The Poster is 30% of your capstone Grade, so 18% of your whole Grade (30% x 60), and it is
composed of 10 different sections which in consecutive order are “Abstract” “Introduction”
“materials and methods™ “results” “analysis” “conclusion” “recommendations” “Literature
Cited” “Acknowledgement (Optional)” and “For further information (Optional)”.
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Layout and Formatting:

The poster’s dimensions should be 110cm x 80cm and it should have a standard layout that looks
like this:
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While some other posters may have a less standard format like this:
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Smart Greenhouse: Automating Agriculture through Closed-Loop Feedback
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Ismailia STEM High School, Grade 11, 2nd Semester, 2025-2026, Group No. 10000
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In the second example, the materials and methods were split into two sections to provide them
and the results with more space; in addition, the “Acknowledgements” section was removed.
Now, despite these changes being okay and harmless, some ground rules cannot be messed with:
the analysis must be in the third column alone.
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A few ground rules:

In-text citations to numbers, facts, prior solutions, laws in the analysis, etc., should be applied in APA 7
format just like the portfolio.

Body text should be large enough to be easily readable from a distance of one meter. As a general rule, |
recommend never using a font size smaller than 16 pt.
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All pictures should be labeled as Figures and numbered according to their order of appearance.
Each figure should also be referenced in the text, as shown in the example.
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Phase 1- Building the Greenhouse Structure:

A compact greenhouse frame (< 0.25 m?) was constructed using
lightweight, low-cost materials to ensure portability and ease of /
replication. Transparent plastic covering was used to allow maximum
light penetration while maintaining internal environmental conditions.
The full assembled prototype is shown ih Figure 2.
Phase 2 - Installing Water, Air, and Plant Support Systems:
A simple irrigation system was integrated using tubmg and a small B
water pump to regulate soil moisture. Ventilation openings and airflow
pathways were added to control humidity and temperature. Plant 5
holders were positioned to ensure uniform exposure to light and water Fzgm 2: Fully assembled prototype, and circuit.
distribution.

Tables should also be labeled and numbered according to their order of appearance, as shown in
the example. Additionally, many evaluators pointed out that the table's label should be written
above the table rather than below it—in contrast to figures whose labels are below.
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After sensor calibration, the sensors demonstrated consistent and reliable readings over a period of five
days under similar environmental conditions, confirming their accuracy and stability, as shown in Table 2. D)
All actuators functioned effectively and responded
quickly to environmental changes. The cooling system

Temperature | Humidity | Soil moisture | Light intensity

(Peltier module with three fans) successfully reduced the 21.5°C 63% 66% 411 Ix
temperature from 26°C to 24°C within 257 seconds. The ' 22 o¢ 63% 1% 418 Ix
irriga!:ion system increased 5011 moisture from 58% to 22.70C 1% 770 430 Ix
81% in 47 seconds. The humidifier operated as expected

to maintain humidity levels, while the LED lighting 25°C 56% 59% 406 Ix
system activated instantly when light intensity dropped 24 oc 61% 81% 424 Ix
below 250 lux. Table 2: Readings of all sensors over 5 days.

All actuators functioned effectively and responded e — .

Note: Graphs are considered Figures, so they do not have a separate naming or numbering
system.
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Abstract:

The Abstract is a brief summary of the entire work presented in the poster. It should be
understandable on its own, without requiring the reader to read the entire poster whilst also grab
the attention of the reader with a strong hook.
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It has the following structure: Purpose — What was done — Major Findings — Major
Conclusions.

It should achieve the following sections:

1-

Purpose of the Study: “Why was this done?”

Start by explaining the main goal of the project and the problem you were trying to solve.
el Jsbas I JSLERY 5 g 5 skl o1 Ciagl) & n

Example: The project aimed to develop a sustainable energy solution using renewable
resources.

What Was Done: “What was actually done?”

