christian Kirchhof who is an engineer 
and sensor expert, working at Ford RIC Aachen. 
Since Ford is also working on the topic inventory 
management, we have exchanged ideas in order to 
come up with logical solutions. Before going into the 
conclusion of the meeting, determined important 
bottlenecks are;

(1) External factors like dirt, dust and liquid that
can access to electronic components.

(2) Placement of an inventory bin on a different
load cell

Considering the trunk context, dirt, dust and liquid 
are inevitable factors that have a potential to cause 
malfunction to electronics, thus, they need to be 
protected very well. On the other hand, defined 
individual threshold values are assigned to load 
cells, not to bins. Therefore, once an inventory bin 
is placed on another load cell, the threshold level 
changes  automatically which can create a confusion 
for craftsmen. 

This can result by providing providing irrelevant 
informations since the intended level of threshold can 
be different for a specific inventory bin.

As a result of the meeting with Christian Kirchhof, 
following solutions were decided to be integrated to 
the system. 

(1) Along with dirt, dust and liquid, due to the
characteristics of load cell, the plate which is mounted
on has to have a flexibility to tilt with a small angle.
Through that, the strain gauge inside of the load cell
can bend, caused by the weight in the inventory bin.
Because of this reasons, the implementation has to
have a perfect insulation and flexibility, thus, nitrile
rubber has been decided to placed on the front and
back of the plate where the inventory bin sits on. 

(2) Forcing craftsmen to put every inventory bin to
its original place conflicts with the key findings
mentioned at Part 4.2. Craftsmen prefer to have a
flexibility of use for their configuration. Since each
consumable might have different threshold levels,  it is
important to keep consumable specific information.
We have brainstormed with Christian to find a way
to transfer that value from one load cell to another.

With this way it would be possible to re-assign the 
value to the correct consumables and inventory bin. 
At that point, passive RFIDs are relevant solutions 
due to their relevancy for indoor and short range 
location finding and affordability. It was concluded 
that attaching RFID tags under each inventory bin 
and RFID readers under each plate where load cells 
are mounted, can guide the system to recognise the 
inventory bin and swap the threshold level value 
once it is placed on another load cell (Figure 5.15).

Figure 5.15: Transfering the threshold value

Changing the module of
the inventory bin

F O R D  C O G N I Z A N T
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Figure 5.16: Chainable, bar and circular LED

Figure 5.17: Alteration from bar to circular LED

Figure 5.18: High 
precision of load 
cells testing with 
nails

2.1 gr. per piece

high level
precision for 

lightweight 
consumables

F O R D  C O G N I Z A N T

User experience tests concluded that the information 
given with indications must be enhanced in order to 
increase clarity. Current transition from ‘critical! to 
‘sufficient’ state is sharp and can be deceptive in some 
cases. Because having consumables just above the 
defined threshold is not perceived as different than 
having the inventory bin full by the system. Therefore, 
a mediocre colour have been decided to included as 
‘considerable’ state. This alteration led to choose LED 
bar and eventually circular LED to implement instead 
of chainable LED (Figure 5.16). LED bars have slots 
with red orange and green colours, thus, it gives 
a gradual indication (Figure 5.17). Using a gradual 
indicator made it possible to add confirmation 
responses for threshold definition, maximum 
definition and empty bin state. Being able to add 
individual responses to each operation enabled 
adding more function to the button such as ‘weight 
per piece’ feature.

Load cells were proven to be accurate and reliable 
enough by testing them with different weighed 
consumables (Figure 5.18). On the other hand, tilt 
test which can be seen on Appendix K showed that 
even with placing the modules with a small angle, the 
precision of weighing does not get influenced.

5.2.4 Developments
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5.3 Ideation

One of the requirements for the concept is, the 
product must look robust, reliable and futuristic. It 
is also essential for the product to fit Ford’s design 
language and craftsmen personality. According to 
interviews, craftsmen are tend to prefer solutions 
which are robust considering the contextual state. 
Taking into these guidelines in mind, this visual 
approach can be helpful to fulfill one of the research 
questions;  How can craftsmen be adapted to the 
world of digitalisation? (RQ2.1). 

The unit is the backbone of the system which holds 
everything together. To define the visual direction 
for it, a moodboard for inspiration has been made 
(Figure 5.19). It was taken into consideration that, 
inspirational products reflect the robust and futuristic 
look.  Then iterations on the unit has been made with 
using the moodboard as a guideline and in addition 
to that; dimensions of the trunk area,  electronic 
components, sizes of inventory bins and organisers 
to place were also kept in mind while designing.

5.3.1 Visual direction

Figure 5.19: Visual direction moodboard

F O R D  C O G N I Z A N T
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Modularity approach has also been taken while de-
veloping Ford Cognizant. Considering some of listed 
requirements (PA2 / PA3), it was essential for the sys-
tem to be easily dismountable because of malfuncti-
on and maintenance purposes. Therefore, instead of 
offering a built-in shelves with fixed electronics, mo-
dules are activated which can be put inside of shelves 
by craftsmen according to their configuration prefe-
rence. This approach do not just contribute to fulfill 
the requirements but also makes the system flexible 
for different sized inventory bins which enhances the 
personalisation.

Control panels on shelves helps craftsmen to define 
certain parameters regarding the inventory bin pla-
ced on top of it. While ideating on control panels, 
clarity and visibility was taken into serious conside-
ration. Those iterations went simultaneously with the 
user tests done with high-fidelity prototypes. It was 
important keep the simplicity of operations thus, the 
intention was to keep the amount of components 
constituting the control panel as less as possible. 

5.3.3 Modularity

5.3.4 User Interactions

F O R D  C O G N I Z A N T
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6.1

6.2

6.3

6.4

86

92

102

112

This section focuses on the outcome in detail and the development steps 
which are taken. The outcome includes the product, the service and UI 
design that comprises the comprehensive system proposed as the solution. 
User tests and evalutions are also included in this section as motivations of 
each made decision during the concept development.

Concept Overview

Product Architecture

User Experience

UI Design
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6.1 Concept Overview
Ford Cognizant is a smart storage system dedicated
for consumables in craftsmen’s light commercial 
vehicles. A combination of a product and a service 
design, it provides automated inventory control 
via accessible technologies, wisely integrated to the 
hardware. Breaking the walls of stereotypical storage-
focused racking solutions, Ford Cognizant increases 
the inventory awareness of craftsmen as well as the 
value and function of their vehicles by enhancing 
the smartness of the trunk.

The basis of the concept lies on the vehicle, the Ford 
Transit Custom. Ford Cognizant has a flexibility of 
usage and it is up to craftsmen where to place it in 
the trunk; whether to the side door or the back door. 

According to the user research, craftsmen prefer 
to use the side door to access frequently used 
materials. However, one of the possible future 
developments for Ford Cognizant is the product 
implementation to the project ‘Smart Rack’, which is 
a storage system focusing on accessibility difficulties 
by enabling to extend the whole rack. Therefore, 
back door usage of Ford Cognizant is enhanced with 
‘Smart Rack’ implementation which is stated on 
Part 7.2.

