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Abstract

This project focuses on the design and development of an automated cocktail-making ma-
chine, aimed at delivering a seamless and customizable drink preparation experience. The
machine integrates mechanical, electronic, and software systems to simplify cocktail creation,

offering both convenience and precision for users at home, small businesses, or events.

Key features include a rotating platform for precise glass positioning, peristaltic pumps for
accurate liquid dispensing, and a propeller-based mixing mechanism driven by a DC motor.
The system also incorporates capacitive sensors to monitor liquid levels, an Arduino Mega for
control, and dual user interfaces via Bluetooth and an LCD screen for enhanced usability. A
robust construction using laser-cut wood, 3D-printed components, and aluminum support

beams ensures durability while maintaining ease of assembly and maintenance.

By addressing challenges such as accuracy, user interface design, and system reliability, the
project demonstrates an innovative approach to automated cocktail preparation. The final
prototype offers a cost-effective solution for creating professional-quality cocktails, merging
functionality, aesthetics, and user-friendly operation. Further iterations could improve sus-

tainability, leakage prevention, and scalability for broader applications.



1 Project motivation

In recent years, the demand for personalized and automated solutions has surged, especially in
the food and beverage industry. Hosting parties, gatherings, or simply enjoying a perfectly mixed
drink at home can sometimes feel overwhelming, requiring precision, knowledge, and skill. A
cocktail maker bridges the gap between convenience and quality, offering a tailored experience

for individuals who love cocktails but lack the expertise or time to make them.

1.1 Need identification

For small events or new businesses, hiring a professional bartender can be an unnecessary ex-
pense, especially when the goal is to provide quality cocktails without inflating costs. In Belgium,
the average salary for a bartender exceeds 13.34€ per hour, with a monthly pay ranging from €2,000
to €3,000. [8] For small-scale operations, this cost may be hard to justify.

A cocktail maker offers a more affordable solution, delivering the same results at a fraction of the
price. At an estimated cost of €400, this device provides an accessible, user-friendly alternative
that can mix a wide variety of cocktails with precision and consistency. Whether it’s for private
parties, small business ventures, or even personal use, this innovation represents a massive cost-

saver without compromising on quality.

1.2 Persona identification

Our cocktail maker is designed to meet the needs of a wide range of users from private individ-
uals to small businesses and event organizers, offering versatility and performance for various
scenarios such as home use, hosting family gatherings, or private parties with friends, providing
small businesses like bars, cafés, and pop-up ventures with a cost-effective solution for serving
professional-quality cocktails without additional staff, and supporting event organizers in man-
aging small-scale events like afterworks, team-building sessions, or private gatherings with 15-20

attendees.



2 Functional analysis and requirements

2.1 Functional analysis

The Cocktail Maker is an automated device designed to prepare cocktails quickly, precisely, and
according to user preferences. Its goal is to simplify cocktail preparation while providing a user-
friendly experience. It can prepare cocktails by automatically mixing ingredients, offer a variety of
predefined or customizable recipes, ensure precise dosing for each ingredient, and facilitate ease

of use and maintenance.

Its primary function is to prepare cocktails based on a selected or customized recipe automatically.
Additionally, it allows users to choose a recipe via a mobile application, provides real-time updates
on the preparation status, suggests recipes based on available ingredients, and ensures easy main-
tenance, including cleaning and ingredient replacement. The Cocktail Maker is designed to be
ergonomic with an intuitive mobile app interface, technical with precise liquid dosing, and com-
patible with multiple types of liquid ingredients. It also ensures safety by preventing spills or leaks.
The main technical functions include pumping different liquids from bottles, measuring and dis-
pensing precise volumes of ingredients in the glass, mixing the ingredients homogeneously with a
mixer. Additionally, it can detect liquid levels in the bottles, identify the presence of a glass on the
tray, offer initial calibration for accuracy, and alert the user in case of errors or missing ingredients.

Functionality Description Priority Level
Prepare cocktails automatically Automates cocktail preparation 1
Mobile app interface for recipe selection Enables recipe selection via app 1
Precise liquid dosing Ensures accurate ingredient mea- 1
surements
Mixer Mix the cocktail at the end 2
Alert system for errors or empty bottles  Notifies user of issues 2
Quick preparation Prepares drinks efficiently 2
Real-time preparation updates Shows progress during prepara- 3
tion
Compact design Easy to transport 2
Food-grade materials Uses safe, durable materials 3
Easy cleaning and maintenance Facilitates user-friendly cleaning 2
Easy cleaning and maintenance Facilitates user-friendly cleaning 2

Table 1: Priority Levels for Cocktail Maker Functionalities (1 = High, 3 = Low).

2.2 Requirements list

As can be seen on Table[2} some of the higher priority requirements were highlighted

Main(FO0) priorities justification

* Max acceleration of the tray, this is important because a too large acceleration could lead
the glass to fall over or the contents to spill out. This problem has been tackled by making a
smooth acceleration curve on the stepper motor that controls the movement of the tray.



Pipes food grade, obvious requirement for a cocktail-making machine since the liquids will
flow through the pipes.

The cocktail serving speed is related to the acceleration and speed curves of the servo mo-
tor controlling the tray but also the pumps speed. Pumps with a good flow rate have been
chosen in order to accommodate this constraint. The acceleration and speed curves of the
tray have been tested to find a good compromise between glass safety and rotating speed.

Waterproof electronics / enclosures : since the device will handle fluids, it is mandatory
that the electronics are well protected and that the materials are made out of water-resistant
components. Cables are protected by external pipes and the electronic components are put
on top of the machine and protected by a case.

Other constraints

The machine dimensions should be chosen to be big enough to handle all the connected
bottles but should also be transportable. Its height in particular should at least be superior
to typical glass height.

the weight of the device will only impact its transportability, it should be quite easy to carry
for an average adult.

Tray precision, the stepper motor moving the tray should be precise enough to allow exact
control of the glass under the pipes.

A maximum noise level: a too loud device would prevent people from pleasantly talking to
each other. Silent components have been chosen, in particular for the stepper motor and
the pumps.

The ease of use of the machine plays an important role in the customer’s ability to order
easily.



# | Date of Change Category Requirements Metric Level Tolerance | Priority
1 10-oct. Geometry Machine Dimension Height 30cm +5cm F2
2 10-oct. Geometry Machine Dimension Span 30 cm +5cm F1
3 10-oct. Geometry Machine Dimension Depth 30 cm +5cm F1
4 10-oct. Ergonomics Glass dimension Radius 3cm +1cm F1
5 10-oct. Ergonomics Glass dimension Height 10 cm +2cm F2
6 10-oct. Kinematics Max acceleration of the tray Acceleration 1 rpm? +0.5 rppm? FO
7 10-oct. Kinematics Stirring time Time <4s 1s F3
8 10-oct. Transport Weight Mass <5kg 1kg F1
9 10-oct. Kinematics Gear ratio Ratio 1/6 - F3
10 10-oct. Material Pipes Type Foodgrade - FO
11 10-oct. Quality Control Dosage precision % 5% 2 F1
12 10-oct. Quality Control Tray position tolerence Distance <lcm - F1
13 10-oct. Costs Components price Cost 150€ +25 F1
14 10-oct. Operation 1 cocktail serving speed Time <20 5 FO
15 10-oct. Operation Max noise level Gain 60 +10 F2
16 10-oct. Ergonomics Ease of use - Bluetooth app - F1
17 10-oct. Safety Waterproof electronics/enclosures Ip >44 0 FoO
18 20-oct. Material Microcontroller Type Ardunio Mega - F2
19 20-oct. Kinematics Small water pumps Flow rate >0.6 L/min | 0,1L/min F1
20 20-oct. Material Small water pumps Quantity 5 - F2
21 20-oct. Material Servo motor Quantity 1 - F2
22 20-oct. Material DC motor Quantity 1 - F2
23 20-oct. Material Stepper motor Quantity 1 - F2
24 20-oct. Geometry Power supply Power 12V-2A (24W) - F1

Table 2: Requirements List

3 State of the art and patent analysis

3.1 Competitor identification

The market for cocktail-making machines is diverse, with each product targeting specific needs
and user groups. A thorough analysis reveals significant differences in their design, functionality,
ease of use, and intended audience. This analysis will enable us to identify gaps in the market
where there is room to develop and introduce our own cocktail-making machine. By understand-
ing the strengths and weaknesses of existing products, we can pinpoint opportunities to innovate
and create a solution that addresses unmet user needs, positioning our machine uniquely in the
competitive landscape.

