Project: Food Printing Systems

Project Description

The Food Printing Systems project aimed to develop a system that enhances customization of
food labels. Utilizing the Evebot Food-Grade Portable Printpen, A prototype was created that is
capable of printing customized food labels on fruits. This project underscores my ability to
innovate within the food industry and address accessibility challenges.

Objectives

1. Analyze a Food Industry Segment Using Systems Engineering Principles:

- Conducted a thorough analysis of the food printing industry to identify potential areas for
innovation.

- Applied systems engineering methodologies to ensure a comprehensive understanding of
the project's scope and requirements.

2. Develop a Working Prototype Demonstrating Key Features and Functionality:

- Designed and built a functional prototype that integrates the Evebot system with a
custom-developed funnel mechanism.

- Ensured the prototype met all specified criteria, including food safety standards and usability
for visually impaired users.

Project Focus: Food-Grade Portable Printpen

A handheld inkjet printer designed to customize food surfaces. This technology was leveraged
to create a system that prints directly on food items, replacing traditional label stickers.

Exploratory Research

Starting off the project, exploratory research on 2D food printing systems was first conducted.
2D Food printing systems are split into two types, inkjet and airbrush food printers.



Exploratory Research of 2D Inkjet Food
Printers

Advantages: Functionalities of 2D Inkjet Food

* Non-contact = Prevents contamination on food Printers [1]
surfaces.

* Flexible customization and personalized designs on 1 Extrude small ink drops on food surfaces
food surfaces. ) ) to form the printed image.

* Compact and easily integrated into food production
lines.

2 Communicate with external devices to

. retrieve user input.
Disadvantages: P

+ Short marking distances (<1 cm)

* Ink compatibility issues with different food products, 3 Transforms user input into machine
due to different types of surfaces. actions.
4 Moves in either the X or Y axis plane.

Exploratory Research of 2D Airbrush
Food Printers

Advantages: Functionalities of 2D Airbrush Food
¢ Non-contact = Prevents contamination on food Printers [1]
surfaces.
* Fast printing over larger food surfaces. 1 Spray ink drops on food surfaces to form
* Ink particles are generally spread evenly on a variety the printed image.

of food surfaces.

2 Communicate with external devices to

Disadvantages: . .
retrieve user input.

* Ink particles dispersal can lead to contamination.
* Requires training to use airbrush food printers

correctly. 3 Transforms user input into machine
* Inhaling fine particles can cause health concerns. actions.
4 Moves in either the X or Y axis plane.

The two tables above show the functionalities of the two different printing systems. Following
this, the conclusion of food printing systems was made, which is that food printing systems
will perform customization towards the shape, color, or texture of food materials. Next,
research on some potential problems faced by the food industry was conducted.



Exploratory Research on New ideas
After knowing the capabilities of food printing systems, research on problems faced within the
food industry was explored.

Print labels on food

Food labels are regularly pasted on food products to convey product information to customers,
and for stock tracking. These single use food labeling has seen prevalent usage in the logistics
sector of food industries such as supermarkets. The labeling on these products helps enable
customers to make informed decisions and builds trust between customers and brands.
However, the present method of labeling serves more contradictions than positivity.

The excessive usage of single use food labeling within the logistics sectors of the food industry
raises some potential concerns in wastage and convenience. Traditional stickers on
ready-to-eat food items can be inconvenient and pose a contamination risk. These plastic labels
are also torn off before consumption, which creates inconvenience for both the customer, and
the environment.



Total Generated Total Recycled Total Disposed

Waste Type ('000 tonnes) ('000 tonnes) Recycling feata ('000 tonnes)
Ferrous metal 1,296 1,289 99% i
Paper/Cardboard 1,251 387 31% 863
Construction & Demolition 832 828 99% 5
Plastics 957 48 5% 909
Food 755 132 18% 623
Horticultural 256 218 85% 38
Wood 447 299 67% 149
Ash & sludge 231 32 14% 199
Textile/Leather 211 5 2% 206
Used slag 176 173 98% 3
Non-ferrous metal 106 105 99% 1
Glass 75 6 8% 69
Scrap tyres 27 26 95% 1
Others (stones, ceramics, etc.) 238 6 NAT 232
Overall 6,859 3,553 52% 3,306
Overall Overall
Year W Wane Weme Recyclin Recycling Rate
Generated Recycled Disposed Rat: 9 i loy 9
('000 tonnes) ('000 tonnes) ('000 tonnes) cal waste
2013 7,851 4,826 3,026 62% 51%
2014 7,515 4,471 3,043 60% 51%
2015 7,673 4,650 3,024 61% 52%
2016 7814 4,769 3,045 61% 51%
2017 7,704 4724 2,980 61% 51%
2018 7,759 4,790 2,969 62% 52%
2019 7278 4,293 2,984 59% 49%
2020 5,880 3,040 2,841 52% 44%
2021 6,944 3,826 3,118 55% 47%
2022 7,385 4188 3,197 57% 46%
2023 6,859 3,553 3,306 52% 45%