The unit of Ford Cognizant consists of different 
components like structural elements or electronics 
that enable service to operate smoothly. Shelves that 
inventory bins are placed on, contain load cells in 
order to simply weigh the consumables put in. The 
physical parameter get converted into an electric 
signal, then analysed and communicated with 
the user via control panels located in front of each 
inventory bin on shelves. 

Ford Cognizant adapts itself to its users’ preferences 
and communicates according to that via giving 
suggestive informations to improve the inventory 
awareness and management. The dynamic system 
aims to stimulate craftsmen to take certain actions 
before facing with unforeseen events by noticeable 
LED indications. These indications change according 
to the state of bins and type of consumables put 
inside. Craftsmen and craftsman businesses can also 
check the state of the consumables via connected 
smart devices such as the SYNC display in the cabin 
of the vehicle, smartphones, tablets and computers. 
Therefore, not just near the vehicle but also within 
a distance craftsmen will be aware of the inventory 
condition in order to be able to act way beforehand 
the work.

F O R D  C O G N I Z A N T
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Automated 
consumabes control

Single point load cells placed underneath each 
inventory bin, continuously weighs consumables that 

are placed in to update the inventory condition.  

1

2

3

4Storage 
for organisers

Dedicated slots for organisers that contains 
consumables ready to go to the jobsite.

Adaptability for 
various inventory bins

Modularity approach enables the system to utilise 
different sized industrial standardized inventory bins.

Communicative 
LED indications

Momentarily reminders are given with gradual led 
lights regarding the condition of inventory bins.

F O R D  C O G N I Z A N T
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Side door access
For craftsmen who prefer to gather frequently 
used materials from side door without getting 
into the trunk. Access without showing a 
physical effort. LED lights are facing to the 
operator once the door is opened, thus, the 
visibility is enhanced with this preference. The 
dimensions of the Unit enables perfect fit to the 
side door.

Back door access
Back door access is an option for craftsmen who 
prefer to use side door to get into the trunk. The 
gap at the bottom helps the Unit to avoid the 
wheel arch, thus, the efficient use of space is 
maximised. Visibility of LED lights are relatively 
less compared to side door access due to the 
Unit’s perpendicularity to the back door.

1

2

Figure 6.1: Ford Cognizant placement options
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6.2 Product Architecture
The Unit

Modules

Shelves

Organiser
Storage

Structural
Elements

The physical backbone of Ford Cognizant is the 
Unit. It contains the other parts of the system such 
as shelves, modules or slots for organisers but also, 
structural components and electronics (Figure 
6.2). Therefore, the Unit can be considered as the 
complementary piece that makes the system work 
once every other part has been mounted together. 
The dimensions of the Unit is 994 x 285 x 1300 
mm. These dimensions make the Unit perfectly fit
to the side door of the trunk where Ford Cognizant
envisioned to be placed.

The side door measurement of Ford Transit Custom 
2021 are 1324 (H) x 1030 (W) mm. To make the Unit 
and its components ergonomically relevant, average 
Dutch male adult (31 - 60 age) with the stature of 
1770mm has been used (DINED, n.d.). Besides that, 
the loading height of the vehicle has also taken into 
consideration. Even though, aluminum panels on 
each side provides flexible configuration, it was still 
important to set the boundaries of maximum and 
minimum heights of shelves to maximise reachability 
(Figure 6.6).

Walls located on both ends of the Unit are made from 
bent aluminum sheets (8mm thickness) that provide 
housing for aluminum profiles used to fixate shelves 
(Figure 6.3). The 160x40 mm sized Profile 8 has been 
chosen as aluminum panels due to its resistance and 
being able to carry multiple aluminum shelves. The 
datasheet for the chosen aluminum panel can be 
seen on Appendix I. The slots on the aluminum profile 
enable height adjustment for shelves depending on 
ergonomic relevancy and configuration. This flexibility 
also enables craftsmen to mount different amounts 
of shelves, eventually inventory bins depending on 
the preference and consumption rate.  

Figure 6.3: Aluminum panel top viewFigure 6.2: Constituent parts of the Unit

F O R D  C O G N I Z A N T
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Monochromic approach was taken on the Unit to 
maximise the stand out of LED indications (Figure 
6.5). That is because the communicational value of 
the service is fundamental. Black and grey tones were 
applied to the product to enhance the visibility and 
contrast of LED lights but also to give the impression 
of robustness and strongness. This approach has 
been decided after making a moodboard mentioned 
on Part 5.3.1 and placing inspirational products from 
the market on it in order to define a visual direction.

The lower part of the Unit has a dedicated storage 
slots for organisers that craftsmen carry their 
consumables to the jobsite. The storage can hold 
up to 6 organisers (44.6 x 11.6 x 35.7) is made from 
polypropylene (PP), which is light and study plastic 
material, ideal for this application and also very easy 
to recycle. On the other hand it is a very preferred 
material in the automotive industry. Used with a 
variety of vehicle applications such as door panels, 
console, seatbacks, trunk liners, and much more.   

Figure 6.5: Colour palette of Ford Cognizant

Figure 6.4: The Unit

F O R D  C O G N I Z A N T
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Side Door Width
1030 mm

Complete measurements of
Ford Transit Custom 2021
can be seen on Appendix J.

Figure 6.6: Dimensions of relevant parts of the Transit
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‘Module’ Components

Inventory Bins
RSPro Size 3

(240x150x130mm)

Shelf

‘Control Panel’ Components
- circular LED

- button

Organiser Storage

Transparent Covers
to hold organisers

Aluminum Panel
SMT Profil 8

(160x40mm)

Side Walls
(6mm thickness)
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Figure 6.7: Exploded 
perspective of the 

Unit
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Shelves

Shelves provide housing for most of the components of Ford 
Cognizant including modules, control panel and separators 
(Figure 6.10). Manufactured with aluminum extrusion technique, 
shelves are able to be built with different lengths if necessary 
depending on the product implementation. On the other hand, 
length of the shelf was defined in a way that will be relevant to 
place wider inventory bins for larger consumables. The size of 
the shelf for the shown version of Ford Cognizant is 900 x 280 
x 42 mm. When viewed from the side, the front part of the shelf 
is for fixating control panels. Bulges located at the bottom long 
edge of shelves are for sliding the modules to provide perfect 
alignment with two control points. The side lids of the shelves 
are dismountable when craftsmen need to take modules out 
in case of a malfunction or maintenance. Four slots to attach 
side lids can be seen with the side view of the shelf on Figure 
6.9. Side lids also function as a fixator between the shelf body 
and aluminum panel. Detachable side lids came out from the 
modularity approach that is taken during the ideation phase.