In this analysis, we focus on three prominent products: the Bartesian, the GIG 15 Pro Under, and
the Bev by BLACK&DECKER. Each represents a distinct approach to cocktail preparation, from
automated capsule-based systems to high-capacity professional machines. To ensure a compre-
hensive evaluation, we also establish a set of comparison criteria, allowing for an objective analysis

of their features and limitations. This comparison not only provides insights into the competitive



landscape but also lays the foundation for identifying opportunities for innovation and improve-
ment in this field.

3.2 Competitor analysis

As discussed, we are going to analyze the three main machines on the market, each targeting a
different audience. This analysis helped us identifying the audience of interest for the cocktail
maker.

3.2.1 Bartesian

The Bartesian [9] is an innovative machine designed to prepare premium cocktails at home in
just a few seconds. Working similarly to a pod-based coffee machine, it uses capsules containing
pre-measured cocktail ingredients. The user simply adds their preferred alcohol to the dedicated
reservoirs (vodka, gin, tequila, whiskey, etc.), inserts a capsule, and selects the desired cocktail
strength (light, regular, or strong). The machine then takes care of perfectly mixing the ingredi-
ents. Bartesian cocktails are well-balanced and ideal for casual use. It’s great for quick, convenient

cocktails at home, especially for entertaining, allowing you to make drinks in seconds

@

Figure 1: Bartesian cocktail machine

3.2.2 GIG 15 Pro Under

The GIG 15 Pro Under is a professional-grade cocktail-making machine designed for intensive use
in environments such as bars, restaurants, and high-end events. This machine stands out for its

robustness, precision, and advanced features, automating and optimizing cocktail preparation.

The GIG 15 Pro Under is designed for hospitality professionals seeking a high-performance so-
lution to meet high demand while maintaining consistent quality. It’s especially suited for bars,
clubs, and large events requiring fast, precise service.



STRENGTHS

WEAKNESSES

Ease of Use: Simple operation with no
need for mixology skills.

Cost: The machine and capsules can be
expensive compared to manual mixing
(349.99€ + 23.52¢€ for the capsules).

Time-Saving: Prepares cocktails in sec-
onds.

Dependency on Capsules: Limited to
the flavors available from Bartesian.

Consistent Quality: Delivers high-
quality, perfectly mixed drinks.

Limited Creativity: Users cannot exper-
iment with custom recipes easily.

Customizable Strength: Adjustable al-
cohol levels (light, regular, strong).

Maintenance: Requires cleaning and
regular care of reservoirs and machine.

Compact and Stylish Design: Fits well
in home or bar settings.

Limited Availability: Capsules might
not be readily available everywhere.

Variety: Offers a wide range of cocktail
flavors.

No Fresh Ingredients: Lacks the option
for adding fresh garnishes or ingredi-
ents.

Table 3: Strengths and Weaknesses of the Bartesian Cocktail Maker

Figure 2: The GIG 15 Pro Under cocktail machine

3.2.3 The Bev by BLACK+DECKER

The Bev by BLACK+DECKER |[2] is a user-friendly cocktail-making appliance designed to simplify
the preparation of cocktails while delivering professional-quality drinks at home. Its intuitive de-
sign and functionality make it an appealing option for individuals who enjoy cocktails but don’t

want to deal with the complexities of traditional bartending.



STRENGTHS

WEAKNESSES

High Productivity: Ideal for busy bars
with high demand.

High Cost: Primarily targets profession-
als with substantial budgets.

Consistent Quality: Minimizes human
error, ensuring top-notch cocktails.

Complex Installation: Requires a spe-
cially configured space and technical
setup.

Space-Saving Design: Under-counter
setup frees up surface space for other
equipment.

Technological Dependency: Service in-
terruptions can occur during software or
hardware failures.

Modern Connectivity: Simplified man-
agement via apps and software.

Maintenance: Requires regular clean-
ing and care to ensure optimal perfor-
mance.

Variety: 15 bottles can be set up allow-
ing a large variety of cocktails.

Heavy: 25 kg.

Table 4: Strengths and Weaknesses of the GIG 15 Pro Under Cocktail Maker

Figure 3: The Bev by BLACK+DECKER cocktail machine

3.3 Competitors comparison

We decided to include in the table below the criteria that mattered most to us and compared them

with our objective. Here is a brief explanation of each criterion considered in the comparison:

* Price: Refers to the initial cost of purchasing the machine, excluding additional ongoing
expenses like capsules or maintenance.

e Mass: Indicates the weight of the machine, which affects portability and ease of setup.

* Size: Represents the physical dimensions of the machine, important for fitting into available
space at home or in a professional setting.

e Number of Bottles: Refers to the maximum number of alcohol or ingredient bottles the ma-



STRENGTHS WEAKNESSES

Capsule Dependency: Requires propri-
etary Bartesian capsules, limiting cre-
ativity and adding cost.

Convenience: Eliminates the need for
complex recipes or precise measuring.

Cost: While the machine is affordable,
capsules and adapters add ongoing ex-
penses.

Customizable: Users can tailor drink
strength to their preferences.

Speed: Produces a cocktail in under 30
seconds.

Variety: Compatible with a wide range
of Bartesian capsules, offering numer-
ous cocktail options.

Self-Cleaning: Simplifies maintenance
and keeps the machine hygienic be-
cause it directly fits standard liquor bot-
tles without needing to transfer alcohol
to special containers.

Table 5: Strengths and Weaknesses of the Bev by BLACK+DECKER

chine can accommodate at once, which impacts versatility and the number of drink options
available.

Brewing Speed: The time it takes for the machine to prepare a single cocktail, affecting its
efficiency and convenience.

Mixing Capability: Whether the machine can mix different ingredients automatically to cre-
ate cocktails.

Ease of Cleaning: Describes how simple it is to maintain and clean the machine, which is
crucial for regular use.

Ingredient Capacity: The amount of liquid each ingredient reservoir can hold, determining
how many cocktails can be made before refilling.

Repairability: Indicates how easy it is to repair or replace parts of the machine in case of
damage or wear.

Use: Specifies whether the machine relies on pre-made capsules or other input systems,
which affects flexibility and creativity in drink preparation.

Amount of Brewable Cocktails: The maximum number of distinct cocktail recipes the ma-

chine can prepare, either through programming or capsule options.



Criteria Bartesian BLACK & DECKER bev

Price*

Gig 15 pro under Our Objective

Mass

Size
# of bottles *
brewing speed *

Can mix ?

Easeof cleaning [ .~~~ = gasy |

Ingredient capacity

Reparability

Use

Amount of brewable
cocktails *

Figure 4: Competitors table

Our goals are as follows: We aim to create a machine priced around €400, making it affordable for
people to rent and more cost-effective than hiring a bartender. Our objective is to build a highly
professional machine that can offer a wide variety of cocktails due to the number of bottles it can
accommodate. In conclusion, our goal is to combine the qualities of entry-level machines like the
Bartesian or Black and Decker with the professionalism of machines suitable for larger-scale use,
similar to the GIG 15 Pro under.

