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Only a few Azimuth control units that are currently on the market are ergonomically developed to increase the comfort 
of the tugboat operators. Considering that tugboat operators usually work 12-hour days with seven days off in between 
(Fattori, 2012), they have their hands on the units for very long periods of time which means that uncomfortable controls 
can cause health issues. 

Azimuth control units rotate 360 degrees horizontally to adjust the direction of the thrusters, and a lever attached to the 
body of the unit rotates 90 degrees vertically. (Carlos A. Pérez Labajos, 2005). If the operator does not directly know 
where the control unit is pointing, it can cause the operator to apply thrust in the wrong direction leading to dangerous 
and expensive errors. (Daan Merkelbach, 2021) 

Manoeuvring tugboats requires high precision and speed. (GulfCoast, 2020) Therefore operators cannot constantly 
be looking at their controls to understand where they are pointing.

3. Problem Definition

This project aims at designing an azimuth control unit that improves the comfort of the operator and makes it 
very clear which direction it is pointing in. The control unit should provide features that aid the comfort, whilst not 
decreasing the functionality and directional clarity of the control unit.

An Azimuth thruster is a propeller that can rotate 360 degrees around a vertical axis providing 
controlled thrust in every direction. This means that tugboats with azimuth thrusters have a superior 
manoeuvrability compared to conventional tugboats. (Kongsberg, 2021) 
Azimuth thrusters also eliminate the need for rudders and reverse gears as they themselves act 
as these parts. These thrusters are controlled by control units where each thruster has one related 
control unit. 

The current azimuth control units are made to be functional and only a few control units on the market 
aim to make the use more comfortable. Smart-Ship is a start-up developing ship controls that include 
haptic feedback to convey precise information to the operators. As Smart-Ship already has an azimuth 
control unit in their assortment, a more ergonomically developed one was wanted. 

The design project was based on the Double Diamond Design Method (DDD) which is illustrated in 
image 1 below. The method starts with a discovery phase where research into the topic is conducted. 
In the case of this study, it was done for azimuth control units to understand the different types, the 
different features a control unit could include, and health related issues that can arise when using 
products with a similar interaction as azimuth controls. 

The DDD method then states that the Define phase is used to gather and interpret the insights to 
create a list of requirements. 

In the Develop phase ideas were created through, brainstorming, and random image stimulation. 
These ideas were then developed through sketching and evaluation methods. From those resulting 
ideas, three were selected, prototyped, and tested with the target users.

After the testing, a form concept was created which had the most comfortable and directional shape. 
From this form concept, four style concepts were designed to adapt the product to the Smart-Ship 
style. 

These four concepts were then prototyped and tested again to find the overall best shape and 
style which was then turned into the final concept. The final concept is then explained, and final 
recommendations were made for the further development of the Azimuth control unit.

2.  Introduction

Figure 1: Double Diamond Desing Method Visualization
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It is important to have a good understanding of azimuth thrusters as well as the background of 
this project.  This information will be relevant for the rest of the project as a clear understanding 
of the context determines how the product will look, feel, and be used. In this part of the report 
the research which the product is based on will be presented.

Research

3
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3.1  Target Group

Initial target group from the project:

When the project was started, the goal was to create an azimuth control unit that could be used on tugboats, and inland 
ships such as: Dry Cargo Carriers, Tank Vessels, Passenger Ships, Dredging Ships. In addition to this, the control units 
could also be used in the simulation setup of V-Step. 

Whilst doing the research into the different sorts of ships, it became apparent that there are two kinds of azimuth control 
unit styles: One specifically focussing on tugboats and the other on inland shipping.

By doing a product analysis of the different kinds of control units, it was possible to see the different needs and wants 
the control units were aiming to solve. In image 2 below, a control unit found on inland ships can be seen. From looking at 
it, two things become apparent: The control unit is not made to be ergonomic or be continuously used for long periods 
of time, and there is no focus on making it have a clear directional shape. The control unit shown in image 2 is produced 
by Kwant and most other azimuth inland ship controls look very similar.

When comparing azimuth control units for tugboats, there is a large variety in the design of the control units. An example 
of one of the azimuth control units specifically designed for tugboats can be seen in image 3. The design of this control 
unit is drastically different and aims to solve tugboat specific needs. The control unit shown is produced by Schottle 
and clearly gives the operator an insight into where the control is pointing in. Even though the control unit is often used 
for long periods of time, there does not seem to be much focus on comfort besides the tail of the control unit, where the 
operator can rest part of his hand palm.

Figure 2: Kwant Azimuth control unit for Inland Ships

Figure 3: Schottle Azimuth control unit for Tugboats

3.1 Target Group

With this information it was possible to get together with Smart-Ship and to discuss whether it would be more sensible 
to focus only on tugboats as a target group, since the current control unit is already well established for inland ships 
and more improvements could be made when designing a tugboat control unit. In the meeting it was decided that this 
would be a wise course of action and therefore the goal and the research of the project was adapted to only focus on 
tugboats.

After doing an analysis of eight inland ship azimuth control units and six tugboat azimuth control units, a value curve 
was created (EPM, 2017) for inland ship control units and tugboat control units, as shown in figures 4 and 5. 

When looking at the value curves it is clearly visible that when comparing the current Smart-Ship control unit to other 
inland ship control units, it generally performs very well besides in the category basic information. This is not the same 
when comparing the Smart-Ship control unit to competing tugboat controls. It’s possible to see that the Smart-Ship 
control unit performs worse in four out of the five categories.

Figure 4: Value Curve for Azimuth Control Units

Figure 5: Value Curve for Inland Ship Azimuth Control Units
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3.2  DESTEP Analysis

To find detailed information about tugboat operators and the tugboat industry, a DESTEP analysis was conducted. 
Below, the most relevant aspects are listed and the full DESTEP table can be found in appendix 1.  

When looking into the demographics of tugboat operators research shows that the majority of tugboat operators is 
male. As women represent only two percent of the world’s 1.2 million seafarers and 94% of those female seafarers work 
in the cruise industry, there are many more male tugboat operators than female ones. Additionally, it was found that 
more than 50% of operators are over 40 years of age, with the average age being 42.8 years old. A similar answer was 
found in the questionnaire which will be explained in section 3.9. 

The DESTEP analysis also showed that the tugboat market should not be disappearing any time soon as there is 
continuous market growth (Ibisworld, 2020). Considering that after COVID-19 the maritime trade is supposed to grow 
again, this will increase the need for tugboats and therefore azimuth control units. (A. Jadhav, S. Mutreja, 2020)

There were also some important political facts were found. According to the IACS it is required that the azimuth control 
units can work separately from each other to allow continued control of the vessel in case one of the steering-propulsion 
systems fails. (IMO 2018)

Trends found connected to environmental factors and tugboats demonstrates a clear development towards an eco-
friendlier future in the tugboat industry. Whilst for now the focus is on changing the fuel type to reduce carbon emissions, 
this might eventually transform into materials used on the ships, including the material of the control units. Therefore, 
eco-friendly materials and production methods should be chosen.

An interesting development that could shape the future of the tugboat industry is the automatization or remote control 
of tugboats. Kotug, the leading international towage and maritime company, has already performed tests with remote 
controlled tugboats. (Kotug, 2021) This however will not be a threat to Smart-Ship as haptic feedback and ergonomic 
control units will stay relevant even on remote controlled ships.

From the DESTEP analysis the following requirements could be made:
 -The control unit should be made of eco-friendly materials
 -The control unit should be produced using eco-friendly production methods
 -The control unit should be designed with male hand anthropometrics in mind
 -The control units should not be connected with one another.

Figure 7: Illustration of the main outcomes of DESTEP Analysis

3.1  Target Group

The idea behind an Azimuth thruster is that the propeller can rotate 360 degrees around a vertical axis providing 
controlled thrust in every direction. This means that tugboats with azimuth thrusters have a superior manoeuvrability 
compared to conventional tugboats. (Kongsberg, 2021)

Azimuth thrusters also eliminate the need for rudders and reverse gears as they themselves act as these parts.

An azimuth system consists of 3 different devices: Azimuth thrusters, steering and control unit levers, and shaft lines. 
The azimuth thrusters are controlled electronically from the bridge of the ship, and each of the thruster’s manufacturers 
has its own characteristic model of the control unit. Generally, tugboat controls consist of two units which each are 
independent of one another.
The control unit is usually made up of two different parts, a single lever which rotates 90 degrees vertically and is used 
as the thrust input, and the main body that turns the entire controller 360 degrees horizontally to adjust the direction of 
the thrusters. Since each thruster has its independent control system, all the azimuth control units can be used with one 
hand. (Carlos A. Pérez Labajos, 2005)

Through having superior manoeuvrability, it makes the thrusters very useful on tugboats where high manoeuvrability 
is key. Therefore, azimuth thrusters are useful as they make for a compact propulsion system with the highest degree 
of movement. (MarineLog, 2016). The concept of the azimuth thruster is the same for each ship class it is installed on, 
however, the control units for steering and thrust input change depending on the ship class.

Figure 6: Illustration of the essential parts of an Azimuth Stern Drive Tugboat
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To understand what makes competitive azimuth control units for tugboats good or bad, five control units were analysed 
in terms of directional feedback, palm rest, overall comfort, throttle actuation and features. The table that shows the 
results of this analysis can be found in appendix 2. From the analysis, insights were gathered that showed that the 
throttle is always directly connected to the body of the control unit. Additionally, it was found that some control units 
have a “swing arm” that operators can hold on to and use to steer the azimuth thruster. Furthermore, most of the control 
units had a clear difference in their shape which will help the operator understand where the front or back of the control 
unit is. The analysis also showed that the throttle on most control units slims down towards the bottom, making it more 
comfortable to use with the thumb and index finger. Lastly it showed that only two of the five control units offer a proper 
palm and wrist support and that some of the control units had edges which might cause pressure points in the hands.

A product analysis was also done for ergonomic mice. Currently there are many ergonomic mice options on the 
market aimed at making working with a mouse more comfortable and to provide a more natural wrist position. From 
the research it became evident that there are two main ways that mice manufacturers aim to achieve this. The first 
one curves the mouse to the hand of the user for better palm support and the other allows the user to use the mouse 
vertically. The whole mice analysis can be found in the Research Report and in appendix 3.

From this analysis more requirements were formed:
 - The control unit should follow the contour of the hand for forward driving position
 - The control unit should slightly angle the operator’s hand in the forward driving position

From this analysis a set of hard and soft requirements was formed:
 -The throttle lever should be directly connected to the azimuth control unit body
 -The control unit has a clear shape difference in design in the front and back of the control unit
 -The control unit has smooth edges

Figure 8: Niigata Azimuth control unit Figure 9: Veth Azimuth control unit Figure 10: Rolls Royce  Azimuth control unit

Figure 11: Schottle Azimuth control unit Figure 12: Aquamaster Azimuth control unit

3.4  Ergonomic Mice Analysis

Figures 13 +14 : Anker Ergonomic Mouse Figures 15 + 16: J-Tech Digital Scroll Endurance Mouse

Figures 17 + 18: Logitech MX Vertical Mouse Figures 19 + 20: Logitech MX master 3 Mouse

Figures 21 +22: Microsoft Sculpt Ergonomic Mouse Figures 23 +24: Microsoft Sculpt Ergonomic Mouse

3.3  Control Unit Analysis
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3.5  Video Observation
During the research of the project, video analysis was used to gather insights into how operators work on tugboat 
bridges and was used as a substitute method for in person observation that could not be done due to tugboat 
companies not being responsive. In this observation eight videos on YouTube were found that showed operators 
interacting with different types of azimuth control units. From them it was possible to gain important insights. In the 
videos one could see that both control units used on the tugboats look the same. The videos also showed that most 
operators are sitting during operations, however some stand. All the operators have both of their hands on the control 
units at almost all times. Only sometimes one hand is taken from one of the control units to use a radio. Lastly the videos 
showed clearly that operators look around a lot during operations as they need to understand what is going on in their 
surroundings. In figure 25 below one can see a screenshot from one of the videos that was used. 
In appendix 4 a table with annotations for the videos can be found.