The two tables above show the overall number of waste generated, and the overall recycling
rate in the past decade. Degradation of disposable plastic products releases microplastics,
which damages both wildlife and humans. Although green washing is not the objective of this
project, the numbers left much room for improvement.



Concept of operation: Stakeholders involved

Developing Team Responsible for the Meet project Influence
management, development management goals and Participate
and testing of SOI. pass system verification

activities.

Supermarket Buy and Provides Feedback. To reduce amount of single- Influence

use food labelling.

Consumers of Provide Feedback. Result of SOl is safe Influence

Supermarket to use/consume.

Government Agencies Potential sponsor and To promote reduction Vested

(NEA, SEC) review project plan approvals. on food labelling waste. Influence

Regulatory Agencies Provides certification, Safe for consumers, Influence

(NEA, SFA) Qualification and Approval. workplace and environment. Participate

Employees of Provide Feedback. Safe to handle. Influence

Supermarket

The objective of this Systems Engineering project will be targeted towards the supermarket
industry, hence the above stakeholders were identified due to their involvement within the
project.

Problems and opportunity

Problem: Food labeling is essential to build trust between brands and customers and they are
typically made of plastic, which will be eventually disposed of after purchase

Opportunity: Replace the present method of food labeling with an alternate solution that does
not involve the use of plastic

This project is significant for several reasons:
1. Systems Engineering Application:
- Demonstrated ability to analyze, design, and implement complex systems, a key skill for any

engineering role.

2. Innovation:
- Identified gaps in the food printing market and developed creative solutions to address them.

3. Technical Skills:
- Showcased proficiency in research, prototyping, and integrating new technologies.

4. Inclusivity:
- Focused on developing accessible solutions that cater to diverse user needs, particularly the

visually impaired.

Existing solution: Laser marking system



Functionalities of Laser
Marking Systems:

* Emits laser beams on food
surfaces to cause localized
heating.

*« Communicate with external
devices to retrieve user input.

* Transforms user input into
machine actions.

* Move the laser head in a 3-
dimensional axis.

Laser marking system is an existing solution used to engrave words or images onto food
surfaces. This system is ideal for large scale engraving and speed. However, it is noted that the
laser engraving method is not suitable for every surface, most notably brittle surfaces. In
addition, Its high upfront cost does not entice smaller distributors to adopt it, making it catered to
mainly huge enterprises. Finally, laser engraving essentially burns the surface of the product,
which might affect the quality of the end product.

Advantages of Laser marking systems: Produces a permanent mark on a wide range of
materials

Disadvantages of Laser marking systems: Degrades the quality of the surface skin of fruits,
creating an undesirable look

S/No  Functionalities of Laser Engraver Functionalities of Food Printing Systems
(Inkjet-based Food Printing Systems)

1. Emits laser beams on food surfaces to cause
localized heating.

2. Transforms user input into machine actions. Transforms user input into machine actions.

Eject food ink through the nozzle.

Communicate with external devices to Communicate with external devices to retrieve
retrieve user input. user input.
5. Move the laser head in a 3-dimensional axis. Move the extruder in either the X or Y axis.

The functionalities of the laser engraver and inkjet food printing systems were compared to find
the similarities between the two, thereby matching the set of functionalities. Finally, the problem



the project will be tackling will be the extrusion of food grade materials to create permanent

labeling on food surfaces.

Food grade material selection

Saturated sugar water
crystallization

Temperature and time
taken to cure

90% sugar concentration at 130
degrees Celsius

Technical Concerns Heat Sensitivity: Different
temperatures can cause
undesirable results, leading to a

brittle or soft result.

Requires stirring/ mixing.

Preliminary Concept

Gelatin edible glue

Liquified at 60 to 65 degree
Celsius and hardens at room
temperature of lower.

Heat Sensitivity: Lower temperature
or higher temperature can result in
uncontrolled curing time or a
burned formula.

Humidity Sensitivity: Loses
adhesiveness when exposed
to moisture.

Paraffin wax

Melts at 60 to 70 degrees Celsius
and hardens upon cooling to room
temperature.