3.4 Patent analysis

A patent analysis must be conducted before starting to generate concepts for our product. Failure
to do this could prevent us from having the freedom to operate for the cocktail maker, as some
features could already be privatized.

3.4.1 Glass position

Managing the position and location of the glass is a big requirement for our product. There are
several patents who came across that limit our choices, one of which involves placing a glass in one
position from which multiple pipes connected to different inputs pour the liquid into the glass[5].
Other patented devices link every pipe to one central pipe that pours different liquids at a time(5].
There exists another system that pours every liquid in a hood and pours the mixed liquids with a
dispenser into the glass[2]. Another patent has a robotic arm that places the glass under the output
valves and horizontally moves the glass[7]. Considering all these patents, we thought of having a
circular movement for the glass and having containers -bottles- on top of it. We will achieve this
by having the user place the glass on a circular platform that rotates to every container/bottle. As
honeycomb pipe systems are already patented, pipes will be linked to every bottle

3.4.2 Mixer

The classic methods involve shaking or vibrating a container[10]. There exist other systems with a
magnetic stirrer [5]. We chose to use a system with a motor that quickly rotates a rod into the glass

10



to mix the cocktail, a continuous servomotor will move this motor.

3.4.3 Liquid level detection

Liquid level detection is a main concern in our product, however, this domain is severely patented,
in particular for capacitance detection systems. Nevertheless, the patents using this technology
are specialized for foam detection and not for liquid level computation or they don’t have the same
shape than ours [6], so we can use a capacitance system to verify the liquid levels of the bottles.

3.4.4 Conclusion

The patent analysis shows that we are not free to use many technologies for our cocktail maker.
However we can still move around and find alternatives to the already filed patents. We have noted
that the simplest and most effective means and technologies of manufacturing and designing our
product are held for competitors, the only possible solution is to find a new way of designing cer-
tain functionalities of the cocktail maker or of day on the way in which the claims are written, for
example if the mode of operation is not cited or if it is used for a certain type of situation and not
another or yet the general design can be revised to circumvent its restrictions due to patenting.

11



4 Conceptual Design

The cocktail maker is designed to automate the drink preparation process with minimal human
interaction. At its core, the system must receive a drink order, prepare it accurately, and deliver it

to the customer - tasks typically performed by a human bartender.

Translating these requirements into technical terms, the system must be able to store ingredients,
measure and dispense precise quantities, combine them in the correct order, and mix them ap-

propriately. It must also interface with users, manage its inventory, and maintain proper safety

and hygiene standards.

These functional requirements give rise to several technical challenges that need to be addressed

in our design:

4.1

The following morphological chart presents potential solutions for each of the technical chal-

Movement and positioning of glasses
Dispensing of liquids

Support and detection of glasses
Monitoring of ingredient levels
System control and user interface
Power distribution

Position tracking

Mixing mechanism

Communication with users

Morphological Chart

lenges described above.
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Features Means

Glass movement Circular Horizontal None

Liquid pouring Air pump Liquid pumps | Shot maker +
gravity

Glass support Clamping Base indent Multiple

holder sizes

Liquid level con-
trol

Weighing bot-
tle

Optic sensor

Pressure sen-
sor

Level Sensor

System control Arduino UNO | Arduino Nano | Arduino Mega | Custom made
Bottle orientation | Upside down | Upright
Power Mechanic Electric
Position detection | Visual sensor | Encoder Potentiometer | Init + switch
Stirring Unaxed rod Glass turner Propeller
Tray spinning DC Motor Stepper Motor | Mechanical
Flow measure- | Flow meter Timed pump-
ment ing
Communication Bluetooth RF Hardcable LCD
Glass detection Newton- Infrared Limit switch
Meter

Table 6: Selected solutions are highlighted in green.

4.2 Analysis of Solutions
4.2.1 Liquid Control and Dispensing

Different methods for measuring and dispensing liquids were considered. For measurement, op-
tical sensors offer simplicity but can be unreliable with varying liquid clarity. Pressure sensors
provide accurate readings but add a level of complexity that is undesired. Conductivity measure-
ments vary significantly between different liquids. Level sensors emerged as optimal, providing

direct and reliable measurement regardless of the type of liquid.

For dispensing the drinks, we strongly considered air pumps which are simple, however, they lack
precision for small volumes which is largely the operating point for this cocktail maker. Gravity-
based systems, while cost-effective, cannot ensure consistent flow rates and offer very little chance
of being controllable. Liquid pumps, though more expensive, provide the necessary precision and

flow control required for accurate drink preparation.

Flow measurement can be handled through either flow meters or timed pumping. While flow
meters offer direct measurement, timed pumping with characterized pumps provides sufficient
accuracy with fewer components and reduced maintenance needs.

13



4.2.2 System Architecture and Power

The best and most cost-effective controllers in the market are of the Arduino brand, and while they
offer ideal solutions, they have limitations when it comes to being used in the cocktail maker. For
instance, the Arduino UNO lacks sufficient I/O ports, while the Nano’s processing power is limited.
To this effect, the best solution is to develop a custom-made system, which, despite higher initial

complexity, provides complete control over features and future expandability.

Bottle orientation significantly impacts system reliability. Upside-down orientation risks leak-
age and complicates refilling. An upright orientation simplifies maintenance and reduces failure

points, therefore, this option was selected for the design.

For power supply, mechanical solutions would require complex transmission systems and intro-
duce multiple failure points. Electric power provides reliable, consistent operation necessary for
precise control of pumps, motors, and sensors while being more energy-efficient and easier to

implement safety features.

4.2.3 Movement and Detection

For tray position detection, visual sensors are complex and environment-dependent. Encoders
provide excessive precision at a higher cost. A simple init + switch system provides reliable posi-

tioning while minimizing complexity.

Glass detection methods vary in reliability. Newton meters add unnecessary complexity, while in-
frared sensors can be affected by ambient light and liquid spillage. Limit switches provide straight-

forward, reliable detection regardless of environmental conditions.

4.2.4 Mixing and Motion Control

For stirring mechanisms, unaxed stirring rods risk glass contact and potential breakage. Glass
turners require complex mechanical systems prone to failure. A propeller system offers effective
mixing while maintaining simplicity, with controlled agitation that works across different drink

types and volumes.

Tray spinning requires precise control for glass positioning. DC motors, while cost-effective, lack
the necessary positioning accuracy. Mechanical systems introduce maintenance concerns and
wear points. Stepper motors provide the optimal balance, offering precise positioning and holding

torque with reliable operation.

4.2.5 User Interface and Communication

Bluetooth connectivity allows for a variety of options including smartphones, laptops, and tablets.
Bluetooth is also relatively easy to configure. RF systems risk interference in busy environments.
Hardcable connections limit portability and increase maintenance points. An LCD interface pro-
vides direct visual feedback and menu access without relying on external devices. Both Bluetooth
and LCD display are ideal for this system.

14



This dual-interface approach provides flexibility for different use cases. The LCD ensures the sys-
tem remains operable as a standalone unit, while Bluetooth connectivity enables enhanced fea-
tures like remote control, drink customization, and system monitoring.

4.2.6 Glass Support and Safety

For glass support, clamping mechanisms risk glass damage and increase complexity. Multiple
holder sizes require more space and parts. Base indents provide a simple, effective solution that
accommodates various glass sizes while ensuring stability during operation.

