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1.1 Acnowledgements

We would like to express our deepest
gratitude to Wouter Kets, who has
been guiding and supporting us
throughout this course. We also would
like to thank our client Jerry Vos, who
assigned us this project as a possibility
within the course and provided us with
a lot of insights and help to develop
this project. But also, we would like to
thank Jure Vidmar, who is collabora-
tively working with Jerry on the soft-
ware and firmware of the plastic scan-
ner and helped and informed us on
these topics.

We were also very grateful for Kimm
and |Ivo Besselen, Everard Kramer, Huib
van Gulik and many moreBesstrade
employees as it was made possible to
get insights, documentation and vali-
dation from their recycling facility.
Thanks, should also go to Ben Mallet
and John verhoeven as they made it
possible to retrieve insights within the
organization of Ocean plastics waste
recycling within rivers and oceans.

Lastly we would also like to thank the

course coordinator Bas Flipsen and all
the expertise consultants for providing
guidance and feedback.

1.2 Executive summary

During the Course Advanced Embodi-
ment Design (AED) within the master
IPD of the Faculty of Industrial Design,
TU Delft, the focus laid on the embodi-
ment design phase of a chosen project
that needed to be further developed.
The project assigned was the ‘Plastic
Scanner..

The plastic scanner is a thesis project
of Jerry Vos which currently is in devel-
opment as an open-source project.
Within the course the following design
direction was given:

“Development of version 2 for com-
mercial B2B use in “the first world” and
production of larger quantities, used
by companies active in the garbage
collecting & recycling industry”

After context research, the proposed
product is a handheld scanner with
various features that apply to 2 differ-
ent end-users within different compa-
nies. The end-users are:

- Sorting workers that need to re-
trieve information on waste samples
and identify whether a sample may
be recycled or not.

- Sorting workers that need to recy-
cle different kinds of materials into
specific waste categories.

With this solution, companies have a
hand-held device that fulfils the needs
of the end-users and the company. Ad-
ditionally, the product can be manufac-
tured within the price range that is
interesting and has a great sustainable
impact during use within these compa-
nies.

To put the product on the market, the
following recommendations are made
for improving the design:

- Making the rubber handle more

sustainable and easier removable.
- Developing and testing the trans-
parent light blocking element.
- Increasing durability by optimizing
the waterproofness of the product.
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I 1.3 Introduction

For the master course, Advanced
Embodiment Design at the Facul-
ty of Industrial Design, TU
Delft, the Plastic Scanner
was assigned to this
group as a project
proposal for this
course. The plastic
scanner is a proto-
type developed

during the master
thesis of Jerry Vos
that enables users to
scan and identify
different types of
plastics. Jerry won the
Dyson sustainability
award for his innova-
tion as it solves one of
the most pressing
sustainability issues
(India EducationDiary,
2021). The thesis
focused on providing a
solution for low-income
countries, whereas our
assignment is to devel-
op a new commercial
version.

1.4 Final design

the output of this project, is a handheld
plastic scanner, made specifically for
making industrial manual identification
of sorting of plastics easier and more
efficient.

Reflection from lighting 8 Near
infrared LED on a material,
measured by the sensor and
used to identify the plastic

type

Ergonomic grip & rubber pad-
ding for a perfect grip in every
situation

Hand cord for
enhanced security




When the scanner has

woken up, press the
button to scan

If the results were not
conclusive, it will ask you
to scan again

Press the button, and the
scanner will wake up

The scanner gives the user
clear feedback: | successfully
identified the plastic type
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1.5 Companion app 1.6 Customization
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Bl 2.1 The Plastic Problem

Plastic is an awesome material. It can
be shaped in an unlimited number of
shapes, melted, reshaped, and lasts for
an eternity. But the longlasting abilities
of polymers results in polymer-based
garbage piling up in our natural envi-
ronments, and microplastics end up in
living beings (Plastic Free July, 2021).
The sheer amount of plastic waste
causes huge environmental problems
and is impacting our health and threat-
ens our oceans and wildlife.

The solution sounds simple: we need
to recycle all plastic products, but the
reality is complicated and current
systems and solutions are not geared
to keep up with the overwhelming
amount of waste, resulting in only a
small portion is being recycled and
most plastics are being downcycled.
With this project, we aim to take a step
towards a circular plastic economy, by
enabling users to identify and sort
polymers to turn waste into valuable
resources.

Figure 1: Plastic trash
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2.2 Current product

The current plastic scanner is an open-
source DIY project (Figure 2 and Figure
3), that was designed as part of a
master thesis project by Jerry de Vos
(de Vos, 2021). The handheld DIY
scanner can be produced at low costs
to help waste pickers in low-income
countries to identify the most common
types of plastic: PET, PE, PVC, PP, and
PS.

Waste management in low-income
countries is typically informal and
insufficient causing plastic pollution
(de Vos, 2021). Additionally, the sorting
and recycling process is time consum-
ing and labour-intensive. Identifying
polymers is difficult for manual labour,
and forces them to leave out plastics
without a clear marking because they
cannot categorise them. This problem
is what the plastic scanner is trying to
tackle, as it accelerates the recycling
process by giving clear feedback to the
user. With the plastic scanner they can
ensure potential buyers or supervisors
that their sorted batches are pure
which increases the material value and
thereby increases income for the sort-
er.

Figure 2: Plastic scanner scanning plastic product

The plastic scanner scans an object by
measuring the light reflected by the
material at specific near infrared (NIR)
wavelengths. Because different types
of plastic have different energy absor-
bance at specific wavelengths, the
scanner can compare the sensor data,
and estimate the type of polymer. The
technology is currently being devel-
oped further and the whole project is
opensource, to make plastic identifica-
tion accessible for everyone - and
improve it with help from the online
community.
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Figure 3: Exploded view of Jerry’s prototype




After our client Jerry (Figure
4) with the plastic scanner
won the Dyson Award, an
overwhelming number of busi-
nesses interest in the plastic
scanner. This showed that there is
a market demand for the product in a
western industrial context. But the
scanner was developed for low-income
countries, and Plastic Scanner wants to
develop a scanner model for industrial
plastic recycling and identifying pro-
cesses in western countries.

Specifically, the objective for this
project is to develop a corporate ver-
sion of the plastic scanner for small
batch production (100-2000pcs). The
project should identify and describe
the new target group, and develop

Figure 4: Meeting with our client Jerry
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2.3 Client Objectives

embodiment, usability, product interac-
tion and looks that fit the new context
and its users, while keeping the retail
price below 2000 euros.

The commercial Plastic scanner ver-
sion would help fund the open-source
version to further improve the scanner
and make it even more accessible to
the informal recyclers.

23

B 2.4 Context analysis

More than 50 companies with a diverse
portfolio of activities have expressed
their interests to buy this Plastic scan-
ner. An affordable plastic scanner
could be used by many target groups,
but to make our product analysis and
design development more effective,
focus needs to be narrowed down to a
more specific user group and meet
their requirements.

Interested companies were mapped
and grouped together according to
their industry and field of work, see
Figure 5. A more detailed version can
be found in Appendix A. From these
clusters, main categories emerge,
which are: recycling companies, ocean
plastics collection and/or recycling,
data analytics, plastic production,
consumer goods, education, social and
community focused NGO’s, design
studios.

Figure 5: Stakeholder map - for
context analysis
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Preliminary requirements were dis-
cussed and showed significant overlap
between the different clusters. There-
fore, the initial thought is that even
while the Plastic Scanner will be de-
signed for a specific target group,
other groups will benefit from the use
of the scanner as well. When looking at
the map (Figure 5, detailed in Appendix
A), the most interesting clusters
seemed to be small to medium scale
recycling companies and ocean plastic
collectors and recyclers. Both clusters
demonstrate significant overlap in
initial requirements: durability to work
in harsh environments, possibility to
collect and retrieve scanning data,
results should be gained easily and
quickly. Both clusters seem to have the
largest number of interested compa-
nies and both groups work directly
with plastic recycling. After presenting
the map to our client and discussing
the initial requirements, an aligned
target group choice was formed that
covers both groups: recycling and
ocean plastic companies.
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2.5 User Insights

In the beginning the design process we

conducted interviews with employees
from the PVC recycling company
BessTrade and the Ocean Clean-Up.

BessTrade

= o

Figure 6: Copany visit Besstrade - in the
factory

The first company to interview was
BessTrade, which is a medium-sized
recycling company focusing on
post-industrial PVC (BessTrade, n.d.).
PVC waste is sourced from clients in
large batches. At their facility the
waste is identified, sorted, shredded,
and remanufactured into pellets or
powder for production of PVC parts

depending on customer requirements.

Context analysis was retrieved by
interviewing the company’s managers
and collecting insights during the visit

2 N

Figure 7: Overview factory Besstrade

to recycling the facility.

Figure 8: Company visit Besstrade - manager
holding ‘the Gun’jpg

Main insights collected:

- Large factory area is divided into
specific stages for each of the
stages of the plastic recycling
process. The plastic sorting pro-
cess also has a specific area in the
facility.

- The work environment is loud,
mainly due to the shredding pro-
cess and other operating machines.
Workers wear protective headsets
to block this loud noise.

- All workers wear rubber working
gloves to protect their hands from
sharp or contaminated waste parts.

Figure 9: Medical waste made form PVC

Main challenges(Figure 11):

Main plastic type they work with is
PVC. However, waste streams are
often mixed with parts made from
other plastics, especially medical
equipment (Figure 9).

Many incoming PVC waste parts
have overlapping and mixed plas-
tics. Layers (or thin films) are hard
to differentiate and usually impossi-
ble to separate.

Training new workers often take
time until they can easily separate
the plastics and determine whether
they can be added into the recy-
cling stream.

When workers cannot differentiate
between the types, it can increase
the recycling time and can threaten
the quality.

[ Current situstion J
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Figure 11: Insights Besstrade
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Figure 10: Recycling worker Besstrade.jpg

Two use cases of our plastic scanner
were discussed.

The managers: to enable them to scan
the plastic types when analysing the
waste batches or during meeting with
clients for quick scanning.

The recycling workers: in the sorting
area, so that they are able to scan
plastic parts when uncertainty occurs
around waste samples.

Collected insights are translated into
the desired situation (Figure 12).
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Figure 12: Desired situation for Besstrade
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The Ocean Clean-up

(the interceptor group) Interceptor is
a boat that is installed in rivers to catch
flowing plastics and prevent them from
entering the ocean (Figure 13) (The
Ocean Cleanup, n.d.). Currently, 8
Interceptors operate in several coun-
tries (Dominican Republic, Jamaica,
Vietnam, and Malaysia). The Ocean
Clean-up organization sets up the
equipment and have the know-how for
each location and outsources waste
handling and daily operations to local
operators.

—

Figure 13: The interceptor - Ocean Clean-up.png

Main insights

- The current work process can be
depicted: Extraction - offloading
- sampling (one container once
per month - manual sampling) -
transport to end destinations
(waste to energy, landfill).

- Manual sampling happens on the
shore with usually 8 people working
at sorting the waste. Electricity is
often not accessible, but some
facilities have near energy sources.

- The waste is wet and can be de-
graded

- The company wants to know the
resin type, but due to lower-skill
workers and worker rotations every
2 weeks, teaching them to differen-
tiate plastics would not be a viable
option.

- The Ocean Clean-up collects data
about the waste types in each
location to look for local recycling

"'1'1-'| I-l!'.?“‘i. l .r.
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Figure 14: The Interceptor’s containers filled with

collected river garbage (Ocean Cleanup, n.d.) .png

opportunities and get insights on
the origin of the plastic waste.

Main challenges:

- Manual sampling of the container is
labour intensive and slow due to
waste being mixed with biomass,
fishing nets and other materials
(Figure 14)

- The waste streams are very differ-
entiated among the rivers. Hard to
distinguish which types of plastics
are more common in which rivers.
Harder to draw conclusions — hard-
er to take actions for local recycling
niches.

Insights about prospective Plastic

Scanner use in The Ocean Clean-up:

- A supplementary tool for the work-
ers sorting the container on the
river shore. Help in differentiating
the main plastic types as well as
drastically speed up the sampling
process.

- Collecting the more in-depth scan-
ning data and using these datasets
for each location to help allocate
the opportunities for niche recy-
clers in the areas the Interceptors
are operating.

- One worker would scan all the
unknown plastics that are collected
from the container, while others
work on sampling the known plastic

types.

This use case for the Plastic Scanner comes
with requirements:

Durability: the device needs to be dust-
proof and waterproof to be able to func-
tion in this harsh environment close to the
water.

The device should be able to scan de-
graded and tainted plastic pieces because
cleaning the plastic pieces before the scan
would slow the process down and cause

additional problems.
- Usability: the scanner needs to be an

would also be a requirement for the Plastic

entry product due to employee rotation.
Data recording and collection for analysis

Scanner in this use case. Data recording and
collection for analysis would also be a require-
ment for the Plastic Scanner in this use case.

Combining both target
groups

Both contexts (Figure 15) can be clas-
sified as harsh environments for elec-
tronics devices to work in, therefore,
our Plastic scanner should be designed
to be protective and durable. To satisfy
the needs of the Ocean Plastic compa-
ny, the device should be waterproof as
well.

Figure 15: Combined requirements form both target groups
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Secondly, both contexts require easy
and quick scanning results to ensure
effective work, because the scanner
will mainly be used by workers who are
sorting the plastic pieces; only the
essential information as which plastic
type is needed. Both target groups
need access to the plastic scan library
to ensure quality scanning results. In
addition, Ocean Clean-up also needs
to collect the data to be used in their
analysis.

Main requirements

Ease of use

Durability
+ Waterproofness

Access data for screening
+ Collect data for statistics
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Solutions

The current market for handheld plastic
scanners is three different devices as
seen in Figure 16. Mainly, The miRoGun
4.0 and the microPHAZIR are highly
sophisticated full spectrum infrared
sensors with prices starting at €14.500
ex.vat., which is hard to afford for small
to mid —sized businesses. Some hand-
held devices are designed to be used
in harsher environments, with a rugged
and waterproof casing, while others
cannot be classified as a fitting device
for factory or near-water working
environments.

Most of the Near infrared plastic scan-
ners can scan transparent plastic and
all mainstream plastic types but cannot

B 2.6 Current Market

scan black plastics due to the limita-
tions of the NIR reflection scanning
method (Masoumi et al., 2012). The
continuous full spectrum method is
significantly more precise but requires
an expensive MEMS sensor which
results in a high price. The Plastic
Scanner will fulfil a different market
need: an affordable scanning via dis-
crete measurements (<€2000) with the
focus to help differentiate between the
5 most common and recyclable plastic
types, but with lower accuracy.

Plastell miRoGun4.0

microPHAZIR™

A

2.7 Project Requirements

From the insights on context and po-
tential users, the initial requirements
are formulated as follows:

- Being able to store up to 2 MB of
scanning data.

- Results retrieved within 2 seconds
when pushing the scanning button.

- Information should be presented
and retrieved: scanned plastic type,
previous scans.

- Durability: product should survive
multiple drops from 1m.

- Being able to adjust the results
(load specific profiles).

- Controlling the measurement set-
tings, such as the result colour on
the screen.

- Have arating of IP66.

- Having a possibility to upgrade and
improve the scanning.

- Being able to scan dirty and de-
graded plastics .

- Have a comfortable and lightweight
shape that is easy to carry.

' l For more detailed requirements see
Appendix B.

~2 DO0E +14.500€ +25.000€

Discrete Full specirum Full specirum
Figure 16: Competitor comparison
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Goals

From context and user research the
main challenges for our project are
framed:

- How to design a precise, durable,
and waterproof tool while maintain-
ing it at low-cost?

- How to balance between product
looking aesthetically pleasing and
convey the message of robust-
ness?

- How to design a handheld scanner
for the environment with multiple
users where it could also get lost?

Our design should be designed to
satisfy these tensions (Figure 17).

Tensions:

Precise, professional,
durable, waterproof

Aesthetics

Handheld

Figure 17: Project Tradeoffs

2.8 Project Goal

Our vision

“To give enable Reliable and simple
scanning of polymers, that gives the
user precise, simple and actionable
information in an effective, fast and
easily understandable way to make a
positive impact on the company and
the world through collaboration.”

vs. Low -cost

Vs. Robustness

Multiple users
& getting lost
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The image below shows the presented
design at the midterm. This design was
mostly chosen and developed because
of its high adaptability to the context
and simplistic shape. The product can
be attached to a wall attachment, and
the product is handheld. The scanner
can be used by recycling workers as
well as factory managers or lab em-
ployees (see Figure 23).

The scanning element is placed on the
bottom, and the screen is placed on
the top. In order to scan transparent
plastic, another rubber ring can be
switched at the bottom. This rubber
ring has a gap at the side, where a
plastic sample can be clamped in
between. When pressing on to the

Jll 3.1 Concept proposal

Figure 18: Mid-
term concept
render 1

OLED screen bezel
Back enclosure

Scan trigger button
Micro controller board
2 x 18650 batteries
Scanner breakout
Front enclosure

Rubber shade pad
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sample, this results in an (almost com- Figure 22: Exploaded view of Q3 concept

pletely) closed-off environment for

Figure 19: Midterm
concept render 2

scanning (see Figure 23). Figure 22
shows all the components and how
they fit into the concept.

Overall, the design received good
feedback during the presentation
moment. However, there were still
some points of concern regarding the
design, the target user group, the
contexts of usage and our process.
The main feedback points from the
coach and experts as well as our own
evaluation are elaborated in the next
subchapter.

Figure 20: Mid-
term concept
render 3

Figure 21: Midterm
concept render 4

L |
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Figure 23: Light Blocking
concepts
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Evaluation

Feedback from experts &

coach

Too many target groups and contexts
of usage.

Design-4-all does not work, it would be
better to choose one target group and
define the usage context better.