Heat Sensitivity: High temperatures
can affect quality of wax and even
burning of the wax.

A T

i

The concept will be Incorporating a printpen to create food safe labels to replace traditional
plastic labels, and creating a coating layer using wax to ensure the print does not fade. As wax

has to be heated up to liquify, a heating mechanism has to be in place.



1. Print food labelling on product. Evebot

2. Extrude edible wax on product. Extruder & Control_System

3. Heat edible wax into a liquid state. Extruder & Control_System

4. Move the Extruder over the product. Movement_Rig &
Control_System

5. Transform user input to activate the prototype. Control_System

Concept selection

Lasting Food Label
Printing System

Includes

! !

Food Printing System Coating System

Includes

Includes

¥ L

Uploads

Controls Controls
data

} Contral_System

Phone EveBot

Extruder < Movement_Rig
Displaces

The concept model created shows the relation between the prototype and the food printing
system, ultimately creating a lasting food label. The operator will be piloting both the printpen
and the control system, and the output of both printpen and the prototype will be printed on a
fresh fruit. The arrows represent the interactions between the different subsystems.



Sequence Diagram
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The sequence diagram shows the interactions between the operator and objects in the
sequential order. The operator will start the food printing system (Evebot) and the prototype at
the same time. The operator will first connect Evebot to the phone, upload the product label and
press “print label”. At the same time, the prototype will be turned on and position itself towards
the starting position. Pre-heating will be performed for 60 seconds and once done, it will signal
to an active state. The locking mechanism will then be released until the end where the inactive
state will be called again, activating the locking mechanism and signaling the end of the



process.

Control System Movement Systam Heating System Exiruder
Fa i Input::Flip the
Initialize: = switch
W W

Move to starting Pre-heat o 400
position. Fahrenheit.
Malts adible [ - ]
—i Input::Edible Substance :

Input::Product Type
|

Select the number of
extruders to use. |

v

Eject edible clear coat
onto product

The operation of concept (OpsCon) is crafted based on the concept model and stakeholders
identified. When the prototype is turned on, it will first move to the starting position and preheat
to 400 fahrenheit. Once heated, the edible substance will be melted and ready to be extruded.
The operator will then select the number of extruders to use (Small, Medium, Large) and the
edible clear coat will be ejected onto the product upon confirmation.



Design Output Specifications

1. Gearbox Motor Rotates in the intended
direction for movements of
3D printed platform in the X-
axis.

2. Ultrasonic Sensor To track movement of
extruder for positioning
purposes.

3. Physical Support  Hold physical structures in
Structure place.

Allows for possible
placement modifications in
the Y-axis.

1: 3D Printed To hold Extruder and motor.
Platform
Syringe Store edible wax.
31-Gage Converts electrical power to

Nichrome Wire  heat energy to melt edible wax.

4. Modified Syringe Stores heated edible wax.
Tip
Conducts heat from nichrome
wire to edible wax.

5. Metal Rods Acts as a locking mechanism
by blocking the syringe
opening.

6. TT motor Rotates metal rod in intended
direction.

7 3D printed Parts Centralizes the metal rod.



TadSE by

I e e

Arduino

Motor Driver
LEDs

LCD Screen
Blue Tactile
Switch
Yellow Tactile
Switch

Relay

DC Buck
Converter

(SN | Components | Rationsle |

Retrieve and converts inputs
into outputs.
Controls speed and direction of motor.

Displays status information
for operator.

Displays status information and user
options.

Allows for retrieval of

operator input.

Allows for retrieval of
operator input.

Digitally control the ON/OFF state of
the DC Buck Converter.

Steps down the current and voltage of
the power source to the nichrome
wire.

In design output, the CAD drawing of the body frame, and the different methods of extrusion
was drawn. The above diagrams are cad drawings for the prototype. It features a movement



system with the usage of a 12 volt DC gear-box motor, which will provide rotational torque to
move the platform in the X axis. The platform will be used to accommodate the extruder system,
which will be required to navigate in the Y axis. The prototype will feature a linear displacement
mechanism for extrusion. The extruder will be mounted onto the rod, and the TT motor will be
mounted at the top of the syringe, which acts as an opening and closing mechanism for the
syringe.