From the video observation some requirements were formed:
 - The control unit should be identical for each thruster 
 - The control unit can be used whilst sitting and standing
 - The control unit can be turned easily

Figure 25: Rusman Tayang Operating an Azimuth Stern Drive Tugbaot

3.6  Literature Reserach
An important part of the research process was to find information about possible health related issues that operators 
could suffer, with a badly designed control unit. In the research, health related issues from computer mice were 
investigated as the interaction between the computer mice and a computer user are very similar to tugboat operators 
and the azimuth control units. In both cases repetitive wrist movements are performed over long periods of time. 

From the research it became evident that there are health related issues that arise due to poor wrist and forearm 
posture and repetitive movements. These issues are that the carpal tunnel pressure could rise leading to Carpal Tunnel 
Syndrome (CTS), and the other issues are musculoskeletal injuries in the upper extremities.

In addition, it was found that there are some features that have been proven to reduce some of the above-mentioned 
health risks. One of them is having proper palm and wrist support. Another feature that could help, if possible, is that 
the control unit should be angled to place the wrist in a more natural position. If an angled control unit is not possible, it 
should be shaped so that it follows the curvature of the hand or is made longer to reduce ulnar deviation.

Based on these insights, additional requirements were created: 
 - The control unit should slightly angle the operator’s hand in the forward driving position
 - The control unit should be shaped so the operator can rest his palm
 - The control unit should be elongated to reduce ulnar deviation
 - The control unit should follow the contour of the hand in the forward driving position

3.7  Simulator Testing
During the research phase of the project a test with a tugboat simulator was conducted. Since Smart-Ship works 
together with V-Step simulations, who make virtual simulations, it was possible to use the simulator to get an 
understanding of how azimuth control units feel, how certain movements impact the tugboat, and information from 
Smart-Ship about which movements are performed more often than others. 

The testing was not planned and therefore no testing plan was created. However, the testing session was video 
recorded. During the testing it was possible to obtain a feel for the interaction between the fingers on the throttle and 
the throttle arms, as well as how the hand is used to rotate the control unit. Additionally, information about the height, 
and size of the control unit was gained, about which directions the control units are turned in for certain manoeuvres 
and about the fact that the control units are mainly turned towards each other instead of away from each other to avoid 
damaging the thrusters.

From the testing it was possible to formulate the following design requirements:
 - The throttle should be operated through at least the thumb or index finger
 - The control unit should be at least 120 mm long
 - The control u nit should have a shape that allows the operator to securely hold it
 - The control unit should be designed with focus on inwards movements
 - The control unit should have smooth edges
 - Easy to clean shape and material

Figures 27 - 32: Images of the Simulator Testing of an Azimuth Stern Drive Tug on the V-Step Simulator

Figure 26: Illustration of the Simulation Box
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3.9  Questionaire
A questionnaire was made for tugboat operators. It consisted of 12 questions. The questionnaire was sent to two tug-
boat operators, one in the Netherlands and one in New Zeeland. Both forwarded it to their colleagues all over the world. 
In total 24 tugboat operators answered the questionnaire. 

The answers showed that more than half the operators are over 40 years of age, that directional feedback is very 
important to most of them. In addition to this, it showed that Schottle and Rolls Royce control units are the most com-
fortable as they have a place to rest their palms. When asked about the interaction during an operation, most of the 
tugboat operators stated that they sit, however some said that they prefer to stand. One of the most relevant results 
was that their hands are always on the control units during an operation, and that they use only one hand to steer the 
tugboat when free sailing.

Figure 36: Age distribution of Operators that answered Figure 37: Current Control Unit used by Operators Figure 38: Preffered Operator’s Control Unit from the Examples

Figure 39: Importance of DIrectional Feedback ((Very important left --> not important at all right)

As the questionnaire was very insightful, relevant requirements could be formed:
 - The control unit should have a Robust Construction 
 - The control unit should be shaped so the operator can rest his palm 
 - The material should be comfortable for the majority of operators
 - The control unit should be identical for each thruster
 - The control unit could be used whilst sitting and standing 
 - The control unit should have a clear shape difference between the front and the back 

3.8  Interviews
Over the course of the research phase, three interviews were carried out. All three were conducted online and through 
different platforms. The first interview was used to get a general overview of the topic. The second interview was used 
to validate if the research applies to larger tugboats such as AHTS vessels. The third interview was conducted to 
gain specific information about directional feedback, preferences of features in control units and different interactions 
between the operator and the control units.

From the interviews useful information was gathered which can be summarized as followed: 

 -Different types of ships have different azimuth control units
 -Tugboat operators have their hands constantly on the controls
 -Tugboat operators look outside a lot
 -Directional feedback is very important to operators
 -The possibility of resting the palms is very important
 -Control units are used in simulators for training and testing
 -Detents are very nice since they allow for more precise adjustments
 -Operators mostly sit but some stand during operations
 -During operations both hands are on the control units
 -Whilst free sailing one hand on one of the control units
 -During autopilot no hands-on are on the control units
 -Important to understand if the azimuth thrusters are aligned with the control unit
 -It is most comfortable if the throttle can be actuated using the thumb and index finger

From these insights, it was possible to create the following requirements:
 - Control unit can be used in simulation environment
 - The control unit should be shaped so the operator can rest his palm 
 - Throttle lever should be operated comfortably from normal hand placement
 - The control unit should be able to be turned easily
 - The control unit should be identical for each thruster
 - The control unit could be used whilst sitting and standing 
 - The control unit should have a clear shape difference between the front and the back 
 - The throttle should be comfortable for reversing and using the palm for throttle adjustment
 - The throttle should be operated through at least the thumb or index finger

Figures 33 - 35: Interview with Daan Merkelbach on MS Teams (Screenshots)
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Figure 41: Operation Condition Colour understanding by different cultures

3.10  Stakeholders
The final product is aimed at tugboat operators. However, it is important to understand who these operators interact 
with as they can influence the design of the project.

Figure 40: Stakeholder Map

At the moment, Asia is dominating the global maritime trade. (Unctad, 2020) Therefore, it can be assumed that the 
control unit that is being developed in this project will be eventually sold to the Asian market. For this reason, it is important 
to analyse the cultural differences that could impact the understanding of the control unit by tugboat operators. 

Because of this, research was done to understand several aspects: How are “Operating condition colours” perceived 
in Asia? And, if Smart-Ship was to create an instruction manual, which requirements would they have to consider 
depending on the cultural differences?

When looking into operating condition colours, research shows that there are discrepancies between Asia and 
Western countries, but also between Asian countries in the understanding of which colour represents which operating 
condition.  (D. Zühlke, M. Romberg, P. Meil, 1998) The research found that in Western and Asian countries there are 
no discrepancies found for the colours of “Emergency Situation” (Red).  In principle it can be said that colours have a 
similar attention stimulus regardless of what context they are seen in. For western culture this means that the colour red 
can stand for Anger, Danger, Excitement, Love and Passion. Emotionally the same excitement or attention is created 
in people. In Japan the colour also stands for the same emotions and therefore it makes sense that it is also seen the 
same there. For Hindu culture the same can be seen, as red also stands for Energy and Passion. Whilst it does not have 
negative connotations it is still connected to excitement. 

3.10  Stakeholders

The requirements that were formed on the said wishes are as follows:
 - The control unit should not require special tools to be opened
 - Operation condition lighting can be changed by Smart-Ship

However, when looking at the operating condition colour for “Warning” the trend in the Asian countries is yellow, except 
for China and Korea where they do not have a difference between “Emergency situation” or “Warning” and chose red. 
This is because in these two countries, they only differentiate between a situation where action is required, or no action 
is required. According to H. Qiang (2011) in China, red indicates that there “may” be an emergency and that it is used 
as a warning colour. Additionally, the operating condition “Normal State” trends to be represented by the colour green. 
Except for China where the colour yellow was chosen by 80% to represent “Normal State”. This could be based on the 
fact that according to the colourwheel by David McCandless, Yellow represents healthy in Chinese culture.
This shows that for some Asian countries culture specific particularities must be considered and the international 
standard cannot just be applied. The colours will need to be adapted by Smart-Ship in order to correctly communicate 
operating conditions. 

Below, the colour of the operating condition can be seen and also which operating condition they would describe 
depending on the country.

In appendix 5 a table of criteria is named which Smart-Ship would have to follow to ensure that an instruction manual 
is understood by stakeholders depending on their cultural background.
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3.11  Values

Context Problem Values Requirements

Human No available or small palm rest Human Wellbeing The control unit should be shaped so the operator can rest his 
palm

Human Throttle cannot be actuated precisely Human Wellbeing, 
Safety

The throttle should be operated through the thumb or index 
finger, or with the help of the middle, the ring, and the pinkie 
finger

Human Many small movements can cause health problems in 
the lower arms

Health The control unit should be elongated to reduce ulnar deviation

Human Not all control units have directional feedback which 
is critical

Trust, Safety The control unit should have a clear shape difference between 
the front and the back

Human Control units don’t consider wrist position Health Control unit should slightly angle the operator’s wrist in the 
forward driving position

Human Control units are shaped uncomfortably Health The control unit should follow the contour of the hand in the 
forward driving position

Human The control unit should have no sharp edges so the 
operator does not cut himself

Safety The control unit should have smooth edges

Human Operation condition light does not mean the same 
depending on the culture

Reliability Operating condition lighting can be changed by smart ship

Human Control unit needs to be able to be used sitting and 
standing

Power The control unit could be used whilst sitting and standing

Human Operators and students sweat on the controls Cleanliness Easy to clean shape and material

Human Control units don’t have enough grip to hold unit Safety The control unit should have a shape that allows the operator to 
securely hold it

Technical, 
Market

Control unit needs to be used for tugboats and 
simulators

Adaptability, 
Versatility, 
Profitability

Fits onto current mounting mechanism created by Smart-Ship, 
Control unit can be used in simulation environment

Technical The control unit needs to perform well should not break Quality The control unit should have a Robust Construction

Technical The electronics cannot get damaged by water Quality The control unit should be Water and Dust resistant

Technical The operator should feel the haptic feedback 
transferred from the electronics

Trust The control unit allows for haptic feedback

Technical It should be possible to make quick repairs Maintaibalility The control unit should not require special tools to be opened

Technical Due to legislations the control units should not be 
connected to one another

Independence The control units should not be connected with one another.

Market The control unit needs to be competitively priced Competitiveness Competitive pricing of the unit

Market The parts for each control unit should be the same for 
easier manufacturing

Profitability Control unit should be identical for each thruster

Environment The material the control unit is made of should be able 
to be eco-friendly

Disposal, 
Sustainability

The control unit should be made of eco-friendly materials

Environment The manufacturing technique should be eco-friendly Sustainability The control unit should be produced using eco-friendly 
production methods

3.12  Requirements

Context Hard/Soft ValuesRequirements

Technical The control unit should be shaped so the operator can rest his palmHard Trust

The control unit should have a Robust Construction Quality

The control unit should be Water and Dust resistant Quality

Fits onto current mounting mechanism created by Smart-Ship Adaptability

The throttle lever should be directly connected to the azimuth control unit body

Control unit has two degrees of movement

The control units should not be connected with one another Independence

The control unit should not require special tools to be opened Maintainability

Technical Hard

Technical Hard

Technical Hard

Technical Hard

Technical Hard

Technical Hard

Technical Hard

The control unit should be shaped so the operator can rest his palm Human WellbeingHuman Hard

The throttle should be operated through at least the thumb or index finger

Human Wellbeing, 
Safety

Human Hard

Throttle lever should be operated comfortably from normal hand placementHuman Hard

The control unit should be designed with male hand anthropometrics in mindHuman Hard

The control unit should follow the contour of the hand in the forward driving position HealthHuman Soft

The control unit should slightly angle the operator’s wrist in the forward driving position HealthHuman Soft

The control unit should be elongated to reduce ulnar deviation HealthHuman Soft

The control unit should be at least 120 mm longHuman Hard

The control unit should be able to be turned easilyHuman Hard

The material should be comfortable for the majority of operatorsHuman Hard

The throttle should be comfortable for reversing and using the palm for throttle adjustmentHuman Hard

The control unit could be used whilst sitting and standing PowerHuman Hard

The control unit should have a clear shape difference between the front and the back Trust, SafetyHuman Hard

The control unit should have smooth edges SafetyHuman Hard

Easy to clean shape and material CleanlinessHuman Soft

The control unit should have a shape that allows the operator to securely hold it SafetyHuman Hard

The control unit should be designed with focus on inwards movementsHuman Soft

Operating condition lighting can be changed by smart shipHuman Soft Reliability

Competitive pricing of the unitMarket Hard Competitiveness

Control unit should be identical for each thrusterMarket Soft Profitability

The control unit should be made of eco-friendly materialsSoft Sustainability, 
Disposal

The control unit should be produced using eco-friendly production methodsSoft Sustainability 

Use of exisitng technologyMarket Hard

The control unit should follow the Smart-Ship design languageMarket Hard

Control unit can be used in simulation environmentMarket Hard Profitability, 
Versatility

Below the list of requirements can be seen which is based on all the insights gathered from the research phase.Through the insights gathered in the research phase, certain problems could be identified in the contexts: 
Technical, Human Market and Environment. These problems were based on different values from each context. 