Take-away: Redefine our target group,
a persona and user journey has been
made but not included in the midterm
presentation. The persona and user
journey should be revised and shown,
to better visualize who the product is
intended for and how it will be used.

Design Process and choices of the
report are not clear

Guide the reader more through the
process; show what the design oppor-
tunities were and which design deci-
sions you made.

Take-away: Use a new structure to
document our design process and the
design decisions along the way, called
‘Work Packages’. Show more visuals
documenting the process.

Too high ambitions for a short project

We need to plan more realistic and
prioritize our work.

Take-away: Re-iterate on our planning,
keep evaluating and scope down later
if needed.

I 3.2 Feedback &

Self evaluation
An overview of the product missed

We missed an overview of the product,
that showed which parts are the prod-
uct and which parts needed to be
reconsidered and redesigned. So, this
was one of the steps done at the start
of Q4. With help of this overview, a
planning was created for the work
packages.

Challenges




Challenges__
Group challenges of Quarter 3_

Quarter

Covid & other sickness

During our project, several of us con-
tracted covid, causing them to be sick
for one or two weeks. Next to that, the
course was very intensive which at
times took its toll on a few of us, caus-
ing some to become ill several times
during the project. This sickness re-
sulted in additional pressure on the
remaining students because the course
has a tight schedule not allowing for
many sicknesses. Additionally, we are
with one person less and we also
noticed the load off that when deliver-
ing the work.

MISSING FIGURE NUMBER

B 4.1 Groug challenges of

Making decisions & trust-

ing each other

There were always a lot of discussions
about every aspect where decisions
had to be taken. Many times, these
discussions were essential, because
the concept direction was not clear,
and we want everyone to be in line
with the decision. However, in some
cases, discussions took too long. Deci-
sions are scary because not only do
you choose what to bring to the next
step of the design process, but also
what to leave behind in that stage.
Letting go of those possibilities affect-
ed us throughout this course. We
wanted to keep all the possibilities
open, being afraid of going in the
wrong direction with our design, this
made our design process slow due to
indecision making. But, at the end of
this quarter, when the deadlines were
approaching, we were more actionable
towards where to go and what to do.
As a newly formed team, we still need-
ed to learn to trust others’ capabilities
and let go of some parts of the process
for more effective development of the
design.

Figure 24: Prototyping in clay

Planning — balancing ex-
pertise areas with project
work (PED)

In this past study quarter, a lot of focus
from the course was directed on the
expertise areas. There was almost
every week a deadline for one of these
expertise areas. At a certain moment,
also due to the sickness of teammates,
we stopped planning, and it felt like we
were just running from deadline to
deadline. A lot of the project work
needed to be squeezed into the
schedule somehow or was delayed
because of all the deadlines. In the
end, this led to us having a very stress-
ful last couple of weeks when we still
needed to complete a lot of PED work
and integrate the expertise areas into
one concept design. A big challenge
for us is to balance the PED work more
with the other expertise areas and
keep up with the planning. Another
factor which made this extra challeng-
ing was the unclarity of the course,
and the unclarity of the expertise
areas. A lot of time was spent figuring
out what needed to be done and hand-
ed in (and when).

Communication & work-
ing together in covid

times

In these covid times, hybrid working is
getting more and more normal, howev-
er, when working with a team this also
brings challenges. We partly worked on
campus together (on Mondays and a
few other days), next to that we
worked a lot online or hybrid (when not
all of us were able to come to campus).
Especially working hybrid brought its
challenges in working together effi-
ciently and finding a good (low stimu-
lus) environment that is adequate for
this hybrid working posed a big chal-
lenge as well. Next to communicating
in person, all our communication was
done via WhatsApp (later signal), via
these platform’s communication was
slow and unclear at times.
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Jll 4.2 Concept challenges

for Q4

In the last weeks, we have analysed
the design brief, the market, and the
new target group, and we have made
an initial concept design for the Plastic
Scanner 2.0 (see the subchapter be-
fore). This concept will be the starting
point of our design process in Q4.
However, many aspects still need to be
further developed. The main aspects
that need development (connected to
each expertise area) are mentioned
below.

Main challenges

Optimize the comfortable shape
- Optimal ergonomic comfort

- Fast and easy scanning in different
scenario’s (factory worker, ocean
clean-up sorter, factory manager/
researcher etc.)

Optimizing the usability for fast and
easy scanning on different scenario’s

- The type of button/ exact button
placement

- Implementing bimodal feedback
(eg. light/vibration/sound)

- Size of screen
- Information on screen

Optimize the look & feel of product

- The product should look & feel
professional, reliable and sturdy.

Develop the data storage and sharing
- Hardware

- Human Machine Interface
- Optimize machine learning model
- Mockup of software

Optimizing durability/ end-of-life

- Waterproof

- Dustproof

- Drop proof

- Design for sustainable end-of- life

Optimize scanning environments to

improve accuracy of scanning

- Blocking out environmental light as
much as possible

- Allow for accurate scanning of
differently sized and shaped plastic
objects

Design for optimal accurate scanning

of transparent plastic

- Optimize the reflective back-piece
for behind transparent plastic to
reflect the IR light

- Block out environmental light as
much as possible

Out of scope

We chose not to tackle the compo-
nents on the breakout board and Scan-
ning of black plastics (you need a
different technology for this), because
of the limited time and resources of the
project.

8e

4.3 Group Challenges of

Q4

During quarter 4 we had a lot of similar
challenges as in quarter 3, there still
was a lot of pressure given by the
course, some sickness, unclarity on
deadlines, a high workload from the
expertise areas and some miscommu-
nication. We tried to control this better
with more group agreements, friendly
reminders, a better structure in our
team meetings and clearer communi-
cation.

Struggles with 3D
printing

During this quarter, we received a 3D
printer to print our prototypes at home,
due to the faculty printers being over-
booked. This helped us a lot by being
able to prototype relatively fast and
without any limits. However, we still
had some struggles in finding the right
orientation to print the prototypes with,
having the right tolerances and pre-
venting the model from sticking to the
bed. After some trial and error, many of
these challenges were overcome.
However, it did cause delays in our
planning. This led to us including mis-
takes and re-iterations in the planning
of prototyping.

Delayed Product parts

In the second quarter, we made many
prototypes by 3D printing, as well as
iterations of the electronic compo-
nents. We ordered printing filament, 2
PCBs, 5 screens, multiple batteries in
different sizes, different microcontrol-
lers and many more parts. Many parts
were delivered later than expected,

delivered at another address or only
partly delivered. The filament and the
first PCB were delivered later than
expected and that caused some delays
in our planning, therefore for the sec-
ond PCB we took the long delivery into
account. And due to the fast pace of
the course, there was not a lot of
space for any delays.

Planning & expectation

As similar as quarter 3, in quarter 4 a
lot of time was also spent on the ex-
pertise areas which took many hours
away from the group (PED) work. For
the expertise areas we needed to write
many papers and the ambition of
reaching TRL 8 was too hard. Next to
that, there were many social activities
after covid lockdown again which can
be overwhelming and hard to combine
with such a big course. However, PED
was prioritised more, and the work was
divided more efficiently than in the
third quarter. Lastly, we had very dif-
ferent expectations and goals from the
course than what we reached at the
end. It would have been better to know
what to expect from the course at the
start.

ADD NEW LINKED FIGURES.
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Design Process__
Design Approach__

Jlll 5.1 Design Approach

Over the course of this project, we
have worked with several design ap-
proaches, see Figure 20. More informa-
tion on our design process before the
midterm can be found in Appendix E.
The process went in the following way:

N——

Figure 25: Roadmap of design approaches till midterm

- First focus was mostly on exploring
the fuzzy front end of the assign-
ment. After the first conversation
with our client, we defined our first
product requirements.

- We kicked off with a pressure cook-
er (design iteration 1in Figure 21)
where a design sprint for the proj-
ect was done in one day.

- We did context research for the

April

project and the expertise areas,
which led to updated requirements.

We started brainstorming more and
concept generation was done (de-
sign iteration 2 in Figure 21).

Concept
Generation

The four concepts that were gener-
ated were evaluated.

A concept evaluation and elabora-
tion (design iteration 3 in Figure 21)
were executed.

May

At the beginning of the second quarter,
we reflected on our process and decid-
ed to continue the project by doing
more design sprints. However, it was
now time to delve into details and
document our process better. From
this, we decided to work with ‘Work
Packages’, for each design iteration
and topic. One or two members over-
saw a work package depending on
how big the tasks were in it. Each work
package was chosen to cover a certain
expertise area or design iteration. An
overview of all the work packages and
the planning can be seen in Figure 21.
The work packages covered in fixed
order the following:

- The challenges
- Solutions

- Results

- Next steps

Figure 26: Planning Workpackages

During our stand-up meetings at the
start of each working day we updated
each other on the progress and the
conclusions, for more details we could
reach each other’s work package. Next
to that, we had an alternating project
manager each week who would state
the agenda and lead the group meet-
ings to be as efficient as possible. This
way of working helped us to create
progress in a short matter of time.
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Jlll 5.2 Design

PE

Design Process__
Design Approach__

As input for our design process, we
redefined our persona and the use
case scenario, this persona and our
vision led to the design of two mood
boards which will be shown in this
chapter.

Persona and use case

scenario

The persona his key goals, needs,
frustrations and skills are shown in
Figure 22. We choose the context of a
recycling worker at a recycling compa-
ny because we assume the scanner is
used most often in this context. And
after a second interview with the
Ocean Clean-up, we concluded that
both our target users and target con-
texts were more similar than initially
thought. After the context research, we
have made a journey map, which
shows the current and envisioned
journey, shown in Appendix C.

Mama: Mark

hge: 45 years

SE: kale

Occupation: Sorting employeo
Status: Married with 2 kids
| neation: Lakyrstad, NI

= Creating accurate, high guality
sorted batchas

= Acguinng knowledge on plastic
idontifaction and certainty on
consistency of waste samples

= 300l many samples quickly and
fimish job 85 so0n &5 possibla

“ | would like to not have 1o call my
manager whan | can not figues out
what type of plastic | am handling. "

Figure 27: Persona

Process

Mhysical work
DRy

deni of
'1- fying rypes of plastic

m ﬁddwh
LTl

=hdixpn plastic products
hatchas

= Human ermrors in
sorting the batchee

- Unknown plastic
samples

= Degraded aond langled
up plastc sampies
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Sturdy:
Rugged & reliable

» Octagonal shape features

* Or non 90 degree

» Deep textures

* Multi-material

» Exposed fastening hardware
 Bulkier than needed

*Mostly black (with one accent co-
lour)

Mood boards

After defining our persona, several
mood boards were made while con-
sidering the preference of the perso-
na and additional insights. The mood
boards cover essential characteris- ==
tics that should be integrated: Pro-
fessionality and Sturdyness (see
Figure 24 and Figure 23). From

these mood boards, we found that
smooth lines, rubber parts and simple
shapes are mostly used in professional
and sturdy products. And in our design
iterations, we sought to incorporate
these elements.

Figure 29: Moodboard Sturdy

Proffesional:
Modern & attractive
- Simple geometric shap

- Soft shape transitions

| - Pastel colours, monotone
black/silver/chrome

- Smooth or subtle textures

J
Figure 28: Moodboard Proffesional.png




Design Process__
46 Design Approach__

In Figure 25 the overview of our com-
plete design process is presented. To
reach to our result, we had a total of 9

design iteration rounds and 4 test
moments. These iterations and test
moments will be elaborated further on
in the next subchapter of design op-
portunities.

Client’s

Midterm
Prototype

Result

7

Legend

Design ™1 Test
Iteration 1 Moment 1 Result

Figure 30: Design process overview Q3+Q4
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Jlll 5.3 Design Iterations

In this chapter a further elaboration is
given on the different design iterations
and test moments in Q4 and how they
contributed to our final design. From
each iteration, the challenges & oppor-
tunities are defined. Next, the different
design alternatives and the chosen
design are presented. Lastly, a conclu-
sion and/or further steps are set forth.

Design Iteration 4 & Test
moment 1

Why

In this iteration, the challenge was of
making a more intriguing and ergonom-
ically comfortable design.

Design options
A total of 9 foam models were made,
see Figure 26.

Design Choice

After doing test on all the 9 models
with our own group we discovered that
the scanning orientation is not as
comfortable as we thought around the
midterm. That is why we decided to
test with 2 simple models (models 1
and 3) which scanning orientation
(forward or downwards) was more
comfortable. From the test it was
apparent that scanning forward (model
1) was more comfortable (4 out of 6
participants). For more information on
all the test results see appendix G.

Next steps

After this we decided to start a new
design iteration on a comfortable
ergonomic and professional shape
focusing on scanning forwards.

Design Iteration Round 5

Why

Because of the decision to go for a
different scanning orientation (forward
instead of downwards) we needed to
design a new shape. For this iteration,
we decided to pay more attention to
the functional aspects of the design,
see Figure 27. This meant stating
where the parts will be placed while
incorporating the necessary aspects of
ergonomics, aesthetics and electron-
ics. Therefore, we sketched on top of
the functional design that was already
generated and aimed to visually inte-
grate professional and robust aesthetic
elements.

Design options

The functional design was first based
on the optimum shape for the PCB and
after listing all the ergonomic require-
ments we found that we needed the
PCB width to be smaller to create an
optimum handle width (43 mm). After
looking at possibilities we saw that
there was more space in the height of
the design and that the PCB could be
made longer in height in order to fit the
optimum handle.Additionally, there was
some freedom to elongate the handle

and top.
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We made many sketches for this itera-
tion and a few CAD models (Figure 28
more can be seen in Appendix H) .
Some models have a square handle,
some have a round handle, and some
have an oval shape that is partly round
and partly straight (in order to optimize
scanning and holding).

[ ]

Figure 33: Sketches Design Iteration

Design decision

We discovered that aesthetically and
ergonomically it potentially could be
optimal to have an angle on the screen
when scanning. Next to that, we were
unsure which handle shape would be
most ergonomically comfortable and
stable. Therefore, we chose to make 4
simple models based on these sketch-

es;

Next steps

model 1: with cylindrical handle with
a O-degree angle

model 2: with cylindrical handle
with a 10-degree angle,

model 3: oval handle with a 0-d
gree angle,

model 4: oval handle 10-degre
angle (see Figures next to Fig
30).

The next step is to test the 4 mod

with various users and find out whi

scanning/reading orientation and whi

handle shape is perceived as the most
ik comfortable and stable.

Figure 31: Foammodels

Figure 32: Functional Design & electronics over-
view
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Figure 34: Model 1
- Jerry’s Prototype

Design Process__
Design Iterations__

Design Iteration Round 6
& Test Moment 2

Why

For this iteration, the goal is to find the
optimal comfortable and stable handle
shape for the plastic scanner. From
previous scientific research as well as
our own finding in test moment 1 (see
appendix 1), it is found that rounded
shapes are more comfortable to hold
than square shapes (Scarlett R. Herring
et. al, 2007) (K. Hokari et. al, 2019).
Additionally, it is found that having an
angled screen with the top angled
away from you can be more comfort-
able to read as well as minimize glare
(Ankrum et al, 1995). Additionally, it is
hypothesized that it looks visually
pleasing and feels more stable if the
scanning part of the product is angled
the same as the screen.

Research question:

Which model is perceived the most
comfortable and stable to hold and
scan objects with?

Design Options

A total of 7 participants (6 male & 1
female, aged between 20-30, 1
left-handed, 1 ambidextrous, 5
right-handed) were asked to hold 5
different models (Figure 29-Figure 33)

Figure 35: Model 2
- Cylindrical handle O
degrees angle

and act out
the task of
scanning
an object;
hold the
scanning
part up to
a plastic
sample,
press
against it
so all light

is blocked

out act as Figure 39: A participant acting out
if ! the task of scanning with one of
ITyou the models

press the

button

once and look at the ‘screen’ (Figure
34). They were asked to rate the mod-
els on a scale from 0-10 on comfort
and stability.

Design choice & conclusion

The result shows that model 2 has the
The result shows that model 2 has the
highest mean on the aspect of comfort
with a 7,14 (SD of 1,21) and model 4 has
the highest mean for stability with an
8.29 (SD of 0,76). However, when
looking at the median, model 2 scores
the highest on stability with a 9. The
most preferred model is model 2 (3
participants) after that model 4 is
preferred the most (2 participants)
(more information can be seen in ap-
pendix 1).

T

Figure 36: Model 3
- Cylindrycal handle 10 - Oval handle O
degrees angle

Figure 37: Model 4 Figure 38: Model 5
- Oval handle 10

degrees handle degrees angle

Looking at the findings, we decided to
design a handle shape which is a com-
bination of a cylinder and an oval, as
the results are very close together.
Additionally, it was found that the
button on the front (facing towards the
user) is more comfortable and with
that, a flatter surface on the front
would work better. Next to that, the
scanner will not have an angle in its
design as this is the most comfortable
to look at and scan with.

Design Iteration Round 7
& Test Moment 3

Why

In this iteration round, we further de-
veloped the aesthetic appearance of
the model as well as integrated all the
findings from the previous ergo-
nomics test. For this iteration,

we focused more on the screens

and aimed to test the usability of

the overall design for our intend-

ed target group.

Design options screens

First various screen styles, ani-
mation ideas and ways of com-
municating information were
created while trying to present
only the essential information,
see Figure 35.

This consisted of:

- Round and square screens

- Color contouring (to mimic a
LED ring that lights up color
for quick information process-
ing)

- Animations

- Styles

Various principles stated by
Adobe

00000
e

PP
L -
E"

(Adobe & Babich, 2020) for designing
the Ul of smartwatches were followed
when creating the screen designs for
the plastic scanner. They covered:

- glanceability
- functionality
- responsiveness

- typography
- colors
- animation

The main purpose of these principles is
to make the interaction comfortable
and provide fast interactions of users
care most about. Additionally, typogra-
phy has been chosen to be Roboto
Condensed as that is being used by
Android smartwatches for its readabili-
ty. The font size on the screen should
be as big as possible with a minimum

0

-
v

00

Figure 40: first iteration; different screen designs for the plastic scanner
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of 4 mm and enough spacing in be-
tween lines as found during ergonomic
research of the paper of Dobres et al.
(2018).

