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1 Group effectiveness

During our first meeting, an evaluation of the group strengths and weaknesses were made. The group effectiveness
has improved enormously during the first weeks. The majors or all the group members can give more insight
into our group’s strengths and weaknesses. The majors include Mathematics, Industrial Engineering, Industrial
Design, Computer Science, Architecture, Mechanical Engineering, and Chemical engineering. From the first
meetings, it was established that the group contained students with knowledge of coding, designers, crafters,
good writers, good video editors, and good teammates, all of which were essential to creating our concept and
have great results. Also, technical skills were presented, which will be used in the design process. Team members
pointed out their experience with Python programming, sketching, 3D modeling, and printing. These skills are
beneficial while making the prototype and our final product. During the first meetings, each person’s interest
and ideas were listed and written down and had insight into what was needed for them to be accomplished, so
the final concept’s decision could become more accessible. Every idea and every interest was taken into account.
Opinions were also combined to bring out innovativeness and creativity. Low-fi prototyping and sketching, which
were made, later on, played a massive role in the final concept’s decision.

Members were given tasks according to their specialties and/or weaknesses regarding the project. On an individ-
ual level, the most significant strengths include designing, modeling, engineering, and programming. Designers
and project modelers would work together to create prototypes efficiently. The engineers made sure the design
could work and provide the final product’s hands-on experience. The programmer ensured that the product
was reasonable and within the time range to complete since a lot of it would be needed to program it. Other
members who had an interest in helping or completing administration tasks were encouraged to do so. Hence,
every member did their best to work as efficiently as possible. Besides the strengths and knowledge required for
making the prototype, other strengths were brought to light related to working as a group. These were: Good
communication skills, a good organization, and good planning skills. The planning skills are essential in a project
like this, as the project is ubiquitous, and a lot of tasks need to be covered. The fact that we have team members
who have good planning skills certainly benefits the whole group. Good planning is the first step to smoothly
running a project and reduces the possibility that deadlines are not being achieved.

The first meeting also established the weaknesses of the group. The main known downfall was the lack of
knowledge of people with disabilities in general. Each person took the task of researching different disabilities
and their main struggles in the house. Therefore, any issues concerning people with disabilities would be pre-
sented and dealt with. This improved the group’s communication, and it made sure everyone was on the same
page. Another weakness would be a lack of creativity. As seen from the majors, most of the group worked rather
theoretically or on basic project ideas. While creative ideas were not common, group members felt it would be
necessary, which prolonged our decision-making. Therefore, it was reasoned that creativity would be valued less
than functional design. This contributed to a faster pace of decision making and gave us concrete ideas. Lastly,
the weakness that costs a lot of time fixing was the lack of communication as a group. As the project continued in
the first few weeks, there was still some struggle with communication as a group. Everyone started as a stranger
to each other, and it took us more time than usual to feel comfortable with each other. The meetings included
awkward pauses for a long time. As a preparation for the intermediate presentation, we were not communicating
optimally, and this also resulted in receiving a lower grade than we would have liked. However, this was a push
forward to start working harder and be more motivated to perform better and work more efficiently as a group.
It was also fixed by us meeting without the tutor to discuss and also to feel more comfortable with each other.
A group chat was also created to communicate when there was no time to meet and to ask for help anytime it
was needed.

During the Peer Review, things that could be improved as a group and as individuals were discussed. It also
allowed team members to give personalized tips and tops to team members and be critical about their project’s
contribution. These comments and the comments that were made by the tutor were undoubtedly taken into ac-
count and will be improved. From that moment on, we started to communicate better, and our meetings became
more efficient. The suggestions made during this presentation were taken into account and were transferred into
comments in the final presentation. Firstly, it emerged that the video was relatively short. Also, the presentation
was not very interactive, and the advice of being more visual for the next video was also given. The group
managed to take these comments and used them for the final presentation. The group members also worked well
to exchange information, and the tasks were all done and finished on time. Another challenge that was faced
during this project was that some components, like the speaker and the color sensor, need to be attached to the
device for our design. Team members worked together to find a solution for this, and by using the strength of a
team member who has experience working with 3D-printing, we could solve the problem.
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During our project, the team developed new skills, and everyone got out of their comfort zone. Some mem-
bers kept working on the parts they already had experience with and therefore used their strengths to benefit
the group. Each team member was able to complete their tasks well and contributed to the project’s successful
execution. The strengths of each team member need to be applied, and on the other hand, weaknesses need to
be compensated. In conclusion, to be successful as a group, good collaboration and good communication is the
key. During the last meeting with the tutor the last group evaluation took place and everyone was satisfied with
how much each one of the members have been developing. Based on the tutor, everyone had developed a lot in-
dividually and as a team. Everyone became more confident and new skills had been showing up after the midterm.

Overall, the experience of Engineering Design provided us with new skills since everyone was learning from each
other, but it also brought more confidence and leadership skills individually since everyone had to go through
with the position of the chairman.
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2 Design goal

The design goal is to provide the ability of color detection in the house and for them to feel more comfortable
in their own home and more independent as individuals. Specifically, the goal is to allow them to choose their
outfits to feel more independent and more confident in taking care of themselves. Even though appearance is not
their priority, it plays a significant role in loving themselves and accepting their disability. As visibly impaired
people cannot see colors, a device that can acknowledge their colors would help them a lot in the house and bring
them closer to a normal life. They have many struggles that create a distance between them and normal life,
making them feel even worse about their disabilities. The result is them feeling self-conscious and excluded from
society. There are also extreme results of depression and even worse ones.

When choosing which idea to use, the group members’ backgrounds and experiences were taken into account.
Based on the group’s interests, all the members loved the idea of providing help to people with disabilities since
they are mostly excluded from society and struggle a lot with feeling confident. Some of the members had come in
contact with people with disabilities and, in our case, visually impaired ones. Others already worked on projects
connected to visual impairment and could provide the group some extra knowledge and skills. Specifically, one
of the members had the chance to work with visually impaired children and create a game for them and for
non-visually impaired ones to experience how visual impairment feels like. Based on that, the group decided to
also focus on older ages to be more creative and have more options for the prototype. It would also provide a
new challenge since no-one worked with disabilities in the house, but there was some knowledge to give its base.
Both situations were used as a strength since personal knowledge, experience, and already made research could
be used for the team’s new research and design concept process and development.

This disability’s choice was also made based on research. Globally visual impairment has the most signifi-
cant number of people suffering from it and it is also growing day by day (Kumar, 2018). “World blindness and
visual impairment: despite many successes, the problem is growing” based on Peter Ackland, Serge Resnikoff,
and Rupert Bourne. It is considered one of the most common disabilities, so these were also some reasons it was
chosen to be the focus of the design concept. Visual impairment is also one of the most misunderstood types of
disability (Watts, 2007). The choice of the specific activity, color detection, was made because it is an activity
that people rarely think about as a struggle. However, colors are everywhere, on our bodies, in nature, in the
city, etc. It is a big part of human life, and that is what made the activity important enough for the group to
choose that to create the design concept. There were barely any existing solutions to solve this struggle. There
was hardly any information about the specific activity, which provided the group with a big challenge that could
supply new skills at the end and create something different and unique. It is also why it was voted as one of
the best exercises that could provide an innovative and desirable product. Its future innovative and creative
character was shown immediately since group members could think of device ideas from the early stages of the
process and the first meetings. It was noticeable that there were many different ideas, and that gave the push to
continue working on the specific disability and activity.