These analyses led to the selection of solutions that optimize reliability, precision, and maintain-
ability while keeping system complexity manageable. From these chosen solutions, we can now
develop complete system concepts.

4.3 Concept Generation

From the analysis of potential solutions, three distinct concepts were developed, each offering a
different approach to automated drink preparation.

4.3.1 Concept 1: Rotating Platform System

This concept utilizes circular movement with a rotating platform. If the goal was to maximize pre-
cision and reliability while maintaining good user interaction, this concept would be ideal. The
circular motion simplifies control while fixed dispensing stations ensure consistent drink prepa-
ration. The system also provides flexibility through its dual interface system, making it suitable for

various use cases from home bars to commercial settings.

e Circular tray with base indents for glass positioning

¢ Fixed liquid pumps mounted above

» Stepper motor for precise platform rotation

* Integrated propeller mixing system that lowers into glass

e LCD interface mounted on front panel, with Bluetooth connectivity
* Level sensors in each bottle

* Custom control system managing all operations

15
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(a) Schematic view (b) Technical view

Figure 5: Rotating Platform System concept

4.3.2 Concept 2: Linear Track Design

This concept employs horizontal glass movement with a linear track system. If the goal was to
reduce development time and make the overall structure more compact, then this concept would
be more than ideal. We would also reduce the time taken to make a drink as it relies on a gravity-fed
dispensing system.

* Glass moves on linear rail between dispensing stations
* Gravity-fed dispensing system with shot makers

* Multiple holder sizes to accommodate different glasses
* Mechanical mixing through glass rotation

* Pressure sensors for liquid level monitoring

¢ Arduino Mega control system

* RF communication interface

e DC motor drive system

00 B

(a) Schematic view (b) Technical view

Figure 6: Linear Track Design concept
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4.3.3 Concept 3: Static Station Design

This concept eliminates glass movement in favor of a fixed position system. If the goal was to
minimize mechanical complexity and reduce potential failure points while keeping costs low, this
would be the preferred solution. The static design also allows for a more compact form factor,

making it suitable for spaces where footprint is a primary concern.

* Fixed glass position

* Moving dispensing head with multiple nozzles
* Air pump dispensing system

* Clamping mechanism for glass security

* Optical sensors for liquid monitoring

e Simple Arduino UNO control

* Hardwired interface

e Unaxed stirring rod for mixing

1

oo

(a) Schematic view (b) Technical view

Figure 7: Static Station Design concept

4.3.4 Concept Evaluation

The different imagined concepts were compared based on criteria relevant to the design. Each
concept is evaluated for every criterion on a scale from 1 to 5, where 1 is bad and 5 is good.

17



Criteria Concept 1 | Concept 2 | Concept 3 | Comments

Precision of dispensing 5 3 4 Pump system offers best
control

Reliability 4 3 3 Fewer moving parts in
critical areas

Maintenance ease 4 3 2 Easy access to compo-
nents

Mixing effectiveness 5 3 3 Dedicated mixing system

Cost efficiency 3 4 5 More complex compo-
nents in Concept 1

User interface 5 3 2 Dual interface provides
flexibility

Safety 4 3 3 Stable platform design

Total Score 30 22 22

Table 7: Comparison of concept designs
Selected Design

Based on the evaluation, Concept 1 emerges as the superior design. While it involves higher ini-
tial costs due to more sophisticated components, its advantages in precision, reliability, and user
experience outweigh this drawback. The rotating platform system provides better drink prepa-
ration accuracy through its pump system, more reliable operation through optimized movement
patterns, and enhanced user interaction through its dual interface system. These features align

with our previously selected solutions from the morphological chart, confirming the validity of

our choices. This concept will form the basis for our detailed design.
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5 Embodiment Design

5.1 High-Level Block Diagram

Detection System
[ Glass Detection J

Liquid Level Sensors ] J

Rotation System

[ Stepper Motor ]

[ Gear System ]

User Interface

[

LCD Display

[

Bluetooth Interface

Liquid Dispensing

[

Peristaltic Pumps

[

Flow Control

—

Mixing System

[

Servo Motor

(—

[

DC Motor + Propeller

Figure 8: High-level system diagram of the Cocktail Maker
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5.2 CAD Design

Figure 9: CAD Model of the mass production Cocktail Maker

5.3 Material Selection

While the final product design underwent rigorous material selection analysis using Granta Edu-
Pack software, the prototype development followed a different approach driven by practical con-
straints and rapid development needs. The prototype materials were selected primarily based on
ease of manufacturing with available tools and processes, quick iteration capability, cost-effectiveness
for a single unit, and sufficient structural integrity for proof-of-concept testing. The materials se-
lected for the prototype differed significantly from the final design, as detailed in the following
subsections.

5.3.1 Structural Components (Base, Tray, and Top Fixture)

For the structural components, laser-cut wood and plexiglass were selected as the primary mate-
rials. This choice was driven by the readily available laser cutting facilities at our disposal, which
enabled quick manufacturing turnaround and easy modifications when needed. These materi-
als provided sufficient strength for testing purposes while remaining cost-effective for single-unit
production.
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5.3.2 Support Beams

The support beams were manufactured from aluminum, chosen for its commercial availability in
the required dimensions. Aluminum proved to be easy to cut and modify, while offering a good
strength-to-weight ratio. The material was also reasonably priced for the small quantities needed

in prototype development.

5.3.3 Mixing Shaft

For the mixing shaft, steel was selected due to its availability in standard sizes and its adequate
rigidity for prototype testing. The material was also chosen for its compatibility with our available

mounting hardware, simplifying the assembly process.

5.3.4 Propeller and Gear Systems

The propeller and gear systems were produced using 3D-printed PLA. This choice facilitated rapid
prototyping and enabled easy design iterations throughout the development process. PLA pro-
vided sufficient strength for proof-of-concept testing while keeping costs low during the configu-

ration testing phase.

This material selection approach, while different from the final product design, enabled rapid de-
velopment and testing of the core functionalities. The prototype successfully demonstrated the
feasibility of the design concepts, though the materials used would not be suitable for mass pro-
duction or long-term commercial use. The experience gained from working with these materials
also provided valuable insights that informed the final material selection process.

5.4 Manufacturing Processes

The manufacturing processes employed for the prototype were selected based on equipment ac-
cessibility and the need for rapid iteration, contrasting with the mass production processes planned
for the final product. Our approach combined both machine-based and manual manufacturing

techniques.
Primary Manufacturing Processes

5.4.1 Laser Cutting

The structural components, including the base, tray, and top fixture, were manufactured using
laser cutting technology. This process allowed precise cutting of both wood and plexiglass sheets
according to our CAD designs. The precision of laser cutting ensured accurate assembly fit and

proper alignment of components.

5.4.2 3D Printing

For complex geometries such as the propeller and gear systems, Fused Deposition Modeling (FDM)
3D printing was employed using PLA material. This additive manufacturing process enabled quick
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iteration of designs and rapid production of custom parts that would have been costly or time-
consuming to produce through other methods.

Secondary Manufacturing Processes
5.4.3 Manual Processing

A variety of hand tools and manual processes were essential for refining and assembling the pro-
totype:

Hand drilling was also used for creating mounting holes and adjusting existing features. This pro-
cess required careful measurement and marking to ensure proper alignment of components. We

employed various drill bit sizes depending on the specific mounting requirements.

Surface finishing was achieved through progressive sanding, using sandpaper of varying grits This
process was particularly important for the wooden components to ensure smooth edges and sur-
faces.

Metal components were refined using hand files to achieve precise fits and remove any burrs or
sharp edges. This was particularly important for the aluminum support beams and steel shafts to
ensure safe handling and proper assembly. Thread creation was necessary for various mechanical
connections in the prototype. We used taps and dies to create internal threads on the aluminum
shafts.