Design Options Exterior Design

For the physical design of the exterior,
two iterations were made (see Figure
36 and Figure 17). This shows the
evolution that goes from a functional
ergonomic design to a more aesthetic
professional and sturdy-looking design.

Design Choice & Test results

The final prototype to test with, of
whcih we made several iterations
based on a simplistic version of the
design, is shown in Figure 38. Next
simplistic screens with a few anima-
tions were programmed, because this
was determined to fit the context best
(these animations are elaborated on in
chapter 5.5). From the first screen
drafts, it was chosen to continue with a
round screen as that fits the aesthetic
of the product most while it was found
too sometimes be more unusual. This
is because users are more used to
square screens. However, people are
getting more used to round screens

Figure 41: Design iteration exterior first draft

because of screens on smartwatches
and products like the Google Thermo-
stat.

Conclusion

The results from this iteration and the
test led us to make an even more
optimised exterior and a more opti-
mized screen interaction. More conclu-
sions can be found in the next chapter
on the prototype. The insights from
these iterations together with input
from design iteration 8 & test moment
4 led to a final design which is further
developed in design iteration 9. For
more information on the test that was
done with the prototype, see the next
subchapter 4.4 or see appendix | and
F.

Figure 42: Design iteration exterior first draft

Design Iteration Round 8
& Test Moment 4

Why

For this iteration, we tested two differ-
ent versions with a qualitative and
guantitative test to derive which ver-
sion fulfils the design vision the most.
To test which design looks the most
reliable, both in sense of being physi-
cally durable and in presenting reliable
results to the user. More information
about this design iteration and test
moment can be found in the next
Chapter 6, (Final Design, the part on
the Shape and the Digital Design).

Design Options Exterior

We designed another version that is
more detailed than the simple straight-
forward design and therefore has a
different appearance while still inte-
grating aspects as smooth lines and
rubber details. Both design iterations
are shown in Figure Figure 39.

Figure 43: Concept A& B

Figure 44: 2 chosen screen styles as possible
directions for the product

Design Options Screens

Based on several iterations, the follow-
ing 2 screen styles are created as they
show two very different styles, see
Figure 40.

Figure 45: Final prototype for testing
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Design Iteration Round 9

In this final iteration round, final chang-
es are made to the screens, exterior as
well as interior. More information on the
final design can be found in the next
Chapter, Final Design.

Last design changes

The following changes have been
implemented into the final screens
(Figure 41):

- Bigger font for readability.

- Color coding for 2 situations that
sorting workers face.

- Accuracy levels of scanned samples
are removed.

For the exterior design final changes
were implemented:

- The handle pattern was changed to
a small pattern (based on the re-
sults of test moment 4)

- Multiple colors were added

For the interior design many elements
were added as can be seen in (sup-
portive ribs, screw holes and ladder
edge) Figure 42:

baim Scrednt

Resull sereens in stasdard identification mode

Resull screens i sonling modes  Wh | 5 types of p

Conclusion

After these last changes, the design

was frozen for the report and the
presentation. From this point on a
reflection is done on what can be

further improved regarding the prod-
uct. These insights and recommenda-

tions are mentioned in Chapter 7,
Client Material.

000000

Figure 47: Last Design Iteration

Figure 46: Final screens

SIS

5.4 Prototyping

Goal of test

To improve the usability of the plastic
scanner, we made a prototype that
was tested with several Besstrade
employees (PVC recycling company).
The main aim was to test the usability
of the physical and cognitive ergonom-
ics of the prototype (the shape and the
interaction with the screen and but-
ton).

The main research question was:

- How do recycling employees per-
ceive the handling of the plastic
scanner in terms of usability and
comfortability?

Sub research questions are;

- How is the comfortability and sta-
bility of the scanner perceived and
how can it be improved?

- Do the users understand how to
use the plastic scanner and the
results that are presented and how
can this usability be improved?

Secondly, some attention was put
towards the aesthetics of the proto-
type and the two available screen
versions. The aim was to see if users
perceived
the proto-
type as
professional
and robust,
and how this
could be
improved.

Figure 48: Design of prototype

The prototype &

production

For this test, a prototype was designed
by means of 3D printing and with the
use of an ESP32 board, that required
programming beforehand. The proto-
type is based on a render that envi-
sioned the aesthetic appearance of the
product (Figure 43). An overview of the
prototype can be seen in Figure 44.
For this prototype, the rubber handle
as seenin Figure 43, is 3D printed from
the same materials as that was only

\ available
; at that
E moment

Figure 49: Overview of prototype and the di
screens



Method

With the use of a qualitative interview,
we interviewed 4 employees of
Besstrade for around 15 to 20 minutes
per person (see Figure 45). After some
instructions, they were first asked to
hold the prototype and give their first
impressions. Then they were asked
questions about comfortability and sta-
bility. Secondly, they were asked to
pretend that they are scanning an
object, press the button and look at
the screen (see Figure 46). Then they
needed to answer gquestions and ex-
press their opinions about the scanning
process. Lastly, they were asked some
questions about the aesthetics of the
products and the interview was
wrapped up with questions about the
participants themselves. More informa-
tion on the test setup can be found in
Appendix J. One interviewer asked
questions and made some notes. The
other interviewer was responsible for
making sure the electronics worked,
making pictures and videos and making
observations.

Figure 50: Picture of interview
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Main insights

Overall, the participants liked the scan-
ner a lot, it was perceived as comfort-
able, lightweight, stable and simple.
One of the main comments mentioned
was that the grip should be a bit small-
er, and there could be some more
space for the fingers. Next to that, it
was not clear to many employees that
they should only press the button once
and it was not clear when the scanning
was ready. Additionally, the text was
too small, and the font was not read-
able enough for them. On a different
note, many employees thought that the
number underneath PVC presented
how much of the product was made of
PVC and not the accuracy of the scan-
ning. Many employees were also not
interested that much in the accuracy.
Lastly, on the part of aesthetics, many
thought it looked professional and
robust because it was simple and big.
However, it was perceived to be better
if more rubber (around the screen) was
added and/or if some metal was added.
More information on the test results can
be seen in Appendix X.

S/

Figure 51: Instruction during interview

“It feels very lightweight and stable in
the hand.”

“I would like a cord in order to n

“l can not read what is on

“I am waiting for it to b

Quotes form Besstr




Discussion

From this test, we have learned to
make the grip smaller for increased
comfort and to improve the readability
and clarity of the results on the
screens. We noticed that the level of
understanding from the recycling work-
ers is low and that some participants
even have reading glasses which they
do not use while working (see Figure
47). Therefore, we have decided to
give the result screen a colored back-
ground, for quick identification. Hereby
it is not necessary to read the text
when they understand the meaning of
the color. Next to that we increased
the size of the text and changed the
font. Additionally, we added the word
result’ on the screen design to clearly
show the device finished scanning and
took away the accuracy number. We
propose to only include the accuracy in
the app as this is more interesting for
managers than for factory employees.
Lastly, we did a design iteration in
which more rubber was added to the
design. All the changes are incorporat-
ed in the final design chapter, see this
chapter for more details.

Overall, the results of the test are valid,
and we received many helpful insights
as input for the final design phase.
However, in this prototype, the weight
distribution is not completely the same
as for the actual design and the feeling
of the material of the enclosure (PP
and rubber) is quite different. These
aspects influence the perceived com-
fort and stability of the device. Also,
the scanning process will be experi-
enced differently if the device would
scan the material and give an accurate
result.

Recommendations

To improve the clarity that the scanner
is done scanning it could be clearer to
add one or two short vibrations at the
end of scanning when the result is
shown. However, this should be tested
with participants in the factory envi-
ronment wearing gloves. Lastly, a final
test should be done with a more accu-
rate weight distribution, similar materi-
als as well as working electronics to
scan the materials.

After this prototype test more itera-
tions were done (Design Iteration 8 &
9) and a final prototype was created to
present to the client at the final pre-
sentation, this version will have a
different color as well as rubber ele-

ments.

ure 52: Recycling worker without his reading glasses
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Final design__
Shape design__

6.1 Shape design

Throughout the design process, the
product shape has evolved to embody
important aesthetical, ergonomic, and
technological features incorporated
along the way. In this section we focus
on the final user tests and design
choices made to make the final proto-
type. Firstly, the insights and choices
from aesthetical and product meaning
perspective will be presented, then
ergonomics insights and choices will
be discussed. The chapter is conclud-
ed with the main recommendations to
improve the shape even further.

Most important findings in shape
design

- Concept B is perceived as new er
version of the design and more
professional.

- Elements such as sharper lines and
more rubber from Concept A can be
added to concept B to improve the
perception of sturdiness.

- Forward scanning direction was
chosen.

- A round handle with different
curves on the front and back as well
as on the length was designed to
optimise for comfortability (for
different hand shapes).

- The rubber ring sticking out at the
back and rubber elements on the
handle increase the stability.

Aesthetics

Product shape communicates numer-
ous important product features and
impacts the way the scanner is per-
ceived. For this use context, the plastic
scanner should look reliable, both in
sense of being physically durable and
in presenting reliable results to the
user. These aspects come down to the
product looking aesthetically pleasing,
reliable, professional, and sturdy.

Design Options

The two main options (Figure 48 ) were
chosen as final design concepts to be
evaluated.

To evaluate the different features, two
types of user tests have been con-
ducted. First to compare aesthetical
appearance, by use of an online ques-
tionnaire with questions from the UVA
model. Second to compare what fea-

Figure 53: The comparison between two design
concepts A(Right) and B (left).

[E 1

Completely Concept A Both
(Concept B not at all) equaly

Durable
Intriguing
Honest
Fragile
Untrusworthy
Incompetent
Reliable

Professional

® OO OO0 0O00e
® O® & OO O 0e
CECHECECECECRCHCNC)
O©e O00 v e e

Sturdy
Figure 55: Concepts PE meaning evaluations

tures each design is associated with,
by use of a guided interview with
evaluation sheets and the most import-
ant keywords for the envisioned prod-
uct experience mentioned. For a more
detailed evaluation description, refer to
PE research report in Appendix F.

From the questionnaire (20 participants
from diverse backgrounds), it was

Overall preference

Concept A

30% N

Concept B
70%
Figure 54: The overall shape preference
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noticed that the Concept B scored
higher on most aspects: it was more
aesthetically pleasing, had a better
balance between unity and variety and
was chosen as the preferred concept
overall (Figure 49).

From the product meaning comparison
interviews (9 people, diverse back-
grounds), product associations have
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been evaluated, presented in Figure
49. It was noticed that both concepts
appear similarly reliable, but the Con-
cept A appeared as sturdier while
Concept B appeared as more profes-
sional. Associations of ‘sturdy’ to Con-
cept A mainly related to the simplistic,
bulky, and ‘massive’ looking product
shape, which was also related to the
‘older design’. Associations of ‘profes-
sional’ to Concept B related to the
shape appearing curvier and more
modern. Concept B shape also resem-
bled popular consumer electronics,
such as a razor, which mostly positively
influenced the evaluations. In addition,
the majority has expressed they relate
Concept B more to the product experi-
ence vision, mainly due to previously
mentioned aspects.

Design Decision

Results from both user tests have
shown that the Concept B is more
aesthetically pleasing and appears as
reliable and more professional. The

shape looking similar to already popular
consumer electronics makes it more
recognizable which mainly has a posi-
tive effect because participants would
tend to trust it more. Therefore, Con-
cept B has been chosen for the final
prototyping iteration.

Recommendations

For further development, the product
shape could be improved: elements
which convey sturdiness from the
Concept A (such as making some
elements more rigid with sharper lines
or introducing the rubber around the
complete handle) could be implement-
ed to Concept B, therefore creating a
shape which conveys all important
product associations: reliability, profes-
sionalism, and sturdiness. In addition,
the shape should be tested in the
context of plastic recycling companies
and with the user group of recycling
workers to get better insights on how
our target audience perceives the new
plastic scanner.
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6.2 Ergonomics

In this subchapter the main decisions
are elaborated which led to a comfort-
able and stable shape of the plastic
scanner, more details on parts of the
design, in the field of physical and
cognitive ergonomics, can be found in
the functional design subchapter and
the interaction design subchapter.

Why

For the scanner, we set out to optimise
the physical ergonomics of the design
by improving the following elements:
comfortability, stability, and usability.
This will consequently result in a better
user experience as well as a high will-
ingness to buy and recommend the
product.

What options did we
have?

We tested many prototypes on com-
fort, stability and usability. This pro-
cess can be seen in the Design Pro-
cess Chapter, mainly in Test moments 1
to 3.

What did we choose and
why?

The main design decisions based on
the research are: Functional design

Forward scanning orientation:
Chosen, because from the user test-
ing, it showed that the scanning orien-
tation forward (faced away from the
user, see Figure 51) is the most com-
fortable for the wrist (see ‘Design
Process’ chapter and Appendix |).

Figure 56: Recycling employee scanning forward
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Ergonomic size of the handle

The context in which the Plastic Scan-
ner will be operated, is mostly male
dominated. The sizing of the final
design is therefore predominantly
determined by male anthropometry
data. Therefore, an optimal shape for a
cylindrical handle should have a maxi-
mum diameter of 50 mm, based on the
grip circumference of P95 of male
hands (Dutch population 20-30 years
old) (DINED, 2004).

vavFurther ergonomic research shows
that the handle should be at least
110mm in length (Herring et. al, 2007).

Combining the data mentioned above
with our ergonomic research into han-
dle shape design has led us to the final
design. It has a width of 52 mm (and a
maximum radius of 25 mm) on the
widest part and the narrowest part at
38 mm (see Figure 52). Currently, the
designed handle has a circumference
of 142mm where it meets the scanning
head and a smaller circumference at
the bottom of the handle (Figure 52).
The total length of the handle is rough-

’ J

Figure 57: Scanner in hand with dimensions

ly 135mm. The sizing, therefore, satis-
fied the previously mentioned require-
ments.

Curved handle shape

The rounded handle shape was found
to be the most comfortable, see ‘De-
sign Process’ chapter as well as in
other scientific research (Scarlett R.
Herring et. al, 2007; K. Hokari et. al,
2019). Optimizing the ergonomics with
the electronics inside we chose to go
for a more flattened curve (R35 on the
sides) on the front and a more curved
back side (R25), refer to Figure 53. This
results in an optimal shape that fills up
the space between user’s fingers and
palm and provides a flat part as the
basis for your thumb to click the button
(see Figure 53). By having a non-cylin-
drical handle with different curves, we
achieved a shape that is comfortable
for both smaller and bigger hands with
the gloves on as proven with user
tests.

Figure 58: Scanner in hand side-view

Rounded edge bottom handle

The bottom of the handle edges were
rounded off (Figure 53), because from
the ergonomic test (Test moment 2 in

‘Design Process’ Chapter) it was foun
that there should be no sharp edges,

d

which press into the hand palm during

use (Appendix I).

Weight

Research of Zingale et al. (2005) states

that hand-held equipment should not
weigh more than 5.1 pounds (2.3 kg)
and should be minimized as much as

possible. However, the product should
have some weight to provide grip and

feeling of it being in the hand. The
mass of the enclosure is 58.9 grams,
adding weight from electronics the
total mass will be about 152.5 grams.
Testing with the prototype with elec-
tronics in it, prove already to be
enough weight to do provide this feel

ing.

Part name Units

Enclosure 1

Custom PCB 1

ESP32 1

2465 Adafruit
PowerBoost 1000C 1
RevBv1

Seamuing 3.7V 1
1000mAh battery

MTDO130BCPO2SF-1 screen 1

Capacitors 18

Resistors 26

LEDs 8
ADS1256 1

Total weight components (excl. enclosure)

Total weight

Weight per part (g)

58,85g
42,089

9,30g
6,009
19,799

16,009

0,01g

0,01g

0,03g
0,079

The button

The size of the button (Figure 54) is
determined by the breadth of male
thumbs, as the button will be operated
with the thumb. DINED (2022) shows
that P75 of thumb breadth is 24mm,
the button face should therefore have
a minimal width of 24mm. To account
for the wearing of gloves in the context
of use, the button has been sized at
25mm to ensure comfort. A raised
edge around the button has been
added for an easy orientation, compa-
rable to the small bump on
the F and J keys on
Qwerty keyboards.

Figure 59: Button
closeup

Total weight (g) Notes

58,85g Estimation by SolidWorks

42,089 Based on average weight
of 0.475 Ibs / 100 sq inch

9,309
6,009

19,799

16,009 Weighed in Applied Labs
Average weight based on
0119 TCTPOJ476M8R
capacitor
Average weight based on
0,149 RK73H2ATTD2403F
resistor

0,209 Based on 5050 LED diode
0,079
93,709

152,55¢

Figure 60: Weight distribution of various components
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What would we recom-
mend doing next?

To increase comfortability even further,
we recommend optimizing the
% sizing and placement of the
b F};-m electronics so that the handle
. can be even smaller than
the 52 mm on the widest
part, we recommend
achieving at least 50 mm,
possibly even 48 mm in the
width. After making im-
provements on the handle,
we recommend testing the
comfort and stability with a
guantitative study. When
changing the handle design,
the PCB, ergonomic ele-
ments, and aesthetics all
need to come together.
This, while still taking the
aspects of durability and
manufacturing into account,
can be a great design chal-
lenge. More details on how
to improve the PCB design
can be found in the next
chapter ‘Client Material,
under hardware documenta-
tion of the PCB design.