Overall, the design goal was created by everyone. Each member provided their part in creating a good de-
sign goal and the relevant information to make the right choice. Every member agreed on the choices that were
made and there were no disagreements.
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3 Functional design and solutions

The “MoSCoW method” was used to prioritize the functional specifications. Below, the functional specifications
are listed.

Must have
The system must be safe for the user.
The device must be easy to use.
There needs to be a detection of colors.
The communication with the user must be clear.

Should have
The device should look neat and clean.
The device should be comfortable for the user.

Could have
The device could have extra options for users.
The components could be protected by stiff components to prevent damage.
The device could operate the whole day.

Solution encyclopedia

Below, all solutions to the above specification ahve been displayed in a solution encyclopedia.

Must have
1 The system must be safe for the user.

1 Minimal wiring: The device should include minimal wiring. The wires must not be exposed.

2
Overheating protection: Any textile components should include a method of protecting the user
from overheating.

3 Low voltage.

4
Harmless prototype: The device must not contain any harm objects, so no parts sticking out or
hard and pointy edges.

5
The device must have an on and off bottom so that it does not use too much energy which could
cause the device to overheat for example.

2 The device must be easy to use.
1 The device must be a wearable.
2 The device must be easy to put on and off (for example: by using a zipper)
3 Minimal movement.
4 One size fit: easy to adjust.
5 Soft material.
6 The device must be lightweight
7 The device must be autonomous.
8 The device must have an on and off bottom so that it can be easily used.

3 There needs to be a detection of colors.

1
Color sensor: The system must contain a good working color sensor that should be properly
placed in order to do work properly.

2 A device with a huge rage of detectable colors to provide as many shades as possible.

3
A system that includes a color sensor with active measures to have a good accuracy -
the use of LED lights.

4 Braille code can be used to determine colors.
5 We can use OpenCV Python to detect and segment various colors.
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Must have (continued)
4 The communication with the user must be clear.

1 Properly working components.

2
A good functionating speaker to communicate clearly with the user: either sounds or
words that the user can understand.

3 Vibrations to send the signal that the detection has been made successfully.
4 An app can be connected to the color sensor to communicate with the user via sound.

5
An app can also be used, the app uses vibrations to communicate with the user about
the color.

Should have
1 The device should look neat and clean.

1 Bulky components should be avoided.
2 There should not be any components visible on the outside.
3 The device should be nicely finished and the material should be placed neat.
4 The materials chosen should be as small as possible, so that they may integrate well into the sleeve.
5 The quality of the chosen materials should be high.

2 The device should be comfortable for the user.
1 The device should be a wearable so that the user does not have to think about carrying it around.
2 It should be lightweight, so that it is not a burden to the user to carry it around.

3
The material in the interface between the device and the skin of the user should be soft,
so that it does not cause skin irritation.

4
The material of the device should be flexible so that is comfortable for the user to use and it feels like
a usual piece of clothing.

5 The device should be easy to put on and off in order for it to be comfortable to wear.
Could have
1 The device could have extra options for users.

1 The system could have a setting which allows the user to match clothing items.
2 The customer could have the ability to customize the device.
3 The device could be made in different colors.
4 The device could be made out of different materials.
5 The device could be able to operate both in the light as in the dark.

2 The components could be protected by stiff components to prevent damage.
1 Through 3D printing we are able to make attachables which can protect the components.
2 We could make small pockets for the components.
3 We could put all the cables in one rubber cable in order for them not to be visible.
4 We could make a box to protect and hide the components.
5 We could also make a frame to protect any components that are visible.

3 The device could operate for the whole day.
1 A sufficiently big battery.
2 A software feature that enables the device to ‘sleep’ after some time of inactivity.

3
A smart feature that turns on the device automatically only when needed using software, an
accelerometer and a proximity sensor.

4 A on/off switch, so that the user could switch off the device manually to conserve battery.
5 A solar power charger can be used

6
Self-winding charging can also be an option. This way the discharging can be slowed down and
the device would be able to operate longer.
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4 Design concepts

Each group member has thought about the different design concepts, and each member made a corresponding
prototype. In this way, a determination can be made which prototypes are realistic to make. To determine this,
different factors are taken into account if the budget allows us to make the concept, if the device is wearable and
whether or not all the components can fit in our device.

Three different design concepts

For our design concepts, we chose to further look into developing various ideas.

• Sleeve with speaker

• Wristband

• Vest with box

Concept 1: Sleeve with speaker

The first design idea concept includes a sleeve with a speaker connected to a color sensor on the hand where
the user can hear the colors through a speaker. This speaker is located on the arm and needs to be wearable
and wireless and has a wallet-size to be light and comfortable to wear. Behind this prototype, there is a design
concept that includes the reason that was created. The problem is that blind people cannot detect colors, and
they do not have the opportunity to come face to face with all the beautiful colors that everything around us
includes.

Figure 1: Image of the sleeve concept

This concept solves this problem with the wearable sleeve that will allow the customer to detect the colors while
moving just their hand. The speaker will also help with realizing that the detection was successful since hearing
is one of the main senses blind people use to live. Its location has its benefits too since it is closer to their ear,
making it easier to hear the sound. This concept will provide the customer with a feeling of satisfaction. It will
also help them feel more confident with themselves since people with disabilities often feel like life has let them
down by depriving them of the sense of seeing. Below, pictures of the prototype are included.
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Concept 2: Wristband

The second design concept idea is a color detecting wristband located around the arm. This wristband contains
a color sensor and various vibrating motors for the customer to know which color is in front of them. This is
another concept that has a solution to allow the blind to detect all the beautiful colors that are located around
us. It provides the hand-movement, which shows to be the easiest way to detect colors. The difference with this
idea is that the wristband is the only part of the product, and it is small and comfortable to wear. It can be
adjustable to any wrist size, and it can also provide vibrations so the customer can sense that they detected the
right color or that the detection was successful. Also, by using the Arduino Uno, the wristband can be made
very lightweight, which makes it more user-friendly. Below, pictures of the prototype are included.

Figure 2: Image of the wristband concept

Concept 3: Vest with box

The third concept idea included making a vest with an attachable box. By making the box attachable, it is more
convenient for the user to put the vest on. The package will be the source where the color detector sensor and
the vibrating motors will be located. The vest came as an idea that would provide something more innovative
and something different as a prototype. The color detector sensor is located on the chest, whereas the clothes
are located directly in front of the sensor, and that is how it will detect colors. In this way, consumers only have
to hold the clothes right in front of them, and the sensor will detect the colors.