5.5 Assembly Process

The assembly of the cocktail maker prototype follows a bottom-up approach, organized into dis-
tinct sub-assemblies that can be manufactured and tested independently before final integration.
This strategy minimizes assembly complexity and allows for quality control at each stage.

The assembly process is divided into three main subassemblies:

Base Subassembly

The base subassembly forms the foundation of the system. The laser-cut wooden base plate is first
prepared with threaded inserts for the support beams. The stepper motor is mounted centrally,
and the gear system is installed with appropriate bearings. The plexiglass plate that holds the
glass is then mounted and then this subassembly is tested for smooth rotation before proceeding.

Support Structure

The aluminum support beams are attached to the base using threaded fasteners. We need to en-
sure that the base and the beams are perfectly perpendicular, and that all the beams have the same

height and are structurally sound.
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Top Assembly

The top assembly consists of the plexiglass platform supporting the mixer mechanism. The mixing
motor and propeller assembly are mounted on a sliding mechanism with belt drive.

5.5.1 Assembly Methods

Two primary assembly methods were considered for the prototype construction. The first option
was permanent bonding using adhesives, which offered simple application and clean aesthetics
with no visible fasteners. However, this method was ruled out due to its limitations in strength and

the inability to disassemble components for maintenance or modifications.

Instead, M3 mechanical fasteners were chosen as the primary assembly method. Despite creating
visible connection points and adding slight weight to the structure, these standardized fasteners
provided several crucial advantages: they enabled easy maintenance access, ensured high struc-
tural strength, and were readily available. The standardized size simplified both assembly and

future modifications.

5.5.2 Assembly Sequence

The assembly of the prototype follows a strategic sequence designed to minimize interference risk
while ensuring all components are easily accessible. The process begins at the base layer, pro-

gresses through the mechanical systems, and concludes with electronics integration.

First, the wooden base plate is prepared with holes to provide secure mounting points. The stepper
motor is then mounted centrally on this base using M3 bolts and washers, followed by installation
of the gear system. Together, these components form the drive mechanism for the rotating middle

layer.

The next step involves installing the aluminum support beams. These hollow beams serve dual
purposes: they provide structural support while also acting as cable conduits. Using M3 threaded

fasteners, the beams are carefully aligned to ensure they are perfectly perpendicular to the base.

The middle rotating layer is then installed, with particular attention paid to proper gear engage-
ment with the base drive system. Once mechanical alignment is verified, the electronics assembly
begins. The top platform is pre-assembled as a complete unit, including all electronic components
such as the Arduino, motor drivers, and sensors. This approach allows the entire top section to be

removed as one piece for maintenance.

Wiring is carefully routed through the hollow aluminum support beams, connecting the stepper
motor and bottom sensors to the top electronics. This internal cable routing not only protects the
wiring but also provides a clean aesthetic appearance and prevents cable interference with moving

parts.

Finally, the mixing mechanism is installed, and all electrical connections are completed. The as-
sembly concludes with a comprehensive testing phase to verify proper operation of all mechanical

and electrical systems.
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6 Subsystem Design

6.1 Mechanical systems
6.1.1 Stepper Motor Dimensions:
* Dimensions: 4.2 x4.2 x 7.2 cm

Torque Equation:
T =1-a+ Tiction

* Thiction: Additional torque due to friction (hard to estimate).
e a: Angular acceleration ( rad/s).
¢ [: Moment of inertia ratio I,/ Z.

Moment of Inertia: )

2 2
Ivase = Iglass + Itray = mglassdp + Emtrayrtray

6.1.2 Torque Calculation

mglass = 500g = 0.5 kg

dy,=0.1m

rtray = 0.15m

a=mn(radls)

Calculation:
2 1 2
Ipase = Mglass dp + Emtrayr tray
2 1 2
=0.5-(0.1)" + 2 -0.1-(0.15)
=0.006125kg- m?
Torque:
I 0.006125
[= 23 o =7.8x10 kg - m?
Z 8
T=I-a=78x10"*71=24%x10"3Nm
Power:

Wiay = Angular velocity = wrad/s

P=T Wygay=24x10"-71=767x107°W
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6.1.3 Stepper Motor Specifications
* Holding Torque = 59Ncm

e Step Angle = 1.8° (variable)

6.1.4 Rotating Tray

The purpose of the tray is to bring the glass at the correct position. It must do without spilling
the glass while not being too slow either. We determined experimentally that an acceleration of
n/2rad/s? (with the glass at 10 cm from the center) was giving good results, without taking any

risks.

To have enough room for the pumps and the mixer, we decided that the distance between the

center of the glass and the axis of rotation would be 10 cm

In addition, it must be precise enough to avoid the ingredients being dispensed beside the glass
and for the mixer to be well positioned. We chose in our requirements a precision of 1 cm which,
with our 10 cm, gives an angular resolution of 1/10 rad or 5.73 deg

For the mechanism itself, We first thought about planetary gears. However, we quickly switched to
bevel gears in order to gain space by putting the motor horizontally and avoid the backlash caused
by the additional gear in the gear train. The main idea is to have a large crown gear fixed on the
bottom of the tray and the pinion fixed on the motor. To ensure the horizontality of the tray, it is
supported by four small wheels. Originally, we planned on 3D printing the crown gear in 4 parts
that would connect while screwed to the tray. However, we later updated the design to have a
slightly smaller gear that could be printed in one piece. The straight bevel gears were also changed
for helical bevel gears to smooth the motion as much as possible.

To make sure the teeth of the gears wouldn't break, we computed their minimum face width. We

can get the maximum stress o in the tooth from the Lewis formula [3] :

WtT[
o=
pFY

1)

where W; is the tangential tooth load [N], p is the circular pitch [m], F is the face width of the
tooth [m] and Y is the Lewis shape factor [—]. This formula is made for cylindrical gears but due to
the chosen gear ratio of 6, our gears are very close to a rack and pinion so we considered it valid in
our case. To avoid gear interference, we had to put 16 teeth on the pinion. To have enough room
for the stepper under the tray, the radius chosen for the pinion was roughly 20 mm which lead to
a circular pitch of 7 mm.

Rearranging this equation and looking for the minimum F for a maximum ¢ and a maximum W, :

1% T
Fppin = Ztmax”® 2)
PO maxY
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The tangential stress depends on the torque of the motor 7 in the following way :

2T

W, = ——
t dp

3)
where d,, is the pitch diameter of the pinion. Considering the maximum torque our motor is able
to produce and the maximum tensile strength of 3D printed PLA in the direction normal to the
layers (which is around 30 MPa [4]), We finally get :

2T maxT
PO maxYdp
_ 2-59-10%%
~7-1073-35-10-0.295-16-1073
=3.73999125427-10 3>m

Fmin=

A tooth width of 4 mm should thus be enough. However, since we made some approximations and
in order to have a more robust gear, we chose to triple that number and used a tooth width of 12

mm

6.1.5 Mixer

The mixing process is a major concern for the cocktail maker as it needs to be able to blend the
cocktails homogeneously. This is achieved with a final step before the glass is ready. The most
widespread mixing technique for cocktail making is shaking, however in the case of our robot, this
technique would have been very difficult to implement as it would require lots of components
and good sealing of the glass to prevent spilling. Many techniques were investigated and the most
promising one was to use a propeller driven by a small DC motor. As can be seen on fig[10b}
the system is constituted of 4 rails guiding the DC motor up and down as it is needed to lift the
propeller to leave room for the glass’s movement to and from the mixing stage. Power transmission
is achieved through a belt with one pulley attached to a continuous rotation servo motor at the
bottom and a free rotating pulley at the top.