Technical Context:
- Adaptability

- Quality
- Trust

- Maintainability
- Independence

Human Context:
- Human Wellbeing

- Health
- Reliability

- Power
- Cleanliness

- Safety

Market Context:
-Versatility

- Competitiveness
- Profitability

Environmental  Context:
-Disposal

- Sustainability

Environment

Environment
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With the context and program of requirements defined, ideation can be started. 
Though the use of diverging and converging techniques, several concept 
directions were created. After evaluating these directions using the requirements 
and expert testing, a final concept direction was created. 

Development
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4.1  Iteration 1 - Ideation
Brainstorming: Using the insights gathered from the research, ideation started. The process began with Brainstorming. 
It was used to come up with as many ideas as possible related to the findings of the research. As Brainstorming is 
based on the principle of ignoring premature criticism, it was a good method to use, in order to allow for free ideation. 

Random Image Stimulation: In addition to brainstorming, random image stimulation was then used to try to find 
solutions from a different angle. To each random image generated, the first idea that came to mind was sketched on 
a piece of paper. This way, a solution was sketched which related to the problems found in the research. Whilst not all 
ideas were realistic, they were added to the total set, without directly being jugged. To obtain the random set of images, 
Randomwordgenerator.com was used.

The goal of using Brainstorming and Random image stimulation was to come up with as many ideas as possible which 
could potentially be interesting, without spending too much time on any of them.

All the initial sketches that were drawn using the two methods can be seen below.

Figure 42: All sketches from the Brainstorming and Random Image Stimulation

4.2  Iteration 1 - Four-Box Method
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Four-Box Method: After having sketched 48 ideas, it was necessary to evaluate them in order to find out which of 
them were the most promising. For the evaluation the Four-Box method was used. As comfort of use and directional 
feedback are the two most important needs of the project, they were chosen for the two axes of the Four-Box method. 
The method creates four quadrants where each sketch, depending on how well it scores against the two criteria, is 
placed inside.

Knowing then which ideas were the most promising ones, it was possible to select them and to drop the rest. The Four-
Box method can be seen in figure 43 below.

Figure 43: Sketches placed in the Four-Box table after evaluating them according to comfort and directional feedback

Technical Context:  Considered Not applicable
Human Context:  Considered  Not applicable
Market Context :  Considered Not applicable
Environmental Context:  Considered Not applicable
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As the sketches in the Four-box method were very basic, the most promising ones from the top right quadrant were 
then re-sketched. 

These new sketches contained more detail to offer a better understanding of them to the client, and to make it possible 
to evaluate them through the PMI method.

4.3  Iteration 2 - Update Sketches

Figure 44: Sketch of idea 1 Figure 44: Sketch of idea 2 Figure 45: Sketch of idea 3

Figure 46: Sketch of idea 4 Figure 47: Sketch of idea 5 Figure 48: Sketch of idea 6

Figure 49: Sketch of idea 7 Figure 50: Sketch of idea 8 Figure 51: Sketch of idea 9

Figure 52: Sketch of idea 10 Figure 53: Sketch of idea 11 Figure 54: Sketch of idea 12

Figure 55: Sketch of idea 13

4.3  Iteration 2 - PMI Method

PMI Method: The PMI method is used to judge ideas intuitively. The method allows the user to first evaluate the ideas 
critically and to find aspects that the ideas can be creatively improved upon. For each idea, the positive and negative 
features are listed, and additionally interesting facts about the idea can be named. 

After the ideas were evaluated as can be seen in the PMI table below, it became apparent that from the 13 ideas, two did 
not meet one of the hard requirements (similarity to current Smart-Ship control unit) and were consequently removed 
from the set. On top of this, it became clear that some of the ideas were very similar and, therefore, it was decided to 
merge them for further idea development.

- The elastic bands allow some adap-
tion of the surface to the operators 
hand, the one sided throttle gives op-
erators more precision and the thumb 
has more space, direction is clear 
through the elevation

- Open for water to sink in, bands 
can create pressure points and be 
uncomfortable over longer time, soft 
material will dampen vibrations so it is 
contraproductive

- Surface of the control unit slightly 
conforms to hand

- Hand of the controller is placed ver-
tically, direction is shown as half of the 
controller is open on the bottom

- Not compatible with smart ship 
electronics, to feel direction opera-
tor has to feel downwards to check 
where the edge is

-hand is always in a vertical position

- When throttle is applied the body 
moves forward removing the need to 
move the hand, direction is clear since 
throttle is infornt and felt directly

- Control is open and electronics of 
smartship are visible, hard to seal 
against water, shape has rough edg-
es, palm support could create pres-
sure points

- Vertical shape gives more neutral 
hand position, slot in the middle al-
lows for it to be grabbed properly, 
during free sailing thumb can be 
placed inside for handshake like 
position
- Throttle is placed too far up, open 
gaps will be uncomfortable and dont 
offer wrist support, not possible to 
implement with current smart ship 
electronics

- Clear shape where the front or back 
is, operator can adjust the wrist po-
sition to his liking, can be used with 
Smart-Ship electronics

- Scales make hard to clean areas 
especially since sweat is involved, 
involves moving parts which can 
break, very simmilar to current Smart-
Ship controls

- Has wrist support in the inner 180 
degrees, clear directional shape due 
to camfer and clear edge, one sided 
throttle makes it possible to use fin-
gers for precise adjustments

- Corners are not smooth enough 
in the inside, little wrist support for 
movements outwards, control does 
not follow operators hand

- Wrist support in forward position and 
most common steering positions

- Control can be used comfortably 
whilst sitting and standing, height 
change makes wrist position better 
clear direction as desing becomes 
smaller towards the front

- Hard to switch over the control 
towards the lower 180 degress due to 
the large size of the throttle, no precise 
input is possible for standing position 
as whole hand is used for input

- Audio cue when controller passes a 
detent which means they dont have 
to check, elongated shape means 
hand can be rested in forward posi-
tion, slight decrease in size towards 
the front gives extra direction indi-
cator
- Audio cues can become a nuisance 
over time as the same sounds are 
played, especially during towing or 
intense manouvers
 

- Clear directional feedback, larger 
backside allows for more room for 
wrist placement, can be used with 
Smart-Ship electronics

- Front of control is too thin so holding 
it whilst reversing can become an 
issue as not enough area can be held 
with thumb index and middle finger.

- Hand of operator is always forward, 
the wrist support has a place for each 
wrist balm, throttle can be actuated 
with index, middle and ring finger

- Different direction input to current 
azimuth controls, does not work with 
Smart-Ship electronics

- Palm can be placed all around the 
control unit, flat shape means less 
ulnar deviation, avocado shape indi-
cates directional feedback

- Throttle in the middle cant be moved 
90 degrees forward, flat and very long 
shape makes it hard to grab and twist

- Wrist support all around the control 
unit

- Indents for fingers for free sailing 
whilst standing and sitting, indents 
allow for fingers to rest

- Create pressure points when ro-
tating the controller, very simmilar to 
current Smart-Ship control, throttle 
can only be actuated with thumb and 
index finger

- Clear directional feedback in shape, 
control can be fully gripped to turn 
easily, angled wrist support at inner 
180 degrees, place to rest thumb in 
free sailing
 

- Throttle input different to current 
azimuth control units, does not work 
with Smart-Ship electronics, Radio 
button not usefull on control unit 

1
2 3 4

5

6 7 8 9 10

11 12 13

Ideas to combine:
Ideas 8, 9, 11 have a simmilar shape and could be combined into one good idea with a avocado/peach like shape that offers good wrist support in 
forward and slight sidwards positions.
Ideas 2, 4 focus on a vertical design and features of both could be used to create a good vertical hand position design.
 
Ideas to throw out:
Idea 5 could be comfortable, however it resembles the current Smart-Ship model and does therefore not pass the Hard requirement.
Idea 12 has upsides for free sailing but no real value to the entire operation range. As the idea also resembles the current Smart-Ship model it also does 
not meet a Hard requirement
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I
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M

I

P

M
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Technical Context 
 Considered Not applicable
Human Context 
 Considered  Not applicable
Market Context 
 Considered Not applicable
Environmental Context

 Considered Not applicable
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4.3  Iteration 2 - Ideation 4.3  Iteration 2 - Ideation

Control unit 1 is made up of a relatively large body, with a one-sided throttle attached to it. The large body of the control 
unit, in combination with the one-sided throttle, will allow the operator to have good palm support in the more often 
used areas of the turning circle. As the throttle is only placed on one side (on the right for the right hand, on the left for 
the left hand), the thumb can be used to securely grip the control unit. Therefore, at least two of the remaining fingers will 
naturally lie on the throttle arm, which makes it possible for the operator to give precise throttle input. Another feature of 
this control unit is the overhang of the hand placement area. This overhang gives the operator the option to fully grab 
the control unit to address a sudden manoeuvre or in case of heavy seas. As the body of the control unit is curved 
to follow the operator’s hand in any direction, it will be very comfortable during free sailing, but also whilst performing 
other manoeuvres. Additionally, as the control unit follows the contour of the hand and the throttle is only on one side, 
directional feedback would be very clear to the operator.

The lower part of the body is wide enough to accommodate the control converter that is required to connect the 
control unit with the electronics. And as the throttle is placed on the outside of the body, the current throttle mount can 
be used. In addition to this, the throttle could be mounted on either side. For that a hole is already inset in the side of the 
body to easily screw the throttle in.

The operating condition lighting would be placed in the front on the base of the body as it will never be fully covered 
there. As the control unit can be used for either hand, having it in the front means it will only require one light.

Control unit 1

The idea for the second control unit originated in ideas two and four from the PMI. Control unit 2 focusses on placing the 
operator’s hand in a more natural position. This is achieved for ¾ of the control unit with one quarter not being present 
to give directional feedback to the operator and allow space for the throttle.

The throttle itself can be connected to the body with the current throttle mount, and has a bend in the middle, to be 
placed precisely in the central axes of the control unit. This will allow the operator to use his thumb and index finger to 
give throttle input. As the throttle has a sphere on the top, it will not create pressure points in the operator’s palm.

The half of the control unit that is connected with the ground makes it possible to house and protect the control converter 
by Smart-Ship. The operating condition light would also be housed there and illuminate the area below the control unit.

Control unit 2

Figure 56: Illustration of Control unit 1 Figure 57: Illustration of Control unit 2
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4.3  Iteration 2 - Ideation 4.3  Iteration 2 - Ideation

The third idea aims at removing the need to move the hand when using the throttle. Currently when the throttle is 
moved forward, the hand also has to be moved to continuously give precise throttle input. In this idea, the palm and 
wrist support would follow the throttle forwards. The body of the control unit would consist of a box with rounded 
corners that houses the control converter of Smart-Ship. The control converter would be connected to the throttle arm 
with the throttle mount on both sides. The throttle would then connect to the palm support via a joint. At the end of the 
palm support, another joint would connect it to the body of the control unit again.