N2 Diagram

Battery/Power

Power Power Power Power Power Power Power
Source
[PullUpnput | [PullUp Input [Output
Arduino | [PWM signal] | [Output Signal] | [Signals] [OutputSignal]
signal] Signal] Signal]
— Power Power
[PWM Signal] [PWM Signal)
LED (Green,
Yellow, Red)
LCD Screen
BlueTactile
Switch
Yellow Tactile
Switeh
Physical Support St
YSICEBIPROTRE]  Fasteners | Fasteners Fasteners
uuuuuu
Gearbox Fasteners
[Distance Uttrasonic
Reading] ensor
3DPrinted
Extruder Fasteners Fasteners Fasteners Fasteners Fasteners | Fasteners
Platform

TT Motor Rotates

Relay wires

DCBuck

Power
Converter

Syringe | SteelEpsoy

Modified
Syiinge Tip

Wires

31-Gauge
Nichrome
wire

Inte malsyrings

guide Guides

Metal Rods

N2 diagram represents the logical data flow for the prototype. This is drawn to analyze the
functional and physical interfaces in the solution.



Solution Concept

The image above shows the prototype created. There are three extruders in total, mounted atop
the rods above ground. The TT motors are mounted onto the extruders to facilitate the opening
mechanism for the wax to flow through. As wax is solid at room temperature and requires some



heating to be dispensed in liquid form, the step down motors are mounted at the side to help
heat the extruder to 400 fahrenheit. The prototype is then validated with different test cases to
determine the feasibility of it.

Verification Checklist
For each functionality, different test cases were made to verify said functionality.

Functionality Test Description m Pass/Fail

Operator will upload a picture of the
product label in Evebot PrintPen
application. The application must reflect
the product label.

Demonstration Pass

Print food labeling on
products. Operator will place an auxiliary ruler on
the banana. Operator will then roll the
Evebot on the auxiliary ruler, and the Demonstration Pass
banana must reflect the product label
clearly.

Functionality Test Description Pass/Fail

The Arduino will activate the relay to the
active state. The DC buck converter will Demonstration Pass
activate and display a blue light.

The Arduino will start a 60 seconds
preheat countdown.
The LCD screen will display
the countdown status.

Demonstration Pass

Heat edible wax into The Arduino will deactivate the relay
a liquid state. after 60 seconds has elapsed. The DC
buck converter will deactivate and not
display any LED indication.

Demonstration Pass

After initial pre-heat, the Arduino will
toggle the relay every 2 seconds to
ensure the edible wax remains in a liquid
state. The DC buck converter will display
a blue light every 2 seconds to indicate

toggling.

Demonstration Pass



Functionality Test Description Pass/Fail

The yellow LED will be lit when the
system is waiting for a user input.
The operator will depress the blue
tactile switch. The LCD will indicate Demonstration Pass
“Choice” for the operator to depress
the yellow tactile switch for extruder
selection.

Transform user input to
activate the coating
process.

Upon seeing the “Choice” in the
LCD, the operator will depress the
yellow tactile switch to cycle through
the extruder selection. The LCD will
display “Small”, “Medium”, or
“Large” accordingly. The green LED
will light up to indicate the system is
active.

Tost Descripion

When the green LED is lit up, the gearbox motor will spin clockwise Demonstration

Demonstration Pass

to move the extruder platform towards the end position. Pass
Move the Extruder
over the product.
When the extruder platform reaches the end point, the gearbox Demonstration
motor will stop spinning. The ultrasonic reading must be 4cm from Pass

the extruder platform.

Functionality Test Description m Pa:iT/F m

When the yellow LED is lit up, the operator
. The banana
- will place the banana under the extruder.
Extrude edible . . . product label
Upon pressing the blue tactile switch, the . . .
wax on - - Demonstration Fail failed to be fully
green LED will light up. Edible wax must
product. coated by the
flow out of the extruder and fully coat the .
edible wax.

product label.



a liquid state”, “transform user input to activate the coating process”, and “move the extruder
over the product” were satisfied. The functionality of extruding edible wax on product was not
fully satisfied however, as the output failed to be fully coated by the edible wax as shown in the
image above. The proof of concept is deemed to be a success, and is ready to proceed to the
next phase.



Project management plan

Key milestones Week 1 Week2 (Week3

Week4

Week S

Week® Week?7 Week8 Weekd Week10 Week11

Week 12 Week 13

Week14

Define problem space

Charaterize solution space

Exploring ideas and

Preliminary Concept

Concept Selection

Design Output Specifications

[Ptanned

[Actual |

Solution Concept

Project Plan

The gantt chart presents the schedule of the entire 14 week process of the food printing system
project, with problem space being explored and defined in week 1, to the solution concept and

project management plan being done in week 12. The project encountered several issues in

between and iterations had to be made, but did not ultimately overrun.