Furthermore, the vibrating motors help realize that the detection is booming, and the user instantly feels

Figure 3: image of the vest and box concept

what colors are in front of him or her by the duration of the vibration. With this vest, the design goal can be met
as it will help them feel more confident with themselves by knowing which colors are located in front of them.
Below, pictures of our prototype are included.
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5 Final design concept

The sleeve color detector was chosen as the final concept because it was voted as the best idea to be developed to
provide color detection for visually impared people in their homes. This concept includes the sleeve with the color
detector and the speaker that its location plays a massive role in its user-friendly character. It is on the upper
part of the sleeve that means it is closer to the ear. Visually impaired people have their other senses developed
more than non-blind people. The sense of hearing is the one that is the most developed and, that is why the
sleeve is the best option. It uses their most developed sense to guide them and signal that the color detection
was successfully made. This concept was chosen as the final one because it is the most user-friendly one out of
the three concepts. It is reusable and easy to clean since it is made out of cotton with lycra (a type of polyester),
stretchy, simple to wear, and adjustable. It is also one of the most comforting and breathable materials. It is
easy to maintain and has resistance to the sunlight.

The sleeve idea was also chosen as the most innovative one out of our three final concepts. Wearables are the
most accessible and most straightforward type of device for blind people since they can be worn whenever, and
the user can move around the house, do their tasks, change clothes, etc. The device will not be affected. The
sleeve can be worn all day long, and whenever they need to use it, they can turn it on with just a switch and move
their hand close to the object they want to detect. Its fabric is reusable and easy to clean. It is also essential
to note that the concept is considered safe since its prototype’s components and the wires used are fully covered
with a layer of the fabric, making the sleeve safer to use. Neither the components nor the cables come in contact
with the user’s skin, and they are also not noticeable from the outside because of the extra layer. This makes
the sleeve safer since there is no possibility of the user touching the circuit while using the device. Lastly, there
is no use of private information or any user data to use the product. It is harmless, and it is based on visually
impaired people’s ethics.

The design concepts provide color detection. When the user scans the color, a sound is made when the detection
is completed successfully, and this also provides the satisfaction of knowing the color the user came in contact
with. The speaker includes a different sound for each color that can be detected, and with that, the user knows
what color they came in contact with.

Figure 4: First prototype Figure 5: Sleeve with battery pocket

6 Technical specification

Based on the MoSCoW prioritization method and based on the ‘Must Have’ the team used, the sleeve will provide
the color detection using the color sensor connected close to the wrist so it can easily reach an object. The sleeve
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will be safe to use since there will be no wires exposed, and all the components will be covered with a second
layer of the sleeve. It will also be easy to use since it will only include two steps to be activated, turning it
on and scanning a color in front of the color sensor. Lastly, the communication will be evident since a speaker
will announce the color of the object the color sensor detects, and it will be placed on the bicep, so closer to the ear.

Based on the ‘Should Have,’ the device will look neat and clean since every component will be covered with an
extra layer of the fabric, and nothing will be shown, except the speaker and the color sensor that have to be
exposed to be able to work. The material used is polyester, so the sleeve can be comfortable to wear since it is
for everyday use in the house, and the user should feel comfortable to wear it any time of the day.

Based on the ‘Could Have,’ the color sensor and the speaker will be covered with 3D printed cases that will
protect them from any damage, and that will also make the sleeve more aesthetically pleasing. Besides, the
device will operate the whole day since it will be connected to batteries. That way, it can be turned on an entire
day without any issues, and that will make the user’s life easier since they can wear it all day and scan whatever
they believe is necessary for them in the house to change clothes, find food, etc.

The list of components to be specified is shown below. M stands for ‘Must have’, S for ‘Should have’ and C for
‘Could have’.

Component Priority
Colour sensor M
Arduino M
Power source M
Speaker M
MP3 module M
Battery holder S
3D printed parts S
Fabric C

The color sensor chosen for the device was the TCS3200D model. This color sensor occupies an area of
28.4x28.4mm and operates at 82mA (with the LEDs; and 2mA without the LEDs); its power source should
provide between 2.7V and 5.5V. The color detector contains 4 LEDs - one red, one green, one blue, and one
white; it also has about 64 photodiodes - 16 with a red filter, 16 with a blue filter, 16 with a green filter, and 16
without a filter. This device can operate between -40*C and 70*C, which very comfortably accommodates the
settings that it will be used in.

7 Detailing

The detailing process is an important step towards the realization of a product. Once the idea was finalized, a
list of necessary components was made. When ordering the components, some characteristics, for example the
size or capacity, were taken in account. Since the final prototype is a sleeve containing all the components, the
size should be as small as possible to look more aesthetically pleasing. All used components, as well as their
characteristics, are detailed in Section 6. The most important components to make the prototype are the Arduino
board, the color sensor and the speaker with the DFPlayer Mini. Furthermore, the importance of these three
components will be explained and the code and calculations will be shown.

The code was written only in Arduino IDE, an integrated development environment for coding an Arduino.
The first essential component when building the device is the Arduino board, through which all the other com-
ponents are controlled. The board acts like the brain of the whole system and thus is one of the most important
components. Another key component is the TCS3200 color sensor. The color sensor detects the frequency and
wavelength of each color by reading its value of red, green and blue. For this reason, the color sensor can detect
every existing color. However, the prototype detects only 13 colors, all shades of a certain color being considered
as that one color. The colors it detects are yellow, green, blue, red, pink, purple, nude, white, black, orange, grey,
turquoise and brown. The sensor should be calibrated before detecting the color of different objects.

To calibrate the color sensor, two color samples were used, a black one and a white one. For each sample,
the color sensor reads the pulse width. On the serial monitor, values for all three RGB colors were outputted.
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Since the pulse width = 1
frequency , when using the white sample, the smallest values of red, green and blue

were noted down and used further in detecting the colors. For the black sample the same process was followed,
however this time the highest values were selected. For this, only the Arduino and TCS3200 color sensor were
used.

The third and last key component is the module player with the speaker. This pair component is essential
for the device since the chosen communication method between the prototype and the user is sound. The DF-
Player contains a micro SD card with the audio files the speaker has to output. All 13 colors mentioned above
have a corresponding audio file which contains the name of the color. The names are identified by numbers from
1 to 13, making it simpler in the code. For example, yellow corresponds to 1, green to 2 and so on. Because the
system uses this module player, the library ”DFRobotDFPlayerMini.h” was used. The variable myDFPlayer
represents the DFPlayer of the device and is used in the code to change the volume or to play a certain file from
the SD card. To change the volume, the command myDFPlayer.volume(30) was used, which sets the volume
to 30. To play a certain file from the SD card, the command myDFPlayer.play(a) was used, where 1 ≤ a ≤ 13,
which means a is one of the 13 mp3 files. The right sound is outputted using switch(), as seen in the pseudocode
below, where 1 ≤ a ≤ 13 and the ... mean that there is one case for each color, so 13 cases in total. The variable
color represents the value gotten after calling the function getColor, which is explained bellow. For each case, the
variable color is compared to a and if they have the same value then the color corresponding to that value is out-
putted by the speaker. Since the only variable that differs from one case to another is a, only one case was showed.

switch color do
case a do

myDFPlayer.play(a)
break

end
...

end

To make the prototype work, two variations of the code were used. The first one, used to calibrate the color
sensor, is a simpler version of the second one, which represents the final code uploaded to the Arduino. In the code
used to calibrate the color sensor, both the Arduino and TCS3200 pins were defined and used further in the code.
The code also contains functions to get the red, green and blue values of a certain color. An example of such func-
tion can be seen bellow. To get the values for red, green and blue, the color sensor has to know which one to read
first, second and third. Therefore, three functions are needed, each of them reading the value of one of the colors.
To set the sensor to read only one of the three colors, the command digitalWrite() was used. The command has
2 parameters, which determine what color TCS3200 has to read. For the function that gets the value of red, the
sensor is set to read only red, using the digitalWrite(S2, LOW ) and digitalWrite(S3, LOW ) commands, where
S2 and S3 are TCS3200 pins. For green, digitalWrite(S2, HIGH) and digitalWrite(S3, HIGH) commands
are used, while for blue are used the commands digitalWrite(S2, LOW ) and digitalWrite(S3, HIGH). After
that, the Arduino reads the output with the command pulseIn(sensorOut, LOW ).