Since the throttle is connected via two arms, the operator could actuate the throttle using all his fingers or by using his 
thumb and index finger at the throttle neck. Additionally, the double-sided throttle arm would give support to the control 
unit and give it symmetry which would make production easier.

As the whole wrist support moves forward, the operating condition lighting needs to be placed on either side of the 
control unit to be seen by the operator.

Control unit 3 Control unit 4

Control unit 4 aims to give the operator ample space for proper grip and providing support for much of the inner 180 
degrees of turning. (Usually, operators will turn their control units towards each other rather than away from each other 
as this could cause damage to the tugboat). By also slightly extending the support to the outer side of the control unit, 
the operator would also have palm support in the forward driving position. However, this extension does not reach 
over the entire side of the control unit to allow the hand of the operator to get in a more vertical position which reduced 
the pressure in the carpal tunnel. These features of the design would not only aid comfort but also help with the clear 
directional feedback of the control unit.

The throttle is placed on the outer side of the control unit to give the operator the option to actuate it using either his 
thumb or index finger, or his middle and ring finger, according to his preferences. This one-sided throttle also makes it 
possible for the operator to use his thumb to better grip the control unit. The head of the throttle is curved forward to feel 
comfortable in the operator’s palm, and to be supported by the ring and middle finger. 
The control unit is large enough to easily fit the control converter by Smart-Ship.

This control unit not being symmetrical means that production will be complicated as two distinct models have to be 
made. The operating condition lighting would be placed in the little cut out on the inside of the control unit as there the 
throttle will not cover it and it can be checked easily by the operator.

Figure 58: Illustration of Control unit 3 Figure 59: Illustration of Control unit 4
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4.3  Iteration 2 - Ideation

Control unit 5

The idea for the fifth control unit was the result of merging ideas 8, 9 and 11. These three ideas had an avocado like 
shape, which was derived into a reversed T shape. This way, the operator would have suf-ficient palm support for the 
inner 180 degrees and during the forward driving position, as well as offer-ing enough space for the fingers to grip the 
control unit. The body of this idea follows the principle of control unit 4 where the operator’s hand is placed in a vertical 
position by offering some support on the outer side of the control unit. 

The throttle of the control unit 5 could be attached to the control converter from Smart-Ship on either side of the body. 
This strengthens the throttle and gives the operator the choice to give throttle input using his thumb and index finger 
on the throttle neck, or by using the thumb and other fingers on the throttle arms. Being connected on two sides to the 
control converter would also allow for more pre-cise haptic feedback.

The throttle head is smoothly curved forward to feel comfortable in the operator’s palm whilst revers-ing, and to give 
support to the ring and pinkie finger. 

As the control unit is symmetrical, the production would be simplified as the same model could be used by either hand. 
However, this also means that the operation condition lighting will have to be placed in the front of the control unit, to be 
easily visible for the operator.

4.3  Iteration 2 - Ideation

Control unit 6 is not an idea for an entire control unit, but an attachment that operators could use to be more comfortable 
whilst operating standing up. This attachment would connect to the current Smart-Ship control unit using magnets and 
a clip-in system in the throttle. The magnets attach the body to the actual control unit, whilst the clip-in system makes 
sure that the throttle can be actuated. The attachment is made of the body and a throttle arm connected to a joint. This 
throttle arm would clip into the actual control unit throttle. The body of the attachment would have rounded edges to 
prevent pressure points in the operator’s palms.

As it is only an attachment and not connected to electricity, the operating condition lighting would need to be installed 
on the actual azimuth control unit.

Control unit 6

Figure 60: Illustration of Control unit 5 Figure 61: Illustration of Control unit 6
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The idea for control unit 7 was based on idea 10 of the PMI method. There it could be seen that the idea does not work 
with the Smart-Ship electronics and the directional input would be completely different to what operators are now 
used to. As the basic shape of the control unit could be comfortable it was mainly kept, however a small cut out on 
the inner side was added. This cut out would allow the operator to properly grip the control unit with the thumb. As the 
control unit has a one-sided throttle, the throttle could be operated with the other fingers. Contrary to the initial idea, the 
throttle now contains a bend that places the throttle neck more in the centre of the control unit so that it could also be 
actuated with the thumb and index finger if the operator so chooses.

In the back of the control unit a pad with memory foam would make free sailing or driving in the forward position very 
comfortable. The difference in height between the front and back of the control unit, the one-sided throttle, and the 
memory foam on the bottom of the control unit, would make it very clear to the operator where the control unit is 
pointing to.

The throttle head would be rounded to make operation comfortable, and the elongated shape would allow the operator 
to hold it with the ring and pinkie finger when going in reverse.

The operating condition lighting would shine out of cut out on the inner side so the operator could easily glance at it to 
check if everything is working fine.

Control unit 7

4.3  Iteration 2 - Ideation 4.3  Iteration 2 - Ideation

Control unit 8

The initial idea control unit 8 is based on idea 13 of the PMI. The original idea would have also not worked with the 
current Smart-Ship electronics. The placement of the radio button inspired the small triangular throttle which is now 
present on the new developed idea. The throttle itself is shaped to be an elongated triangle so the operator can easily 
feel how much throttle input is given. The body of the unit is curved down towards the outside of the hand to place the 
wrist in a more natural position. Additionally, the control unit follows the curvature of the hand towards the wrist.

The throttle itself can be attached to the control converter using the Smart-Ship connector. The throttle could only be 
actuated by the thumb and index finger of the operator.

This control unit not being symmetrical, it means that production would be more complicated as two distinct models 
would have to be made. The operating condition lighting would be placed on the front of the control unit as this would 
make it easy for the operator to quickly check if the unit is working properly.

Figure 62: Illustration of Control unit 7 Figure 63: Illustration of Control unit 8
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4.4  Iteration 2 - Weighted Objectives

The result of the evaluation showed that Control Unit 5 scored the highest with 1013 points. In second place came Control Unit 1 with 972 points. 
In third place came Control Unit 4 with 894 points. 

As these were the three highest scoring ideas, it was decided to prototype them and to test them with tugboat operators.

Figure 64: Weighted Objectives Table

Weighted Objectives Method:

The ideas created during the ideation have 
been developed based on the requirements 
found in the research. Over the course of the 
ideation these requirements were refined, 
and some new ones were found by talking 
with Smart-Ship. As each of the eight control 
unit ideas were developed, it was made sure 
that they comply with the hard requirements. 

To evaluate the eight control unit ideas, the 
method Weighted Objectives was used. In 
this method, each requirement is given a 
specific weight (from 1-10) that corresponds 
with their importance for the final concept. 
This weight is determined based on the 
insights gathered from the research. Each 
hard requirement was given a weight of 10 as 
they are crucial to the project. Nevertheless, 
as not all requirements could be used to 
evaluate the ideas, a selection was made of 
the ones that could be evaluated. 

After that, each control unit was ranked 
on a scale from 0-10 based on how much 
they fulfil the respective requirement. By 
multiplying the ranking with the weight of the 
requirement and adding the results together, 
a final score for each control unit was created.

Technical Context: 
 Considered Not applicable
Human Context: 
 Considered  Not applicable
Market Context: 
 Considered Not applicable
Environmental Context:

 Considered Not applicable
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4.5  Prototyping
To prototype the 3 ideas, it was decided to use modelling clay. The option of materials was between foam models or clay. Whilst for foam models more detail could have been achieved, clay was chosen instead since it allowed for 
a more realistic feel. When dried, the clay has weight and a solid feel to it. This would be hard to achieve with foam. Additionally, as the goal is to find the most comfortable form, which is also very directional, therefore high precision 
models were not needed at this stage. 

Furthermore, as the clay is very solid, it would give more accurate results in the testing, as operators would not have to be afraid of being very delicate with it.  The modelling clay was supported by wood and wire which made 
it possible to have “functioning” throttle levers which could be moved 90 degrees forward and backwards as a real control unit would. For the testing, a separate board with a stick was created, where the prototypes could be 
mounted on to rotate on one axis. 

Pictures that were taken during the making of the prototypes can be found in appendix 6.

Prototype 1 Prototype 2 Prototype 3

Figure 65: Prototype 1 Front Figure 66: Prototype 1 Perspective

Figure 67: Prototype 1 Top Figure 68: Prototype 1 Side

Modelling clay, wood, hot glue, washers, and a screw were used. 

The body of the prototype is made entirely of modelling clay. The general 
shape of the throttle was cut with wood to which modelling clay was added to 
represent the idea more accurately. The throttle was then attached to the body 
using a screw and two washers. The washers helped with a more controlled 
forward movement.

The angle at which the body slopes downwards from the highest point to the 
lowest point is 35 degrees.

Modelling clay, wood, wire, hot glue, and screws were used. 

The main body has a base of wood to reduce the amount of clay needed. 
Using water, clay was added to the wooden base to make sure that it sticked 
together. For the throttle, wire was used to first form the general shape, and 
after clay was used to give it volume and a more representative form. Lastly, 
two screws were used to attach the throttle to the body on either side.

The angle at which the body slopes downwards from the highest point to the 
lowest point is 45 degrees.

Modelling clay, wood, hot glue, and a screw were used. 

The base consists of a wooden block to which clay was attached using water. 
The top of the body was first formed separately and then attached to the 
body using water. The overhang was formed with the help of a small wooden 
board. The rough shape of the throttle was first cut from wood, and after 
noticing that it did not exactly fit, it was cut in half and glued into the right shape. 
Subsequently, it was covered in modelling clay and the form of the throttle was 
reproduced. Lastly, the created throttle was attached to the body of the model 
using a screw. 

The angle at which the body slopes downwards from the highest point to the 
lowest point is 20 degrees.

Figure 69: Prototype 2 Front Figure 70: Prototype 2 Perspective

Figure 71: Prototype 2Top Figure 72: Prototype 2 Side

Figure 73: Prototype 3 Front Figure 74: Prototype 3 Perspective

Figure 75: Prototype 3 Top Figure 76: Prototype 3 Side
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4.6  Testing
Scope of the Testing:

The testing  focussed on the shape of the three 
prototypes. Each of the prototypes has a different 
shape and a different throttle form. 
The testing will focus on comfort, wrist support, 
functionality, and size.
The testing did not consider stress that can be placed 
on the unit, materials that could be used or haptic 
feedback that could be felt by operators.

Testing Logistics:

Daan Merkelbach and Cees Aalbers tested the three 
prototypes for around one and a half hours.
Daan is the manager for tug training and consultancy 
from Kotug. He has worked with a lot of different 
tugboats and can be considered an expert in the field. 
He also has experience with simulators and has tried 
many different azimuth control units. 
Cees has been a tugbaot operator for his entire life 
and has over 50 years of experience in the field.

Testing Objective:

Entire prototype:
- Hand placement in different positions
- Throttle usability in different positions
- Directional feedback from the prototype

Body:
- Size, Shape, Comfort, Angle and Height

Throttle:
- Size, Shape, Comfort and Placement

Testing Setup:

-The three prototypes explained before
-Simulation board where each prototype can be 
mounted on to simulate roation over one axes
-Phone camera to record the testing
-Tripod to place the camera in the desired location
-Mask and hand sanatizer to follow sanitary conditions 
due to COVID-19

Test 1: During the first test one of the three prototypes was placed on the black simulation board, and the two operators 
were asked to move the prototype from marker to marker (each at 45 degrees from another), and to move the throttle 
from 0 to 90 degrees at each marker. 
This procedure was repeated for all three prototypes and the questions asked afterwards were: 

 - What are your initial thoughts?
 - How is the comfort of the prototypes in the different sections? 