Sino. Item Di Material Source Quantity | UnitPrice | Delivery | SubTotal
1 Guiding Rod guiding the linear movement Aluminium SUNHEE hardware Clementi D6mm x 30cm - $ 150| $ $ 3.00
2 20ML Syringe plastic syringe Art friend 20ml 2 [$ 215[s - |[$ 430
3 battery holder 18650 X3 continental electronics 1 $ 3.00|$ $ 3.0
4 | SPST rocker switch continental electronics 1 $ 2008 -|$ 200
5 DC Motor BV 12V Gearbox 319 rpm Kuriosity 1 $ 14.00| $ - |$ 14.00

DC-DC Constant
4-38V101.25- 36V 75W (5A)
61 || ClrrartSien Down L td) Kirfosty 1 |8 720)s -|s 720
AL4015
Buck Converter
7 LCD Screen LCD 16X02 Black on Green continental electronics 1 $ 7.00| $ -|$ 7.00
8 Nichrome Wire continental electronics 0.22mmx1m 3 $ 2.00| $ -|$ 600
o Rocker switch Sun Light Electronics 2 $ 2.00|$ -|$ 400
sy L | bR R A - hitps:/fsg.rs-online.com/web/plarduino/71540842gb=5 1 |$ 5817|% 3000|$ 96.11
Rev3 motor and TOF sensors.
Right Angle G d | Control d el f locki
1q || BT SIEE SSNEC] CARIORAN RIS S SRe LOCR0R . e 1 orihirie comfwaipVetemanohon cor ponen =21 GB 1783 3 |§ 387$ - |$ 1265
TT Hobby Motor mechanism
12 12V DC Gear-Box | Provide rotational torque to move Carocisall 1 s 20008 _|s 2000
Motor the platform.
13 18650 battery Shopee 6 $ 330|% 199(% 2179
14 | LinearBearing | Smooth movementon guidingrods | stainless steel shopee 3 |¢ 195|¢ - |$ 585
g ID:5mmxBmm
15 Motor Coupler Motor Coupler to threaded rod stainless steel shopee 1 $ 382|$% -|$ 382
0OD:25mm L:30mm
16 HC--SR04 Tracking of distance from funnel to . https://sg.rs-online.com/web/p/bbc-micro-bit-add-ons/21531817g . 2 $ 8938 s 1786
Ultrasonic Sensor surface b=s
17 Linear Bearing Smooth movement on guidingrods | stainless steel shopee 3 $ 195 $ -|$ 585
ID:5mmx6mm
M M inls [ hi = R
18 otor Coupler otor Coupler to threaded rod stainless steel shopee OD:25mm L:30mm 1 $ 382§ $ 382
$ 23825

The bill of materials is crafted in accordance with the future system, which will serve as a

reference to the budget necessary to make this system.




R L e L e

Heating Element exposed to air, risk Medium Ensure that the wrapping of

of people touching getting shocked or the heating element is not

burned. damage before each use.

Unexpected situations such asfireor 1 5 Medium Implement an emergency

electrical accidents. stop button in the product
and ensure that itis
working.

Prototype damaging fruit 2 5 Medium Ensure that extruder is not

directly touching the
product, with a fixed

distance.
Employees with no training using 2 3 Low Ensure that the person using
the product get injured during the the product have gotten
process training.

In risk management, the following mitigation plans were crafted to mitigate the potential risk of
the system. Different responses were made in response to their overall risk rating, which is
determined through multiplying the likelihood and impact rating of each risk.

Personal Contributions

1. Research Lead:
- Investigated existing food printing systems and accessibility solutions.

2. Concept Development:
- Selected and developed the edible clear coat solution, ensuring it met the project's
requirements.

3. Prototype Design:
- Designed and integrated the extruder mechanism, enhancing the prototype's functionality.

Skills and Learning

1. Project Management:
- Managed the project from concept to prototype, ensuring timely and effective execution.

2. Research and Analysis:
- Conducted extensive research to identify the best solutions and validate the prototype's
effectiveness.

3. Prototype and Design:
- Applied engineering principles to design and develop a working prototype.



4. Collaboration:
- Worked effectively with team members and stakeholders to bring the project to fruition.

Future Work

The next steps for this project include further testing and refinement of the prototype, conducting
user trials, and exploring additional applications for printing food labels. The functionality of
extruding edible wax on product should also be revisited as it was not satisfied. The plan is to
pitch this innovative idea to potential stakeholders, aiming to secure support for further
development and commercialization.