26



"

(a) CAD Design (b) Real version; Mounted on the prototype

Figure 10: Mixer subassembly
6.1.6 Structure
The structure consits of laser cutted 3mm thick mdf boards. The base and top parts are assembled

with press-fits and they are kept together with 4 aluminium beams, which are screwed to the top

and bottom with 6 screw per beam. The central part at the bottom is to secure the tray and prevent

the pinon from derailing (11).

Figure 11: Structure subassembly

6.1.7 General Assembly

In the general assembly, most of the parts are present (pumps, Arduino, relays, glass,...) The CAD
model is represented in fig[12]
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Figure 12: Final CAD design for the prototype

6.1.8 Pumps

A peristaltic pump is a type of positive displacement pump that transports fluids through a flexible
tube by imitating natural peristalsis—the rhythmic contraction and relaxation of muscles used to
move substances along a pathway. In these pumps, rotating rollers compress the tube, creating a
seal that propels the fluid forward. As the rollers rotate further, the compressed section of the tube
reopens, allowing more fluid to be drawn in and ensuring a continuous flow [I].

This design (fig[13) offers two main advantages. First, the fluid only contacts the interior of the
tubing, significantly reducing wear on the pump and simplifying cleaning—an essential feature
when dealing with liquids that may be high in sugar content. Additionally, peristaltic pumps do

not require priming, making them especially convenient for our application.

Figure 13: Peristaltic pump principle
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6.2 Circuitry and sensors
6.2.1 Microcontroller

To control the actuators and collect data from the sensors, we use an Arduino mega 2560. This
Arduino is necessary for our prototype because it contains many more pins than a UNOQ, in the
end our prototype contains a huge number of subsystems including specific pins are requested
as communication’s pins for the Bluetooth module or the LCD screen as well as numerous and

analog pins for liquid sensors, pumps and various motors, switches and driver.

6.2.2 Liquid level sensors

To ensure that liquid is always available in the bottles, we decided to integrate a sensor that will
detect the remaining liquid level. To achieve this, we will utilize homemade capacitive sensors.
Capacitive sensors are widely used to measure variations in capacitance, which is the ability of
a component to store electrical charge. These sensors are ideal for detecting the liquid level in
bottles because the capacitance varies depending on the presence or absence of the liquid inside
the bottle.

The principle behind capacitive sensors is based on the concept of electrostatics. When two con-
ductive materials are placed near each other, an electric field is created between them. This field
can store charge, and the amount of charge stored depends on factors like the distance d between
the conductors and the electric permittivity € that lies between them as we can see on these for-
mula:

C= cA 4)

d

In our case, the sensor consists of two hermetic cables (electrodes) that will be submerged in the
liquid. These cables will act as the two plates of a capacitor. As the liquid level changes, the dielec-

tric material between the electrodes changes, altering the capacitance value.

When the bottle is empty, the dielectric material between the electrodes is primarily air (which
has a low permittivity), so the capacitance is low. As the bottle fills with alcohol or other liquid, the
dielectric material changes, and the permittivity increases, leading to a higher capacitance read-
ing. The sensor will continuously measure this capacitance and, by comparing it to pre-calibrated
values, determine if the bottle is full, partially filled, or empty.

In order to calculate the remaining liquid level, we wrote a initialization code that determines the
capacitance values for the empty and full states of the bottle. Once you have your reference val-
ues (empty and full capacitances), you can measure the current capacitance at any time using the

sensor. The remaining percentage of liquid can be calculated using the formula:

Ceurrent — Cempty
X

Percentage of remaining liquid = 100 (5)

Crun — Cempty
Where:

* Ccurrent 1S the capacitance measured at the current moment.
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* Cempty is the capacitance when the bottle is empty.
e Cyy is the capacitance when the bottle is full.

Using this method, the system can also notify the user when the liquid level falls below 20%, sig-
naling that the bottle is nearly empty and needs to be replaced. Every time the bottle is replaced,
the initialization code is called again to recalibrate the sensor.

Figure 14: level sensors electric circuit

6.2.3 Stepper motor

In this system, the stepper motor, controlled via the AccelStepper library, is used to rotate a plat-

form to specific positions. It manages to put the glass under the pumps and mixer’s position.
It contains:

1 Stepperonline 202203101837 stepper motor
e 1 TMC 2209 driver for stepper motor

e 2 switch button

* 1 capacitor of 220uF

The AccelStepper library provides significant flexibility in controlling the stepper motor, allowing
the platform to rotate in any direction, clockwise or counterclockwise, depending on the required
task. It can also precisely control the rotation of the platform for the exact number of steps required
to achieve a specific angle. In this system, one full revolution of the stepper motor corresponds to
1600 steps. However, due to the gear ratio of 1/6 in our setup, one full rotation of the platform
requires 6 complete rotations of the stepper motor. This means that a complete revolution of the

platform equals 9600 steps.

To guarantee accuracy and consistency, the platform’s initial position must be calibrated at the
start of the operation. This is achieved using a switch strategically placed underneath the plat-
form.The switch is positioned in a way that it gets activated whenever the glass support moves
over it. During the initialization phase, the platform begins to rotate until the switch is triggered.
At this moment, the system recognizes the current position of the stepper motor as the starting
reference point, or step 0. The second switch will detect if the user placed the glass on the tray

before taking the command.
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(a) Circuit (b) Schematic

Figure 15: Stepper motor and driver electronic circuit

6.2.4 Pumps and Mixer power supply

The purpose of this system is pouring the right liquid in the glass and mix the cocktail. To reach
this objective, we need the following electronic components:

e 3 peristaltic pumps

¢ 1 DC motor

1 4 channel DC 5V Relay

1 continuous rotation Servomotor
4 flyback diodes

The pumps and the DC motor of the mixer are connected to the relay in order to more easily
manage their activation and deactivation, the Pin "+" is connected to the first input of each relay,
the Pin "-" is connected to the ground of the power supply and the power supply is connected at
the second input of each relay. Then the pins of the Arduino controlling the pumps/motors are
connected from the Arduino to the init 1,2,3,4 pins of the relay, and the VCC and GND pins are the
power supply and the ground of the Arduino. The servo is connected directly to the 5V from the
Arduino and to the PWM pin which controls it. The pumps and the DC motor need a 12V PSU.
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Figure 16: pumps and mixer electric circuit

6.2.5 LCD system and Bluetooth module

The LCD gives provides a graphic interface to choose the cocktail. The LCD model is a LCD 1602A
16x2 with 12C module to use less pins for controlling, simplifying the circuitry. It is connected to
the VCC and GND of the Arduino and to the special communication pins of the Arduino SLA and
SCL.

The Bluetooth module permits to send information from the sensors to the phone and receive the
command from the user’s phone. It is connected to the VCC and GND of the Arduino and to the
communication pins (RX and TX).

[

L

:

LU

e

(a) Circuit (b) Schematic

Figure 17: LCD screen and Bluetooth module electronic circuit

6.2.6 PCB

To make our circuit more solid, ordered and clean, we decided to solder a part of it on a PCB, we
connected all the power sources, its masses as well as the voltage coming from the Arduino. We

also took the opportunity to solder the capacitor and the driver of the stepper motor.
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6.2.7 General circuit
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(a) Circuit (b) Schematic

Figure 18: General electronic circuit

6.3 Software
6.3.1 Initial stepper motor position

To initialize the position of the stepper motor, we rotate it until it comes into contact with the
switch in INPUT PULLUP called initPin. When it comes into contact with the latter, the stepper
will stop and advance 45 steps in order to perfectly center the glass (because the switch triggers
slightly before the midpoint of the bumper). And define this position as being the initial position,
this function is called at each end of cycle in order to always be certain of not having any offset
between the desired position and the position recorded by the serial monitor of the stepper motor.