Function getC():
digitalWrite(S2, value)
digitalWrite(S3, value)
pulseWidth ← pulseIn(sensorOut, LOW)
return pulseWidth

In the actual code, C from getC() is replaced by either Red, Green or Blue, depending on which of the three
values it gets, as mentioned above. The variable value is either HIGH or LOW , as explained above. Since the
three functions are almost the same, there was no reason to include pseudocode for all three.

Arduino IDE has two void functions: setup() and loop(). Inside the setup() function, the pins S0, S1, S2
and S3 are configured to behave as an output, by using the pinMode() command. The same command was used
to configure the OUT pin of the TCS3200 to behave as an input. The frequency scaling was set by using the
commands digitalWrite(S0, HIGH) and digitalWrite(S1, LOW ). Here the volume was set, as described in one
of the paragraphs above. Inside the loop() function, getRed(), getGreen() and getBlue() functions were called
to get the red, green and blue values. Furthermore, since those values represent the pulse width and not the
frequency, they are mapped to a value from 0 to 255: cV alue = map(c, cMin, colorMax, 255, 0), where variable
c represents red, green or blue and colorMin and colorMax represent the minimum and maximum values found
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when calibrating the sensor. Also, the function getColor(redV alue, greenV alue, blueV alue) is called. The func-
tion is explained bellow and it outputs an integer between 1 and 13, representing the color of the scanned object.

The last part of the code was mapping each (redV alue, greenV alue, blueV alue) tuple to the respective color.
This step is the most critical in making the device work properly. If the values are mapped to the wrong color,
then the speaker will say the name of a different color and therefore the prototype will lose its purpose. The
best way to map the tuple with the right color was by using a lot of if − else clauses. Function getColor takes
as parameters the values of red, green and blue, represented as cV alue, and compares all three parameters with
values between 0 and 255, as seen in the pseudocode below. At first, the difference between the lower and higher
value in an interval was 30-40, to minimize the number of if − else clauses. Such an interval would look like, for
example, 220 ≤ c ≤ 255, where c is the value of either of the three colors. However, the color when c has value
230 and 250 is too different and would affect the accuracy of the device. For this reason it was decided to take in-
tervals of 10 instead. This can be seen bellow for both red and green. The ... mean that the same if−else clauses
are repeated, with different bounds. r represents redV alue, g represents greenV alue and b represents blueV alue.

Function getColor(r,g,b):
color ← 0;
if r ≥ 250 then

if g ≥ 250 then
if b ≤ 230 then

color ← a
end
else

color ← b
end

end
else if g ≥ 240 then

if b ≤ 200 then
color ← a

end
else

color ← b
end

end
...

end
else if r ≥ 240 then...
end
return color

8 Realization

In this section will be described all the steps taken to build the final prototype. The tests of the components will
also be mentioned in this section. The developing process of the final prototype is divided in two different parts.
The first part consists of the device that detects the color of a certain object and reacting to it by outputting
the name of the detected color through the speaker. The second part consists of making a sleeve which will hold
the components together. The final prototype was decided to be a wearable and since a sleeve is easy to put on
and use by a visually impaired person, it was chosen as the final design. After the components were delivered, a
test to see whether they fit was conducted. From this has been noticed that the initial breadboard is too small
and cannot hold all components. Therefore, a second ordered was placed. Besides the breadboard, the ordered
resistor had 82Ω instead of 1kΩ. Hence, a new resistor was ordered as well. The final component that was gotten
in the second order was the SD card for the DFPlayer mini. Fortunately, the second breadboard was big enough
to hold all components and no other component had to be replaced. However, a third command had to be placed
to order the batteries with the battery holder that will power the entire system.

To make the first part of the prototype, there were used an Arduino UNO R3, a TCS3200 color detector, a
breadboard with 400 points, a DFPlayer Mini with an SD card, a 1kohm resistor and a speaker. First, the
DFPlayer Mini was put on the breadboard. Then, the Arduino was connected to the breadboard and the color
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sensor was connected to both the breadboard and the Arduino. The V CC pin of the color sensor supplies the
voltages and is connected to the 5V pin of the Arduino. The GND pin of the color sensor is connected to the
CND pin of the Arduino. These two connections are made via the breadboard. Pins S0 and S1 of the TCS3200
output the frequency scaling and are connected to pins 4 and 5 of the Arduino. Pins S2 and S3 represent the
photodiode type (red, green, blue or clear) and are connected to pins 7 and 6 of the Arduino. The OUT pin of
the color sensor outputs the frequency and is connected to pin 8 of the Arduino. Furthermore, the resistor and
speaker were added to the breadboard. The last component to be added was the battery holder with 3 AAA
batteries, to power the whole device. This completes the assembling of the device. The assembled device and be
seen in Figure 6.

Figure 6: Assembled prototype

For the second part, a model of the basic sleeve was chosen, which covers the arm from the wrist to the upper
part of the biceps. Once the design was done, the chosen fabric was cut out to make the actual shape of the
pattern. The sides of the cut fabric were sewed in order to keep the fabric solid, covering the arm well, allowing
the user to move the arm with no difficulties. Furthermore, to make the sleeve available in two sizes, a zipper has
been added on one of the sides. The role of the zipper is to hide and reveal extra material. When it is open, the
sleeve will become bigger, allowing people with thicker arms to use the sleeve without being tight. Next, with
the measurements of 3D printed cases for the components, three stripe patterns have been made from the fabric
that will secure both the components on the sleeve and the sleeve on the arm. Once the stripes were done, they
were attached to the sleeve by sewing them. To make it easy for the user to tighten the stripes around the arm,
Velcro has been added to each stripe, making sure the components are not moving regardless the thickness of
the arm. The sleeve without the components can be seen in Figure 8 and Figure 7. The next step is to take a
look at the assembled system and measure it carefully. This step was crucial in creating the second layer of the
sleeve which covers all the components and the wires. This particular design of having two layers protects both
the components from getting damaged and also the arm of the user, which is not in direct contact with any part
of the system. The only components that will be only partially covered are the speaker, the color sensor and be
batteries with the holder and the on/off button. Covering the speaker would make the volume lower and the
user might not understand what the speaker said. Covering the color sensor would make the prototype useless,
since no color could be detected, except the one of the material. The on/off button has to be easily reachable
and pressed by the user since the system will work only when the button is on. For this reasons, the sleeve was
designed to be as aesthetically pleasing as possible, without interfering with any of its functions. The battery
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box will be placed in a pocket next to the speaker, having a small whole that reveals the button. Even if a part
of these three components will be visible, the inside of the device will not be showing and most importantly the
circuit and the wires will be hidden by the second layer. In Figure 9 can be seen the sleeve with the second layer,
without the components. The figure also shows the empty pockets, where the components will be placed.