Briefly explain what you designed, built, tested, or investigated. Do not include small
details or step-by-step procedures. The reader only needs to understand the general
approach.
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Example:
“A prototype was designed, constructed, and tested combining hydroelectric and
thermoelectric systems.”

Major Findings “What was found?”
State the most important results of the project. Focus on the findings that actually matter
to the project's goal rather than listing every measurement or result.
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Example:
The system successfully generated electricity from both water flow and a temperature
difference, with the hydroelectric component providing the majority of the power.

Major Conclusions “So what does this mean?”
Explain what the results tell you and what the overall outcome of the project was. You
can also briefly mention the potential application or significance of the solution.



If the project has a large-scale version, you should talk about it and its real-life location in
this section.
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Example:
The results suggest that the system could provide a continuous and scalable energy
solution for off-grid locations such as Toska Lake.

The Abstract should make sense by itself.

A person should not need to read the Introduction, Methods, Results, or Conclusion first to
understand what the project was about and what happened.

It should be brief and informative, not detailed. The Abstract is a summary of the poster, not a
mini version of every section. I recommend you don’t surpass 250 words, but there is no hard
limit.
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We recommend writing the abstract after laying out the structure of most of the poster or having
all of the content ready. This is because the abstract is practically a summarization of most
sections in the poster.

Now here is an example of a whole abstract:

"The purpose of this study is to address Egypt’s Grand Challenges of increasing the industrial and
agricultural base, pollution reduction, dealing with population growth, and waste recycling by
developing a function. Our solution is a smart farming that aims to automate Agriculture through
a Closed-Loop Feedback that makes use of sensors and actuators that respond to deviations.

To achieve this, we designed, constructed, and tested a greenhouse that can run uninterrupted by
human intervention while maintaining optimal growth conditions for the selected plant species,
mushrooms, for more than 6 hours.

The prototype was engineered to meet design requirements, including a quick actuator response,
accurate sensor readings, portability, low cost, and the ability to display and visualize data while
providing real-time monitoring. Testing included running the prototype for prolonged periods,



measuring the area of the growing area, obtaining accurate sensor readings, while maintaining low
power consumption.

Major findings through our analysis showed that the prototype can run without human intervention
for 6 hours straight, allowing the mushroom to fully sprout. The sensors showed accurate readings
over the course of 5 days, while the actuators showed a quick response to deviations. An HTML
website is used to display that information on any device.

In conclusion, this project shows how smart greenhouses can increase the industrial and
agricultural base of countries, allowing for better environmental and economic conditions, while
providing higher crop yields and reducing waste by investing recycled materials into building the
greenhouses. "



Introduction:

The Introduction explains the problem your project is trying to solve, why that problem matters,
what has already been done about it, and why your team chose its particular solution.

To write it follow this sequence:

Grand challenges (2-3) — Problem to be solved — Prior solutions (2)— Design requirements —
Selection of solution — (Optional) Transition to materials and methods
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1. Grand Challenges

In this section, explain the issues Egypt faces that are relevant to your project. Do this by
mentioning the Grand Challenges you selected and discussed previously in your portfolio.
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For example:

Egypt faces several pressing developmental challenges, many of which stem from growing
environmental pressures and the rapid increase of electronic waste (e-waste). Among the Grand
Challenges, four stand out as directly relevant to this project: the urgent need to reduce pollution
in air, water, and soil; to adapt to the effects of climate change; to recycle waste for
environmental and economic benefit; and to improve the scientific and technological
environment for all.



2. Problem to be Solved

In this section, you move from the Grand Challenges to the specific problem that your project
aims to solve. Clearly state the problem or hypothesis your project is investigating and connect it
to your current Capstone Challenge.

Basically, this section should answer the question: “What exactly are we trying to solve?”