The Rubber Coating

The rubber ring (around
the scanning element) on
the back is designed to
stick out from the handle
for extra stability in the
hand (Figure 56). When
the product slips, it will
rest on your fingers on the
back. Next to that, rubber
parts are integrated into
the housing to make the
product more slip resis-
tant.

Figure 61:
Rubberpadding on
the back side of
scanner
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6.3 Functional design

In this chapter optimisations on digital
and physical design are elaborated.
First of all elaborating on the decisions
made to implement a smart system.
Secondly elaborating on sizing, weight,
shock absorption, IP rating and optimal
scanning. Therefore, explaining why
our product fits the chosen context
and other technical requirements.

Digital

In this subchapter we elaborate on the
implementation of a smart system
which will make the device fit the new
context better. Decisions about the

electronic components needed for the
architecture of this system are given.

Why did we work on it?

The current plastic scanner had limited
implemented features. To fulfil the user
needs it is needed to implement the
screens for visual feedback, scanning
features, and a user-friendly system for
retrieving results and to change set-
tings on the device.

What options did we
have?

The electronics based on ESP32 con-
troller (design decision is explained in
the chapter ‘Client Material' — Hardware
documentation) enables the scanner to
have connectivity via Wi-Fi, Bluetooth
BLE and an open/proprietary mesh
protocol called ESP-MESH. This gives a
vast number of opportunities for creat-
ing a smart system around the future
plastic scanner and use cases with
direct communication can be incorpo-
rated between a smart phone and the
plastic scanner via BLE or Wi-Fi.

ESP MESH

For implementations where the scan-
ning results are used for data gathering
purposes, a mesh network of many
scanners connected via ESP-MESH
would be an optimal lightweight solu-
tion, that could cover a wide area with
a single central broker collecting all
information.

L. '
Lo
Figure 62: ESP MESH network visualization (Santos,
2020)

Wi-Fi
When using only one scanner, this
network would not be optimal, and
would still need an effortless way to
change parameters and update the
Machine Learning model (later ML
model). Wi-Fi connection (either as the
scanner acting as a hotspot or con-
nected to an existing network) would
cause problems if the device is used in
different environments, with varying
WIFI's, that need to be chosen on the
device in an easy manner. A solu-
tion where the ESP32 is hosting a
website, where a .csv file can be
downloaded, and new firmware
can be uploaded which is easy
to implement but will lack usabil-
ity and significantly raise the
power consumption.
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BLE - Bluetooth Low Energy

The last opportunity is to publish re-
sults via BLE characteristics, and pair
the scanner to a smartphone for the
result transfer, firmware updates and
personalization to specific contexts.
Using a smartphone to connect to the
device and using the large touchscreen
area to update settings via an app will
enable to keep the interface on the
scanner simple and elegant. This will
also make it easier to update usability
during the lifetime of the product.

What did we choose and
why?

Wi-Fi was chosen to be used for this
prototype, due to the time constraints
for developing other communication
interfaces (for example, an APP with a
Bluetooth interface). This enabled an
easy result transfer, but we have al-
ready experienced the downsides to
using Wi-Fi: large power usage and
trouble connecting to new networks,
that have not been hardcoded into the
firmware.

What would we
recommend doing next?

For the next iteration we would recom-
mend pairing the device with a smart-
phone via BLE, and control all settings
via an app — an example of how the
app could look like is presented in
‘Digital Application’ in the ‘Interface and
Interaction’ subchapter. Here the user
will be able to retrieve the results,
change firmware and the ML model,
and lastly give the user the opportunity
to customize the visual feedback from
results (for screen visuals and explana-
tion refer to part on ‘Digital Interface
Product’ in the ‘Interface and Interac-
tion” subchapter).

6.4 Physical

In this subchapter all design decisions
that are made on a physical product
level to increase functionality are elab-
orated. This entails sizing, weight,
shock absorption, IP rating and optimal
scanning.

Why did we work on it?

With the current plastic scanner, focus
lies on the core functioning of the
product, while the actual product is still
at a prototype level. To take the new
product to a level for implementation
into B2B companies, the physical
housing must be improved according
to be sufficient for its operational
environment.

What options did we
have?

Initially, we had identified 4 different
target groups for our design. These are
scaled down to the following 2: Ocean
Plastic sorting workers and recycling
factory sorting workers, as these
groups have enough overlap to design
the same device. However, both
groups will have different use-cases,
as described in the subchapter in
project definition. These different
use-cases lead to the same and more
specific requirements that need to be
integrated into the final design.

What did we choose and
why?

The physical design is based on the
requirements that we have set for the
product in the early stages of the
project. These requirements are deter-
mined by literature reviews in fields of
interest of handheld devices, context
research at possible use environments
and challenges for the prototype de-
sign by Jerry.

/1

Figure 63: Rubber
padding around the
screen and the
sensor.
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Durability of enclosure

The Plastic Scanner is envisioned to be
injection moulded. The enclosure is
therefore modelled to make sure it
fulfils the requirements of this manu-
facturing process, meaning draft an-
gles of 2 degrees have been added to
all the geometry that will be in the
production enclosure. All geometry
that does not have these features are
only added for the functional proto-

type.

To make sure the product can operate
in the harsh environment of a recycling
facility, the first iteration enclosure
parts have been analysed in a drop
test, with a special focus on fastening
features, to see if the structure would
survive dropping out of hands. The
analysis showed that the enclosure
would not withstand the stresses of
dropping the product from reaching
height, more detailed results are ac-
cessible in Appendix L. The most im-
portant takeaways from this analysis
have influenced the design of the
enclosure parts. To distribute the
stress caused by impact, the number
of mounting locations is increased to 6,
wherein the previous design this was 3
(technical datapackage, drawing 1).
Next to this, ribs are included to dissi-
pate the stress across the entire body,
instead of only the region of impact.
With these changes implemented, we
expect the enclosure to withstand an
impact from dropping the product from
reaching height.

Durability of Rubber padding

The drop test analysis has also shown
that the impact of the drop test is
bigger than the critical thresholds,
meaning the enclosure would show
signs of plastic deformation, such as
necking or even fracture. To further
manage the regional stress on the
product, rubber has been applied to
critical edges of the model (Figure 58).
The rubber, being a highly elastic
material, absorbs some of the kinetic
energy, causing smaller stresses to act
on the main material of the enclosure.
The centre of gravity of the product is
located higher up in the enclosure, on
the side of the scanning head, there-
fore most of the added rubber is on the
edges of the scanning head.
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IP-rating

In our requirements we have stated
that an IP rating of 6.7 should be
achieved, because of the operational
contexts of the Plastic Scanner, ocean-
ic plastic sorting. This specific IP rating
means that the enclosure should be
dust tight and the enclosure should
protect against the effects of immer-
sion in water between 15cm and Tm for
30 minutes.

In the current design, not much atten-
tion has been paid to this requirement.
The design features such as the lip and
groove and glued components do
however provide some level of protec-
tion of the internal components. We
expect the current prototype to have
an IP rating of 3.1, meaning it will pro-
tect against a solid object greater than
2.5mm and against vertically falling
drops of water with limited ingress.
Suggestions for improving the design
in this area of expertise are mentioned
in ‘Recommendations’ chapter.

Light blocking for better scan results
Throughout the process a concept idea
was derived to block environmental
light as much as possible to ensure
accurate scanning as environmental
light interferes. This has been imple-
mented into the final product by add-
ing a rubber cushion at the back, see
Figure 59. This cushion is being pushed
inwards, as it is hollow by pressing the
waste sample against it. In this case
even un-even waste samples be cov-
ered while blocking out the light. The
possible technical implementations will
be discussed in ‘Recommendation’
chapter.

Transparent plastic scanning
Throughout the process also the con-
cept to scan translucent plastic was
derived. Hereby, when wanting the
scan translucent plastics, another head

/3

will be placed on the back. Due to time
limitations, it was not possible to inte-
grate this idea in the final product, but
the conceptual design is further dis-
cussed in ‘Recommendations’ chapter.

What would we
recommend doing next?

For continuation of the product, the
following steps are recommended:

- Design a housing which can be
injection moulded and withstand
dropping.

- Evaluating the new design by doing
a FEM analysis and drop test.

- Implement the translucent scanning
into the product.

- An additional optimization could be
to add the functionality of a camera
to the device. Hereby more insights
can be retrieved and tracked and
possible more waste can be recog-
nized.
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Jll 6.5 Interface &
Interaction design

Why did we work on it?

It is important to convey the right
message to the user that is easy to
understand correctly and that all ele-
ments of the device are covered and
can be communicated properly. This to
have a pleasant user experience and
proper functioning within the context
the device will operate in. From re-
search in ergonomics and from user
research was found that the device will
have to communicate glanceable infor-
mation, thus the information should be
easy to read and reflect the needed
information. To design screens that will
fulfil this, screen rules and designs for
smartwatches were taken as reference
as they also present glanceable infor-
mation.

Press

button
to scan

What options did we

have?

Based on several iterations, the follow-
ing 2 screen styles are created as they
show two very different styles, see
Figure 60. Hereby the information
presented is simplistic, minimal and as
large as possible. Screen style Ais
created while integrating colour ele-
ments with meaning and aesthetic
pleasure, while screen style B is also
simplistic on its look. Both screens
have been tested with participants and
within Besstrade, See Appendix F for
the full testing procedure and results
and Appendix J for testing results
within Besstrade. From both tests has
been found that the screens should be
simplistic, with minimal information, as
big as possible and that certain chang-
es need to be implement-
ed.

Figure 65: Chosen screen styles as possible directions for the product

What did we choose and
why?

A last iteration on the screens is done
according to the findings, See Figure X.

Figure x — final screens for the plastic
scanner.

The following changes have been
implemented into the final screens:

- Bigger font for readability.
- Colour coding for 2 situations that
sorting workers face.

- Accuracy levels scanned samples
are removed.

Standard identification mode

The standard identification mode is
based on findings from the visit to
Besstrade. The company only needs to

Main Screens

S1ar1ire Up BCTeE Euiting scres g g LEE

Result screens in standard identification mode:

Result screens in sorting mode:  When sorting all 5 types of plastic

Figure 66: Final screens
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identify whether the scanned part is
made of PVC or not, therefore the
scanner can feedback a success green
light for PVC, and red for everything
else in this mode. When the result is
uncertain, the screen is highlighted in
orange.

Sorting mode

The sorting mode is applicable to
companies like Ocean Plastic, which
want to sort plastic waste into different
categories. For an optimal scanning
process colours will be linked to spe-
cific plastics for sorters to quickly
recognizer the plastic categories on
longer term. This attached colour
functions as an extra cue to optimize
the sorting speed which is beneficial
due to research on bi-modal feedback

Pl i wlih Aps

For identifying certain types of plastic
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What would we recom-
mend doing next?

The screens have been validated and
core functionalities are implemented in
an efficient manner. However, the
screens should be further tested and
optimized. Hereby, uncertainties and
better communication of the informa-
tion to the users can be ensured. If any
additional functionalities are being
integrated this can result in the need
for extra screens designs. Additionally,
the following things can be next steps
to implement:

- Create a touch-screen interface for
managers within the company when
that is desired.

- Integrate animations into the
screens. Possibility is that the round
colours of the results could be used
to communicate the loading time
instead of the current loading
screen.

- Test whether the final screens are
aesthetically pleasing while being
simplistic.

- Testin context func-
tioning of the final
screens and make a last
iteration.

- Find a manufacturer for
the screens in the
correct size.

BT tkETEn

Planlic dcamnes

Figure 67: Start up screen, home
screen, Bluetooth pairing screen
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Il 6.6 Digital Application

PE

Why did we work on it?

There are certain functions that cannot
be shown in an effective manner on
the non touch-screen on the product.
To still be able to incorporate additional
necessary features an app has been
created.

What options did we
have?

Considered was to make an application
for mobile devices and tablets or an
online application which can be
opened through browser.

What did we choose and
why?

It was chosen to create an app that
complements the product, as this was
more suiting for
the current proj-
ect. Due to the
time span of the
project, elabora-
tive research has
not been done to
derive all addition-
al features that are
necessary and
suiting for multiple
companies. Creat-
ing a complete
functional dash-
board and applica-
tion is a project
itself. Therefore, a
“concept” applica-
tion is created
which gives a
direction for a
possible applica-

Wil dm

Choose your
activity below
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tion and covers key functionalities that
have been derived from insights along
the project. Figure 62 presents this
application.

Key functionalities have been imple-
mented for the following reasons:

- Bluetooth pairing: To connect the
plastic scanner with the app for
data sharing, updates and to
change modes.

- Results section: to get more in-
sights into the scanned samples
when needed. This is more import-
ant for managers and companies to
get insights into waste trends.

- Settings: to change the modus of
changing (identification vs sorting)
which are presented in the final
screens, Figure 62.

- Collect: to enable managers and
companies to save the data as csv
files and import them where need-
ed.

- Updates: to update the algorithm
when needed as changes and
improvements will be made.

What would we recom-
mend doing next?

- For further
implementation of the
app the following steps
should be taken:

- Work out the
complete application;
design all the screens
and features.

- Test designs and
iterate.

- Develop and test the
application.
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Why did we work on it?

To facilitate interactions between the
users and the product that suits their
objective and use-case, interaction
design should be correctly implement-
ed for the physical design. The interac-
tion is perceived by the user in physical
and emotional manners and is formed
by perceiving elements of different
fields of form, function and technology
over time.

What options did we

have?

During Test Moment 1 and 2 (see
Design Process) we tested several
options with a different scanning orien-
tation (as well as screen orientation).
During this test moment we also looked
at the best location of the button.

The 2 Concepts A and Concept B, as
mentioned before, were 2 possible
directions for the project. When testing
the prototypes within PE this led to
different perceived interactions. Mainly
because of the concept their looks and
emotions, but also some different
assumptions on their functionality. By
testing the physical prototype at
Besstrade additional insights were
retrieved, mainly on the prototypes it’s
functioning.

What did we choose and
why?

From testing it showed that the scan-
ning orientation forward (faced away
from you) is the most comfortable for
the wrist.

To continue with overall Concept B is

chosen as this scored highest on com-
fort, aesthetics and interaction. Imple-
menting lights into the front was one of
the features on Concept B. To imple-
ment this, 2 RGB LEDs are currently
placed on the final PCB.

Next, the following main elements are
integrated in the final concept, see Fig-
ure 63, in the following manner:

Button

Status light

Figure 68: Plastic scanner details

Button

- Placement: On the front — From
results of research in Appendix I, A
button on the front gave a nicer
feeling and interaction. Additionally,
the button is aligned in the centre
at a height where the thumb natu-
rally would be placed.

- Feeling: Sticks out — The button
sticks out on the product smoothly
to be able to feel the placement of
the button, especially with gloves
on.

- Looks: Metal lining — To make the

On/Off switch

Textured rubber
padding

product look durable and profes-
sional metal details are added to
the product.

- Feedback: Movement - the button
can be clicked downwards because
this movement reassures the user
and gives validation, which was
preferred during testing and also
showed to be optimal from litera-
ture research.

Lights
- Feedback: Levels — Presenting the
battery level on screen was too
distracting and missed by partici-
pants (research PE and
Besstrade). Lights communicate
battery level to raise awareness as
it drops down when lowering.

- Looks: Lights — Added because
they were perceived as an attrac-
tive and exclusive feature. (re-
search PE)

- Shape: Fluent - in-line with the
rubber shape on the front to give a
fluent feeling, inspiration is taken
from razor designs.

Screen

- Feedback: Color - a big, colored
circle has been integrated into the
final product for sorting workers to
quickly recognise the output.

- Looks: Rubber — Rubber lining
around the screen has been add-
ed to communicate that the prod-
uct can withstand daily use and
dropping.

- Size: 2.1 inch — A fairly big
screen is used to make sure
it is easy to read off.

Rubber handle

- Looks: Rubber — Rubber
detailing is added as this
was prefered by users and
sorting workers of Besstrade.
Adding rubbers results in more
grip for the user which is desired
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for the use case. This makes the

device is more stable in the hand,
but also convinces durability and

professionalism more.

- Shape: Fluent — Fluent shapes were
preferred over a boxier design and
communicated the dersired experi-
ence of the product. From ergo-
nomic research was found that a
combination of an oval handle on
the front and cylindrical handle at
the back shape was preferred when
needing to hold the device.

- Pattern: Small — A diamond shape
pattern is used in the handle to
communicate and function for more
grip. The pattern should be small to
be more durable as scratches of
wear and tear will be less visible.

Switch

- Feedback: Color + Movement —
Green has been added to communi-
cate that the product is turned on
by switching it.

- Shape: Common - The switch but-
ton is designed in common product
shape.

- Feeling: Sticking out - the button
sticks out to easily feel and switch
it.

- Looks: Metal - To make the product
look durable and professional metal
details are added to the product.

What would we recommend doing
next?

When finalising the product an extra
LED should be added to the PCB to
communicate at least 3 levels of the
battery. If additional use cases occur
were sound could be beneficial to
make a more efficient scanning pro-
cess, this can be intergraded. At least,
from research at Besstrade it was
found that workers and manages would
like to carry, store and charge the
device somewhere. Therefore, addi-
tional accessories should be developed
to facilitate for these interactions and
functions.
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6.8 Sustainability

Plastic scanner directly works towards
increasing plastic recycling effective-
ness and fighting plastic pollution.

Thr general sustainability opportunities
and possible issues are presented in
Figure 65. The Plastic Scanner is al-
ready focused a lot on fostering sus-
tainable development, but it lacks
strategic infrastructure for end-of-life
or material extraction. The negative
aspects of the current design offer
insights into improvement options for
the future design.

Further in this analysis we consider the
product materials for the casing.

Why did we work on it?