Figure 7: Sleeve with one layer 1 Figure 8: Sleeve with one layer 2

Figure 9: Sleeve with pockets Figure 10: Color samples

Before making the final prototype, some components were tested. The first component which was tested was the
Arduino board, by writing a simple code that turns on and off one of the LED lights. The second component to
be tested was the speaker. The only components used for this test are the speaker and the Arduino board. The
speaker was connected to the board by connecting the positive side of the speaker to pin 8 and the negative side
to the ground, pin GND. In order to see whether the speaker works properly, the command tone() was used.
Next, the color sensor was calibrated and tested. The calibration of the sensor is explained in part 8. After the
sensor was calibrated, the code was adjusted as further mentioned in part 8 and the color sensor was tested. For
both the tests and the device, a lot of if clauses were wrote. This is described in part 8 as well. To test the color
sensor and whether the right color is outputted or not, different shade of colors were printed. This can be seen
in Figure 10. Two rounds of tests were done: one in broad daylight and the other with no light at all. During
the first test, all scanned colors had frequency higher than it is supposed to. That happened because when the
color sensor read the frequencies, it also read the frequency of light. For this reason, when the second test was
conducted, the frequencies of the scanned colors were not influenced by the light, and therefore the correct color
was outputted. Another observation that can be concluded after the tests is that the distance between the color
sensor and the object whose color it will say impacts the results. The sensor should be help too close or too far
away or the results will not be accurate. The user should hold the device only a few centimeters above the object.

After the circuit was tested and all the bugs have been fixed, the system is fixed on the sleeve and the sec-
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ond later of fabric is sewed, to keep the circuit steady. This completes the final design, and the prototype is
ready to be used. The final prototype can be seen in Figure 11, Figure 12 and Figure 13. The prototype can
also be seen on the user in Figure 14, Figure 15 and Figure 17. In Figure 16 can be seen the two sizes of the
prototype.

Figure 11: Final prototype

Figure 12: Prototype with speaker

Figure 13: Prototype with color sensor

Figure 14: Prototype on user 1 Figure 15: Prototype on user 2
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Figure 16: Sleeve with 2 sizes Figure 17: Prototype on user 3

To better how how to connect all the components, a blueprint was made. All the steps can be seen in detail in
Figure 18. The blueprint shows how the prototype should look like after each step. The dots of the breadboard
were not drawn, but it should not cause confusion. The blue and red line from the upper part of the breadboard
represent the negative and positive sides.

Figure 18: Steps to build the device
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The only manufactured product is the sleeve. Its construction is detailed above. Before making the sleeve, a
plan of production was made. This can be seen below.

1. Make basic sleeve pattern

2. Measure the fabric

3. Cut out the pattern

4. Sew the sides

5. Add the zipper from the inside

6. Create stripes for the 3D printed cases

7. Sew the stripes on one side of the sleeve

8. Add Velcro on the other side of the stripes

9. Measure and cut the fabric for the second layer

10. Sew the second layer on top of the first one

11. Create and sew a small pocket for the batteries

12. Sew the fabric inside the zipper for the second size

13. Burn the fabric edges

In Table 1 can be seen the list of all purchases items as well as their prices. The total balance is 63.531e and
the remaining amount it 6.469e. This means that everything was purchased withing the given budget of 70e.

Date Price Description
28/09/2020 24.8 Arduino, breadoard, speaker, TCS3200, jumer wires, DFPlayer Mini
05/10/2020 10.5 Breadboard, resistor, SD card
06/10/2020 4 2m of fabric
15/10/2020 11.25 batteries, battery holder
15/10/2020 6.981 Screws, Velcro
18/10/2020 6 Zipper

Table 1: List of parts with prices
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9 Test plan and results

Describe the final system test plan in detail. Explain how it relates to the technical specification of the prototype.
Give an account of the tests and include some photographs. Evaluate the test results in view of the functional
and technical specification. Draw conclusions.

There have been several tests to judge if the sleeve was working correctly and reached the group’s goal. Different
experiments were done to test whether the prototype reached its purpose and the group’s functional and technical
specifications.

The technical specification of the final system have also been checked while testing the components separately,
in Section 8. For the testing, the following plan was made:

1. Test the color sensor and output the RGB values on the serial monitor

2. Test the color sensor with the if − else clauses in the light and output the color on the serial monitor

3. Test the color sensor with the if − else clauses in the dark and output the color on the serial monitor

4. Test the color sensor with the if − else clauses in partial light and output the color on the serial monitor

5. Test the color sensor with the if − else clauses and output through the speaker

All tests were made using the color samples from 10. The most accurate results were when the room was dark.
When the room was partially lit, the right color was outputted most of the time, but the shade was lighter than
the one scanned. The results of the test where the light was directly on the prototype we bad, the color sensor
outputting only white. The reason for this is that the color sensor recognizes colors based on the wavelength
of the light incident on it. When during the recognition of the color of a certain object, it determines its color
based on the light reflected off the surface of this object, however, during this process light which is not being
reflected from this object (this is the case in bright environments) may also be incident on the color sensor and
thus interfering with the outcome of the color sensing procedure.

Solutions to mitigate this issue:

1. Due to the nature of the surface of the object, there should be one wavelength reflected more than others,
therefore there should be one wavelength which is detected with a little more intensity than others, and
from this, some signal processing techniques can be implemented to filter out the noise and finally detect
the color of the object

2. Adding more color filters, this would allow the red/blue/green filters to be more efficient, however, the
intensity of the light would be lower

Figure 19: Graph of a monochromatic light
Figure 20: Graph of white light, with its domain
being that of the human range of vision
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There were also several tests of the sleeve design during its process of sewing. Even though the circuit is an
essential part of the full prototype to reach its purpose, the sleeve plays a more significant role in the concept
since it is the one that will support the components and will provide the experience to the user. When the final
circuit was made, and different measurements were taken into account so the components could fit in the sleeve,
several experiments were done so the fit could be perfect. For this to happen, the components were placed on
top of the sleeve to take some measurements, so the layer to cover them could be ideal.

The fabric was sewed and transformed into the sleeve design as seen in Figure 7 and Figure 8. When the
measurements were taken into account, and the layer was stitched on the sleeve, the components were placed
in the sleeve to test its functionality. Several experiments were made to check if the user could remove the
components whenever necessary (for example, to wash the sleeve) or if the circuit always had to stay in place.
There was a goal for the components to be detachable, but based on the tests, only the speaker and the color
sensor could be partially detached (only a part of them, so the zipper can be zipped or unzipped) because of the
Velcro straps that would also keep the sleeve in place. The wires connecting the speaker and the color sensor to
the Arduino and the breadboard were getting in the way of fully detaching them, so that goal was added as a
future plan for the concept.