The sizes of the load cell, components of the control panel 
which are the button and the LED bar and tolerances were 
taken into consideration while building the shelf. It was 
important to provide enough space for every component, 
however, it was also crucial to avoid designing a bulky shelf in 
order to reduce the weight of the Unit.

Total four points (2 at bottom 
and 2 at the top) for aligning 
modules while sliding them 
into shelf. 2 mm tolerances 
were taken into account.

Figure 6.9: Section view of the shelf

Figure 6.8: Shelf plan

Alignment points
for sliding modules
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Figure 6.10: Exploded view of a shelf

Side lid 
detachable for
maintenance

Control PanelModule
inc. plate,

load cell and 
RFID reader

Slider
housing for

control panels

Shelf BodyInventory Bin

Setup I -  Small modules configuration
screws, nails, nuts, fasteners etc.

Setup II -  Medium modules configuration
various sized elbows, sockets, switches etc.
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Modules

Modules are one of the most essential components 
of Ford Cognizant. This is because of the parts they 
include which makes the entire system function as 
a whole. With the help of modules, Ford Cognizant 
can provide its main services which are automatic 
inventory control with weighing and translating that 
physical parameter into an output to communicate 
with regarding the state of the consumables 
placed in bins. Based on the field research, craftsmen 
often prefer Size 3 and sometimes Size 4 industry 
standardized inventory bins depending on the size of 
the consumable (Appendix B). Therefore, modules 
are also coming with two sizes, tailored for Size 3 and 
Size 4 inventory bins in order to enhance the flexibility 
of the system. The dimensions of modules are 
150 x 240 x 144 mm and 205 x 240 x 144 mm 
(Figure 6.11). 

Modules consist of aluminum composite plate where 
the inventory bin sits on, load cell and RFID reader 
fixed below, side walls mounted to the aluminum plate 
to slide the module into the shelf, rubber parts and 
control panel pre-wired to the load cell 
(Figure 6.14). Therefore, modules act as one piece 
which fulfills one of the requirements; PA2. Once 
the modules are slid into shelves, the only thing

that  needs to be done is to fixate load cells from the 
bottom of shelves via the openings for screws (Figure 
6.12).

The aluminum plate has a 6mm thickness and is 
insulated with rubber on the front and back in order 
to provide flexibility for tilting to the plate. The 
insulation helps to avoid dirt and dust to get 
through inside of the shelf and cause malfunction 
for electronics (SD1). Enabling flexibility of tilting 
was essential due to the requirements of load cells. 
In order to provide a precise calculation, the plate 
has to tilt with a little angle caused by the weight 
of consumables in the inventory bin (Figure 6.13). 
This weight results with a manipulation on the strain 
gauge located in the load cell which is the main 
reason for the tilt of the aluminum plate. The load cells 

coming with the module are industry standardized, 
pre-calibrated single point load cells which are 
accessible and able to show high precision for small 
weighted items (Appendix L). Because of the pre-
calibration, craftsmen can neglect the weight of 
inventory bins. 

Figure 6.12: Bottom fixation for load cells

Figure 6.13: Module tilting

Figure 6.11:  Two variations on modules
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Figure 6.14: Module components

Out of different types 
of rubbers, Nitrile has 
been chosen (Figure 
6.15). It is the most 
preferred elastomer 
in the seal industry 
and provides perfect 
compression set, tear, 
and abrasion resistance 
(Datwyler, 2018). 

Passive RFID has been chosen to be implemented 
on modules because of the intended use-case that 
is recognising inventory bins in case they are placed 
on a different slot. Detection will be done within the 
trunk in a short range. Passive RFID systems use 
tags with no internal power source and instead are 
powered by the electromagnetic energy transmitted 
from an RFID reader. The lower price point per tag 
makes employing passive RFID systems economical 
for many industries (Smiley, 2019). RFID solutions 
in metallic environments are a tricky challenge, as 
severe interference with the electromagnetic fields 
may occur (Samson, 2017). Therefore, a cut out was 
applied on the aluminum plate to enable RFID signals 
can go through the plate (Figure 6.14).

Figure 6.15: Nitrile

Inventory Bin
Size 3

Side wall
aluminum

Bottom plate
aluminum composite

(3mm thickness)

Rubber insulation
nitrtile

RFID reader
passive

Load cell
single point

Control panel
circular LED + button
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Control Panel

Even though control panels are part of modules that 
are mentioned above, it is still better to explain them 
individually because of their equal importance for the 
system. Consisting of two main components which 
are a custom made circular LED and a button (Figure 
6.16). Control panels enable the user to take benefit 
from certain features such as; defining the weight per 
piece, defining the threshold level and defining the 
maximum level in the inventory bin. These features 
will be addressed with detail, later in this graduation 
thesis report on Part 6.3. Circular LEDs used on 
control panels are the elements that communicate 
with the user about the condition of inventory bins. 

Depending on the condition control panels can notify 
the user whether the bin is empty, has a critical or 
a sufficient amount of consumables indicated with 
different colors and patterns of lights (Part 6.3.2). 

Components are wired to the load cell already, thus, 
no wiring is required. Transparent covers were applied 
in front of circular LEDs to avoid any reflection which 
can be caused by natural or artificial light sources. 
With this way, it is even possible to see the light 
indications from a distance.

Circular LEDs
total 8 led lights

2 red - 2 orange - 4 green

Panel
slides into

the shelf

Button Cover

ButtonBody
polypropylene

Transparent Cover

F O R D  C O G N I Z A N T

Figure 6.16: Control panel parts
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6.3 User Experience
Ford Cognizant enables connectivity between the 
inventory, vehicle, craftsmen and the organisation 
(Figure 6.17). This became possible with the 
integration of technologies that are already proven in 
various industries. Load cells and RFIDs are two main 
technologies used for the concept that enables this 
connectivity by offering various features. The data 
regarding consumables generated on the Unit, then 
visualised with the Ford Cognizant application which 
can be continuously monitored via SYNC display 
in the cabin, personal smartphones of craftsmen 
and computer at the headquarters of craftsmen 
companies.

The main features that Ford Cognizant offers are;

(1) Automated weighing

(2) Individual threshold definition

(3) Maximum level definition

(4) Weight per piece

(5) Recognising inventory bins

(6) Consumption optimisation

Organisational awareness
with data transparency

Informative service design by 
converting physical paramaters 
to assistive indications

Continuous monitoring
via SYNC display and

smartphones

Automated consumables
control with load cells and
RFID

Figure 6.17: Features of Ford Cognizant
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Figure 6.18: Automated weighing working mechanism

6.3.1 System features

Automated weighing

Consumables that are put in inventory bins are weighed 
continuously via load cells mounted underneath. It 
was learned during market and technology research 
that, load cells are relevant solutions for weighing light 
materials precisely. The physical parameter measured 
by load cells, gets converted to a digital output by an 
amplifier which then can be communicated with the 
user via certain indications (Figure 6.18). 