The main sustainability improvement in
this project is focus on optimizing
product’s casing. Current casing is
made of Nylon using SLS 3D printing.
The current manufacturing method and
materials fit the current product, but if
the commercial version with higher
batch size is planned to be manufac-
tured, certain things should be consid-
ered:

Figure 69: Plastic scanner on granulates from recycled PP

Negative consequences:

The product currently is printed
with a 3d printer, which uses 6.5
times more energy than when
injection moulding a part (Mayer,
n.d.).

The current product is made out of
virgin material, Nylon, which is a
petroleum-based material.

In addition:

Casing is the main product part the
user directly interacts with, import-
ant values van be communicated
through product exterior.

Casing is the most viable change,
considering project scale, product
development level and production
scale.
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bnpact of electiorscal compononts - imited
analysis ol plastic types (only 5) - made of
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- BNCOUTBgIng curment picking gystem in 3rd

k W] Counbiees, _‘j)

Figure 70: Sustainability opportuniti
and issues
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What options did we
have?

PLA for FDM 3D printing. In principle,
mechanical recycling of sorted PLA
from post-consumer waste is possible,
but due to small fraction of PLA in the
industry it is not financially viable (CE
Delft, 2021). In addition, biodegradable
plastics tend to be incinerated or com-
posted, therefore EU is aiming the
policy to incentivize the use of more
sturdy recycled plastics (where it is
feasible) over biodegradable ones.
Bio-based and/or biodegradable plas-
tics, like PLA, will require labelling to
provide the users with their correct
disposal (European Commission,
2020).

Kisrs of rosspar-as pRorELirs] epactie plasie s, o 0 ©

Figure 71: Results of analysis from McKinsey & Company (Kirilyuk
etal., 2020)

PP (virgin) for Injection Moulding. The
EU’s plastics tax: driving virgin plastic ..
price up. The Plastic tax on packaging
and single use will apply to European
Union block, but the Netherlands
might put tax on all virgin plastic
granules or powder (KPMG, 2021b).
Plastic tax seeks to make virgin plas-
tics more expensive to incentivize the
use of recycled plastics. This can

show a trend of where European oveatoy

policy is going. Currently, it is aimed at
the sectors of highest plastic use and
disposal, but virgin plastic tax can be
introduced to further expand the in-
centive to use more recycled plastic in
future products.

Recycled-PP P (70% recycled materi-
al) with Injection Moulding. European
Green Deal, The Circular Economy
Action Plan: required 15-30% recycled
content to key products such as pack-
aging, construction materials and
vehicles (European Commission, 2020;
KPMG, 2021). According to Kirilyuk et
al. (2020) (Figure 66), PP is the second
most recycled plastic type after PE.
Recycled PP material produces the
least amount of emissions and energy
compared to other mentioned alterna-
tives, from LCA analysis (Figure 67).

Stainless steel for CNC milling. “Over
90% of EoL stainless steel is currently
collected and recycled into new prod-
ucts” (Eurofer, 2020). Materials and
manufacturing produce the most emis-
sions and energy from LCA analysis
(Figure 67). CNC milling will lead to a
large loss of material. Stainless steel
has higher tensile strength — therefore
drastically more durable casing.

Figure 72: Granta EduPack LCA analysis of all four alterna-
tives discussed.
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What did we choose and
why?

From LCA analysis it is also seen that
the use of recycled PP has the least
impact, mainly because it avoids using
finite materials, and mechanical recy-
cling has less impact compared to
virgin material polymerisation. From the
legislation point of view, EU Commis-
sion is continuing to create strategies
to incentivise the use of recycled
plastics. We chose recycled PP from
ocean plastics because it directly
connects back to the general vision of
the product and the client: to enhance
circular economy and fight plastic
pollution. Oceanworks (Oceanworks,
n.d.) is one of the suitable suppliers,
which provides various types of near-
shore or ocean-bound plastic, from
which we chose Nearshore PP. Figure
68 illustrates this choice as well as
other alternatives for the future
sustainability improvements.

What would we recom-
mend doing next?

As illustrated in Figure 68 further
design optimizations should focus
on minimizing the impacts of elec-
tronics, as this usually is the part
containing most critical materials
and toxic manufacturing methods.
Two approaches are possible: in-
creasing the recyclability and recy-
cled content in the PCB and explore
additive manufacturing of the PCB.

Another important focus point is to
design for repair and disassembly.
Refer to ‘Recommendations’ section
for more elaborate description
about what to consider and how it
could be achieved.
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Further sustainability
considerations

As mentioned in the project definition
chapter, the plastic scanner should
function in more rough environments,
such as recycling factories or ware-
houses where ocean plastics are mixed
with dirt and water. The product
should be durable and waterproof to
guarantee prolonged and effective
functioning of the device. In many
cases this negatively impacts recy-
clability, because more materials are
introduced to ensure tight, and study
fit. Therefore, certain trade-offs should
be discussed, and priorities consid-
ered. To do this we refer to Product
Value Hill based on Circular Economy
framework where the priority is to
prolong product’s life by maintaining
and repairing the product, while resort-
ing to recycling should be positioned

7

Recycled Material

Recycled Components

Making electronic components
from recycled components, or
finding ways to use these
components with less “critical"
materials.

Using additive manufacturing,
instead of chemically removing &
material
Figure 73: Sustainability optimization. In color -
chosen implementation, in grey - possibilities for
improvement

as the last step.
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Recommendations

Maintain. Focus on durability and wa-
terproofness for the device to prolong
product’s life in these harsh environ-
ments. Refer to ‘Recommendations’
chapter for more specific information
on enhancing durability and water-
proofness.

Repair. The device should be made
easy to repair by making the casing
possible to open using standard screw-
drivers. If there are issues with elec-
tronics, a possibility to offer repair as a
service by the client could be explored,
in case of few components’ replace-
ment, our client could store electronic
components and sell them.

Recycle. Current design enables easy
separation of electronics. As a general
practice, batteries are always removed
before product shredding. In this case
the battery and the PCB are both
liberated once the housing is opened,
enabling easy separation. For other
recommendations on recyclabili-
ty, refer to ‘Recommendations’
chapter.
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6.9 Manufacturing

This chapter aims to describe how we
intend the final prototype to be manu-
factured, and the thoughts and princi-
ples used to ensure that the product
can be manufactured with relatively
standard manufacturing techniques.

The final prototype is still a prototype,
and more development needs to go
into product to make it fully ready for
production.

Why did we work on it?

There are multiple considerations when
designing a functional, final prototype.
First of all, it is important to keep in
mind the manufacturing method of the
prototype and of the to be manufac-
tured product. This is very important,
as it determines much of the geometry
limitations, material finish and final
product similarities.

The second consideration is determin-
ing how the parts of the final prototype
will be connected. Fastening entails
how the enclosure parts come togeth-
er and how parts will be secured
within this enclosure.

What options did we
have?

We envision the Plastic Scanner 2.0
enclosure to be injection moulded in
polypropylene. To make the final proto-
type that matches the production
model as closely as possible, we had
the following manufacturing options:

- FDM 3D printing
- Material jetting
- SLA 3D printing mould inserts

followed by small batch injection
moulding

Within the process of injection mould-
ing for the production model, there are
several fastening options (Hubs, n.d.).
These fastening options are possible
with all manufacturing methods de-
scribed above. Therefore we have
considered the following options for
fastening components:

- Snap fit joints

- Threaded fasteners
- Living hinges

- Press fitting
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What did we choose and
why?

Choosing a manufacturing method for
the final prototype is a balance be-
tween cost, lead time, availability,
accuracy and surface finish. Our final
prototype is to be a functional proto-
type. It should therefore demonstrate
all assembly features, component
alignment and most importantly let the
user experience the full functionality of
the product. We have chosen to manu-
facture the final prototype with FDM
3D printing for the following reasons:

- We had an FDM 3D printer with
generous amounts of filament avail-
able to us during the prototyping
phase of this project. Using only a
single manufacturing method al-
lowed us to make quick model
iterations before having to present
the final prototype, granting multi-
ple moments to find problems with
the production model. All of this

was possible at a very low cost,
because we did not have out-
sourced anything.

Having access to the FDM 3D print-
er 24/7 helped us to reduce delays
in the project, because the lead
time was as low as possible. We
could design iterations during the
day, print the prototype at night and
tested it the next morning.

With the publishing of Ultimaker
Cura 5.0 during prototyping, a new
feature called “Tree Supports” was
added. This allowed us to print
overhangs much quicker, with less
material and with cleaner surface
finishes (Gharge, 2022). At first we
printed without support material,
but this proved to be very detrimen-
tal to part accuracy. This feature
also diminished the post-processing
time of the prints massively.

Using the FDM 3D printing does have a
downside, namely the surface finish.
The surface finish of FDM 3D printing
is not even close to the smooth (and
more accurate) surfaces produced by
the other two manufacturing possibili-
ties. The texture added by the FDM 3D
printing process is not of negative
influence on the possibility to demon-
strate assembly features and compo-
nent alignment. Next to this we think
the surface finish only has negligible
influence on the user experience,
because users will interact with the
prototype using gloves. Therefore it is
only a small visual difference.

One thing that was important to us,
was that (except for the tolerances)
the entire design could be carried over
for injection moulding. This was
achieved by applying draft angles of 2
degrees everywhere and making sure
that the two mould halves are loos-

ened. We also paid attention to making
sure the parts have a uniform wall
thickness to reduce the chance of sink
marks appearing in the production
model.

The final prototype uses many differ-
ent ways of securing the different
components. The two enclosure halves
are mounted together using a lip and
groove feature to align the two parts,
while 6 inserts and bolts are used to
tighten the components. We have
chosen 6 bolts to make sure we apply
enough pressure to reduce gaps be-
tween the components. In a future
design a gasket should be used be-
tween these components to provide
waterproofing, having enough points of
contact is even more important then.
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Brass inserts for proto-
typing reassembly

_”

Light guide in silicone
for easy prototyping

Guide for screen place-
ment

Fastening of switch
build into enclosure
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In some locations of the design, it is
impossible to use screws to fasten
components due to the geometry
limitations of injection moulding. We
have therefore also used other fasten-
ing methods. An example of this is the
use of press fitting the on/off button
between the two enclosure halves
(Figure 69). Using a structure to press
fit the part, in this case by adding ribs
that enclose the button on all sides.

Guide ribs on button

We have not made use of snap fit joints
or living hinges in our prototype. Snap
fits joints were not used because we
value easy and repeatable assembly
and disassembly. Implementing these
could have us run the risk of the snap
fit joints becoming loose, causing the
product to lose its ability to repel wa-
ter. The living hinges are not necessary
for our design and would only increase
the mould size in production, adding to
the costs. To keep the costs and com-
plexity of the model down, we chose to
not implement living hinges.

Figure 74: Production features

Recommendations

Before producing the Plastic Scanner in
bulk, we recommend doing small batch
injection moulding using SLA 3D print-
ing mould inserts. This allows for a
relatively small cost, but it is very close
to final production prototype. This
prototype can be used to do a last
check on tolerances, mould design
features and overall part finish. It is
important to do this step as the toler-
ances from FDM 3D printing and SLA
3D printing are rather different. The
model therefore needs adjustment and
further testing.

Our prototype model is fitted with
metal inserts, because self-tapping
screws and FDM 3D printing are not a
good match. For the final part, it is
possible (and even suggested) to use
metal inserts in injection moulded parts
to allow for many cycles of assembly
and disassembly. From a sustainability
standpoint we would however suggest
to use self-tapping screws, because
this is easier for EOL. We do not expect
the parts to need many cycles of as-
sembly and disassembly, therefore
self-tapping screws are a good alter-
native.

Guide indents in enclo-
sure, with stopper
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6.10 Envisioned
production

The final prototypes 3D printed manu- o
facturing method is not a financially Choice
viable option for larger batch sizes and
does not output consumer grade prod-
uct finish. Therefore, we have re-
searched methods for mass produc-
tion, and designed the parts to be
capable of this manufacturing process.

We recommend going for the mid
volume option, of 1000-5000pcs,
manufactured in a Polypropylene ma-
terial made by 98% recycled fishing
nets, manufactured by PLASTIX (
Oceanworks Item PP 190252 / PLAS-
TIX OCEANIX rPPC 210-001) Figure 70.

Options

For production of larger
quantities of products,
injection moudling is
the cheapest and

best option. But the
startup cost at low

to medium volumes

are high, due to
expensive moulds.

We see three viable
options, as described in
Figure 71.

The plastic parts has a total
volume of 65cm”2, resulting

mean a material cost of
around €0,5 pr model.

Figure 75: Oceanworks
Iltem PP 190252 pellets
(Oceanworks, n.d.)

Low volume Mid volume High volume

Production volume 100 1.000 100.000

Method In house mold production Outsourced mold Outsourced mold
and in house molding production and molding  production and molding

Mold 3D printed polymer Machined aluminum Machined steel

Lead time to final parts 1-3 days 3-4 weeks 4-8 weeks

Equipment required 3D printer, desktop
injection molding
machine*

Mold cost €900,00 €3.500,00 €20.000,00
Material cost pr part €0,50 €0,50 €0,50
Overmould Cost €600,00 €3.500,00 €20.000,00
Overmould material Cost €0,50 €0,50 €0,50

Labor costs pr. part €5,00 €1,50 €1,00

Total Labor cost €500,00 €1.500,00 €100.000,00

Total tooling cost €1.500,00 €7.000,00 €40.000,00

Total Material cost €50,50 €500,50 €50.000,50

Total production cost €2.050,50 €9.000,50 €190.000,50
Cost per part €20,51 €9,00 €1,90

Figure 76: Production
options

in a weight of 60,59 plastic
use pr model. With a bulk
price of 11.9€/kg this will

No overhang in the
direction of pull

Implications

The choice of injection moulding as
production method, made is necessary
to design the prototypes in a way that
would be both realistic and good to 3D
print, and possible to injection mould.

During the final design, we have de-
signed our prototype keeping the
following principles in mind

Placement of ribs
for stability

Lips for ensuring
even split lines

Draft angle in the
direction of pull

Even wall thickness
throughout the part
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B 7.1 Price estimation

In this section, we estimate the cost
per product in two different scenarios:

- 1. Micro-batch of 100 units with
enclosure components made via 3D
printed injection moulding, based
on figures published by Formlabs.

- 2. proposed production batch size
of 1000 units, produced with light-
weight aluminium, injection moulds,
that can expand the production
volume up to 3-5000 units.

The main findings from this price eval-
uation are:

- The total cost price of the product
will be €261 at 100pcs and de-
crease to €148 at 1000pcs (Figure
606.

- The PCB and soldered components
take up most of the cost price, 60%
(€159) at 100pcs and increasing to
63% (€93) at 1000pcs (Figure 65).

- The cost price is decreased by 40%
from €159 to €93 when increasing
the batch size from 100 to 1000.

The retail price of the product can be
set at €1000 (Figure 67), with a profit
margin of 225% thereby fulfilling the
client’s requirement to not exceed a
retail price of €2000. The client has
expressed interest in a “Buy one, and
donate one for charity” model, where
the customer is funding the handout of
scanners in low-income countries by
ordering a scanner for themselves.
Thereby giving persons in low-income
CO untries a chance to earn money on
sorting trash into valuable resources.
The low-income version could be a
simplified version using a smaller
screen, and less connectivity to further
reduce the price.

1000 pcs

Assembly

12,3%

Enclosure
152%

PCB
63,0%

Components
9,5%

Figure 77: Cost distribution

€159, €370

€261
Enclosure

€412 €24 5
100pcs
1000pcs _ €148’84
€225 €141 €937 €18
€0 €100

Figure 78:

comparison of cost distribution

Component
B PcB
B Assembly

€200 €300

Production cost

The price estimate of cause builds
upon assumptions regarding assembly
time, and hourly costs of assembly of
10min at 15€/hr., which is an estimate
that can vary greatly.

Furthermore, we have assumed that
there is needed further development
that can be done with a combination of
in-house and outsourced. For this, we
have allocated €100.000. this should
include a simple app, with the feature
described within this report, and fur-
ther development of the mechanical
parts and hardware. The price estima-
tion does not include the costs of
maintenance of the app.

The total cost of 1000units is roughly
€250.000, which exceeds the capital
currently in the possession of the client
does not have at the current moment.
We see two options, being one: receive
funding from interested companies like
Besstrade, Van Werfen and The Ocean
Cleanup. The other option is going
through a crowdfunding campaign via
IndieGoGo or Kickstarter. Based on the
overwhelming feedback from the pub-
lic and open-source Community, a
crowdfunding campaign could make
sense, but it also risks shipping thou-
sands of scanners out to customers
who don’t really need them. We would
therefore recommend finding a source
of funding that understand and align
with the overall sustainability direction
of the concept.
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Total cost 1000 pcs

Development €100.000,00
Material €108.410,61
Labour €19.843,33
Tooling €7.000,00
Marketing €10.000,00
Distribution €10.000,00
Total €255.253,94
Development €100,00
Material €108,41
Labour €19,84
Tooling €7,00
Marketing €10,00
Distribution €10,00
Total €255,25
Cost price €255,25
Profit €571,19
Profit (%) 224%
Net price €826,45
Vat (21%) €210,00
Retail price €1.000,00

Figure 79: Retail price breakdown
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/.4 Technical design
package

For the development of the plastic The front and backside of the enclo-
scanner a lot of effort was put into sure are produced with injection
detailing the enpclosure and the PCB. moulding and optimised for manufac-
The details to these parts can be seen turing. The PCB has been produced
in the product drawings, more details already for prototyping purposes (5
can be seen inAppendix M and N. pieces). e
NEM PART NUMBER QTY.