The most important answers for each prototype were:

Prototype 1:
- The angle and height are very nice whilst standing and sitting, however, the throttle should be mounted on the left 
side of the body when using the right hand to operate the control unit.
- When using the prototype like in practice, the throttle is too large, and switching from a forward position to a 
backwards one is not smooth
- The overhang is very good as it allows for a lot of grip, but it should be extended some more.
Prototype 2:
- The angle and height of the unit are not as nice as prototype 1 as it is too steep
- The shape of the throttle is very good as smooth transition between forward and backward driving is possible, and 
for every position it feels comfortable to use
- The space between the throttle and the outward extensions needs to be enlarged and an inverted T shape would 
be better

Prototype 3: 
- The prototype is more comfortable to use when standing than sitting
- Both operators preferred to use the prototype made for the right hand, with the left hand as it felt more natural to 
place the whole palm on the support. 
- The prototype was okay when turning the prototype outwards, but inwards, it was quite tricky to move the hand 
due to the large throttle head.
- The operators mentioned that the throttle arm should be used on prototype 1

(A document with the complete answer report can be found in appendix 7)

4.6  Testing

Figure 81: Daan Merkelbach using prototype 1 Figure 82: Daan Merkelbach using prototype 2 Figure 83: Daan Merkelbach using prototype 3

Figure 78: Daan Merkelbach testing

Figure 77: Cees Aalbers testing

Figure 79: Daan Merkelbach testing

Figure 80: Daan Merkelbach and Cees Aalbers testing
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Test 2: The second test was aimed at getting the operators feedback on the shape of the body. They were asked to 
use the prototypes and play around with them for one minute and to only focus on the body.
 After the three prototypes were freely tried, Daan and Cees were asked the following questions:

 - What do you think about the size of the prototypes?
 - How comfortable was each prototype? 
 - How good is the palm support offered by each prototype?
 - Which prototype has the best angle and height? 
 - How is the grip on each prototype?

The most important answers for each prototype were: 

Prototype 1:
- Hand placement area is slightly too large
- The hand placement itself is very comfortable
- Angle and height of the hand placement are very good whilst standing and sitting
- Palm placement is okay, but the axes need to be moved back as currently it moves the body of the prototype away 
from under the hand
- Grip is good but the overhang could be extended for even better grip

Prototype 2:
- Extrusions make it comfortable even when the prototype is turned
- The grip is good as you can place your fingers on either side to turn in quickly
- The angle is too steep whilst standing and decent when sitting (should be like in Prototype 1)
- The space between the throttle and the outward extensions needs to be enlarged and an inverted Y shape instead 
of an inverted T shape would be better

Prototype 3:
- The size of the body is okay, however the operators preferred to use the prototype (made for the right hand) with 
their left hand
- For forward position it is very comfortable, but when turning inwards there is no palm support
- The grip of the body is not as good as the others as the large palm support makes it hard to hold on to with all fingers. 
- The angle of the body is good, however the height of prototype 1 was better

(A document with the complete answer report can be found in appendix 7)

4.6  Testing

Figure 85: Daan Merkelbach giving feedback on  Prototype 2 Figure 86: Cees Aalbers using Prototype 3Figure 84: Daan Merkelbach using Prototype 1

Test 3: The third test was very similar to the second one, however this time Daan and Cees were asked to put their 
attention on the throttle of the prototypes. 
After the test the following questions were asked:

 - What was your impression of each throttle “neck”?
 - What do you think about the throttle “head”?
 - What do you think about the size and form of the connection arm?

The most important answers for each prototype were: 

Prototype 1:

- The throttle arm of the prototype is too thick and not comfortable to operate and grip with the thumb
- The one-sided throttle on the right-hand side (for the left hand) is comfortable as it gives good support when 
reversing
- The throttle “head” is comfortable but not necessary
- The thickness of the “neck” is very good

Prototype 2:
- It is nice that the throttle arm can be used to actuate the throttle, but a one-sided throttle where the outer arm is 
gone would be better
- Size of the whole throttle is very nice as its not in the way when turning it to the reverse position
- The “neck” is a bit too thin
- Throttle “head” is comfortable but not necessary

Prototype 3:
- The throttle is very nice and better than from prototype 1
- Overall thickness is good, and the “neck” is also a good size
- The throttle head is too large, and it gets in the way when turning the prototype

(A document with the complete answer report can be found in appendix 7)

4.6  Testing

Figure 87: Daan Merkelbach using Prototype 1 Figure 89: Daan Merkelbach using Prototype 3Figure 88: Daan Merkelbach using Prototype 2
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4.6  Testing
Additional Questions: Next to testing the prototypes, the opportunity was used to ask questions that will help with 
the development of the upcoming steps of the project. These questions were about potential features that could be 
added to the control unit, and the material. The questions, and the answers can be found in appendix 7.  

Final Testing Conclusion:

When asked to rank the prototypes after the testing was done, both operators agreed on the same ranking if certain features were adjusted:

The best prototype regarding usability and comfort was prototype number 2. However, the prototype should integrate the angle and height of prototype 
1 to give more comfort whilst operating standing and sitting. The outer throttle arm should be removed to allow for better grip, and the length should be 
slightly adjusted as it is too short right now.

As second-best prototype they chose prototype number 1. The prototype was overall very good however there were some aspects that they did not like. 
The first was the large throttle arm which was hard to grab and the second was the turning axes which is too far in the front. 

The third best prototype was number 3. As the body shape was designed to be used by the right hand, and the operators to use it with the left hand, it did 
not have many features that were very useful. It does however have the best throttle arm, which should be installed on prototype 1. 

Overall, they preferred prototype 2 as it felt most comfortable whilst simulating practical operation movements. 
After presenting the information to Smart-Ship, it was decided that control unit 5 (prototype 2) should be developed into a concept considering the 
feedback from Daan Merkelbach and Cees Aalbers.

Based on on the testing results a set of new requirements was formulated and some existing requirements had to be modified. 

These requiremnts are:

 - Palm rest in form of inverted  rounded T shape
 - The control unit has an elevated Front and an distint inverted T shape
 - The control unit cuves down at an angle of 20 degrees from the highest point to the lowest palm rest point
 - No metal element touches the operators hand
 - Material should be plastic that does not feel cheap
 - There is an at least 50 mm gap between the throttle and the extrusions
 - Throttle should be operated with the thumb and index finger
 - Control unit has a one sided throttle
 - The throttle “neck” is 15*15 mm for comfortable operation

Figure 90: Testing conclusion visualized

38

Technical Context: 
 Considered Not applicable
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Market Context: 
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4.7  Form Concept
The throttle is only connected on one side of the control unit. As determined during the testing, the throttle should 
always be connected on the inside of the control unit, as can be seen in figure 94. This gives the operators space on 
the outer side of the control unit to comfortably place their middle, ring, and pinkie finger. This one-sided throttle also 
makes operating in reverse more precise and comfortable, as the entire throttle lever “lays” in the palm of the operators. 
Therefore, it can be easily adjusted. As the throttle can be installed on either side of the control unit, the throttle “head” 
has a rounded neutral shape that does not favour a driving direction and does not create pressure points in the palm of 
the operators. The throttle “neck” is curved to give the operators more comfort whilst holding it. 
The throttle is connected to the body of the control unit, using the connector piece, which also directly connects it with 
the control converter of Smart-Ship.

The throttle is connected to the body of the control unit using the 
connector piece from Smart-Ship, which also directly connects it 
with the control converter housing a pulley to all the electronics. 
These pieces are held together by an M5 screw. Since the throttle 
can be mounted on either side of the body, there will be an open 
hole on one of the sides. On the side with no throttle, a cap is 
needed to close it off to ensure water proofing. This cap is also 
connected to the control converter using an M5 screw. In addition 
to the two M5 screws, four M4 screws connected the body to the 
control converter to make sure that it does not move anywhere. 

Lastly, the control unit has an operating condition light in the front of the body to always inform the operator if the 
control unit is working as it should. The colour of this light can be adjusted by Smart-Ship depending on which country 
the tugboats containing the controls will be used in. This will make sure that the operators do not misunderstand the 
meaning of the colour. The light is placed at the bottom in the front of the control unit so it illuminates the area Infront of 
the control unit.

Figure 94: A pair of the concept control unit in the neutral position

Figure 95: Explosion of the throttle and its connecting pieces

Figure 96: Dimensions form concept side Figure 97: Dimensions form concept top

4.7  Form Concept

The form concept is based on control unit 5 from the ideation and can be seen in figure 91. By using the feedback from 
the testing, improvements were made on control unit 5. The form concept consists of the main body piece, the throttle 
and it includes the operating condition light. 

The body of the concept is shaped like an inverted T. This shape gives the operators a place to rest their palms in 
both directions of the turning circle. The entire topside of the unit is filleted to prevent pressure points in the operator’s 
palm. The body is also curved downwards from the front to the back of the control unit to follow the curvature of the 
operator’s hand. The angle of this slope from the highest to the lowest point of the hand placement area is 20 degrees. 

The front part of the body gives the operators a large amount of space to properly grip it and turn it quickly if needed. 
Additionally, by having an inverted T shape, the body has a very clear directional feel through which the operator can 
directly know where it is pointing at and does not have to check.

Figure 91: Illustration of the form concept and its features

Figure 92: Form concept control unit perspective view Figure 93: Form concept control unit with throttle engaged at 45 degree
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4.8  Form Concept Evaluation
During the ideation phase several new insights were gained and some of the requirements were refined as more 
information on certain aspects was found. Especially for the technical context, as the electrical components were 
explored, better insight was gained into which requirements the products must follow to accommodate these 
electronics. Additionally, new requirements were created in the Human and Market context.

With this new research two new values were added which had not been considered before. One was in the Technological 
context: Utility. This value was added as the control unit had to be usable with the Smart-Ship electronics. And for the 
Human context, the value Innovation was added as Smart-Ship’s desires had to be considered. An evaluation of the 
form concept was done to understand which values it incorporates, and which are still missing.

4.9  Four Style Concepts
After the form concept was created and presented to the client it was decided that it was a good concept and that the 
project can continue. The next step was to think about how this shape could be made more attractive and more in line 
with the other products that Smart-Ship is offering.

In order to do this a style analysis of the Smart-Ship website, the logo, and the existing products in the product line-up 
was conducted. From the analysis it was possible to gather the representative colours that are used, and it was also 
possible to see that from the 4 products in the line-up, two are based on geometric shapes, and the other two are 
based on organic shapes. The full style analysis can be found in appendix 8.

Before starting the ideation on the style, the requirements were updated and specified to match the form concept. As 
not all requirements had to be considered during the creation of the style concepts, the relevant requirements were 
selected as they had to be considered to prevent a new form and to only allow slight changes. 

For the creation of style concepts, the first step was to brainstorm on how some details of the body shape could 
be changed to be more interesting and to fit with the Smart-Ship style, whilst also still fulfil the above-mentioned 
requirements. The second step in the ideation was the throttle. The throttle had to follow the same styling as the stylized 
body shape whilst again following the requirements set by the form concept. The next part of the ideation focussed on 
how the throttle input could be displayed on each of the different style concepts. From the previous testing it became 
apparent that this was an important part of the control unit as it can be very helpful, especially to tugboat trainees and 
trainers. The fourth step focussed on how certain highlighting features could be used to make each style concept more 
interesting, and the fifth step considered the styling of the covering cap of the open side. 

In the illustrations on this page the above explained steps can be seen for the four created style concepts.

Figure 98: Style concept 1 process sketch 

Style Concept 1

Context Values Requirements
Human Human Wellbeing The control unit should be shaped so the operator can rest his palm

Human Human Wellbeing, 
Safety

The throttle should be operated through the thumb or index finger, or with the help of the 
middle, the ring, and the pinkie finger

Human Health The control unit should be elongated to reduce ulnar deviation

Human Trust, Safety The control unit should have a clear shape difference between the front and the back

Human Health Control unit should slightly angle the operator’s hand in the forward driving position

Human Health The control unit should follow the contour of the hand in the forward driving position

Human Safety The control unit should have smooth edges

Human Reliability Operating condition lighting can be changed by smart ship

Human Power The control unit could be used whilst sitting and standing

Human Cleanliness Easy to clean shape and material

Human Safety The control unit should have a shape that allows the operator to securely hold it

Included in concept

Technical Adaptability Fits onto current mounting mechanism created by Smart-Ship

Technical Quality The control unit should have a Robust Construction

Technical Quality The control unit should be Water and Dust resistant

Technical Trust The control unit allows for haptic feedback

Technical Maintaibalility The control unit should not require special tools to be opened

Technical Independence The control units should not be connected with one another.