Another experiment was to test how comfortable and safe the sleeve is while wearing it. The user can bend
their arm without any difficulty or discomfort, as seen in Figure 17. People who were not involved in the project
wore the sleeve while having their eyes closed and were asked questions to test how it felt. Based on the experi-
ment, people felt safe while wearing it since there were no wires exposed. People tend to trust less when they are
not able to see. The sleeve had no wires exposed, making them feel safe while touching it and feeling it. Visually
impaired people use their touch to understand what is around them, so the sleeve being soft and smooth and
with no wires to show plays a significant role in this concept.
The zipper was also tested to check if the sleeve could be worn and removed easily. Several people tried zipping
it and unzipping it, and it showed that they could successfully do it without putting any effort. The zipper also
created two sizes, so some people did not need to zip the zipper, only attach the two straps to keep the sleeve
unmoved on their arm, which showed that the zipper achieved the two sizes option. This is showed in Figure 16.
Lastly, people that did not know how the prototype worked were asked to figure out how it works. There were
only two steps to make it work, and everyone seemed to figure it out quickly. They only needed to turn it on
from the side and then move their hand to scan an object.

All these experiments based on the sleeve’s functionality included good results based on the group’s predic-
tions. The part of the detachable components was one that was not able to be successful during this process.
Overall, the sleeve seemed to achieve all the goals and provide the functions set during the early stages of the
concept’s development, and it also meets the technical specifications.

10 Design evaluation

Based on the final results, tests, and performances, the concept reached the group’s design goal. Trying to create
a concept where all the members could participate and work equally was one of the tricky parts since different
faculties were involved. However, after communicating, a lot of research, excellent teamwork, and hard work,
the goal was achieved, and the prototype provided the help that was meant for. The most critical step in this
project was defining the problem since it would set the base and the direction of the whole concept, and it would
also be the one to guide the group to do further research and go more in-depth to create a good design concept.
The group agreed on visual impairment during the first meeting as everyone was interested in that disability.
Some people already had the opportunity to come into contact with visually impaired people. The tricky part
was to define which problem the group would focus on, on which struggle would be faced. The members all had
slightly different struggles in mind, however, the group quickly converged to a single issue, color recognition, all
the subsequent steps followed with relative ease.

All the group members believe they did their best and used as many skills as possible to provide a good result and
a product that would work—providing a sleeve rather than a bracelet added creativity and innovativeness to the
design concept. Some members had experience with creating products, but since everyone’s skills and abilities
had to be taken into account, the idea for the sleeve allowed everyone to have their part during the process. The
group managed to keep expenses within the allocated budget, while still being able to purchase all necessary
components for the final product. Having had every group member participate in the process, keeping costs below
the allocated budget and having a working prototype within the deadlines, the project can be considered a success.
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The product was considered user-friendly since it is wearable, and it is easy to put on, with only just a few steps
to activate and detect the color. There is the possibility to disassemble the device from the sleeve to wash it
since the components are removable. It is relatively comfortable to wear since it is made out of polyester, and
the circuit is lightweight. There is no contact between the skin and any electrical components, and no wires are
exposed, which helped the product reach its goal of being safe. The prototype recognized different colors and
communicated through the speaker, and the sound was loud and clear. That helped the user understand the
color they detect. The batteries also provided the sleeve’s ability to be able to be used for the whole day. The
extensive battery system that the product includes should ensure a long battery life.

Despite having a working device with the desired functionality, there is still space for improvements that the
group would consider if more time and budget were available.

The first improvement would be to make the sleeve more user-friendly and more comfortable. For that a different
positioning for the color sensor would be required. The current positioning at the back of the hand (placed like a
conventional watch) makes the user undergo a somewhat unnatural motion when they want to detect the colour
of an object. A better positioning would be below the wrist, and placed at a slight angle, this way all the user
would have to do is open their palm towards the object.

Moreover, the variety of sizes and the option of having both a left-handed and right-handed sleeve. Providing
a range of sizes will allow users to choose a size that best fits them, thus making them feel more comfortable
wearing it. Having the chance to wear it on their dominant arm, or not, their choice will make them feel more
comfortable since it will not be imperative that they wear the sleeve on a specific arm, therefore the movements
will be more natural. This improvement would be considered during the design process of the sleeve since to
create a right-handed or left-handed sleeve, the circuit would require slight adjustments. The creation of different
sizes would be a part of the fabric measurement procedure while taking notes on how long or short different parts
of the material would be cut.

Currently, the prototype has some difficulties recognizing colors in bright environments. The color detector de-
tects the colors of objects based on the wavelength of the light reflected off their surface but can not distinguish
whether the light incident on it was reflected from that object or not. The bright side is that the device works
better in darker environments, which is probably the case in the homes of visually impaired people. However,
one of the criteria set was that the device should operate in a wide range of environmental settings. Thus, with
more time, there could be additional signal processing features to filter out ’noise,’ which would be the light of
wavelengths not corresponding to the object’s color that finds their way onto the color sensor. If more time were
available, this improvement would be considered during the coding of the microcontroller.

With a bigger budget, much smaller parts could be ordered, which would enable all the components to be inte-
grated more easily into the sleeve. This would improve the sleeve’s comfort aspect as it would be more lightweight
and impose fewer constraints on the user’s movement. It would also give the sleeve a more aesthetically pleasing
image, and it would also have a faster and better operation. This assumption is based on the fact that the
smartphone market is already a mature market which is rich in small components such as speakers and micro-
processors that are all dramatically smaller and faster than the components used in this project. This would also
be considered a part of the early stages of creating the circuit since the first research would have been necessary
and then ordering them.
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11 Special topics

11.1 Project risk

The way to successful project execution For this special topic, chapters 5 and 8 of the book Project Risk Man-
agement by Mike Bissonette were consulted.

By determining the various risks that can be faced during this project, we identify the possible causes of unsuc-
cessful project execution. The most typical method to do this is a combination of brainstorming, interviewing,
and expert judgment. So, there was, first of all, brainstorming to determine a group definition of what project
success is. Furthermore, information was collected from an expert by doing an interview. The essential stakehold-
ers were established to assess project risk management. Also, a fish-bone diagram is used to determine various
internal and external risks. To further structure the risk identification, a risk matrix is used. From this matrix,
there can be established which risks can be faced and the consequences of these risks. This matrix is visible in
Appendix 2.

Group definition of project success:

As a group, each member has a different view of what project success is. For the definition, all the members’
thoughts were combined to get a clear idea of what project success is for the group. Our group’s project success
includes three different parts: Basic forms of success, success for our product, and successes as working together
as a group.
Project success for the group can be defined as a project that meets all the requirements and is delivered before
the deadline. Also, the project has to be completed within the given budget of 70 euros. The goal is to make
a device that is working well and is able to detect different colors with good accuracy and precision. When it
includes delivering benefits, and it meets the expectations of stakeholders, it counts as success. In this case, it is
thus wanted for the concept to provide help to visually impaired people. Hopefully, visibly impaired people feel
more confident and are happy with the concept and therefore want to use the product. First of all, the product
should be easy to operate and should be comfortable for visibly impaired people to use. Also, it should have an
elegant and pleasant look so they will use it.
Finally, apart from providing good results, it is thought that it is vital that meaningful relationships have been
built among the team members of the group. Also, as individuals, all must gain knowledge and more confidence,
coming out of it as a better person, student, designer, teammate etc., individually, and also have created a strong
bond as a team. For this team, this is also part of the project success.