1 Plastic Scanner 2.0 PCB 1 @

2 Enclosure Backside 1

3 Seamuing 1000 mAh LiPo 1 °

4  Enclosure Frontside 1

5 Glass 1

6 Screen module 1 e

7 Screen fixation 1

8 |Action button 1

9 Power module - PowerBoost 1000C 1

Rev B v1

10 | Battery indication light carrier 1

11 Threaded Insert M2x5x3.5 6

12 ISO 14580 - #2 x 10 x 9.2 - 4.8- 4 @

13 ISO 14580 - #2 x 20 x 19.2 - 4.8- 2

14 ' SS12F15 1

name . g unitsrnm scale - quantity1 date B —— r?mark
i ; Plastic Scanner 2.0 material mass 15, 55
. ar
I U De |ft Assembly author Jeppe Piersma group format
Plastic drawing no.
Scanner A4 9 1
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The cost estimation of all parts can be
found in the next subchapter.
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Bill of materials

Unit Price Total

Name Description Category ID Units 100 1000 100 1000
WS2812B LED RGB LED PCB Digikey COM-16347 2 €0,68 €0,56 €1,36 €113
Tactile button 6mm Trigger button PCB Digikey 1825910-6 1 €01 €0,07 €01 €0,07
TLC59208FIPWR  12C chip PCB Digikey TLC59208FIPWR 1 €1,84 €1,03 €1,84 €1,03
JSTXH 8 Screen Connector PCB Digikey S8B-XH-A(LF)(SN) 1 €0,46 €0,22 €0,46 €0,22
Tactile button 6mm Reset button PCB Digikey 1825910-6 1 €01 €0,07 €011 €0,07
JST XH 2 Power connector PCB Digikey B2B-XH-A-M(LF)(SN) 1 €0,16 €0,07 €016 €0,07
POWER LED PCB Digikey SML-LX1206GW-TR 1 €0,41 €0,11 €0,41 €0,11
OPA2376xxD Power leveler PCB Digikey LMV772MMX/NOPB 1 €1,81 €1,01 €1,81 €1,01
LM285D-2.5 Power leveler PCB Digikey LM285D-2.5R2G 1 €0,81 €0,36 €0,81 €0,36
940nm IR 940nm IR LED PCB RS Components 0IS-330-1T940-X-TU 1 €0,43 €0,38 €0,43 €0,38
1050nm IR 1050nm IR LED PCB Digikey MTSM5010-843-IR 1 €16,64 €9,33 €16,64 €9,33
1200nm IR 1200nm IR LED PCB Digikey MTSMO0012-844-IR 1 €11,66 €5,46 €11,66 €5,46
1300nm IR 1300nm IR LED PCB Digikey MTSMO0013-844-IR 1 €11,66 €5,46 €11,66 €5,46
1460nm IR 1460nm IR LED PCB Digikey MTSM6014-844-IR 1 €11,66 €5,46 €11,66 €5,46
1550nm IR 1550nm IR LED PCB Digikey MTSM5015-844-IR 1 €11,66 €5,46 €11,66 €5,46
1650nm IR 1650nm IR LED PCB Digikey SWIR EMITTER 1650NM 1206 SMD 1 €18,81 €10,94 €18,81 €10,94
1720nm IR 1720nm IR LED PCB 1 €37,62 €21,89 €37,62 €21,89
FerriteBead Ferrite bead PCB Digikey MH2029-400Y 1 €0,09 €0,03 €0,09 €0,03
ESP32-DevKitC Microcontroller PCB Mouser 356-ESP32-DEVKITC32D 1 €9,50 €9,50 €9,50 €9,50
JSTSH4 Button connector PCB Digikey BMO04B-SRSS-TB(LF)(SN) 1 €0,55 €0,34 €0,55 €0,34
AMS1117-3.3 Power leveler PCB Tinytronics AMS1117 3.3V - SOT-223 1 €0,50 €0,50 €0,50 €0,50
ADS1256IDBT ADC SPI module PCB Digikey ADS1256IDBT 1 €18,83 €14,81 €18,83 €14,81
8MHz Crystal PCB Digikey 830108313809 1 €0,54 €0,39 €0,54 €0,39
82 0hm 82 Ohm resistor PCB Digikey RMCF0805FT82R0 1 €0,09 €0,00 €0,09 €0,00
75 Ohm 75 Ohm resistor PCB Digikey ACO0805FR-0775RL 4 €0,09 €0,01 €0,36 €0,03
70 Ohm 70 Ohm resistor PCB Digikey RMCFO0805FT69R8 1 €0,09 €0,00 €0,09 €0,00
62 Ohm 62 Ohm resistor PCB Digikey RMCFO0805FT62R0 1 €0,09 €0,00 €0,09 €0,00
56 Ohm 56 Ohm resistor PCB Digikey CRCWO080556ROFKEA 1 €0,09 €0,01 €0,09 €0,01
51pF 51pF capacitor PCB Digikey CCO0805JRNPO9BN510 2 €013 €0,03 €0,26 €0,05
49.9 Ohm 49.9 Ohm resistor PCB Digikey RNCPO80SFTD49R9 2 €0,09 €0,01 €0,18 €0,02
47nF 47nF capacitor PCB Digikey 1 €0,09 €0,01 €0,09 €0,01
301 0hm 301 Ohm resistor PCB Digikey RNCPO805FTD301R 2 €0,09 €0,01 €0,18 €0,02
240k Ohm 240k Ohm resistor PCB Digikey RMCF0805FT240K 2 €0,09 €0,00 €0,18 €0,01
22uF 22uF capacitor PCB Digikey CL21A226MQQNNNG 3 €013 €0,03 €0,39 €0,08
1k Ohm 1k Ohm resistor PCB Digikey RNCP0O805FTD1K00 2 €0,09 €0,01 €0,18 €0,02
18pF 18pF capacitor PCB Digikey C0805C180M3HAC7800 2 €0,09 €0,02 €0,18 €0,03
170 Ohm 170 Ohm resistor PCB Digikey RMCFO805FT169R 1 €0,09 €0,00 €0,09 €0,00
150 Ohm 150 Ohm resistor PCB Digikey CRO805-FX-1500ELF 1 €0,09 €0,00 €0,09 €0,00
10uF 10uF capacitor PCB Digikey CL21AT106KOQNNNG 1 €0,10 €0,02 €0,10 €0,02
10k Ohm 10k Ohm resistor PCB Digikey RNCPO80SFTD10KO 4 €0,09 €0,01 €0,36 €0,05
104 Ohm 104 Ohm resistor PCB Digikey CL21C101JCANNNC 2 €0,09 €0,01 €0,18 €0,02
100pF 100pF capacitor PCB Digikey CL21C101JCANNNC 2 €0,09 €0,01 €0,18 €0,02
100nF 100nF capacitor PCB 6 €0,09 €0,01 €0,54 €0,07
100 Ohm 100 Ohm resistor PCB Digikey CRGO805F100R 5 €0,09 €0,01 €0,45 €0,05
10F 10F capacitor PCB Digikey CML0805C0G100JT50V 1 €0,09 €0,01 €0,09 €0,01
Green diffused Green diffused LED PCB Digikey SML-LX1206GW-TR 1 €0,41 €0,11 €0,41 €0,11
0 Ohm 0 Ohm resistor PCB Digikey S €0,09 €0,01 €0,45 €0,05
Screen Screen Component Amazon Link 1 €24,01 €14,01 €24,01 €14,01
3.7V 1000mAh Battery Component Amazon Link 1 €4,25 €4,25 €4,25 €4,25
Powerboost 1000  Battery management Component Amazon Link 1 €23,89 €6,00 €23,89 €6,00
46mm x 2mm Glass screen screen Enclosure Timeparts.nl Link 1 €775 €2,58 €7,75 €2,58
18mm x 1.5mm Glass screen sensor Enclosure Timeparts.nl Link 1 €5,25 €175 €5,25 €1,75
BN 20138 Pan head PT® screws Assembly Bossard 3218789 10 €0,07 €0,04 €0,65 €0,40
Upper Enclosure Upper Enclosure Enclosure Injection Moulding 1 €17,50 €7,25 €17,50 €7,25
Lower Enclosure Lower Enclosure Enclosure Injection Moulding 1 €17,50 €7,25 €17,50 €7,25
Assembly Minutes  Assembly Minutes Assembly Assembly 10 €0,25 €0,20 €2,50 €2,00
Gasket Gasket Assembly 1 €0,50 €0,20 €0,50 €0,20
Total €266,31 €140,40

Figure 80: Bill of Materials with costs

/.2 Hardware

documentation

In this section we will present the
hardware related choices we have
made; on what basis we have made
the decisions on and describe the
impact for the design.

Choice of screen

From the first meeting with Besstrade,
and online research, we quickly found
out that the user interface of the exist-
ing products, was a major user pain
point, that we needed to tackle. There-
fore, we set out to find screen solu-
tions that could be integrated in the
product in an aesthetically pleasing
way, and give simple, precise, and
easily understandable information to
the user.

What options did we have?

There are an almost unlimited number
of screens on the market with a variety
of possibilities. The team looked at
options ranging from dot matrix and
classical 7-element digit displays as
seen on old digital clocks. Here the
information level was too simple, due
to the very limited number of colours
(monochrome) and low resolution
(7-element pr. Digit) or 8x8 dot matrix.
Therefore, we looked at screens with
higher resolution. We found a variety of
LCD/TFT, OLED and e-ink displays that
could fit the purpose. We ended up
going for a LCD screen because it
would enable us to use different co-
lours for signalling success, progress
and errors to the user in a simple and
effective way.

Finally, it was a requirement for the
screen to have available information on
how to interface with Arduino devices,
to make it easier to develop prototypes
and make visually pleasing screen
content.

What did we choose and why?

Due to the design direction moving
towards a rounded scan head for the
aesthetic design, we went searching
for a round LCD screen. We found a
1.28-inch round LCD development
board with a 240x240px resolution and
SPl interface, that fitted all require-
ments . The screen runs on a GC9AO0T1
screen driver, that can be controlled
via the relatively well documented and
active “TFT_eSP!I” library for Arduino.

For future development we have found
larger screens that can fill the whole
bezel area intended for the screen and
give better readability through larger
text. This screen has a driver that is
supported by the TFT_eSPI library but
requires specific power handling and
an interface for the flexible FPC cable.
This was not possible to implement
during our project but would contribute
with significant improvements if impl
mented.
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Choice of microcontroller

The original hardware is based on an
Arduino Uno microcontroller, that can
be mounted on the main PCB. The
current PCB design is a rectangle of
10x15cm with all soldering done on the
top side, which means that the scan-
ning area is facing upwards. Further-
more, we do not currently have the
possibility to connect breakout boards
for prototyping various peripherals like
the screen, SD cards or wireless con-
nectivity.

We want to implement a new micro-
controller to get a smaller PCB foot-
print to make it possible to be hand-
held, have more pins for sensors and
screen and the possibility to add wire-
less connectivity, to prepare the pro-
posed PCB design for future further
development of e.g., mobile apps, but
at the same time minimizing the port-
ing effort from the current to proposed
hardware/software.

Options

To simplify development, we focus on
“System-0On-a-Chip” (SOC'’s or dev-
boards), instead of specific chips or
modules. The current solution is an
Arduino UNO which is a simple and
very popular prototyping board, with
only simple microcontroller abilities. In
recent years, the ESP32 microcontrol-
ler has become popular due to its low
price, and active open-source develop-
er community. The chip has Wi-Fi,
Bluetooth and its own mesh protocol
build in, and is very energy efficient.
Furthermore, it can use (but not train)
machine learning models via tensor
flow lite. There exists a lot of modules
like ESP32. They typically have very
similar performance, features and
formfactor, but a significantly smaller
and less active community. The last
option is the mini version of the “Com-
puter-on-a-chip” Raspberry pi Zero,

which is a smaller version of the rasp-
berry pi. This chip has the wireless
connectivity via Bluetooth and Wi-fi,
and processing power enough to train
simple machine learning models via
tensor flow, due to its higher computa-
tional power, which also results in
significantly higher energy consump-
tion.

The ESP32 can be programmed in
Arduino IDE and works with most Ardu-
ino libraries, which makes it easy to
transition from an Arduino Uno to
ESP32. The Raspberry Pi Zero would
need a full rewrite of all code.

Choice: ESP32

Based on the need for high portability,
connectivity, and low energy consump-
tion, it seems like the ESP32 would be
the best module to implement. In our
design we have implemented a pre-de-
signed development board onto the
PCB, but in the future the form factor
can be further reduced by implement-
ing an esp32 module instead. It should
be noted that the current ESP32 is
being replaced by newer generations:
ESP32-S2 and S3. These should have
a very similar formfactor and perfor-
mance and are both supported by the
Arduino framework as well.

€13 €13
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Cost €22

Type Micro controller Micro controller Micro computer
Bluetooth No Yes Yes
Wi-fi No Yes Yes
Energy Consumption | Medium Low High
Processing Power Very low Low High

SD card Breakout board Breakout board Build in
Programming Arduino (C++) Arduino (C++) UNX
language

Library support from | Yes Mostly yes No
current firmware

Effort to change Low High Very high
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PCB Design

We see three main strategies to reach
our goal. Firstly, we can black box the
components and ask the client to
design something that fits our require-
ments. That would probably mean that
it's not possible to have a fully working
prototype within our project time
frame. This also means that we will
only be able to work on an Arduino
UNO during the project, which makes it
hard to prototype with connectivity via
Wi-Fi/Bluetooth/SD card.

The second strategy is to fully develop
a PCB design for an ESP32, based on
the current KiCad files, that fits our
needs and enables storage to the SD
card. This will take a lot of effort to
firstly learn the routing program which
the current project is made within:
KiCad and afterwards understanding
how the routing works, and what we
need.

The third strategy is a mix of the two.
This strategy is to develop an MVP
demonstration of the full system, using
the current “PCB #2” in our possession
as a breakout board, connected to on
an ESP32 and other relevant peripher-
als like SD card slot.

This will enable us to use other control
units, and thereby more easily proto-
type wireless connectivity and SD card
storage.

Goal

Create a working prototype with a
dedicated PCB with a form factor that
enables us to test the prototype in
context

Options

The design of the PCB(Figure 69) has
been an iterative process going back
and forth between wishes for aesthetic
design requirements and the possibili-

ties in the technical design. The two
main problems have been to get the
PCB front as close as possible to the
scanning surface of the object, and to
have a slim enough form factor to allow
a slim handle that fits the hand of the
user optimally.

Figure 81: PCB

Changes from original

We have implemented an ESP32 micro-
controller, to enhance connectivity and
reduce formfactor. This has given us
the possibility to use more SPI interfac-
es, due to the chip having both HSPI
and VSPI, compared to the UNQO’s
single SPI interface. We have added
solder jumpers on the PCB, so it’s
possible to alter which SPI connection
the screen is using [Insert picture of
solder jumpers here].

We saw a need for giving simple light
cues to the user and concluded that
the existing single colour LED would be
constraining for future UX develop-
ment. Therefore, have added two RGB
LEDs on the side of the PCB facing
towards the user, to enable light ques
for e.g., battery indication, light feed-
back, or status indication. We chose
LEDs are of the type “WS2812B” over a
conventional three pin RGB LED be-
cause it uses only one signal pin and
can be addressed via its placement in
a series of LEDs, and we have placed a
series of two LED’s.

We have changed the button place-
ment to be aligned with the physical
button in the product. The button is a
through-hole component but can be
left out and replaced by a button con-
nected by the optional JST connector
placed on the lower side of the PCB.

To handle power, we have chosen not
to not design our own power handling
solution, because it is simply not within
our professional field of work. There-
fore, we are using an off the shelf
component: Adafruit PowerBoost 1000
module, to charge a 2000mAh LiPo
battery, and ensure sufficient and
stable Sv power supply to our PCB.

PCB has gained connectors of the type
JSP XH, to interface the 8-pin connec-
tion to the screen and the 2-pin con-
nection from the power Adafruit Pow-

erBoost 1000 module handling
charging and draw from the 2000mAh
LiPo battery. We have picked the XH
series of connectors because they
have the same footprint as regular
2.54mm through-hole connections and
could therefore be moved to any side
of the PCB, or just used for debugging
without a pin.

Figure 82: Pins
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Recommendations PCB Design
The proposed PCB design is trying to
give space for screws and mounting

features of the two shells and give
space for the other components.

The PCB has Four M3 holes for screw-
ing the PCB onto the lower shell and
has cut-outs to enable cables to go
from connectors on the lower side to
their placement on the upper side.
Furthermore, we have made cut-outs
to give room for screw bosses for
connecting the upper and lower enclo-
sure parts.

For future improvements of the PCB,
we have a couple of recommendations

First of all, it would be ideal to further
minimise the PCB footprint by switch-
ing from a ESP32 development board
to a smaller ESP32 SOC module that is
SMD soldered directly onto the PCB.
This will cut down the footprint size
and reduce the thickness of the PCB
assembly. To further minimise this, we
would recommend switching to smaller
and more compact horizontally orient-

ed JST connectors like she SH instead
of the bulky through hole XH connec-
tors used now. This will make the ca-
bles smaller and save a lot of space in
general.

We would also recommend integrating
the power handling module, which is
right now an off-the-shelf product from
Adafruit. Adafruit is publishing the
schematics as Open source which
makes the integration easier. This will
of cause increase footprint size but can
also replace some existing components
used for power handling.

The current design is missing a USB
interface for charging that is accessible
when the product is assembled. We
would recommend implementing a
IP-67 USB-C connector to the PCB
facing the end of the product, to en-
able charging and maybe data transfer.

Lastly we would recommend to imple-
ment an on/off switch on the PCB, to
further reduce energy usage during
standby, and better align the buttons
and LEDs in relation to the enclosure.

/.3 Firmware

109

Documentation

Firmware structure
All firmware is uploaded and docu-
mented on the ReadMe.md on GitHub

Why did we work on it?

The original firmware was running a
program that listened for serial com-
mands from a computer, for triggering
the scanning and sending the results
to the computer via serial. This was the
only functions the scanner had. To
have a functional prototype, we need-
ed to rewrite the software to trigger a
scanning via a build in button, use a
Machine learning model to determine
the type of polymer, give visual feed-
back via a screen, and implement ways
to distribute the results.