For Ford Cognizant, single point aluminum load cells 
are preferred since they offer high accuracy and 
reliability with being affordable and often used in 
various industries with small to medium-sized scale 
applications. Single point load cells are unique in that 
they can accept an off-centre load, this means that 
they will accurately measure weight if it is placed 
anywhere on the scale, therefore, allowing them to 
be highly precise in industrial applications (Variohm, 
2018).
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Figure 6.20: Different threshold levels for different consumablesThreshold level definition: Since the variety 
and amount of consumables are very high in 
craftsmen vehicles especially for specialisations like, 
constructors, plumbers and electricians, it is essential 
to get consumable specific information. Therefore, 
Ford Cognizant offers to its users to define individual 
threshold levels for each inventory bin according 
to which consumables are placed in. This feature is 
included because different consumables can have 
different weight, frequency of use and size. For 
instance a fastener can weigh around 1.8 grams, but 
on the other hand, a 90° brass elbow can weight up to 
80 grams (Figure 6.19). It is irrelevant to assign same 
threshold levels for both of them, since fasteners can 
be used more often by a constructor or vice versa 
for a plumber. To explain it more clearly, Figure 6.20 
shows envisioned visualisation of threshold levels for 
different consumables placed on Ford Cognizant. 

Figure 6.19: Weights of different types of consumables

90° PVC 
ELBOW: 

19 gr.

90° BRASS 
ELBOW: 

80 gr.

50MM 
NAILS: 
2.3 gr.

FASTENERS: 
1.8 gr.

M6 HEX 
NUTS: 
2.5 gr.
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Weight per piece

Methods for controlling the consumables changes 
according to the size, amount and the frequency of 
use. For instance, screws and nuts are checked based 
on their level in bins (eye-balling). But for the larger 
sized consumables such as elbows, the amount 
is counted. The concept offers ‘weight-per-piece’ 
optionally for craftsmen. This is done by weighing 
one (1) consumable in the bin. After defining the 
maximum level which is the initial total weight in 
the inventory bin, the system automatically divides 
the total weight to weight of one piece in order to 
calculate the amount (Figure 6.21).

Maximum level definition 

Circular LEDs on control panels have 8 slots (2 red-2 
orange-4 green). Therefore, it is important to define 
the maximum level in an inventory bin after confirming 
the threshold level in order to set the boundaries. 
Maximum level corresponds to the situation when all 
LEDs are turned on, on the control panel. The system 
automatically calculates the difference between the 
maximum and the threshold level and divides to the 
amount of slots in order to assign certain numbers 
(grams) for each slot in between those two variables 
(Figure 6.22).
 

Figure 6.21: Weight per piece definition

Figure 6.22: Maximum level definition
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Consumption optimisation

It was concluded with the research that, digital 
solutions can influence and amplify the craftsman 
business by improving the internal organisation. 
One of the examples for that is the consumption 
optimisation that can ultimately enable accurate 
ordering from suppliers. This can be considered as a 
substantial improvement since with current inventory 
management methods, it is often possible to have 
deficiency of orders that is caused by the lack of 
inventory awareness which eventually results with 
going to department store during a work day. Since 
the service offers continuous monitoring regarding 
the condition of inventory, it is possible for craftsmen 
companies to analyse the data gathered from each 
craftsmen employee vehicle equipped with Ford 
Cognizant. Therefore, not just the overall  (all of the 
vehicles) consumption but also craftsman specific 
consumption can be determined (Figure 6.23).

INVENTORY DATA #4
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 #
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INVENTORY DATA #1

INVENTORY DATA #2

CONSUMPTION OPTIMISATION

ACCURATE ORDERS FROM 
THE SUPPLIER

OBSERVATION ON CONSUMPTION
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Figure 6.23: Consumption optimisation for craftsman companies
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6.3.2 Interactions and responses

Communication on the Unit is made with LED lights 
on control panels that provide some indications 
and responses according to the state of inventory 
bins (Figure 6.24). For each operation made with 
using the button, there also indications by means of 
confirmation. Complete list of responses for each of 
them are shown on Table 6.25 with explanations. They 
were developed after user tests to improve clarity and 
relevancy in terms of understandability of indications 
and value of the given information. Since there is just 
one circular LED for each inventory bin that gives 
responses for each features, it was essential to make 
a good differentiation without causing any confusion 
while operating the system.

It is possible to redetermine threshold and maximum 
levels, for each inventory bin via the button. This 
change of variables can be because of several 
reasons such as, weekly schedule or job description. 
The frequency of use for certain consumables can 
change significantly. In fact, one of the interview 
participants who is the manager craftsman of 
small sized constructor company mentioned that, 
depending on the job, some weeks he consumes a 
box of screw, but in some occasions that number can 
go up to five boxes.

Confirmation
Button

CONSIDERABLE
(orange zone)

CRITICAL
(red zone)

Defined threshold
level (2 red lights)

SUFFICIENT
(green zone)

Maximum level
(Lights fully on)

Figure 6.24: Control panel main indications
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6.3.3 Use scenario

According to one of the requirements (PF1), Ford 
Cognizant focuses on improving the inventory 
awareness simultaneously decreasing the physically 
effortful interactions. As it mentioned on the Part 
4.1, when craftsmen need to control the state of 
their consumables, they have to check each bin or 
organiser manually. This operation is exhausting and 
time consuming considering the fact that it needs to 
be done multiple times during a work day. 

Therefore an envisioned scenario was created that 
reflects the improvement inventory control with 
more practical and smarter interactions (Figure 6.26). 
Table 6.27 shows step-by-step use scenario and 
operations of Ford Cognizant including the setup, 
initial configuration, level definitions and settings, 
consumption, replacement of bins and maintenance.

Figure 6.26: Visual references regarding the state of bins
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6.4 UI Design
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6.4.1 Introduction

In order to enhance the awareness and accessibility, 
Ford Cognizant offers to craftsmen to check the 
inventory condition not just on the Unit but also from 
a distance. It is essential to get informed beforehand 
for better decision making. As it stated on Part 6.2 
(Product Architecture), load cells mounted below 
inventory bins, weigh the consumables and translates 
the physical parameter to a digital output. This output 
needs to be communicated to the user to provide 
the desired service via control panels on shelves and 
screens, where data visualisation happens.

The fundamental reasons to integrate UI design 
into Ford Cognizant are, firstly enable craftsmen to 
check inventory situation beforehand, either when 
they are driving or when they are away from the 
vehicle. Secondly enabling continuous monitoring 
from headquarters or warehouse of a craftsman 
company (Figure 6.28). As it mentioned on Key 
Finding 4 on Part 4.2 it is important to think about 
craftsman business point of view and provide a room 
for empowering the business via smart services. 

Therefore craftsman companies with multiple 
vehicles can be able to monitor each employee 
craftsmen’s consumables consumption and 
eventually provide optimisation in order to have 
more accurate orders from suppliers. 