Market Competitiveness Competitive pricing of the unit

Market Profitability Control unit should be identical for each thruster

Environment Disposal, 
Sustainability

The control unit should be made of eco-friendly materials

Environment Sustainability The control unit should be produced using eco-friendly production methods

Market Versatility, 
Profitability

Control unit can be used in simulation environment

Technical Utility,
Adaptability

Throttle screws to the control converter

Technical Independence Throttle and direction input are not given with the same movement.

Technical Trust The body is securely connected to the control converter

Human Innovation Different shape to current azimuth control unit

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Not yet investigated

Yes

Yes

Not yet investigated

Yes

Not yet investigated

Yes

Yes

Yes

Yes

Not yet investigated

Yes

Yes

Not yet investigated

Yes

Not yet investigated

Not yet investigated
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4.9  Four Style Concepts

Figure 99: Style concept 2 process sketch 

Figure 100: Style concept 3 process sketch 

Style Concept 2

Style Concept 3

4.9  Four Style Concepts

Figure 101: Style concept 4 process sketch 

After the style concepts were created, a 3D model was made for each of them to better visualize these styles, and to 
see if all of them could work with the space requirements the control unit needs to consider. These renders were also 
used during the testing, which is explained in section 5.2.

As can be seen in the next pages, every concept uses the same colour scheme. This colour scheme was decided 
upon as dark grey (#363d43) and light blue (#29acd9) are the main colours of the Smart-Ship logo and website, 
which will make the product recognisable as a Smart-Ship one. On top of this, a dark base colour will hide potential 
scratches, sweat stains or other imperfections better than a light colour.

Style Concept 4
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Style Concept 1

The first style concept has a friendly and organic look. The main detail that sets it apart from the form concept is the 
“floating” palm rest. As the support is removed the whole control unit does not look as bulky as before. The second 
detail that is supposed to help with this “floating” palm rest, are the two indentations between the front of the body and 
the palm rest. 

The throttle follows this friendly organic look by having a spherical throttle “head” which flows into the throttle arm. To 
combine the throttle and the body there are two 5mm extrusions below the attaching point of the throttle. 

The throttle input indicator is very clear and visible on the front of the control unit and it can be read as the tips poke out 
of the side of the throttle. The lines vary in size, where a large line is placed at every 30 degrees and a small line indicates 
every 10 degrees. 

To highlight the shape of the control unit, a blue pinstripe is placed around the entire unit following its shape. The blue 
pinstripe also goes around the throttle arm and creates a connection between the body and the throttle.

4.9  Four Style Concepts

Figure 102: Renders of the first style concept from different perspectives

The second style concept aims to have a more aggressive and modern look than the first concept. As can be seen in 
the renders above, it also has a “floating” palm rest, however there are no indentations between the front of the body 
and the palm rest. As the body gradually curves outwards to the widest point, it creates a fighter plane look. This styling 
is reflected in the throttle as the throttle “head” has a sportier look to it. The throttle has a small cut out in the back to give 
the operator a chance to read out the throttle input which is placed in the front in the middle of the body. 
The indicator consists of two squares with a percentage number in the middle, that is based on the hoppermat design 
from Smart-Ship.

On each side of the body, there are 2mm extrusions which form out of the back and flow into the front of the unit. These 
extrusions also follow the shape of the body and help merging the throttle and the body together. As they are only 
2mm, they are less obtrusive as in style concept 1. The edge of these extrusions is highlighted and so are the throttle 
arm and the throttle “head”. 

The covering cap follows the same principle as in style concept 1 where it fits into the cut out where the throttle would 
be placed and follows the shape of the body.

4.9  Four Style Concepts

Style Concept 2

Figure 103: Renders of the second style concept from different perspectives
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4.9  Four Style Concepts

The third concept aims to have a more rugged and durable look. For this reason, the palm rest is supported by two 
pillars below the palm rest extrusions and the edges are chamfered. The throttle also follows this styling by having 
a squared throttle “neck” and a throttle “head” which aims to provide comfort through a curvature whilst still having 
chamfered edges. As comfort still needs to be considered, each edge created by the chamfer is filleted slightly to 
prevent pressure points or cuts. The part of the throttle where it connects to the control unit also aims at including some 
of the geometric style that can be found in two of the Smart-Ship products, as half of it is made from a hexagon and the 
other half from a circle. 

The rugged look is completed as this style concept also has a highlighting extrusion, however, instead of smoothly 
flowing into the front of the body, it goes all the way around. The extrusion is also painted blue to highlight this feature 
and as the throttle also has a blue pinstripe around the base. It connects the two. 

The throttle indicator is another feature that merges the throttle and base together, as the base of the throttle has a 
pointer, which rotates with the throttle. The pointer moves over a set of lines, which like in style concept 1 are larger for 
every 30 degrees and smaller for every 10 degrees. 

The throttle cap, similarly to the throttle, is made of part hexagon and part circle to create a rugged and also geometric 
look, which still fits the design.

Style Concept 3

Figure 104: Renders of the third style concept from different perspectives

4.9  Four Style Concepts

The fourth style concept is like the first style concept as it also aims to have a friendly but also modern look. This is 
achieved by having almost only rounded and organic forms. In order to still give the concept a modern look, the back 
of the palm rest is straight instead of fully rounded. This concept also has two small indentations between the front and 
the back of the body to create a visual separation making the pam rest look like it is “floating”. 

The throttle follows the style of the body with its spherical throttle “head” which flows into the cylindrical throttle “neck”. 
The throttle has a small pointer on one side of the throttle “neck” and an indent and whole in the throttle arm. Both of 
these features will allow the operator to see the throttle input and therefore connects the throttle with the body. The 
indicator lines are placed on either side of the front of the body and follow the same principle as style concept 1 and 3. 

To keep the design simple, the highlights are only a pinstripe along the back of the unit, which merge into the ground 
before the front of the body begins. Besides this, there are blue highlights around the large screws of the throttle and 
covering cap, and between the throttle “head” and “neck”. This way the body and throttle are connected visually through 
blue highlights. On top of this, the blue line can represent waves in the context of tugboats in addition to creating a visual 
identification as a Smart-Ship product, through their brand blue. The converging cap is kept very simple and symmetric 
to be as subtle as possible, as a 2 mm high cylinder.

Style Concept 4

Figure 105: Renders of the fourth style concept from different perspectives
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As the main form was decided upon, and the four style concepts were created, 
they had to be prototyped and tested to understand if they are good concepts. 
Additionally, this stage was used to select the final concept.

Prototyping & Testing

5
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5.1  Prototyping of Style Concepts
As the style concepts had slightly different shapes to the form concept through their different styles, they had to be tested to understand if they remained 
comfortable and clear in directional feedback, or if some style features made them better or worse in either aspect. For this reason, a prototype was made for 
each of the style concepts. 

Since more detail was needed for this testing, in order to have the right dimensions as the 3D models had, hardfoam was used. This material can be first cut to the 
rough dimensions via a saw or cutting knife, and then sanded to the right dimensions. To get the most accurate models, the 3D models were used to print outlines 
on a 1:1 scale to verify if the height, width, etc. of the foam models was right.

Hardfoam would be a good material to use for the body of the concepts, however the throttles would be too fragile if made from the same material. Therefore, 
the decision was made to 3D print the throttle levers using a Prusa i3 mk3 printer with PLA. Printing the throttles would make them the exact dimensions whilst 
making the levers more rigid so that during testing the operator would not have to worry about breaking it. As 3D printing the entire concept would have taken 
around 23 hours for each of the concepts, it would have taken too long, and it would not have been done before the testing.

Prototype 4 Prototype 3 Prototype 2

Figure 118: Prototype 4 Front Figure 119: Prototype 4 Back

Figure 120: Prototype 4 Side Figure 121: Prototype 4 Top

Figure 114: Prototype 3 Front Figure 115: Prototype 3 Back

Figure 116: Prototype 3 Side Figure 117: Prototype 3 Top

Figure 110: Prototype 2 Front Figure 111: Prototype 2 Back

Figure 112: Prototype 3 Top Figure 113: Prototype 2 Top

In order to connect the 3D printed throttles with the hardfoam bodies, an M4 x 50mm screw was used. This way 
the throttle would be “functional” and real-life use scenarios could be recreated.

Additionally, as the hardfoam was very light, the prototypes were connected to wooden bases using double 
sided tape to give them some weight and to make it easier to turn them on one spot.

Since the hardfoam has a beige colour, it was decided to spray paint the bodies black for two reasons. The first 
was to make the prototypes look more uniform as the throttles were 3D printed in black. And the second reason 
was to prevent abrasion of the hardfoam, as it could have caused frustration during the testing. 

In the images below, pictures of the four concepts can be seen, and on the right, an image during the making of 
the prototypes.

Figure 2: Making of Prototypes

Prototype 1

Figure 106: Prototype 1 Front Figure 107: Prototype 1 Back

Figure 108: Prototype 1 Side Figure 109: Prototype 1 Top
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5.2  Testing of Style Concepts

Scope of the Testing:

The testing focussed on the styling of the four style 
concepts. As for each concept some details of the 
body shape were changed, and each concept had a 
different throttle, these had to be tested to understand 
how good or bad they were. Additionally, the testing 
was used to understand which throttle input indicator 
would be most useful to operators and trainees. 

The testing did not consider the stress that can be 
placed on the prototype, materials that could be used 
or haptic feedback that could be felt by operators.

Testing Logistics:

Daan Merkelbach tested the four concepts for 25 
minutes. Daan is the manager for Tug training and 
consultancy from Kotug. He has worked with a lot of 
different tugboats and can be considered an expert 
in the field. He also has experience in simulators and 
tried many different azimuth throttles.

Testing Objective:

Entire Prototype:
- Comfort and usability of control unit in   
different positions
- Comfort and usability of throttle in different   
positions
Body: 
- Feel of the body shape
Throttle:
- Feel and use of throttle shape

Testing Setup:

- The four prototypes mentioned in part 5.1
- Laptop to show the renders with the styling
- Phone camera to record the testing
- Tripod to place the camera in the desired location

Figure 122: Daan Merkelbach testing

Figure 121: Daan Merkelbach testing

Figure 123: Daan Merkelbach testing

Figure 124: Daan Merkelbach testing

For the testing one of the prototypes was placed on a table like it would on a tugboat, and the opera-tor was asked to 
use the prototype for around 2 minutes as if he was using a functional control unit on a tugboat during an operation. 
During this part the prototype was rotated multiple times and used in different positions, and whilst sitting and standing. 
After the initial use some questions were asked, and this procedure was repeated for the other three prototypes to gain 
the first impression on each one.  

Following the first impressions, a series of questions were asked to gain a more in depth understanding of how good 
or bad each of the concepts was. Whilst asking these questions, the prototypes were constantly used by the operator.  

Below the questions that were asked with the answers that were given can be seen:

What are your initial thoughts to the prototype?
Concept 1: There should be an overhand in the front of the body where the fingers can hold onto or fit into. This 
would make it easier to work with the throttle.
Concept 2: The body feels too wide. As the palm rest gradually gets bigger the entire body is very wide and hard to 
hold on to, when standing it is okay but when sitting its very uncomfortable, this goes for the forward and backwards 
position.
Concept 3: The part below the throttle is in the way like in concept 1. Changing this will also improve going backwards 
as the fingers have space to slide comfortably and there wont be a barrier in the way.
Concept 4: Comfortable and nice to sail astern through the indents between the main body and the palm rest as 
they feel “very nice”, one automatically start using the indent in the throttle arm which is good but it’s also because 
there is no overhang below the throttle in the front.

What do you think about how front of the prototype connects to the palm rest?
I dislike the way the front connects with the back on concept 2. When sailing astern the indents on prototypes 1 and 
4 are nice, this in combination with the open back(floating palm rest) allows the fingers to properly hold onto the main 
body, Concept 4 does this very well as it creates nice finger placement, the grip is very good through the little indents, 
important that the floating palm rest is rounded on the bottom as fingers will wrap around to grip onto it.