Interview with an external expert

An interview has been conducted to identify possible causes of unsuccessful project execution. The most impor-
tant findings are discussed, and the full interview transcript can be found in Appendix 1. First of all, for the
definition of a successful project, the importance of finishing the project within the given time and budget is
mentioned. Furthermore, the parties (stakeholders) for which the product or services are intended must receive
the quality they expect or receive something above their expectations. Individual and group development is also
considered to be even a part of having a successful project. When considering what the most frequent risks
during a project were, the following risks can be established:

• There is a risk of exceeding the financial budget.

• There is frequently a time planning made, which is not always achieved.

• The expert pointed out that some problems could arise with suppliers.

• Suppliers, for example, do not honor agreements, or the promised quality is not delivered.

To prevent the financial budget from being exceeded, a detailed financial estimate can be made of all expected
expenses. Furthermore, detailed time planning can be done. Setting clear deadlines for parts of the project can
be prevented that the final deadline is exceeded. Similarly, when looking at avoiding problems that occur with
suppliers, several precautions can be made. For example, by doing a thoroughly back up check of the supplier,
this can be prevented. Also, reviews can be scanned, and there is a possibility to consult other companies for
their experiences.
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Important stakeholders

In this project, the most important stakeholders are the graders, our tutor, team members, suppliers and the
visibly impaired people who are the users of this product.

Business Objective Stakeholder Project Success Criteria Measurement Priority

Graders want to grade the
students fairly and preferably
as high as possible.

Graders

Most students (80%) have
completed the project as
well as they could and all
have working products.

The amount of
students that have
passed the course
(so receive a grade
6.0.)

70

The tutor wants to grade the
SSA’s and attitude during
meetings of students well and
fair. Also, the tutor wants to
guide the group as well as
possible during the project.

Tutor
Most students (80%) have
good SSA’s and have active
attitudes during meetings.

Pass/fail rating for
the individual part
(30%) of this
course.

70

Team members want to maintain
a good grade for the project and
want their product to work.

Team
members

Team members work
actively on the project and
SSA’s and are active during
meetings.

All team members
have contributed
equally to the
successful execution
of the project.

60

Suppliers want to supply
components of good quality
in the quickest time possible.

Suppliers
Components are of good
quality, arrive all together
on the agreed date.

All components
have been delivered
together, on time
and are all working.

60

The users are happy with the
product and find that it brings
benefit to their lives.

Users

The device looks neat, is
lightweight, is detecting
colors properly and is
convenient to wear.

Survey of focus
group members
(visibly impaired
people). Then
determine the
percentage that
wants to use the
product.

60

Fishbone diagram

First, the causes of unsuccessful project execution are displayed in figure 1. The top half of the figure’s causes
have to do with the team’s internal nature, whereas the bottom part is related to organizational and external
factors. External perspectives are required, not just the internal views of your team. In this way, the most critical
risks can be established.
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Documentation of controls and execution through the project

Control risk needs to be applied to ensure that certain risks will not become a problem during our project.
Therefore as a group, we have established a risk management plan that includes tracking the identified risks
and monitoring these risks, and define what actions we will use to deal with them. This plan was looked over
every week, to discuss the risks that were already encountered and what has been done or has to be done
to prevent them. Also, positive impacts on the project are identified and analyzed. By regularly doing this
and documenting the group’s controls, valid executable plans could be ensured. In this way, there is a higher
possibility of successfully completing the project and, therefore, receiving a higher grade.

11.2 Design sketching

Design sketching is one special topic that was needed through the whole process of creating our design concept.
Developing sketching skills is vital since you can easily show whatever comes to mind on a paper and explain
it better than any words can do. Sketching and creating visuals, in general, are essential for the process of any
concept. Words can not always be the solution to explaining your ideas. However, sketching can show every
detail and every aspect and perspective of it. People easily understand what you mean when they see sketches
on papers. Sketches can also have different meanings for each person.

During DS’s process, sketching while using different perspectives and vanishing points was a developed skill.
Learning how to create the correct linear and cylinder products and the value of deconstructing objects, be it
printers, flashlights, etc.were two other skills that were set. Finally, learning how to tell a story with sketching
and no words were the most crucial skill gained since it provided the ability to create our concept’s story. All
these skills helped with making different ideas and seeing what really works in real life. Sketching can help a
lot with communication between you and the concept. So, by sketching and visualizing everything, the group
understood better every perspective, and it was easier to decide on what worked and what did not.

At the start of the design concept process, this special topic’s skills were used to help with creativity. Every idea
that was said during the group meetings, it would also be drawn on a paper so everyone could understand its
functions and its use. Sketches for the different concepts were made so everyone could understand exactly how
they would work or how they would look. While working on different concepts, the special topic modules were
also in the works since the skills were needed to develop the final idea and the final visual. Finally, a combination
of the four modules was used to create the final sketches of the concept and visualize the story behind it.

The process of each module:
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The results

Sketches of our process - our concept:

Final sketches:
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11.3 Human factors

The first problem is that people with a hearing impairment will not be able to use the device. A speaker is used
on the top of the sleeve, and the only output of the device is from the speaker. Thus, it would be impossible for
people who have hearing problems to use the device; otherwise, braille should be used, which is not integrated
into the device. There is no purpose in using a color sensor if they cannot hear the color from the speaker.

This is an example of harmful human factors design since it completely forgets about deaf people. Minimizing
the amount of missing information is significant when they cannot see because it can cause a severe accident, and
knowing the product’s colors could be one of the essential information. It should be understood that visually
impaired people can have a hearing problem as well, and it must be considered in the device even though it is
initially made for blind/color blind people. Therefore, since deaf users are unable to do this, these criteria are
not met.

The device consists of a sleeve for the left hand. It has a color sensor on the wrist and a speaker on the upper
part of the sleeve. And to use the device, people have to pull up their arms, getting their arms close to the
product they want to know. However, for example, for people who have reduced strength in their hands, it would
be difficult to put on a sleeve, and even if they manage to wear the sleeve, it would be somewhat challenging for
them to use the device. It will also be quite tricky for people who have only one arm or even impossible to put
it on, and if they have no arms, it is impossible.

A wide range of people should be able to use the product. A good design needs to include low physical uses,
which means it should be easy and have no requirements. This is the reason why smart devices are chosen in
several fields nowadays. They are not asking physical movements to use it, but they find some difficulties from
users and solve the problem by themselves. Assuming the device is not that heavy and has a low physical use
so people can quickly wear it and use it, this can be considered an excellent human factor design. However, if
putting on the sleeve requires high physical abilities, this requirement is not met.
If there are many buttons on the device, it might be challenging to know which button does what. The primary
users of this device will be blind, so it is possible they will not be able to see the buttons if there are many
buttons on the device. It would be best if the number of buttons is limited or has braille on it. Also, because
blind people can’t see the sleeve correctly, it might be difficult for them to know how to use and put on the sleeve
in general, even if the instruction will be provided.
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This is a somewhat bad human factor design since the primary users, blind people, are the ones who have the
most problems with seeing products. When it is even unclear how to use the device, people will not want to use
it. Even if there are only two buttons on the device, it will be hard to know which button does what. Thus,
some smart technologies such as Bluetooth systems could be considered to be added to the device so that the
device could work with only voice. The first goal is to help blind people who cannot see and recognize the colors
correctly, but if the device asks them to see when they use the device, the goal is not met.