6.3.2 Level sensors

To initialize the level sensor, we call the function initializeBottleCapacitance() to start measuring
the level of the empty bottle, then we measure the full value. This allows the sensors to be cali-
brated in order to have a reference value and to be able to determine the liquid level in each bottle.

6.3.3 Liquid level

Liquid level measurement is done by reading signals from the associated pins. A sensor reading
returns a digital value. For example, depending on if this value differs too much from the value
captured during initialization, the sensor signals that the bottle is empty or almost empty.

Information from level sensors also plays a crucial role in decision-making. For example, before
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starting to prepare a cocktail, the program automatically checks that all the necessary bottles con-
tain enough liquid. If a necessary bottle is empty, an error message is displayed on the LCD screen,
asking the user to replace the bottle, and the preparation is canceled to avoid any errors.

Bottles Init

Check Bottle
Completed L

evels

Figure 19: Flow diagram for liquid level sensors

6.3.4 Bluetooth module

The module is initialized via the Seriall port with a baud rate set to 38400. The data received is pro-
cessed as character strings and analyzed by the processCommand () function, which decides what
actions to take. Among the possible commands, CHECK_LEVELS() allows to check the bottle lev-
els by activating the checkBottleLevels() function, which measures the capacities of the capacitive
sensors and calculates the percentage of liquid remaining. In the event of a critical level, an alert
is displayed on the LCD screen. A command such as REPLACE_BOTTLE]I recalibrates the sensor
for a newly installed bottle. Other commands, like MAKE_MOJITO trigger predefined sequences
to mix ingredients using motors and pumps, according to programmed recipes. The Bluetooth
module not only receives commands, it also sends information back. This data, often in JSON for-
mat, includes bottle status updates, such as percentage of liquid remaining and critical alerts, as
well as information on the status of ongoing processes, such as when the process has started or
completed preparing a cocktail. These messages are transmitted via Seriall.printin for seamless

integration with the external device.

6.3.5 Mobile Application

The mobile application was developed using Flutter and Dart, providing a cross-platform solution
that works on both iOS and Android devices. The app implements the Bluetooth communication
protocol to send commands to the cocktail maker and receive status updates in return. Through
an intuitive user interface, users can browse available cocktail recipes, monitor real-time bottle
levels, initiate cocktail preparation, and manage system maintenance tasks such as bottle replace-
ment and recalibration. The application leverages the flutter Bluetooth serial package to handle
Bluetooth communication, ensuring reliable data exchange with the Arduino system.
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Figure 20: Flow software diagram for the app

6.3.6 Stepper motor

Functions from the Accelstepper.h libraries were used to move the glass from one position to the
next. Its functions will use an ordered list of positions in order to move the glass with an accelera-

tion and deceleration curve so that the glass does not tip over.

Position lists are created at the start of the code along with the number of positions they contain.
The moveTo(position) command is used to perform a move. This function indicates the target
position in steps. Then, a loop executes the run() command until the motor reaches the desired

position. This mechanism ensures continuous and fluid movement.

6.3.7 Liquid pouring and mixing

The activation of the pumps and the mixer are divided into different cases headed by a switch(i),
the switch(i) defines, according to the value of i -the position in the list target_positions of the

stepper- the stepper movement and the corresponding pump (or the mixer) activation.

To use the mixer, we call the servospeed() method which will activate the servo for a given time to
lower the propeller into the glass, then activate the relay pin which corresponds to the DC motor,
then raise the propeller by activating the servomotor slightly more because we have more friction
when climbing. This function is always called before the last i in the list because mixing takes
place at the end.

Figure 21: Flow diagram for pumps and mixer
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6.3.8 LCD screen

For the use of the LCD we used the LiquidCrystall2C.h library. With a standard LCD screen (not
12C), atleast 6 pins of the Arduino are necessary for control. Thanks to the I2C interface, only 2 pins
(SDA and SCL) are used, freeing up pins for other components or sensors. The library consider-
ably simplifies programming by directly integrating dedicated functions for display and backlight
management. There is no need to write complex code to manage I2C manually.

6.3.9 General flow diagram

The general flow software diagram for the whole code is represented in fig22]
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Figure 22: General Flow diagram
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7 Integration Guide

This integration guide provides clear, step-by-step instructions to assemble and set up the system

efficiently, ensuring all components are correctly installed and aligned for optimal performance:

1.

7.

Assemble the Basic Structure: Begin by connecting the two laser-cut plates (top and bot-
tom) to the four aluminum rods using the laser-cut supports. Ensure all connections are

secure and aligned.

. Install Bearings and Central Support: Attach the four bearings to the structure using M5

screws. Mount the laser-cut central support for the rotating platform and secure the 3D-
printed turning part using M3 screws.

. Install the Stepper Motor and Switches: Place the stepper motor with its 3D-printed pin-

ion on the bottom plate. Attach the switches (using small 3D-printed mounts and M2.5
screws) for glass positioning and stepper initialization. Route their cables neatly along the
aluminum rods.

. Attach the Gear and Turntable: Secure the gear to the plexiglass turntable with four M3

screws. Position the turntable onto the bearings and attach it firmly to the central support.
Check for smooth rotation.

. Assemble the Upper Section: Mount the three pumps, Arduino Mega, relay module, Blue-

tooth device, and the 3D-printed holder for the LCD screen. Ensure all components are

properly fixed and accessible.

Install the Mixer Assembly:
¢ Attach the 3D-printed base (red part) to the lower plate using four screws.
¢ Insert the four vertical metal rods into the designated holes in the base.

* Mount the 3D-printed moving part (with the DC motor, black part) onto the rods. Se-

cure the mixing rod with screws.
e Install the 3D-printed top part (blue part) onto the rods.

 Position the timing belt around the pulley connected to the servo motor and the mov-
ing part. Adjust the belt tension to ensure smooth operation without excessive strain.

Complete Cable Management: Route and secure all cables, ensuring they are protected and

do not interfere with moving parts.
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8 C(Critical review

In this section, we analyze the current implementation of the system and propose improvements

to enhance functionality, reliability, and user experience.

One area for improvement is the capacitive sensors used for empty bottle detection. While func-
tional, these sensors could be refined by introducing an averaging mechanism or a more robust
filtering process. This would help reduce noise and ensure more consistent and reliable detection,

even under challenging conditions.

Another limitation is the inability to bypass sensor initialization through the app. Implementing
an option for users to skip initialization in certain scenarios, such as during testing or mainte-

nance, would add flexibility and improve convenience.

The pumps currently in use occasionally cause dripping issues. Upgrading to bidirectional pumps
would address this problem, as they allow for flow reversal to clear the nozzles after each use. This
would significantly enhance hygiene and reduce waste.

Leakage protection is another critical area for improvement. Adding better seals or integrating an
automated leak detection system would safeguard the machine’s internal components, improving
durability and reliability.

Adding a rotary switch for hardware control is another area worth considering. While the app
provides an effective interface, a rotary switch would enable users to control the machine without
relying on the app. This additional feature would make the system more intuitive and accessible,
especially for users who prefer physical controls.

The washing sequence feature is currently incomplete. Finalizing this implementation would en-
sure that the machine meets higher hygiene standards, making cleaning and maintenance more

efficient and reliable.

A useful new feature could be the ability to manage up to four glasses in stock. This would improve
the system’s usability in high-demand scenarios by streamlining operations and reducing the need

for frequent refilling.