Prerequisites

The project uses several external
libraries, that it pulls in from a public
online repository. All code is published
on Github. To get started with the
PlatformlO project, make sure to open
the project via PlatformlO vis VS code,
and have the IDE install the ADS1256,
SPI, Wire, TFT_eSPI and multiWifi li-
braries defined in the platform.ini file.

Diagram
The functional diagram is shown in
Figure 71.

When powered on, the ESP32 is boot-
ing up and running the setup section
initiating serial for debugging, SPI, 12C
and Wi-Fi, before running the loop
function.

In the loop function the program is first
checking if the button state is low,
which means that the button has been
pressed. If pressed, it runs the scan()
function. The scan functions updates
the screen, makes a scanning, show
the results and send the data, and save
the current time in a variable calls
LastUsedMills before exiting back to
the main loop().

If the button state not low, the program
will compare the current time, with the
lastUsedMills. If the difference is larger
than the predefined sleep timer value,
then the code will run a DeepSleep()
function, making the ESP32 turn off all
peripherals, the radio module, BLE,
Wi-Fi and core memory, and only use
the dedicated ultra-low power copro-
cessor that listens for a button press,
and initiates a boot when triggered.
The Deep sleep mode reduces the
typical power consumption from
~200pA (excluding the screen an
just T0pA.



https://github.com/mglavind/PlasticScanner-TUD
https://github.com/mglavind/PlasticScanner-TUD
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— Boot up

If error l

Begin serial
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Initiate SPI
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—D Begin loop()

buttonState
= LOW
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currentMillis -

LastUseMillis >=
SleepTimer

Figure 83: Flow diagram
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DeepSleep()
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buttonState =
LOW

What would we recommend doing
next?

The current code has issues with the
communication with the ADC module,
delivering results from the sensor. The
ADC used in the original Plastic Scan-
ner project is not adequately defined,
and occupies the chip select per-
sistently, making it impossible to use
communicate with other devices via
SPI. In our current hardware design, we
have utilized that the ESP32 has two
separated SPI interfaces to communi-
cate with the screen and sensor on
different interfaces. In the future this
needs to be resolved, either by rewrit-
ing the library for interaction with the
sensor or initiate and end the SPI
communication via a function when
needed to only occupy the SPI line
when scanning.

Furthermore, we recommend making a
mobile app for handling all settings,
machine learning models and results
on a good touch screen. To do this we
would recommend using BLE for the
mobile to device communication. The
ESP can be programmed to broadcast
results as a characteristic, which an
app can be programmed to listen for. A
solution to make Over the Air (OTA)
updates of firmware has been pub-
lished by the major maker community
Sparkfun, which means that updating
the machine learning model should be
possible as well. Else the phone could
make a mobile hotspot for the ESP32
to connect to and transfer the new
updated ML model via.
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Screen interface

From the PE research two directions of
screen designs were tested in a digital
way. This meant that users were shown
pictures of screen designs (Figure X).
The digital images need to be convert-
ed to C++ written file in order to work
with the ESP32 that will be powering
the Plastic Scanner 2.0. From the
Adobe XD file, the conclusion can be
made that nearly every screen has an
animation. To make this animations, we
cannot simply make convert the imag-
es from the file into an array of co-
loured pixels. Animations can only be
shown on the screen if we install a
library, that we use to program the
screen.

What options did we have?

We have chosen for a circular screen in
the design therefore we needed a
circular screen to prototype on. The
most readily available screen was the
Waveshare 1.28inch round LCD display
module. A round display with very
minimal bezels and great resolution
and colour range. The display is pow-
ered using an SPI bus, with the
GC9AOQ1 driver. This means we have to
find a library that supports the GC9AO01
driver.

Adafruit GFX

GFX Library for Arduino
TFT_eSPI

Lovyan GFX

Having picked the library to use, a way
of building the screens must be deter-
mined. Within the library there are
multiple options of building and dis-
playing parts of the screen:

- Storing and displaying images from
storage.

- Creating and showing shapes and/
or text directly on the screen.

- Creating sprites (composites of
previously mentioned stored in
RAM, ready for use)

What did we choose and why?

We chose the TFT_eSPlI library by
Bodmer to code our display for multiple
reasons:

- This library has a very broad imple-
mentation and has many more
drivers that are supported. This is
convenient in the case that we or
the client want to change to a
different screen in the future.

- With the library having predefined
many things for us, this means
there is less coding to do and time
to be saved by using this library in
comparison to the Adafruit GFX
library.

- The library has performance optimi-
zations build in for the ESP32, this
means it will run faster than most
other comparable libraries.

- The library has great and elaborate
documentation and examples. Next
to this the library is used by many
people implementing TFT displays,
therefore having a lot of helpful
tutorials and other documentation
online. This makes troubleshooting
much faster compared to other
libraries.

- While libraries such as LovyanGFX
include more features, these fea-
tures are not relevant to this prod-
uct. This means implementing such
libraries would have a negative
impact on system performance, not
to mention taking up precious stor-
age on the ESP32.

Our design uses different ways of com-
piling the screens in our final proto-

type:

On system boot, the Plastic Scan-
ner logo is displayed. This is an
image stored on the ESP32. We
could create the logo using multiple
shape layers and store them as a
sprite, saving quite some storage on
the ESP32. This however would
take much more time than simply
converting the shape into a UFTF
image file and displaying that on
boot. If we do not implement too
many (and especially not big resolu-
tion) image files, we can get away
with it.

The other screens are build using
sprites, because they are a combi-
nation of many shapes and text
items. It is faster to create the
sprites at boot and then call them
later than it is to let the ESP com-
pute all the images on the spot.

Screens that are very simple and
require just a single shape and
some text are coded in line, while
the processing time is then very
low.

Screens that require animations are
also composed with sprites, be-
cause those offer more pre-pro-
grammed functions to move items
around within the sprite. A good
example is the scanning bar on the
scanning screen. The scanning bar
Is a sprite, which moved within the
background sprite using a scrolling
function.
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What would we recommend doing
next?

The screen we have used for prototyp-
ing is very fitting in the context and
allows us to test all requirements for
our design. There is however a prob-
lem that exists with the size of the
display. The display for prototyping is
smaller than the proposed final design,
the display should therefore be
swapped out by a bigger, 2 inch LCD
display. Finding a larger screen that is
supported by the library proved more
difficult than expected. The most
prevalent display driver for larger dis-
plays is the ST/701S, a 3-wire SPI and
RGB LCM interface. This is not sup-
ported by the TFT_eSPI library, be-
cause this uses 9-bit instead of 8-bit.

In the end we have found a display that
is supported by the TFT_eSPlI library
that fits our design rather well. For the
future design we would recommend
implementing the Xintech round 2.1
inch IPS LCD display (Figure 72). The
display driver is ST7789, which is
already supported by the TFT_eSPI
library. The display has a minimum
order quantity of 1000 pieces, so going
for this option requires a large invest-
ment. The display can be hardwired to
the PCB, freeing up space that is now
occupied by the
adapter board.

Figure 84: Display Recommendation
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machine learning platform for micro-
controllers. The client has documented
the workflow, covering the topics of
how to take the measurements, ML
model training and integrating ML
model into the main code. Measure-
ment taking requires the use of spec-
tralon - while ceramic plate which
reflects almost all IR waves — which is
used to help scan transparent plastic
and retrieve the maximum reflectance
values for the rest of the dataset.

Why did we work on it?

We want to ideate and improve ML
workflow by testing out several differ-
ent algorithms to see if the accuracy
and training dataset collection can be
improved. In addition, the current
workflow requires spectralon which is
considered used for optical scientific
measurements and comes, is relatively
expensive and hard to get.

/3: Sorted plastic types to the Dataset”
on page 114).

The data was prepared as a training
dataset for different types of ML mod-
els: SVC, Random Forest, XBoost (Opti-
mized Gradient Boosting). Algorithms
have a different way of learning to
classify data (“Figure 74: ML learning
models and how they learn from the
given dataset” on page 111) therefore
it was decided to compare the test
accuracy and see which of the ML
models performs the best. Differently
from the client’s TensorFlow use,
Scikit-learn ML environment was used.
The code for ML model training was
written in Python, previously men-
tioned dataset was used (less process-
ing was done compared to the client’s
approach). The results have shown
that transparent plastic scans without
reflective material behind confuse ML
models too much,
therefore the trans-
parent scanning
readings have been
taken out. The results
have showed that
XBoost (Gradient
Boosting) model
presents the most

Figure 86: ML learning models and how they learn from the given dataset (Data Science Team, 2020; TIBCO, n.d.; Fraj,

2018).

What did we choose and why?

XBoost ML algorithm demonstrated the
best accuracy results with relatively
limited dataset and a minimum amount
of processing. In Addition, it was de-
cided to look for more other reflector
solutions which could be used instead
of spectralon as the reflector was
proved to be a necessary part while
scanning for transparent plastics.

What would we recommend doing
next?

ML model. Current
model demon-
strates relatively
high accuracy in
distinguishing the
measurements
between PP and
HDPE. Therefore,
further iterations
adding more plastic

Accuracy: 0.93 %

types could be tested with a better
quality dataset: better measurements,
more data pre-processing, increasing
the number of samples.

Using the model in ESP32. Currently
Scikit-learn ML models can be used in
microcontrollers by using an open-
source MicroML generator ‘micromigen’
(Elonquent Arduino, 2021; Github, n.d.).
It would be recommended to test the
implementation of this workflow on the
current ESP32 microcontroller used for
Plastic scanner.

Gradient Boosting

Random Forest

Sample ID

Accuracy: 0.89 %

Plasic ype acqurate results ‘ SVC
(“Figure 75: Machine
Learning Model re-
sults” on page 115).
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/7.5 TRL Level evaluation

According the project definition and
the first version of the scanner we can
state that the initial TRL is 4. The ex-
pected goal for this project has been
TRL 7 but due to a complete change of
the use context and major changes
done to hardware (housing, structural
and interactive elements, user inter-
face, electronics). The overall TRL level
of the final design is 5, because a
rough working prototype was tested in
intended environment with recycling
facility workers (Figure 76), with func-
tioning screen but not the actual scan-
ning. Separate design elements have
reached varied levels of TRL (Figure
77):
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Casing parts

3D printed and can be assembled with
the electronics, but not injection
moulded, manufacturing details still
need to be developed.

Waterproof assembly
Applications for IP66 rating have been
explored, but not implemented.

Screens

the Ul designs have been designed
and tested with the users using quali-
tative and quantitative test.

PCB
has been manufactured in small scale
(10 pcs) and tested.

TRL-7

TRL-6

TRL -

TRL-4

TRL-3

TRL -2

TRL-1

5

Scanning

The code for the scanning is tested
and the readings are presented in the
Excel sheet. Parts of comparing the
reading to the database and present-
ing the result to the user are still need-
ed to be developed.

User Interface

the screens have been tested in the
intended context with the users. The
core principles are working. Further on,
the screen designs have to be coded
to reflect that intended Ul design.

Machine learning model

Different ML models have been trained
to evaluate the accuracy from two
different plastic types. Database has to
be expanded with 5 plastic types and
their readings. Then the ML model
needs to be trained again and imple-
mented into the code of ESP32.

User
Interface

Watertight

Screens
assembly

ML model

Sub-system Case parts PCB Scanning

Figure 88: Prototype testing in use context

C

Software

System Electronics

Casing

Figure 89: Technology Readiness Level (TRL) evaluation
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Jll 7.6 Branding

To have communicate in-line with the
PE design of the product branding rules
have been created for a coherent and

professional look.

What options did we
have?

Options were: choosing a specific font
and specific colors.

PLAGTIC SUANNLE S 1YLE GUSOE CHEAFGIFLETR

What did we choose and
why?

When designing the screens was found
that Roboto (mainly the condensed
version) resulted in high readability and
is used for smaller screens. To keep
the overall style coherent Roboto
Condensed has been chosen as brand-
ing font for the plastic scanner. The
main color of the product is green
(#528073), as this is the color of plas-
tic resin that is mainly retrieved from
recovering PP fishing nets sold by
Oceanworks. Additional colors that are
being used are shades of green and
grey (Figure 78).

TYPOGRAPHY COLOR GUIDE

Rdhntn Condensed

abcdefghijkim
nopgrsiuvwxyz
12345678910

Aa

Aa

Ag

Figure 90: Brand cheatsheet

LOGO VARIATIOMS

A Plastic scanner

A Plastic scanner

What would we recom-
mend doing next?

The product can have more color
options then only green, as Ocean-
works sells more color options. Thus,
the product can be produced in multi-
ple colors. This can be handy to distin-
guish scanners for specific workers in
the future (such as sorters versus
managers). Or a certain company could
prefer to have a different color. In
Figure 79 multiple color variations are
presented that are in style with the first
green model. Hereby, the detailing
colors are coherent throughout the
different variations and for branding,
the same additional color grey can be
used.
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Insights and recommen-
dations

Conclude with your main findings,
critical analysis of testing the primary
functions and recommendations for the
client. Besides project related parts, a
critical assessment on the projects’
results is expected in this report in-
cluding the aspects achieved and
failed.

Color options - OCEANWORKS - Ocean recovered PP Resin

PP 201157 PE 201154 PP 190652

Figure 91: Color options of the plastic scanner

PR 2071155 PP 190252
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/.7 Findings

Context of use:

There is need for two different types of
interactions when scanning: 1. the
company is working with one type of
plastic (for example PVC) and 2. when
the company sorts various types of
plastics. In the first scenario, the work-
er wants to know whether the scanned
sample is PVC or not. With the second
scenario, color coding is assigned to
distinguish 5 different types of plastics
quickly to sort the samples more effi-
cient.

Shape

Both shapes were found to be per-
ceived as reliable: the curvy shape
looks more professional, but the bulky
shape looks more sturdy but less pro-
fessional. Overall, the curvy and more
modern shape was preferred. This
shape preference was also affected by
the resemblance of a razor because
people tend to prefer the shape, they
can relate to most.

Screen style

The simplistic screens are overall
preferred mainly due to the utilitarian
value assigned to the Plastic scanner.
The screens which enable users to
reach the result faster and are less
distracting are preferred, therefore
simplistic, colored screens are de-
signed. Text on the screen should be
presented largely.

Handle width

The semi-cylindrical handle width of
varied width sizes enables a comfort-
able grip for a larger variety of hand
sizes.

Rubber

Integrating rubber elements into the
design greatly increases the percep-
tion of durability and sturdiness.

Interaction

Users prefer the scanning element to
be placed facing away from them while
scanning and the button to be placed
on the front, prefer the added lights on
the front and do not like the battery
level visible on the screen.
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Insights & recommendations__
Findings__

Machine learning models

Several Machine learning models have
demonstrated the potential to be used
in classification with fewer steps need-
ed in dataset preparation. Testing the
different ML models further with more
categories could lead to a more effec-
tive ML and sorting.

Systems & Technologies

Smart systems can be employed to
create effective communication be-
tween the Plastic Scanner, and the
company’s database. A better and
more extensive database can be used
for improving the ML model and to
make the scanner more accurate. The
database can be improved with the
help of other companies, using a col-
laborative approach which is contrary
to the current practices of other scan-
ners hiding useful information.

Business plan

The financing for manufacturing the
first batch can be done in two ways:
through crowdfunding on online plat-
forms, or through collaborative funding
from various recycling companies
which expressed high interest in having
this plastic scanner.

Sustainability

The enclosure can be made from
ocean plastic, to align with the client’s
vision to enhance the circular economy
by using plastic waste material and
fight plastic pollution by avoiding virgin
materials as much as possible.

PE
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/.8 Limitations

Shape vs electronics

The handle dimensions did not com-
pletely match with the findings from
ergonomics (the handle is slightly too
large in width) due to PCB and the
number of electronic components
needed to be fitted there.

Scanning of black plastics

All the interviewed companies ex-
pressed the need to scan black plas-
tics, however due to technological
constrains of IR spectroscopy, it is not
currently viable to do so.

Comfortable scanning of transparent
plastics

Transparent plastics do not reflect
enough IR light for an effective scan-
ning without supplementary material
which would enhance the reflectance
back to the sensor. Therefore, many
times an add-on is used behind the
scanned sample, which compromises
the comfort and speed of the scanning
because a separate piece needs to be
taken and aligned.

Plastic scan database and effective
ML model

Due to not enough plastics in the
database, it was not possible to make
an extensive database and test with
ML models to further improve the
accuracy of the scanning.

Sustainability trade-offs.
Recyclability vs durability and easier
manufacturing: The enclosure is de-
signed with rubber parts to drastically
improve the durability of the product: it
protects the enclosure and electronics
by absorbing the tensile stress caused
by the impact when the scanner falls.
2K injection moulding, (over-moulding
of the rubber parts) is the easiest and
preferred manufacturing method, but it
makes the enclosure part not recycla-
ble anymore. Possible solutions are
discussed in ‘Recommendations’, but
these trade-offs cannot be completely
solved.




2 Insights & recommendations__
1 4 Recommendations__

Bl 7.9 Recommendations

Rubber handle
The implementation of the rubber

handle parts as shown in the current
design (Figure 80, left) is not in line
with the sustainability goals set for the
product. The most important goal is
that the materials used in the product
are easily separated, to improve recy-
clability. The current design can only
be achieved by 2K injection moulding,
meaning the two handle materials will
be fused together. Next to this, the
current design does not cover all the
areas in which the hand of the user will
interact with the handle Figure 80, left).
During the product experience testing,
we have found that people really like
the wrap around rubber component
from Design Iteration 7 (DI7) (Figure 80,
right) compared to the current design.