Note: The problem described here should be consistent with the problem you already identified
in Chapter One of the portfolio.
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For example: The dramatic rise in global e-waste generation
intensifies these interconnected issues. As shown in Figure 1,

the amount of e-waste produced continues to increase while e
recycling rates remain critically low, resulting in significant o e co
environmental harm. , /

3 . PriOI' SOlutiOHS Figure 1 Graph showing the amount of E-waste produced and the volume recycled

Before presenting your own solution, explain what has

already been tried.

The goal isn't to attack previous solutions. You're showing what you learned from them and
why there is still room for improvement.

Discuss relevant existing solutions and briefly explain their:

e Relevancy: how they respond to the problem you are trying to solve
e Strengths: What do they do well?
e  Weaknesses: What problems or limitations do they have?

Note: The prior solutions you choose to discuss must be included in the portfolio. It is
recommended to discuss at least two prior solutions. While discussing more than two is not
prohibited, I recommend avoiding it to save space and keep the Introduction concise.
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For example: Several attempts have been made to address Egypt’s e-waste problem, each offering
strengths but also revealing important limitations. Triple Re, Egypt’s first certified WEEE recycler,
has processed over 5,500 tons of electronic waste and partnered with more than 200 organizations,
demonstrating strong capacity and environmental safety. However, its overall impact is
constrained by underutilized processing capacity, operating at only about 60%, due to limited raw
material supply and insufficient storage space. On the other hand, the E-Tadweer application has
made significant progress in public engagement by collecting thousands of tons of e-waste and
incentivizing safe disposal through discounts and rewards. Yet, it also faces challenges, including
limited drop-off locations, dependence on corporate partnerships, and reduced effectiveness when
public awareness fluctuates. Both examples informed us of what works and what challenges persist
in recycling E-waste.

4. Design Requirements

Now use what you learned from the previous solutions to establish what your new solution needs
to accomplish.

List the important requirements your solution must meet.
For example, your solution might need to be:

e Accurate

o Affordable

e Environmentally friendly

o Safe

o Compact

o Efficient

For example: To move beyond the limitations of prior solutions, our team identified key design
requirements for a new solution. The device needed to repurpose electronic components directly



from discarded devices, operate with high accuracy and environmental safety, remain compact
and affordable for school laboratories' use, and serve as a practical scientific instrument that
could contribute to improving Egypt’s scientific and educational environment. These
requirements guided the development of a solution that not only reduces waste but also promotes
accessible learning.

5. Selection of Solution
Now introduce the solution your team chose.
Briefly explain:

e What the solution is

e How it works at a general level

e Why your team selected it

e How it meets the design requirements

You don't need to explain the entire construction process here. The detailed explanation belongs
in Materials and Methods.

The important thing is to show that your solution was chosen for a reason, rather than appearing
randomly at the end of the Introduction.
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For example: With these considerations in mind, our team selected a portable absorbance meter
constructed entirely from recycled electronic components. This device operates by emitting a
narrow-band light beam through a liquid sample and measuring the transmitted intensity with an
LDR sensor. Using the Beer—Lambert Law, the microcontroller calculates absorbance and converts
it into concentration, allowing accurate measurement while being non-destructive to the liquid
solution.



6. Optional: Transition to Materials and Methods

If you want, you can finish the Introduction with a short sentence that naturally leads into the
next section.

For example:

“To construct the prototype, the team selected materials that met the identified design
requirements. The following section describes the materials and methods used.”

Important note(s):

It is mandatory to include at least one (you can more if you have enough space) figures that
belong to either of the sections you discussed (GCs, PTS, PS,). THEY MUST MAKE SENSE IN
THEIR CONTEXT. Dont just add a random figure of a random graph with zero correlation.
Don’t force the figure to make sense, choose one that naturally does.