Which prototype do you feel is most comfortable?
When free sailing and resting concept 1 and concept 4 are the most comfortable as the hand can very comfortably 
lay on it. When it comes to giving power and making manoeuvres concept 4 is also the most comfortable with 
concept 3 close behind. Overall concept 4 is the most comfortable.

What is better: the gradual form to the palm rest, or a clearer cut to the palm rest?
The clear-cut palm rest is significantly better. The gradual form makes the body too wide. On top of that, the indents 
offer better grip. With the clear-cut palm rest the hand can lay on the control unit nicer.

Which throttle do you think is best? Is there a shape that you prefer?
Concept 3: The throttle is quite bad. When giving throttle, it hits the operator in the finger and when taking throttle 
away it also hits the operator in the finger. Too bulky and not nice
Concept 1 + 4: They have a good shape; however, they are not so easy to control with the fingers. It is easy to slip 
off the throttle. The indent in the throttle arm of concept 4 can be quite useful to actuate the throttle without having to 
pinch the throttle head. This was also seen as he directly started to use it when moving the prototype.
Concept 2: This is the most comfortable and best shape; it is easy to control and gives good grip. And it is easy to 
control with thumb and index finger. 

5.2 Testing of Style Concepts
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After asking the questions relevant to the form and feel of the prototypes, the renders of each of the concepts were 
presented to Daan through a Laptop screen. After going through the four concepts and their features, Daan was asked 
another set of questions regarding the style of the concepts, the throttle input indicators, and two wrap up questions to 
get his final feedback. 

Below the questions that were asked with the answers that were given can be read:

Which style do you prefer the most?
The best style would be for concept 4 as it looks the best, and the least favourite style is concept 2.

Which throttle input indicator do you think is the best?
Concept 1: I like this one as it is large and clear how much throttle input is given. Confusion can be prevented.
Concept 2: This is a nice indicator which is subtle and looks good. 
Concept 3: This is a very bad indicator. It is not helpful as it can’t be seen by the operators.
Concept 4: The indicators are fine and show the required information.

Best style as trainer: Concept 1 as one can directly understand what the trainee is doing.
Best style as student: Concept 1 as its most clear to see what is going on. As they are big and clear it is easy to 
apply and understand adjustments.

Which style concept do you find the best in terms of usability and style?
Best concept is concept 4: The body is the preferred one as it is comfortable, the floating palm rest is very nice as 
it allows the operator to grab the main body, to make it better the throttle head from concept 2 should be used as it 
was easier to give throttle input with it, however the indent on the side should be kept so easy throttle adjustments 
can be made

Second place is concept 3 however this one should have an open palm rest and also the throttle from concept 
number 2 and the indent on the side.

What would you still improve of the control unit to make it better?
I cannot think of something else besides what I have already said, and I like them right now.

Figure 125: Style Prototype 2 during testing Figure 126: Style Prototype 2 during testing

Final Testing Conclusion:

The conclusion of the testing is that the final concept should use the form of concept 4. Doing so the indent between 
the front and the back of the body is included. These indents were found to not only be a stylistic design feature, but 
also a functional one. Additionally, a section below the throttle should be removed to allow the operator to actuate 
the throttle more easily. 

The body from concept 4 should be coupled with the throttle head of concept 2, as it could be used the best in 
different throttle positions, and the throttle arm should include an indent like on concept 4. This indent could help 
operators actuate the throttle using their thumb without having the need to pinch the throttle head.

Figure 127-129:  Daan Merkelbach during the testing

5.2 Testing of Style Concepts 5.2 Testing of Style Concepts

Technical Context: 
 Considered Not applicable
Human Context: 
 Considered  Not applicable
Market Context: 
 Considered Not applicable
Environmental Context:

 Considered Not applicable
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Using all the information gathered from the previous stages, a final concept was 
created that aimed to solve all the requirements set in the beginning, and those 
that were added and changed over the course of the project. The final concept 
is described in this chapter.

Final Concept

6
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6.1  Explanation of Parts and Features
The final concept is an azimuth control unit for tugboats, which is focussed on making operating it more comfortable 
and safer. With this control unit, tugboat operators can operate comfortably for longer periods of time, and by having a 
very directional design, they will always know where the control unit is pointing to.

The control unit can be 3D printed and used with the electronics from Smart-Ship to be installed in whichever context 
it is needed, be it on a tugboat, or in a tugboat simulator from V-Step.

Figure 130: Final Concept rendered in a tugboat bridge mounted onto the Smart-Ship hardware.

The concept consists of three main parts. 
The body, the throttle, and the enclosing 
cap. Together these parts give the control 
unit functionality. The body is the basis of the 
control unit which everything connects to. It 
is also the part that is screwed onto the con-
trol converter and when twisted dictates the 
direction of an azimuth thruster. 

The throttle is connected to the body and 
control converter using a connector piece 
and allows the operator to give thrust input 
to the azimuth thruster. 

Lastly, as the throttle is only connected on 
one side of the body, a cap is needed to 
close of the other side to ensure protection 
of the electronics.

6.1  Explanation of Parts and Features

If the body is viewed from the top, it resembles an inverted T shape. By having the two extrusions on the back, the 
palm rest area is extended from only being available in the forward position to a larger area, which reduces pressure 
on the wrist as it is now supported on the palm rest. Towards the outer sides, the extrusions curve downwards which 
additionally angles the operator’s wrist in the forwards position, placing the wrist into a more natural position and further 
reducing pressure. When looking at the body from the side, it is also possible to see that the palm rest is “floating”. This 
makes it possible for the operators to wrap their fingers around the back part of the unit when reversing, allowing for 
a more precise throttle input. When looking at a side view, it is also possible to see that the body curves downwards 
from the front to the back. This is done so that the body follows the curvature of the hand in the forward position. In the 
renders it can also be seen that there is a blue highlighting line around the back of the body. This line is a style feature 
that highlights the form of the control unit and connects the body and throttle visually (as it also has a blue highlight). On 
top of this this, as the highlight comes out of the base of the body, it visually connects the control unit with the mounting 
plate as can be seen in figure 130. 

Between the front part of the body and the palm rest, there 
are two small recesses which give space for the operator’s 
fingers when reversing, and add small gripping points to 
make the turning of the control unit easier during quick 
manoeuvres. 

When looking at the front of the body, one can see a cut-
out below the throttle. This cut-out serves the purpose 
of making throttle actuation more comfortable for the 
operator, as it gives space to his space to his middle, ring, 
and pinkie finger. Alongside more comfort, the cut-out also
offers a better grip of the control unit. 

When looking at the base of the body, a protruding element can be seen 
which is necessary to house a 58mm v-ring for waterproofing.

On the front of the body the throttle input indicators are located. These 
give the operator information about how much throttle is given at the 
moment and are also very important to tugboat operator trainers and 
trainees. For this reason, the indicators are designed to be large and clear 
and they can be read as the lines stick out of the side of the throttle.  
The second aspect, besides comfort, that the inverted T shape tackles 
is directional feedback. Through the clear shape difference between the 
front and the back, operators will instantly know which way the control 
unit is pointing. When combined with the one-sided throttle this becomes 
even clearer.

On each side of the front part of the body, three holes can be found. 
The larger one on top makes room for the throttle connector piece of 
Smart-Ship, and the two lower ones are openings for two M3 screws, 
which secure the body against the control converter. As all screws on 
the concept use standard Alan keys to be tightened, it means no special 
tools are needed to remove the body and throttle.

Body

Figure 131: Exploded view of the final concept (with Smart-Ship parts)

Figure 132: Body from a side

Figure 133: Body from the top

Figure 134: Body from the front

Figure 135: Transparent body shows how it is attached to the control convert-
er using 4 M3 screws 
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6.1  Explanation of Parts and Features

As can be seen from the renders, the throttle is connected to the body and the control converter on the inner side by 
a single throttle arm. This is done to give operators space on the outer side of the control unit to properly grip the body. 
By having the throttle arm on the inner side of the control unit it also makes it very easy to actuate the throttle when 
reversing as the throttle arm can be held very easily by the whole hand and more precision of the inputs is possible.

As operators like to give throttle input with their thumb and index finger when possible, the throttle “neck” is squared with 
filleted corners. This gives the operators the required grip for precise throttle actuation whilst also being comfortable. 
To give the operators an additional grip point for throttle actuation, there is an elongated cut-out along the throttle arm, 
which allows them to give throttle input without having to always pinch the throttle neck. This indent also fits the blue 
highlight that was mentioned earlier which visually connects the throttle to the body and mounting plate.

The throttle “head” is rounded on top to give comfort whilst reversing. However, it looks modern from the side to fit the style of 
the entire control unit. By being narrow in the forward position, it is easier to turn the entire control unit over when going from a 
forward driving position to a backward driving position.

The throttle is connected to the control converter and body with the throttle connector piece by Smart-Ship. This piece acts 
as a stopper to only allow the throttle to travel 90 degrees and transfers haptic feedback into the throttle. The Smart-Ship 
connector piece also seals the hole and ensures water proofing. An M5 screw is used to attach the throttle and uses a simple 
Alan key to be tightened.

6.1  Explanation of Parts and Features
Throttle

The enclosing cap is designed to cover and hide one of the large open holes on the side of the body which the throttle 
would usually be designed for. The cap has the same shape as the opening in the body and therefore fits into place 
nicely.
From the outer side of the body, it is visible as a simple cylinder with filleted edges, which is subtle and does not disturb 
the operators. The filleted edges make sure that the operators do not get hurt by getting cut.  The cap is attached to the 
control converter using an M5 screw which also uses a simple Alan key to tighten. An O-ring could be used on the wider 
part to provide waterproofing as it is pressed against the body. However, this would have to be tested and explored first.

Enclosing Cap

Highlight Features
As mentioned before, there are blue highlighting features on the body around the palm rest, and on the throttle. These 
highlights will be printed as separate bodies and then glued into place in their respective parts. 

To make this possible, along the line of the highlight, the body and throttle have 0.3 mm cut-outs into which the highlights 
are placed. The throttle highlight is made of one single part and the highlight for the palm rest is split in two and is made 
of two separate bodies to be printable.

Figure 136: Throttle from the front Figure 137: Throttle from the side Figure 138: Throttle from an angle 
with the M5 screw in place

Figure 139: Body with throttle attached from the side

Figure 140: Hand on a quick prototype of the final concept Figure 141: Hand on a quick prototype of the final concept

Figure 142: Throttle cap from the inside

Figure 143: Throttle cap mounted on the control unit

Figure 144: Throttle cap from the side with an 
M5 screw

Figure 145: Transparent control unit to show the highlighting feature parts
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6.2  Material Selection
As Smart-Ship will be doing the manufacturing in house using a Formlabs “Form 2” SLA printer, the material that is 
chosen should be able to be printed with this printer. SLA printers use Stereolithography to produce high-accuracy and 
watertight prints which have a smooth surface finish. 

Formlabs offer a variety of different resins with different use cases such as engineering cases, dental applications, 
medical applications and others. From the offered resins, the ones that fall under the category of engineering are 
the most promising and were therefore compared to find the best one for the product. These engineering resins are 
specifically developed as they have specific mechanical and thermal properties which can come in very useful. 

In the table below the five different resins which are most promising are evaluated according to their pros and cons, and 
also production costs are considered.  For the production cost only the material cost is considered.