ADE

Figure 92: Rubber-CurrentDesign-Iteration4.png:

With these remarks in mind, we would
suggest changing the rubber geometry
for the production model to return to a
sleeve design like DI7, while keeping in
mind product experience of the final
prototype. We have identified an op-
portunity to do so in Figure 81. The
recommended design ensures that all
parts of the hand are touching rubber
parts when in use as can be seen on
the right side of the image.

With this suggested design change,
the enclosure geometry should also be
adapted slightly. This allows for mount-
ing the rubber sleeve in a secure way,
without having to fuse them together
in 2K injection moulding (Figure 81).

Figure 93: New-Handle-Lines.png:
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Light blocking element.

As is it shown in the Figure 84, current
light blocking element should be de-
signed as a cushion made from rubber
or other flexible material. The cushion
would be fitted into the housing and
should be offset no more than 3 mm
from the sensor and the IR LEDs, be-
cause the distance influencing the
spectral characteristics due to light
dispersion (Figure 83) (Zhu et al.,
2019).

-

]

.

Figure 96: Light blocking flexible cushion for opaque

Figure 95: The distance between samples and
probe and its influence on scanned spectral
characteristics (Zhu et al., 2019)

(i)

= § ¥ B o gtyh b e

In addition, the piece can be changed
to another cushion designed for trans-
parent plastic scanning, which includes
highly reflective material at the back
side (Figure 82). It has a slot where a
plastic sample can be pushed into. The
hollow slot thin but made of rubber
therefore more adaptable for varied
thickness of the plastic samples.

Figure 94: Light blocking element for transparent plastics.
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Insights & recommendations__
Recommendations__

Reflective material

In order to deal with high spectralon
costs, it is recommended to try out the
alternatives: currently, polished alumin-
ium is used by the client, but interest-
ingly, polished Copper demonstrates
better reflectance results for the NIR
wavelengths between 850 to 1650nm
compared to Aluminum see Figure 85
(Layertec, n.d.). If the reflection of
polished copper surface is deemed to
be acceptable, the plastic scanner
devices can be equipped with an addi-
tional part to enhance the transparent
plastic scanning quality in more eco-
nomically viable way.

Increased durability

As mentioned earlier in the report, we
expect the current prototype to have
reached an IP rating of IP31, this is far
of the required IP67 we were aiming
for. To reach the intended IP67 rating
requires multiple changes to the cur-
rent design, including enclosure geom-
etry changes for gaskets, changing
components and adding extra in house
designed components. We would
recommend applying the changes
described below.

The most critical area of the design is
the big opening at the NIR LEDs in the
final prototype. To make this area IP67

The second important area of the
design to be revisited is making sure
the enclosure does not let water or
dust enter. We recommend the addi-
tion of gaskets in the enclosure halves.
Figure 87 shows in red the proposed
gaskets placement and the proposed
geometry changes, to allow for this.

The final area are the components that
need to be accessible by the user on
the outside of the enclosure. There are
possible gaps around those compo-
nents that can allow particles of dust
or water to get into the enclosure.
Therefore we recommend changing
these components to the components
on Figure 88. While the shape of the

There is one final recommendation for
changes that increase the durability of
the Plastic Scanner. Additional rubber
should be added on the inside of the
enclosure, to act as dampers for vibra-
tions on the electronic components of
the product. Electronics are very deli-
cate and cannot handle vibrations very
well. Therefore we recommend adding
rubber spacers between the enclosure
mounting bosses and the PCB.
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= certified, we would suggest adding a buttons does not correspond with the
- ey carrier for a piece of quartz glass and proposed design, we are sure that
- sealing that with a gasket.Figure 86 these components can be adapted to
- shows the implementation and place- look like the proposed design.
ment of such a carrier and gasket.
Figure 100: IP rated
" off the shelf
components
.
(]
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IBH-H
Figure 97: Different material reflectance graph (Layertec,
nd)

Figure 98: Class carrier gasket
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Introduction

The orremt versian of the plastic sanner s a prodaut that s amesd at kne- sl middle incame untties
ta help dentify ol sepate differem bieds of plasta=. This helps peaple 1o make an mome from

el these sorted plasins o e wsed far recpclinge. For this ARD pmject, our proup will weark on a2 mew
and ErgEroeesd versian af the plastc sanner, this seend veson n be sald o infteyeshed perties o
high-income countries [(Soean plastic collection companes. ad small to brpe scale recpding companies).
The oxrent emikxlment 5 relabvely sample and consisl= of AD-prrted enchsure, Blectonies, swiiches,

hatitery and bolt connertoes

Fipure 1 shos the exploded viesw of all parts that are i the oerent Plastic samer version, whle ipare
1 dempistraties the vwawking principie using LED ights ard R semuor,. pllastic nefraction patterns ane
analyred for the plastic types 1o be chemical iy diliferentioted.

Erealoesdre
GO ——
Bullazn '—'——-_.}

=4 : _*
Raspharry B ="

.

Breakout Eoana
Crarpa o —=——
Battary —

Fricipsurg  — ——

apure 2 Workien priccips plevie coswe . [Biochic Scaneesr, X271}

The Plestic S@nner is a devire 1o make plastic sorting in developing counines ssmpley. Currently, most
pliastx soring is dane by handd, which is Bbor intemsie and prone 1o e Sarting plastic by bype s

el o Ak a step towsards a amslar economy, beeping materials pure

Develogement of versian 2 for cammescial B8 e inhish-mome couniries aud prodarction of Eeper
uantibes, wsed by caompanies artve i the sarbape mleringe B recypcings ndusiry. B will be vsed for
initial identifuation of the plastic in the sarbing sape s well &= Tor uality asaranoe in l3ter sSlapes.

The PlEstic Scanner is asmently 3 protype, 3 demonsivatar af new tedhnolapy. Inoonder ta implement
this n varows planes amurd the weorlkd, we need 1o bring it ta a2 hizher THL kevel {mimimasm kevel 7 - B)

A. Contextual analysis

The oarent use e in developine ot s different o the intended wse coe Tor this pajectina
B seitng. Therelore, we have set out o define the fulure use sceam by lookanys at companies that
are evestw in the Plastic Scomner andd their field of wark. 'We have defined s aness of foous within

the plastics recpding bop [highliphted n Fipare 3), in which oompanies have ssmilar needs.

e 1 Pextic recyciog long sl fores orooy: igfuirinied s delonk

The cniext of e for ths produst s varietd Inst will be mandy sed n eopding clites sl beach o
nepan rlecrs v nlarec ﬂnﬁnﬁﬂdﬂiﬂl‘_nggu'!l_nggm e Ter rther orereecoes: I

= - - = - ¥ - s/ === ==& /===

s rr—

o= =

wmrder i find out the oonesdt Boiors in these foous aeas, we have visited Bestraxle PYC recpcling, a
Dastrh recyding oompansy foossing on recycinge of PVE. In the companmy visit we have analyred thes
o ralinns, needs and ssralties with other campanies in the recpading bop. We alko analyred The
Dresn Cleanup for a more naval emvironment for the Plastic Smmerm unction i em this aalysis

the results heve been visaslioed in REune 4.
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Facility worlkers

Weather ‘Walenieers
indoars. | ouldoos Botfca
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Gght KA =
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W ated
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Other gadgets Plasd;
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The analysis shows dearly that the prodinct will need o heecbon in ouph evrenments, where there s
oirt, dust alsn water [if plastic scanning will be sed in the poean plastic dean-up baats]. There are o
spmhanthy strong kares affecting the prodat, beranse it is held in the hand, and the wser andy needs
1= iaach the plastic with the scamney for suressful sannns. However, because the prodat 5 hamnad bedd,
thene ane rishs of adenial faling on the proundd or same watey getting antn it Therefone, durahdity
and walmpmainess are of high priaeity for Plastc Scanner ta operate in these emrromments. The
arkitional produts surmusling the emvronment are manly iom the colledied plaste waste, consstng
of padapine products, boaes, ropes, nets and pther types, which cn absa be of decayed quality, alsn
arkditienal marhnery for A portng, shiedhdling or remanufacheing mberted plastsr, other suxilary
exqiipment = be kand in the emoement. Another mpasiant focior is that the wawkers that will be
wsing the Plasia Scanner are wearng ity ploves.

The stakeholder map {Fpure 5) shows which parties have most imterest and inlloenoe resarding the e
aindl [E=ap O e Plan i S [T Gl Seyas, e Ly ayas Wik el e Miost diE il e
the osrent Flastc sanner pumner 1eary, who s deweloping the seoond vers ion, recyding mmpanies
[Erme- ad small —aale)], acean [or acean-baund] dean up companies and NGDs, such as The Doean
Oeamup. Other ey plaperss hedd 2 iof of powess but are less inierested . From this siabehnbies =t we
ook the artars which will be dosety related to the pradurct [tHhraugh buying it, usng it or instaling
kepskrtions which Enimpac product desipn]. These siakehnlders have different miles and nrequireme ms

for the product [Fipure 6].
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B. Function analysis, physics prinaples and state machine

Fundhan tres

Function tree [Figure 7] is used o analyze what type of functions take plane while using the sanner. We
wsed this I sysiemize these fundians nin aivpories and then divereed an possible Tuncdan ‘saluia s’
[howr each funciian could be worbed ot on mone defired level]. Therefone, the function tree adls 2 a
sysiEme cverview of Jll neressany parts and as a2 ool ta J soower and think of dilfferent ways on how
each fumtion oould be delvered . Becowse the projert & in 3 very ety stape of development, many
Tunctiaons are nat pet sirdctly delined. For example, scamning results could be delvered inomanry ways: via
sund, via seen, via Exhis. Thevefore, hnctions wisch are sHll not hully defined are mardked in gray, and

functions which are fully defined ane maried n oolar [fully aataomatic i biue, fully mamal in brosn).

The full respiutian fuchion tree ke found n Appendic L
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We ok orpanoatnnal thinking o elaborate more an the functions that wasuld ealble prodewt
mpeevement and manieraee. The pradhwct's sofbware shoulld be able o be mprverl, beraarse the
mpowe the acuacy of smming. Also, the possiEity ta sowe the sanned resulls and callect data fiom
cifferent devires nin the man data — this weuld help 1o eapand the bnowiedpse Baay, wihich could
really help to train the saoftwanre and mpame plastic scaming soossacy . inaddition, repai rabldity s
impartant o mprove product’s Efetime (orpanirational and sstaina baliby thinkang]
With this perspectine we aid "“Communaton” and "Mamntemane” ches o the uedion ee,

which can be foud in Apperslie 1

Relevant phwsics principles
The main physcs principles regadiing the core werking principle: of this device are in the tepsey of
aptirs. Principgles presented below are commerning the numibers in function tree [ipere E).

\"\_._I B aramari Pesial : \
iy zht diFerer:
eI MR LETHO
“' 1

12
f —arch rTo o
e " o L. Calil releciors wil
Seanning phasiic ¥im kIR seasing I
I Y 4
o Il
Analyza resuts with

‘nsir spoctaal
| releiiance lJJ'.JLI.".-l.@

Reflection of infrared light

hpds @an absorh ol reflect different wewslengtin of ixht, beranse of ther suribce propertses. and
mederular sinechure. Whle manly this prnciphe s i for ermbliing us 1o see different ooliors, the
same applies ta athey pht wawelenpthe —olbjerts ook and reflect vanoos types of nfraed ipht
Devices that sort plastars wsings nfrared speriroscopy ane baserd on this principle (ipure 3 the diffesent
wnreleneihs om the IR ammitters ame relieched 1o the |K rereivey, whese the reoeneed enerey is
measured {Shetty, H1R]. The pasitian of the infrared receiver must be comect o oaich the reflected

sheriromagnetc woawes, theyeforne diffiise relledtion, speasiar reflectian prindples, Lambertan

reflectance must be cansidered [fizure 10].
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I

State machine Diagram
VT in figure 12 a siate machine diagram is shown of the plastic sanner. The technicl functianalities af the
sEmner e s shown within this diapram, ranpne from analyss, diapnastcs o feedback

,_—“7—\’_‘\//—"\/_ HET . o . Suwdback
. . - SEFLUC nazoes
ghH axa AR 13 ARA 4T 1A
Wavelength {nm:l Srart-lp Error domemad I aprinstos
Pgerw 11- The reflecisres spacio of fow resres [ Mecousd st o w, T g] EErct s re i
i ) i Crerativralimade | Feadhack
Difference of reflectance between lighiness of tolors of ane resin type Y — istan b - o wahar
- - Irdthani ]
Bodies ol surfaces of dariees moinr absarb wide specira of seleciromagnetic weses and reflect very Eitle, ! i mada it
thersfore sanning the dark-ooiored plastics via infraned sperioscoy beromes challenging [dose Barubyas |
impirssibie], berasr the differenies in relleciane between differont wavelenpths are wery small i=une CLELLIE
17] Far this project, finding a weay o improwe the reading of dark plastic reflectance would really Tasting moeda ‘| Analysts ‘ T oncreds | Miagnnssics
improve the preduct, but affodable methoads for imprewving this aspect ane stil o be resesaches]. - T I ~ wnutseald
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C. Systems tree and subsystemns interaction

The systewn tree of the plastic scanner s shown in Figure 14, ranging from SEL 1 o 3 ad the oamrent
campanents. Dne of the ocomponents, the input sensor, 5 et fully defined as both aptaons @n
awamplish the neerd  Further ressanch will detenmine which af the sersors will be wsed in the final
sanner. The main ssbsystenms ored the meriboes bebween thes e sulrystiemns e described in Fipure 15

IT* Transtoiller

IE Reveyver

Rgure & Woviinn prieepile of spectrooropry Pideeity, AHE
TOUFCE QX UM nous inte ST fpae

calos sEnar

i A e may, AE AN A A e R AN A AN M EAS ETRE S A e LA emmmre o L LN Em- A . e N A s

trarsiey 5 happening betwesn the mmputing and optics 0 skt the sanmns Erocess ad retam is

¥ Larm barkian
.-...r pallsctance = data. The final ramsfer of mfermation is betsween momputing and poseer, anearbanpe on the e

af distape needed ta fulfl 5l the other sublhawtons

blasis surface with albede @

= = < [~ opic
EMZRGY | INED T

Difference of spectral reflectance of 5 mansiream resns

Reflectance i a function of slertromapnete erepy from a certain waseleneth. Sperital eflectance s a EEray ERERL
e representing the relation between % of reflectance and different warvelengties. { inomm) i 2
[Becra#ll, X. Fzune 11 represents the specal reliectanoes of 5 main plastas, vaniows miors
withey reshwe or mprove reflectance, sl the main praph shape does ot change Fven if the plastic type
is the same the spediral relledt=nce @n vary siphtly sonding o different ad ditives i the plastic.
Therefomne, extemive |ibraries are nepded ta e ntify plastirs soourstely. For this @se the £ 1K LEDs for
asTent plasty samer Rnge from 350 W 165 em inowseelensth, whidch s dessfed & near inliceed
radiatian {MIA) {Piactic Scanner, 202 1a; SoewxceDinect, nd ).

i
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Gris __
-Wﬂ o~ | e

m&im e
Fpare 16 Requcirssrsorst allooscod to spacifc povis off et o

Dur analysic shaws that mast of the reggrements aieady formed e st the prodact in pereral sl
are nat specified for indvidual oomponent=s. Ths s n pari as this project has been moastly mnoept
desien up i this tmepeint. Thereksre, na fubue sage of the poject, where foos will be on
embodiment desipn, having specihic reqguirements on oempenent level will be imporiant. This &l leows for
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D. Program of Reguirements

in the Eble below (Table 1] 20 of pur produrct requrements can be found. They ane divided o several
atesones and if appliable an elalwestion s preen Some of these nequremenis are al et o specilhc
parts [showm in fpere 16)

Type of
et | F | Secpesoravssd dhefltoe Elnlewrrices
Perdmase 3 Prixha oast dlertdy 5 most commoon types of plastie e
P, PVS, PS FET)
Frocht past dlotde ahoee crertiwsed e of plestie
Z watly 20N STy MR SLAIVUTY VT materiods
Frixha oast ety abore crertiored iypes of plstic
T | with 75N ooy adverr stanniog heamly deroped
merls
Proxhuct ot e hie iy inierciy phostic sooples ot e | T TD 57 Of phosti
£ R joond in oo, [ebreine
- et al, 2ria]
Pty Tel [roerpetitor] doss
5 | Provhct onect idertify the sonple sitinin teo seranalc o i e servewdc [RAodinie
2021}
Eraoarerst 5 Frochat oast wewk m smamreenis orepng fom -0 up fo
= b
Prachadt e .
¥ ot be prrterprony P
Prxhact 5 osed shoraking
B | Prahac oast withsionsd] on orpoct from ot least 2 mesisrs mwight, Hrevefove 2 msters
s cermn
Lie im sewiEe g Frxhct oast wowk with full funchionalily fiv o st B
howrs befors g,
Maasirng e 10 Frixhat oast be gbie i be dsasseorblied by o Orsiomes
watinin 7 pinades
11 Frochect componerds ot e roneries only by Ny o
mepkarerrbis matennk
13 Prochat oast e dearoembler] ity the 2 oned sl
el
13 | Prxhadt peeds o be modiulior for of et 758
Target
produxt cost 14 | Prchact must st betwesn SO0 ond RN Pums
abevials 15 The hoorsiray roost covsis! of % recpclerd pleesties o Pt wind pour preach.
vshcied fmm plostrs
m"':ur-! 1 | Prochct mast kst of iesos? 5 yeors without Mpgrmnies
| Epmnmas 17 | Pkal mast be sy i e wdh gimes
1 Frochct ot huree ophion be serzoed 0 operotor for To prevern sinkirng
ETnTTmeT]
19 | Prachact must not Sre o domoge ooevolor 'y et
ol
s & 20 | Prxhact must arlfvene i CF-eviifration strmdors
| repmlatos

Twble - Frosbnot rogaresrsonts alochi s
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