11.4 CAD design

CAD design proved to be a vital skill in the completion of the final product. 3D sketching and modelling provides
a way of creating detailed example of any component, provided that the designer has the necessary skills to create
detailed drawings. Siemens NX12.0 was used in this project as a tool to model, constrain and create our vital
components.

The design process started when the technical components list had been finalised. This meant that the required
dimensions could be found online both from information gathered from technicl specifications, as well as from
3D recreations found on community driven databases such as Grabcad.com. 3D files can be downloaded from
such websites and instantly loaded into the NX program. From therec constraints and dimensions could be found
using the measuring tool.

Figure 21: Distance between two holes being measured

Having access to a 3D file of the components which determined the dimensions of a part was hugely beneficial
in the design process as it was easy to reference back and check that components would fit together. Such was
the case with the speaker component, for which a 3D model was created manually from our own measurements.
The speaker could then be added to an assembly to check that it was propperly encapsulated by our designed
parts. The same can be seen here with the colour sensor and holder. The only problem that arose from this was
that the holes on the components were too small for the accuracy of the printer, so holes had to be re-drilled to
the right size.
The designs were finalised when safety measures were added to protect certain parts of the color detector and
speaker. This included a box that surrounded the color detector’s cables and collected them into one stream, as
well as a cross that would prevent fabric from coming in contact with the vibrating surface of the speaker.
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Figure 22: colour detector being assembled with the holder

Figure 23: All final parts

Finally, the components had to be converted to a .3mf file in order to be printed in the print shop. Doing so
also showed the print time, which was constrained to 5 hours by the project. The final file required 4 hours of
printing.

Figure 24: 3mf file render
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A Appendices

Project risk

Interview with external expert

Dick Manintveld will be interviewed. Dick Manintveld is the former CEO Group Managing Director at Trust
International B.V. Trust International is a Dutch company which is active worldwide and is specialized in selling
electronic products and accessories. With his 25 years of experience with working in various teams and finishing
various projects, he can be defined as an external expert.

Can you shortly explain what kind of experience you have with group projects?:

Yes, I do have experience working with working in group projects. During my time as CEO of Trust, I have done
a lot of projects in a team of around ten people with whom I worked closely with. When I worked at Trust, we
had a very large international organization, with different branches in different countries. I therefore collaborated
with people from different countries using online contact.

When would you personally say that a project is a success? Could you give a definition of “project
success”

Personally for me, a project is a success when first of all, the project is finished on time and within the given
resources and financial budget. Furthermore, I believe one of the most important factors is that the customer,
or other parties you deliver the product or services to, is satisfied. So all project requirements are met and the
customer has the amount of benefit from it they expected or even more. Furthermore, I also value how the
project is made a success. So, was it in a rush or was it structured and did the team work together well on the
project. I do believe personal growth and growth as a team is also part of making a project a success.

With every project, there are various risks that the project group can be faced. What do you say
are the most frequent risks you faced when working on a project?

First of all, there is ofcourse a financial budget made at the beginning of each project. However, it is not uncom-
mon that this budget is exceeded. Also, there is frequently a time planning made which is not always achieved,
so I would say this is the second risk. Furthermore, as a company you work with one or more suppliers. However,
these suppliers are not always keeping to their promises. For example, agreements are not fulfilled, the promised
quality is not delivered. Or in a very extreme case, the supplier might even go bankrupt which can result in a
very big setback for your project and may cause not finishing the project on the agreed deadline.

What actions did you take to prevent these risks from happening?

To prevent these risks from happening, several precautions can be made. First of all, to prevent the financial
budget from being exceeded, a detailed financial estimate can be made of all expected expenses in order for a
project team to know how much they can spend per part of the project. Furthermore, a detailed time planning
can be made. By setting clear harsh deadlines for parts of the project, it can be prevented that the final deadline
is exceeded.
Additionally, when looking at preventing that problems occur with suppliers several precautions can also be
made. For example, by doing a thoroughly back up check of the supplier you are considering working with,
this can be prevented. Reviews can be checked and there is a possibility to consult other companies for their
experiences.
Furthermore, a detailed time planning can be made. By setting clear harsh deadlines for parts of the project,
it can be prevented that the final deadline is exceeded. Furthermore, when looking at preventing that problems
occur with suppliers several precautions can also be made. For example, by doing a thoroughly back up check
of the supplier you are considering working with, this can be prevented. Reviews can be checked and there is a
possibility to consult other companies for their experiences.
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Risk matrix

One of the most popular methods to identify individual project risks is by using a risk matrix. In this matrix
the risks are shown with the individual risk-severity ratings based on the risks’ probability of occurrence and
expected impacts are visual (Bissonette, Michael M., 2016). In this way, risks can be easily prioritized and team
members are well aware of which risks have the highest possibility or highest impact so they can prevent these
risks from becoming reality. Below, the risk matrix of the project is shown.

Risk
Objectives
Impacted

Impact
(1-5)

Likeli-
hood
(1-5)

Severity
(1-10)

Prevention/mitigation
Cost of
response
(time)

Team members
get sick (corona)

Passing
grade

3 1 5
Meet with instructor to
discuss what we will do
next

10 days

Components will
be not delivered
on time

Implement
action

3 2 5
Make sure to check the
delivery times and make
sure to order well in advance

A couple
of days

Team members
do not meet
project deadlines

Implement
action

2 2 7

Make sure to remind team
members of deadlines and
confront them if they do
not meet them

A couple
of days

Team members
are not active
(during meetings)

Implement
action

2 2 5
Make sure to activate team
members to be well prepared
and be active

-

Team members
are not prepared
for meetings

Implement
action

2 3 6

Make sure to motivate team
members and confront them
when you figure they are not
prepared well, so they can
improve themselves.

-

Inefficient time
to finish our
product

Implement
action

5 3 8

Make sure we have a good
planning and a good structure
of our time management so
this will not happen.

A couple
of days

No good
definition
of tasks and
priorities

Passing
grade

4 3 7

Make sure we have an overview
of the tasks that still need to be
completed and mark the ones we
have to do first so we get a clear
overview.

-

Mismatch of
components:
Other components
need to
be ordered

Implement
action

2 2 4

When we come to the conclusion
that we do not have the right
components (or components are
missing), then new components
have to be ordered.

2-3
business
days

Not finishing 3D
printing on time

Implement
action

3 1 4

If we keep the deadline for the
3D printing, we can easily prevent
this. Otherwise, we have to print
somewhere else which takes more
time/money.

A couple
of days.

No time left
for testing

Implement
action

4 2 8

We can prevent this by keeping a
strict planning and really make
time for the testing as this is a
crucial part of the project.

-
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design sketching

Figure 25: Final sketches (2)
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