Material Pros Cons Production

Rigid 10 K

Can withstand a significant load 
without bending, has a tensile 
strength of 65MPa, solvent capability 
is very low (0.1)

Stiffest material, 
Brittle material meaning it 
can chip, Very expensive 
(285 €/L)

Print time: 26h 11m
Layers: 1765
Volume: 257.48 ml

Cost: 73.38 €

Rigid 4000
Creates very strong parts,
Highest tensile strength of 69MPa

Made for stiff and strong 
parts, solvent capability 
is higher than ABS (0.7), 
second most expensive 
(220€/L)

Print time: 28h 25m
Layers: 1755
Volume: 248.83 ml

Cost: 54.74 €

Grey Pro

Moderate elongation, low creep, 
good for parts that are handled 
repeatedly, tensile strength of 61MPa, 
Cheapest material cost (199€/L)

Solvent capability slightly 
higher than ABS (0.6)

Print time: 25h 4m
Layers: 1755
Volume: 248.84 ml

Cost: 49.51€

Tough 2000

Strongest and stiffest material, strong 
and sturdy parts that should not bend 
easily, Tensile strength very similar 
to ABS (46MPa), cheapest material 
cost (199€/L)

Solvent capability slightly 
higher than ABS (0.6)

Print time: 22h 44m
Layers: 1820
Volume: 250.58ml

Cost: 50.90€

Tough 1500
Resilient prototyping, cheapest 
material cost (199€/L)

Stiff and pliable parts, bend 
and spring back quickly, 
High solvent capability 
which is higher than 
ABS (0.7), Lowest tensile 
strength of 33MPa

Print time: 21h 16m
Layers: 1840
Volume: 260.37ml

Cost: 51.81€

6.2  Material Selection
Material Selection for the base components:

The material that could be chosen to produce the product using resin printing is “Grey Pro”. The material has several 
good attributes such as moderate elongation, low creep, and it is good for parts that are handled repeatedly which is 
the case with an azimuth control unit.

Additionally, the material has the lowest cost per control unit with 49.51€, and it has a relatively high tensile strength. As 
the production time is also the third fastest, it has overwhelming good attributes that will make sure the product works 
well. Additionally, Smart-Ship is currently using “Grey Pro” as a resin, which means that it is already proven to work well 
for the intended application. 

Material Selection for colour parts:

As the final concept will include two blue highlights, one on the throttle, and one going around the palm rest, these will 
be made as separate parts. As these parts won’t aid the structural integrity of the entire control unit, it is not necessary 
to make them from the Grey Pro material. Instead, the colour kit resin material by Formlabs can be used to print these 
parts in the desired colour (Blue: #29acd9). 

The colour kit resin material is said to be strong and precise with high detail and smooth surface finish, which will be 
necessary as they must fit into the 0.3mm cut-out in the body and throttle. Additionally, the colour kit resin material has 
a relatively high tensile strength of 65MPa.

Printing these parts will take 5 hours and 5 minutes and use 7.42ml of resin. As a litre of the resin can be purchased for 
184 euros, this will result in a total cost of 13,65 euros per control unit for the colour parts.

Conclusion Material Selection:

In total the entire control unit will cost 63.16 euros if the material “Grey Pro” is used in combination with the “Color Kit” 
resin for the colour highlights. As the colour of the body will be dark grey, and the printed material comes out as a dark 
grey, it means that a surface finish might not be required, reducing the amount of material used. 

Figure 146: Highlight parts on the PreForm software Figure 147: Body, throttle and cap on the PreForm software
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6.3  Dimensions

Azimuth Control Unit (in mm)

Side View:

Enclosing Cap:

Throttle Side:

Front View:

Outside:

Side view:

Inside:

Throttle Front:

Figure 148: Dimensions of the main parts from the final concept
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In this section the final concept is evaluated according to the initial values that 
were found for this project, the requirements that were set in this project, and 
also recommendations are made if the project is continued.

Evaluation

7
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7.1  Evaluation of Requirements and Values

Evalaution of Human Values:
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Evalaution of Technical Values:

7.1  Evaluation of Requirements and Values
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7.1  Evaluation of Requirements and Values

Evalaution of Market and 
Environmental Values:
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Good Pass Bare Pass Fail/Not testetd Not Relevant

7.1  Evaluation of Requirements and Values

The control unit should be shaped so the operator can rest his palm

Requirement:Hard/Soft:

Hard

Grade: Grade Explained:

The control unit gives the opertator palm support in form of an inverted T shape with rounded contours.

Different shape to current Smart-Ship azimuth control unit The control unit does not resemble the current azimuth control unit by Smart-Ship

The control unit should have a clear shape difference between the front and the back The control unit curves downwards to the back and a distinct inverted T shape.

Control unit should have smooth edges The controls has rounded edges to prevent the operators from cutting themselves

Control unit should be designed with male hand anthropometrics in mind The control unit is designed with the average male hand size of 193mm in mind

The control unit can be used whilst sitting and standing The control unit cuves down at an angle of 20 degrees from the highest point to the lowest palm rest point

The material should be comfortable for the majority of operatorsSoft “Grey Pro” is a material that feels comfortable to the hand and no metal parts touch the operators hand

Material should be plastic that does not feel cheap “Grey Pro” is a material that feels comfortable and solid to the hand but has not been tested yet

The control unit should be at least 120 mm long Control unit is 126mm long

Control unit should follow the contour of the hand for forward driving position The shape offers easy grip points andthere is small cutouts between the front and back and below the throttle

The control unit should have a shape that allows the operator to securely hold it The control unit cuves down at an angle of 20 degrees from the highest point to the lowest palm rest point

Gap between the throttle and the widest part of the extrisons is at least 50mm The gap is 53mm and therefore bigger than the minimum space

The throttle should be operated through at least the thumb or index finger The throttle is actuated with thumb on the throttle arm or by the throttle neck with the thumb and index finger

Throttle lever should be operated comfortably from normal hand placement Throttle has indent in the side for easy throttle actuation

Control unit has a one sided throttle The throttle is attached on the side where the thumb is depending on the hand.

No pressure points when going backwards Throttle head is rounded and comfortbale when going backwards

The throttle “neck” is 15*15 mm for comfortable operation The thinnest part of the neck is 15 * 15 mm and curves upwards.

The throttle is large enough to be supported by middel finger in reverse The throttle neck and head are 38 mm which are large enough to be held

Operating condition lighting can be changed by smart ship The operating condition lighting was removed as it was not wanted in the concept by Smart-Ship

Easy to clean shape and material Simple shape and smooth surface finish, The material was not tested

Control unit should slightly angle the operator’s wrist in the forward driving position Operators wristare slightly angled through the curvature of the body.

Human Context Technical Context Market Context Environmental Context

Hard

Hard

Hard

Hard

Hard

Hard

Hard

Hard

Hard

Hard

Hard

Soft

Soft

Soft

Soft

Soft

Soft

Soft

Soft

Control unit should be elongated to reduce ulnar deviation This was only a potential feature that could have been included to increase comfort, however it did not make it.Soft
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Allows for haptic feedback

Requirement:Hard/Soft:

Hard

Grade: Grade Explained:

Good Pass Bare Pass Fail/Not testetd Not Relevant

The body is is solid and screwed onto the control converter so haptic feedback can be transferred precisely

The control unit should have a Robust Construction The control unit has a strong shape that can withstand pushing and pulling forces

Fits onto current mounting mechanism created by Smart-Ship The body accomodates control converter through gap in bottom of body of 48mm x 44mm

Control unit should be Water and Dust resistant The body houses a v-ring on the base and uses the cap to seal it from water

Control unit has two degrees of movement The control can give throttle and directional input on two axes throttle in vertical, direction in horizontal

Control units should not be connected with one another. The control unit is an independent unit and not connected to any others.

Competitive PricingHard Could not be determined as this can only be one once the total cost with the electronics components is known

Control unit can be used in simulation environment The control unit can be mounted onto the electronics so it can be used wherever they are placed

Throttle and direction input are not given with the same movement. Control unit is 126mm long

Control unit should be identical for each thruster The body has the same shape for either hand, the throttle however has to be mirrored to fit

Control unit should not require special tools to be opened The control unit only uses Alan key screws which are common

The body is connected to the control converter with 4 M3 screws. The body is attached properly it is attached to the control converter using 4 M3 screws in the front of the unit.

The throttle screws to the Control converter The throttle is actuated with thumb on the throttle arm or by the throttle neck with the thumb and index finger

Throttle lever moves its full range The throttle moves forwards and back a full 90 degrees

The control unit should be produced using eco-friendly production methods As SLA is the required production technique this could not be fullfilled as the choice was already made

Follows Smart-Ship design language The body uses organic shapes which can be found in the other products, and it uses the blue highlights

Use of exisitng technology The parts are manufactured using SLA printing on a Form 2 printer which Smart-Ship already owns

Control unit should be made of eco-friendly materials There are currently no eco-friendly SLA printer resins which could be used.

Human Context Technical Context Market Context Environmental Context

Hard

Hard

Hard

Soft

Soft

Soft

Soft

Hard

Hard

Hard

Hard

Hard

Soft

Hard

Hard

Hard

7.1  Evaluation of Requirements and Values
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7.2  Recommendations
The final concept has been designed to fulfil all the requirements that were obtained throughout the research phase. 
However, as not all requirements were fulfilled or not fully fulfilled, this part will name some recommendations of how to 
proceed to pass all the requirements that were set.

Material Selection:

Since the material that was chosen had to be able to be printed using an SLA printer, the choice was very limited. 
There are currently no environmentally friendly resins on the market, so the values of sustainability and disposal 
failed. As the technology develops, there is a high possibility that these environmentally friendly resins will be created. 
However, if these values and requirements are to be fulfilled immediately, research should be conducted into alternative 
manufacturing processes which make use of environment friendly materials.

If “Grey Pro” is the material that will be used further, testing is recommended to understand whether the material will 
perform well over longer use times, and during different temperatures. This could potentially influence if a different 
material needs to be chosen, or if the parts need to be coated with another material.

Identical Shape of every part:

One of the requirements that was barely passed is the one that states that the components should be identical for all 
control units. This was a requirement that failed as the throttle cannot be used on either side of the body and needs 
to be mirrored first. The requirement was created in the beginning of the project when the production technique was 
expected to be a technique like moulding. For the current production method, this does not matter, as it has no impact 
on material cost, production cost, or manufacturing time. 

However, if the production method was changed, it could mean that two moulds are needed for the throttle, which 
raises the costs. Therefore, the recommendation is that the throttle shape should be changed depending on whether 
the production method changes.

Highlight features:

In the concept, the highlight features are separate bodies which are glued into place on the control unit. For future 
development of this concept, it is recommended to investigate other methods through which these highlights can be 
displayed on the body and throttle. This could potentially save production time and material that is spent on the print of 
these parts. 

Elongated control unit:

The requirement of the elongated control unit failed as it was not included in the final concept. This was since it was 
contradicting with other requirements about the size of the control unit. To be sure that it could not aid the operators, it is 
recommended to make a prototype which is a more elongated version of the final concept, to test if it could potentially 
aid the operators.
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9.  Appendix

When looking into requirements that Smart-Ship would have to consider when developing an instruction manual for the 
Asian market, interesting and important aspects to acknowledge were found. Depending on the country the manual 
is written for, culture impacts the way the manual should be written. One critical aspect that needs to be addressed 
per country is the use of pictograms. For example, in China numbers under 10 can be counted with one hand and 
therefore pictograms using hand symbols might not mean the same for them as for someone with a different cultural 
background. (C. Song, 2021)

The second critical aspect that needs to be looked at is the language of the instruction manual itself. Whilst in some 
Asian countries, the manual is preferred in the national language, this is not a valid assumption for all of them. In coun-
tries like India with no official national language, it is hard to create a manual that will suit every state. (PTI, 2010) There-
fore, the manual should be written in English as it is used for interpersonal communication among workers. (D. Zühlke, 
M. Romberg, P. Meil, 1998)

Based on insights from the different cultures, a list of aspects that Smart-Ship would have to consider, when writing an 
instruction manual for the Azimuth control unit was created. 

Aspects for China:
 - Instruction manual written in a more chronological and context-based form compared to western manuals
 - Little use of imagery especially not heavily abstract pictograms
 - Careful use of hand sign pictograms
 - Instruction manual written in Chinese
Aspects for Korea:
 - Elaborate Manuals with a detailed explanation for every problem
 - Manuals are written in Korean 
 - Should include visuals such as pictograms
Aspects for India:
 - Instruction manual written in English
 - Use of pictograms cannot be copied from western manuals
 - Use of sufficient illustrations
 - Use of simple structure
Aspects for Indonesia:
 - Instruction manual should be written in Indonesian as it builds a basis for their multicultural background
 - Instruction manual should be kept basic and simple

5. Criteria for Instruction Manual

9.  Appendix
4. Video Observation
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6. 1st Prototyping Images 7. 1st Testing Answers
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8. Style Analysis Smart Ship
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