Integration of screens and continuous monitoring 
will provide momentarily inputs about the inventory 
in order to improve the awareness. With the current 
solutions that craftsmen prefer for inventory 
management, they only become aware about the 
situation when they go into the trunk and check 
each bin manually.  

Figure 6.28: Vehicle, craftman, HQ connection

Figure 6.29: SYNC 4 interface

F O R D  C O G N I Z A N T
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6.4.2 Approach

While designing the UI, Ford’s latest infotainment 
system, SYNC 4 was preferred as an inspiration. 
Models such as Mustang Mach-E and F-150 already 
have SYNC 4 on their dashboards, thus, the same 
visual approach has been applied for designing 
screens (Figure 6.31). This has been done by thinking 
about the next generation of the Ford Transit. Now 
that every new Ford vehicle comes with optional 
FordPass Connect™1 with a 4G LTE Wi-Fi Hotspot, 
cloud connectivity comes standard to SYNC4 
(Ford Media Center, 2019). That is why, screens for 
smartphones are also designed, in case the craftsman 
wants to synchronise his device to Ford Cognizant.

Figure 6.30: Ideation for screens
Figure 6.31: SYNC 4 in Mustang Mach-E

F O R D  C O G N I Z A N T
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Figure 6.32: UI Design

Figure 6.31: Ford Transit 
Custom 2021 - SYNC3 Display

5

21 3

4

1 SYNC4 Homepage

2 Loading Screen

3 Unit Overview

4 Inventory Data

5 Settings

F O R D  C O G N I Z A N T

Overview  
of the Unit
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The most important sections of the UI design are 
the ‘Overview’ and ‘Detailed Data’ screens, where 
craftsmen can access either overall view of the Unit 
and in depth information regarding the consumables 
(Figure 6.33). On ‘Overview’ screen, the Unit has 
been placed with LEDs on it, to give an idea about 
that levels of each bin indicating them as critical, 
considerable or sufficient in case craftsmen wants to 
do a quick check. 

On ‘Detailed Data’ screen, craftsmen can access 
detailed information per inventory bin shown with 
bar charts. Bar charts have 8 slots just like the 
circular LEDs used on control panel. Individual 
threshold levels are also indicated which can be 
changed by clicking on ‘-‘ and ‘+’ at the bottom right 
corner. In case the configuration needs to be changed 
or another craftsman with different inventory setup 
wants to use the vehicle, all threshold levels of 
inventory bins can be reset with a simple click. On the 
other hand, craftsmen can do labelling on this page 
for each inventory bin in order to avoid forgetting 
what is placed where. 

On the ‘Settings’ screen craftsmen can synchronise 
their smartphones, to be able to access informations 
from their personal devices (Figure 6.32).

Detailed
Inventory Data

Overview  
of the Unit

Figure 6.33: ‘Overview’ and 
‘Detailed ‘Data’ screens

6.4.3 Final design

F O R D  C O G N I Z A N T
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5.1

5.2

5.3

118

122

124

After investigating craftsmen’s difficulties regarding the inventory 
management, the concept development phase had been started to 
accomodate the room for oppotrunity.  This section outlines the concept, 
it’s features, it’s envisioned influence on inventory awareness and shows 
intermediate steps that are taken to reach that point.

Conclusion

‘Smart Rack’ Implementation

Recommendations
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7.1 Conclusions
This graduation thesis focused on improving the 
inventory awareness of craftsmen within their light 
commercial vehicles by providing a smart inventory 
control concept dedicated for the consumables that 
are carried in the trunk area. 

The topic that Ford Motor Company is working 
on which is the inventory management in light 
commercial vehicles, combined with design thinking 
methods and user-centric approach. Relevant use-
cases and opportunity areas to improve were defined 
considering the actual needs of craftsmen to enhance 
their inventory awareness. 

The project included research about inventory 
management methods in various industries to 
observe how accessible technologies are utilised 
to gain benefits and improve organisation. Later 
on, these findings were used as an inspiration, 
especially for technology implementation for the 
concept, but tailored for the target context; the trunk 
of the van. Contextual factors including materials, 
configurations, utilisation of the area and nuisances 
were taken into consideration while choosing right 
and accurate technologies to be implemented to the 
concept. Later on these decisions were evaluated

by conducting several user experience tests with 
actual users during concept development phase. The 
results gathered from the tests were reflected on 
next iterations until aimed values are achieved.

Current solutions that craftsmen for their vehicles only 
provide maximal storage chances to make them able 
to carry lots of materials with them. However, most of 
the time craftsmen neglect the fact that having that 
much materials occur major problems. One of them 
is the lack of inventory awareness, especially for 
consumables which have the highest frequency of 
use and turnover rate in the entire inventory. This lack 
of awareness results having either low-stock or over-
stock situations which eventually causes to do time 
consuming additional activities such as travelling to a 
department store. Since time, efficiency and money 
is essential for craftsmen, this time loss can be utilised 
in a better way, for instance, to work more. Punctual 
and relevant decisions cannot be taken such as 
restocking supplies when there is a unknownness 
about the inventory state. 

On the other hand, the  deficiency is also substantial 
from the organisational point of view. Methods that 
small/medium sized craftsman companies prefer are

time consuming, requires human labour and have a 
high tendency for errors because of manual inputs 
done by a personnel. During debriefing phase of 
the day, employee craftsman needs to report the 
inventory situation to a personnel. Because of relying 
on pen, paper and whiteboards, the control needs to 
be done physically by getting in and out to the trunk 
and checking every inventory bin or organiser one 
by one. Because of all these impractical activities, 
debriefing sessions can take long times yet with 
missing or wrong inputs. This causes having inaccurate 
orders from suppliers and repeat additional activities 
which are done while working. 

The main research question:

After summarising and synthesising all relevant 
research findings, the concept, Ford Cognizant was 
developed with an integration of product and service, 
in order to address the main research question and 
sub-research questions.  

How to design a smart trunk ecosystem 
that will improve the inventory awareness 
of craftsmen?

F O R D  C O G N I Z A N T
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Craftsman inventory awareness
 
The final concept, Ford Cognizant, has multiple 
positive attributes as user benefits. First of all, as 
it mentioned, consumables are materials which 
are hardest to keep track because of their variety 
and amount but also frequency of use. Therefore, 
gathering or controlling them are effortful and 
time consuming. With the concept, consumables 
management is improved to an automated state. 

By utilising technology, the concept enables new 
and practical interactions with consumables in 
the trunk. This has been done by adapting smart 
and informative light indications to the unit where 
consumables are placed on. One of the scales in 
the user experience evaluation was ‘stimuli’, which 
is the impact of the system for inventory condition 
awareness. Participants gave the average score of 
7 and this scale is improved with next iterations, for 
instance, by adding a red blink feature for the empty 
bin state. Visibility and noticeability of lights are 
utilised on the concept in order to be able provide 
immediate informations. Connectivity has been 
provided in between craftsman and his inventory by 
enhancing accessibility. Synchronisation of the Unit 
with SYNC4 infotainment system of Ford and smart 
devices, enables continuous monitoring even from a 
distance. 