Regarding the mixer, we faced challenges with the accuracy of continuous rotation servos, which
rely on time delays for positioning. This approach occasionally led to errors, as the mixer moved
more easily to its downward position than to its upward one. While adding end-of-course switches
at the top and bottom to precisely stop the servo would be ideal, the current design made this so-
lution difficult to implement. Instead, we opted for a cost-effective workaround by using a longer
rise time than descent time. This approach ensures that the servo reliably blocks at the upward

position, effectively resetting its position to zero.

In conclusion, there are lots of areas for improving. Due to time constraints, we were not able
to implement those in our prototype. While the last prototype made works sufficiently, address-
ing these areas would significantly enhance the system’s performance, reliability, and user experi-

ence.
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9 Sustainability

In the field of robotics, sustainability plays a crucial role in shaping the future of technology. As
robots are increasingly integrated into various aspects of our lives, from industrial automation to

personal devices, it’s essential to consider their environmental impact.

To make our project more sustainable, we could aim to eliminate the use of non-recyclable plas-
tics. For instance, the rotating platform in our cocktail maker is currently made from plexiglass,
as we needed a waterproof material. While plexiglass offers practicality, it is not easily recyclable,
which makes itless environmentally friendly. Exploring alternatives such as recycled or biodegrad-
able plastics, or even natural waterproof materials, could be a step towards a more sustainable
design. If we want to keep the transparency design, we could use tempered glass as an alternative
material. Tempered glass is fully recyclable, waterproof, and highly resistant to scratches, while it

may be more fragile under extreme impacts. This would obviously impact the price point.

Another way to add to the sustainability of the machine is to make each and every piece replace-
able. The first step is to make it easy to disassemble, using screws instead of hot glue is an impor-
tant step in the right direction. In addition to that it’s important to use standard components that
can be easily found online, maybe even providing the exact reference of every component in the

user manual.

For energy saving concerns, a power switch could easily be added to save energy when the ma-
chine is not in use. Finally, to avoid pump leakage it would be better to use bidirectional pumps

that can pump the leakage back in the bottle.
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10 Bill of Materials

Component Quantity | Unit Price (EUR) | Total Price (EUR) | Reference/Note
Mechanical Components

Acrylic Plates (laser- 1 8 8 Custom design

cut)

Aluminum Rods 4 0.5 2

(support structure)

Mixer structure PLA 3D-Printed

LCD Holder PLA 3D-Printed

Turntable Support PLA 3D-Printed

Gear (base) PLA 3D-Printed

Gear (pinions) PLA 3D-Printed

Total PLA 100g 0.10 10 3D-Printing material

Bearings 4 1 4 Linear, LM8UU

Timing Belt 1 5 5 GT2 belt

Screws and Nuts (as- 30 0.02 0.6 Standard sizes

sorted M2.5, M3, M5)

Turntable (plexi- | 0.1 m? 7 0.7 Laser-cut

glass)

Electronic Components

Stepper Motor 1 12.00 12.00 17HS19-2004S1

Stepper Motor Driver 1 6 6 TMC2209

Pumps 3 10.00 30.00 Peristaltic pumps

Arduino Mega 1 25.00 25.00 Mega 2560 R3

Relay Module 1 9.00 9.00 4-channel 5V relay

LCD Screen 1 7.00 7.00 LCD 1602A 16x2 with
12C module

Servo Motor 1 8.00 8.00 SG90 microservo

DC Motor 1 12.50 12.500 33GB-520 12V DC
motor 350RPM

Switches (end-of- 2 2.00 4.00 Limit switch, SPDT

course)

Capacitive Sensors 3 0.1 0.3 TTP223 Touch sensor

Wires and Connec- | =10m 0.02 0.2 Jumper wires,

tors (assorted) 22AWG

Power Supply 1 10.00 10.00 12V, 2A adapter

Additional Materials

Tubing (for pumps) 1m 5 5 Silicone tubing

Cable Ties 4 0.02 0.08 Nylon ties

Total Cost 159.38

Table 8: Bill of Materials
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11 Team presentation

Meet Our Team

About the Team

Who We Are: We are a group of passionate students at the EPB who love robotics and cocktails.

That's why we chose to combine these two interests into our exciting project. When we started,

most of us barely knew each other or didn’t know each other at all. This project has been an in-

credible opportunity to bond and grow as a team, creating strong connections.

Our team members
Name Introduce  Yourself | Who Worked on | Favorite Part of the
and Background What? Project

Antoine  Guil- | Master 1 engineering | Principally worked on | I enjoyed adding new
laume student in mechatron- the electronical part | electronic features and
ics and more specifically | seeing them function
on the liquid level | properly. Combining
sensors them to create a fully
operational machine

was truly rewarding.
Emil Akariou Master 1 in Electrome- Principally worked on | The process of build-
chanical engineering, | the different CAD de- | ing a prototype of a
option robotics in the | signs, 3D printing and | robotfrom scratch and
Bruface program. [ | assembly. achieve to do what we
have experience in imagined is thrilling.
coding, in various CAD I also liked the final
softwares and basic stage where everything
circuitry knowledge. was put together and
[ also have experi- we could test and fine-
ence in phone and tune the general as-

computer repairing. sembly.

Emile Van Dyck Master 1 in Electrome- | Worked on the tray | The satisfaction of
chanical engineering mechanisms  (gears | watching the results
and switches systems) of our hard work and
and the main structure | the fact that everybody
design was involved in the
project and efficient

(first time I saw that)

41




Kelvin Gitu

MA1 student in
Mechatronics

Started out working
with the electron-
ics part - designed
a bluetooth mobile
application and tested
the bluetooth module,
and later moved on
to laser cutting and
assembly

the teamwork aspect
of the project

Maxime Martin

Master 1 engineering
student in mechatron-
ics option

Only worked on the
circuitry and software
design but more spec-
ified on motors, pump
and driver control

Get out of your com-
fort zone and be able
to directly visualize the
effects of your work

Robin De Lissny-
der

electrome-
engineering
student. I did have a
decent  background
in different coding
languages and mi-
cro controllers like
arduino / raspberry
specifically.

21 ylo
canical

Started by working
on the cad design,

then switched to
code and electronics
part (pumps, mo-
tors, global circuit

assembly; ...)

Favorite part of the
project is the arduino
control part. Debug-
ging code and seeing it
finally work is the most
satisfying part of the
project.

12 Project repository

The Gitlab repository containing all the CAD and Arduino codes is available using the following

link : https://gitlab.com/mechatronics-group-5/mechatronics-project.
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https://gitlab.com/mechatronics-group-5/mechatronics-project

13 Conclusion

This project represents the successful integration of mechanical, electronic, and software systems
to create an automated cocktail maker. From concept to prototype, we tackled challenges related
to precision, reliability, and user experience, ultimately delivering a system that combines innova-
tion with practicality.

A thorough analysis of existing competitors, including the Bartesian, GIG 15 Pro Under, and the
Bev by BLACK+DECKER, helped identify market gaps and opportunities. Through patent analysis,
particularly regarding glass positioning, pump management, mixing mechanisms, and liquid level
detection, we established clear technical boundaries for our design.

The chosen rotating platform design, supported by efficient pumps, a precise mixing mechanism,
and user-friendly interfaces like Bluetooth and LCD, ensures high-quality drink preparation with
minimal human interaction. While the prototype demonstrates the feasibility of the design, there
is room for improvement, including enhanced sensors, leak protection, and more sustainable ma-

terial choices.

This cocktail maker has the potential to meet the needs of both personal users and small-scale
professional environments, offering convenience, cost-effectiveness, and customization. By ad-
dressing the identified areas for refinement, future iterations of the system could further enhance
performance and usability, solidifying its place as a versatile and valuable tool in the food and

beverage industry.
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