The concept contributes for improving the trunk  
organisation and inventory management by offering 
consumable specific information. Considering the 
reality that each consumable have different weight 
and frequency of use, thus, the amount, features 
such as, threshold definition, helps enhancing the 
relevancy of informations. Those features makes the 
system adapt to the user which is what craftsmen 
wish. Rather than forcing them to do certain task, 
providing reminders and suggestions adapting to

their work flow, pave the way for making craftsmen 
friendlier towards digital solutions.

How can craftsmen be adapted to the world of 
digitalisation? 

How can the inventory management be 
improved in the trunk by utilising technology?

How can the physical effort required 
interactions in the trunk be evolved?

F O R D  C O G N I Z A N T
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Organisational point of view

Enabling automation, makes inventory management 
much more practical and time-efficient. It was learned 
with the research that, better and smarter inventory 
management improves the internal organisation 
especially companies with high number of assets. As 
it shown on Part 4.5, the concept focuses on small 
to medium sized craftsman companies with up to 6 
vehicles. Automation for inventory management for 
each vehicle of the company provides greater and 
accurate insights regarding the overall consumption. 
The proposed concept offers continuous and 
momentarily informations with less error tendency. 
Since the consumables control is done by Ford 
Cognizant itself, there is no need for human 
intervention. This will help for a significant shrinkage 
in time consuming debriefing sessions that craftsmen 
need to do at the end of the day. On the other hand, 
accurate optimisation of the overall consumption will 
result with absolute orders from suppliers. which are 
done while working. 

Can digital solutions spearhead to craftsman 
business for improving itself? 

What type of information do craftsmen need 
for inventory management?

Cost Estimation

Two of the key requirements before getting into 
the concept development was about the product 
economics (PE1/PE2). Those requirements are 
quite essential considering the target user that the 
concept is addressed to. Craftsmen in general do 
not have high income, that is why it is often possible 
to see affordable solutions in their vehicles like do-
it-yourself rack systems. It was also observed during 
interview that, the scepticism they have towards 
digital solution can be avoided only if the technology 
implementation is affordable and efficient in terms of 
helping them to gain time or money.  

The product must be economically accessible 
considering craftsmen’s income.

Electronics preferred for the product must be 
affordable.

It was stated at Part 1.2.2 that, cost estimation of 
non-mandatory or changeable parts are out of the 
scope. This project takes the next generation of the 
Ford Transit into consideration, the visual approach 
that has been taken was vision-centric. In fact, the 
goal was to achieve the robust, strong and futuristic 
look which is constituted by visible or shell parts. 
Designs of shelves, side walls, organiser storage are

considered as non-mandatory parts since they can 
be improved in a way that would reduce the overall 
cost. However, elements such as, load cells, RFIDs, 
circular LEDs, buttons, aluminium panels, modules 
and inventory bins are considered as mandatory 
in order to enable the system to work (Figure 7.1). 
Without these elements, it is not possible to achieve 
what has been aimed with this concept design.

Table 7.2 shows the cost estimation of the concept’s 
mandatory parts. There can be minor changes 
on the cost depending on the configuration. For 
instance, placing wide inventory bins mean having 
less modules, thus, less load cells and RFID. Table 7.2 
indicates the cost estimation of the configuration 
shown at Figure 7.3.

RQ2.3

PE1

RQ2.5

PE2

Figure 7.1:  Electronic and structural parts are mandatory
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Figure 7.3:  Example configuration

SETUP I - 14 total inventory bins and modules
(10 small size / 4 medium size)

Cost List

Part Name

Single point
aluminum
load cell

5,49 €

Custom made
circular LED

1,68 €

Button 2,03 €

Nitrile rubber
insulation parts

HX711 load cell
amplifier

87, 92 €
(2500 x 500 mm)

1,99 €

RFID label 0,10 €

Aluminum plate
composite 3mm

47,98 €
(1000 x 1000 mm)

RFID reader 6,74 €

Aluminum panel
160x40

51.,06 €

Price (piece) Amount

14

14

14

28

14

14

14

14

2

Total

76,86 €

23,52 €

28,42 €

11, 20 €

27,86 €

1,4 €

26,48 €

94,36 €

102,12 € 

392,22 € 

Table 7.2: Cost estimation list
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7.2 Coalesce with ‘Smart Rack’
Introduction 
Smart Rack’ is a part of the comprehensive project 
named ‘Smart Trunk’ that Ford RIC Aachen is working 
on (Figure 7.4). As it mentioned before, it is focusing 
on accessibility problems that craftsmen face with by 
enabling the extension of the complete rack from the 
back door. It aims to help craftsmen to avoid getting 
in and out to the trunk while gathering materials. 
However ‘Smart Rack’ is yet an improved version of 
hardware storage solutions in the current market. There 
is still a lack of smartness in it, thus, Ford Cognizant 
designed and developed in a way that it can be united 
with ‘Smart Rack’ in order to cover that deficiency. 

The product implementation of Ford Cognizant will 
ultimately increase the product value and fulfil the 
goal of the comprehensive project ‘Smart Trunk’. 
This potential implementation was the reason 
behind the decision of designing a unit that will 
include components which makes the system work. 
Preferring identical shelves with identical structural 
components such as aluminum panels eases the 
product implementation of Ford Cognizant.

Figure 7.4:  ‘Smart Rack’

F O R D  C O G N I Z A N T
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Figure 7.5:  Ford Cognizant product implementation

Implementation

The product implementation was the reason behind 
the decision of designing a unit that will include 
components thats makes the system to operate. 
Preferring identical shelves with identical structural 
components such as aluminium panels eases the 
product implementation of Ford Cognizant. The 
envisioned product implementation is shown on 
Figure 7.5. 

Shelves on Ford Cognizant have can be mounted 
easily to ‘Smart Rack’. Using aluminium extrusion 
method for manufacturing, makes shelves adaptable 
for different length options. Therefore, craftsmen can 
even prefer to have a rack long smart Ford Cognizant 
shelves, or prefer to go with an partial system. 

Since the modular approach was only taken for this 
concept design (shelves do not offer housing for load 
cells or RFIDs on ‘Smart Rack’), a further development 
is recommended in order to figure out if it is possible 
to mount one piece shelf with partially electronics in 
it. Otherwise, additional aluminium panel needs to be 
added in between the Ford Cognizant shelves and 
‘Smart Rack’ shelves. In practice separate approach 
can enhance the robustness of the shelves since 
‘Smart Rack’ is a trunk long system. 

F O R D  C O G N I Z A N T

Ford Cognizant
Implementation
including smart shelves 
with electronics

Smart Rack

extendable shelving
system for craftsmen
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7.3 Recommendations
AI and ML Implementation

Ford Cognizant helps craftsmen and craftsman 
companies to be freed of time consuming methods 
with high error tendency for inventory management. 
As it mentioned on Part 3.1, even today, majority of 
small to medium sized craftsman companies prefer 
pen, paper and whiteboards methods which results 
with in accurate inventory analysis. Ford Cognizant 
utilises sensors to provide automation for inventory 
management within the vehicle in order to give 
accurate inputs about the condition. Hereby, the 
concept motivates craftsman companies to initiate 
stepping into smarter inventory management 
methods such as cloud-based systems which harness 
the power of IoT to enable real-time and continuous 
monitoring. 

Beyond cloud-based systems, there is one more 
advanced stage for inventory management that is 
machine learning and artificial intelligence which 
offers features that cloud-based systems are unable 
to do. This latest stage use predictive analytics to 
automate business decision-making around cost 
savings, resource utilization, risk mitigation, dynamic 

sourcing, and asset maintenance and availability 
(Link Labs, 2020). Artificial intelligence (AI) makes 
machines process inputs which subsequently pass 
through functions to reach a computer-generated 
decision as an output. These functions can be logical 
(rules-based), mathematical, or a combination of 
both. Machine learning (ML) programs learn to 
perform tasks by finding patterns in large data sets 
and making inferences instead of following explicit 
task- specific instructions that have already been 
programmed (Novick et al., 2019). 

Levelling up Ford Cognizant with a potential AI 
and ML implementation can help for better and 
smarter decision making regarding the inventory 
with enhancing the automation of the system. 
With this way craftsman companies can have solid 
collaborations with partner suppliers. For instance, in 
case of a development of Ford Cognizant’s data are 
shared with third party partner supplier, combining 
with ML, re-stocking consumables can be automated 
without any human intervention. The system can 
re-order consumables by communicating with the 
supplier directly, after learning and adapting itself to 
the average consumption of the craftsman.

Connectivity between the inventory, 
craftsman and the HQ

Another further testing is needed in order to 
ensure the connectivity between Ford Cognizant, 
inventory,  the craftsman and the headquarters 
(HQ). Especially connectivity of the van to the HQ is 
important because of the long distance in between 
during a work. Often LoRa is preferred for long range 
communication in various industries. LoRa stands 
for Long Range Radio and it is a wireless protocol 
specifically designed for long-range, low-power 
communications. This technology will enable public 
or multi-tenant networks to connect the number of 
applications running on the same network (Purbe, 
n.d.). 

However, as it mentioned on Part 6.4.2 bluetooth and 
cloud connectivity comes standard to new generation 
infotainment system, SYNC4. The built-in bluetooth 
system can connect to craftsmen’s smartphone 
after the device is syncronised with Ford Cognizant 
application. This graduation thesis recommends for a 
further research about the necessity of an additional 
mobile application in order to provide the data that

F O R D  C O G N I Z A N T
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craftsman sees on the smart device to the responsible 
personnel in the company. Because the data which 
can be accessed by the employee craftsman needs 
to be aggregated then relayed to the HQ servers in 
order to provide continuous information about the 
state of inventory bins and the consumables.

Tracking consumables in organisers

It was learnt during the field research that, craftsmen 
put the consumables either in inventory bins or 
organisers. Organisers are preferred because they 
are easy to carry and includes numerous slots to put 
different consumables in. Even though they usually 
come up with transparent lids to enhance their 
visibility, sometimes it can be hard to keep track of 
the consumables that are placed in, considering the 
amount of organisers that they have. 

During the brainstorming session with Christian 
Kirchhof, he mentioned that he is working on the 
management of consumables in tool organisers. 
According to Christian, the most relevant way to 
observe the state of consumables in organisers is to 
place them perpendicular. 

With a camera placed right across organisers with a 
linear angle can monitor the levels of consumables

in the slots before and after the work to make a 
comparison and provide information for craftsmen 
(Figure 7.6). In order to achieve that Ford Cognizant’s 
storage for organisers are designed to place them 
perpendicular. Organisers like Fatmax series from 
Stanley would be a relevant choice in order to 
substantiate mentioned development for Ford 
Cognizant (Figure 7.7).

F O R D  C O G N I Z A N T

Figure 7.6:  Camera positioning to the organiser storage

Figure 7.7:  Stanley FatMax organisers

Improvement of UI Design

On the overview screen of Ford Cognizant application, 
coloured circles were used that provide informations 
regarding the state of the inventory bins (Figure 7.8). 
However, this approach is irrelevant for colour blind 
craftsmen. This particular point is discussed with the 
client during regular bi-weekly meetings. 

Even though, control panels on the Unit also have 
coloured LED lights, it is relatively easier to learn and
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Wiring and power supply in the vehicle

As it mentioned at Part 1.2.2, vehicle integration in 
terms of power supply is out of the scope for this 
project. However, in order to system to operate 
perfectly, wiring and power must be provided 
within the vehicle. Therefore, further steps should 
focus on providing the connection between the 
electric infrastructure of the van and the electronic 
components of Ford Cognizant such as, load cells, 
RFIDs, amplifiers and lights. 

This further development should be done with 
considering the next generation of the Ford Transit. 
Overall, Ford expects that two thirds of its commercial 
vehicle sales will be battery-electric or PHEV by 2030 
(Ramey, 2021). With electric infrastructure, the power 
supply can be easier in terms of providing sufficient 
electricity. 

Batteries used in electric vehicles have more cells due 
to their unique internal design. As a result, the cells 
of batteries in electric vehicles tend to resemble one 
massive battery unlike gas-powered vehicles which 
uses the standard 12 volt battery made with six cells. 
The battery of an electric vehicle can be used for an 
extended period of time (Evolve With Liberty, 2016). 

understand the indications since circular LEDs have 
certain amount of slots for each colour (2 red - 2 
orange - 4 green). The overview page of the Ford 
Cognizant application shows one of those colours 
to indicate if they are in a critical, considerable or 
sufficient state. Therefore, further development needs 
to be made in order to provide the quick information 
in a convenient way for colour blind craftsmen.

Figure 7.8:  Indications on the overview page
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2.1

2.2

2.3

In this section, inventory management was researched by focusing on 
different used methods and technologies that are preferred. Later on, 
sensors and load cells are explained due to the scope of the project. This 
section finalises with solutions that are used in various industries about 
inventory management by analysing inspirational examples.

Methods for Inventory Management

Inventory Management Technologies

Industry Solutions
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Micro Level 
Stakeholder Analysis
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Appendix B
Industry standardized 
inventory bins

 

S t a n d a r d   S t o r a g e   B i n s 

SIZE 1 

SIZE 2 

SIZE 3 

SIZE 4 

SIZE 5 

SIZE 6 

SIZE 7 

A simple and effective small parts storage system for a wide range of
materials. Space saving, manufactured from Polypropylene, can be stacked
or for increased flexibility, used with Louvred Panels, Cabinets and Shelving.

Features:
• Strong, heavy duty with reinforced base, sides and stacking rim
• Durable, resistant to most industrial solvents.
• Material is capable of withstanding a temperature range from
-15°c to +50°c, however this may not apply when under
load or stress dependent on use or application.

• Hygienic, clean, smooth inside faces guard against build up
of grease etc

• Available in 7 sizes and 6 colours as standard
• Moulded in card holder – each pack supplied with sufficient

index cards

The Clear Front
cover – stock no.
456-3432 fits the
SIZE 7 bin

All Dimensions in mm SIZE 
1 

SIZE 
2 

SIZE 
3 

SIZE 
4 

SIZE 
5 

SIZE 
6 

SIZE 
7 

(A)Overall Length 90 167 240 350 350 376 510 
(B)Overall Width 100 101 150 205 205 419 315 
(C)Overall Height 50 76 130 130 181 180 200 
(D)Overall Base 

Length 64 143 200 300 300 310 450 

(A) Internal Length 80 154 223 330 330 350 470 
(B) Internal Width 88 88 128 179 177 378 270 
(C) Internal Height 42 63 120 117 167 164 188 
(D) Internal Base 

Length 65 131 188 287 287 295 435 

Volumes (Litres) 0.46 1.27 4.6 9.1 12.8 28.3 31.4 
Maximum Container 
Stack Height –        
(See Details Opposite) 

7 5 4 6 4 8 6 

Maximum Stack Load 
Capacity (kg) 12 12 30 36 45 60 42 

Container Stacking Loads:

Please note that when stacking containers, 
the entire stack load is dispersed onto the 
base container therefore neither the 
individual load or the total load of the 
stacked containers (up to the max. stack 
height) should exceed the max. stack load. 

Eg. The diagram below shows Size 5 
containers stacked to their max. of 4 high. 
As the max. stack load for Size 5 is 45Kg, 
if containers 1, 2 & 3 are equally loaded 
they can each carry 15Kg. If they were 
stacked 3 high and equally loaded each 
container could carry 22.5Kg, or 2 high 
45Kg. 

For all bin capacities see the chart 

1 

2 

3 

4 

ENGLISH

ENGLISH
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Appendix C
Interview Protocols
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Appendix D
Industry solutions research
The management of moveable assets is still a major challenge in 
the industrial environment. Examples for such assets are vehicles, 
containers, or tools. The goal of moveable asset management is to 
make assets available when needed and ensure their efficient use. 
For this reason inventory management encompasses activities like 
locating assets, tracking their usage and ensuring their maintenance. 
From our daily life we might have experience about the time we are 
spending on searching for personal belongings. This problem is much 
more complex for companies that are dependent on many different 
kinds of assets that are often used on a shared basis (Lampe, 2014). 
Good inventory management systems should be able to:

- Manage assets individually,
- Allow to locate the right assets
- Provide information about the current physical status of an
asset
- Keep an information history of an asset.

To fulfill these requirements, there are various solutions in different 
industries considering the complexity of operations, the amount and 
variety of assets in the inventory but also the size of the context and 
requisite information. Shown on the right side at Figure FIXME, some 
inspirational industry solutions were compared. 

Solution
Name

Comarch
White Paper 

PAR Excellence
PAR Bins

Zemic
Easy Shopper

Elements

IoT Platform
IoT Hubs
BLE Bracelets
Beacons

IoT Platform
Precision Scales
Software

Load cells
Barcode scanner
Integrated display

Operation
Scheme

Real-time
active inventory 
tracking

Real-time
active inventory 
tracking

Weight sensing 
based shopping 
experience 

Goals

Asset tracking
Data optimisation
Asset location
Auto. manufacturing

Inventory automation
Smart maintenance
Automated order
Custom value chain

Smart shopping
Reduce waiting time
Cutting processes
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Appendix E
Contextual comparison
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Appendix F
Force sensors

Force sensors are electronic devices that measure 
various parameters related to forces such as weight, 
torque, load, etc. and provide signals to the inputs of 
control or display devices. A force sensor typically 
relies on a load cell, a piezoelectric device whose 
resistance changes under deforming loads. Other 
methods exist for measuring torque and strain. Force 
sensors are used in load measuring applications of 
all kinds, from truck scales to bolt tensioning devices 
and used in a wide range of products and applications 
such as bathroom scales, musical instruments, 
medical applications, automobiles to detect seat 
occupancy, and process control in manufacturing 
facilities, (Thomasnet, 2019). There are different types 
of force sensors relevant to use for different needs for 
use cases.
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Mid-term concepts
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Appendix H
User experience 
test evaluations
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Appendix I
Aluminum panel 
160x40
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Appendix J
Ford Transit Custom 
trunk dimensions
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Appendix K
Load cell tilt test setup
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attery-p

ow
ered

 eq
uip

m
ent (d

esignated
  

M
od

el 1002-K
).

Typ
ical ap

p
lications includ

e p
acking m

achines, filling 
m

achines, w
eaving m

achines, ind
ustrial p

rocess control, 
and

 low
-force m

ed
ical ap

p
lications, as w

ell as sm
all-

p
latform

 w
eighing. 

O
U

T
L
IN

E
 D

IM
E

N
S

IO
N

S
 in m

illim
eters

4 W
IR

E STR
IP 0.25m

 LO
N

G

250

12.6

4 M
5

Through

12.6

15
15

5
5

80

A
lum

inum
 S

ing
le-P

o
int Lo

ad
 C

ell
Appendix L
Single point load cell
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EN

RS Stock num
ber 486047 

RS, Professionally Approved Products, gives you professional quality parts across all products categories. O
ur range has 

been testified by engineers as giving com
parable quality to that of the leading brands w

ithout paying a prem
ium

 price. 

Description 

•
Ideal for cutting as needed w

hen used for insulation of large pipes, flanges, containers and
sim

ilar objects.
•

The low
 therm

al conductivity capacity assures a sufficient surface area tem
perature and

avoids the accum
ulation of condensation

•
High w

ater vapour perm
eability

•
Foam

 product w
ith sound absorbing properties, reducing pop and flow

 noises in pip es.
•

Tem
perature range is -30°C to 95°C (w

hen adhered to a flat surface, operating
tem

perature should not exceed 85°C)
•

Com
pliant w

ith Part L of the April 2006 Building Regulations

Specification 

•
Colour

•
Dim

ensions
•

Length
•

M
aterial

•
Therm

al Conductivity
•

Thickness
•

W
idth

Black 
2000 x 500m

m
 

2000m
m

 
N

itrile Rubber 
0.034 W

/m
K, 0.036 W

/m
K, 0.038 W

/m
K, 0.04 W

/m
K 

25m
m

 
500m

m
 

RS,Professionally Approved
Products,givesyou professionalquality

partsacrossallproductscategories.O
urrange

has
been

testified
by

engineersas giving
com

parable
quality

to
thatof the

leading
brands w

ithoutpaying
a

prem
ium

price.

EN
G

LISH
Appendix M
Nitrile rubber 
material
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Appendix O
Aluminum sheet data
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