Now here is a full example of an introduction:

Egypt IS Currently faCIIlg SeVeI'al urgent deVelOpmental iSSueS’ known Share of electricily production from fossil fuels. 2023

as the Grand Challenges. Among these, three are especially critical:

the need to improve the use of alternative energies, reduce pollution >3

in air, water, and soil, and adapt to the effects of climate change. One
of the primary contributors to these problems is Egypt's
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overwhelming reliance on fossil fuels for energy generation. As

illustrated in Figure 1, more than 90% of Egypt’s electricity comes

from fossil fuels, releasing vast quantities of greenhouse gases into

the atmosphere and significantly worsening pollution levels and ~ Fgure s share ofelectricity production from fossil fuel, 2023
global warming (Our World in Data, 2024).

In response to these problems, Egypt and other nations have implemented large-scale renewable
energy projects. One well-known national example is the Aswan High Dam, which generates
hydroelectric power while also regulating Nile water flow. Despite its advantages, including
significant electricity output and agricultural support, the dam presents major drawbacks. These
include ecosystem disruption, sediment buildup, and the displacement of local communities.
Similarly, on a global scale, Morocco’s Noor Solar Plant stands out as one of the world’s largest
concentrated solar power stations. It uses mirrors to focus sunlight and generate heat, which is
then converted into electricity. While highly innovative, its limitations lie in its high land and
construction costs, and its dependency on intense, consistent sunlight.

Both examples informed us of what works and what challenges persist in existing
renewable energy systems.



Before choosing our final solution, we established a clear set of design requirements. The
system needed to produce at least 0.04 kilowatt-hours within five minutes of operation and
be strong enough to withstand high water pressures without breaking. Environmental
sustainability was also a core priority, so the materials and operations had to avoid causing
harm or emitting pollutants. Finally, the model had to be compact, with a volume no greater
than 0.5 cubic meters, to ensure it could be realistically constructed and tested.

With these design requirements in mind, our team developed a hybrid renewable energy
system that combines a waterfall-based hydroelectric generator with a thermoelectric
generator. The hydro component utilizes the kinetic energy of flowing water to spin a
turbine, generating electricity rapidly and consistently. At the same time, the system
leverages the temperature difference between the sun-heated surface and the cool water to
power the thermoelectric generator. This dual approach not only increases energy output
but also enhances reliability by ensuring power can still be produced even if one source
fluctuates.

By integrating two renewable energy sources into a single compact and eco-friendly
system, our solution directly addresses Egypt’s Grand Challenges while offering a scalable
alternative to traditional energy production.

To build the prototype that embodies our solution, we carefully selected materials that are
not only functional but also environmentally responsible and locally accessible. The next
section outlines the materials used in the construction of our prototype.



Materials and Methods

As the title suggests, Materials and Methods are divided into two parts. The first part is
Materials.

In this section, you need to present all the materials used to build your prototype in a table with
columns including the following for each material:

Material name — What is it?

[lustration/Picture — Include a clear picture or illustration of the material.
Description — Briefly describe the material when necessary.

Purpose — Explain what the material was used for in your prototype.
Price — State how much it cost.

Source — Mention where you obtained it.

At the end of the table list the total cost of building the prototype
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Table 1, illustrates all materials used in constructing the prototype with their usage, source, price
Table 1 Materials List

Material’s | ATMEGA FTDI Serial . . Op-Amp Crystal AUX Common
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Methods

The Methods section explains the procedure used to construct, assemble, calibrate, prepare, test,
etc. the prototype.

Since the full Portfolio already contains the detailed procedure, the Poster should only include
the major steps and important actions. There is no need to include every small construction
detail.

Organize the Methods into two or more steps/phases.
For each step or phase, explain:
What was done — How it was done — Why it was necessary

Figures:
You either include the circuitry of the entire project or the final look. If you don’t have enough
space for both, the circuitry schematic diagram has a higher priority.

It is also recommended to use Figures to show the major steps and development of the prototype
throughout the process. So, make sure to document your Capstone project throughout the
semester by taking pictures as the prototype is being built and developed. (These figures are
included in the presentation rather than the poster itself)

Note that:

Capstone Challenges often have specific requirements for the Methods section, and these
requirements may change from one semester to another. Always check the design requirements
for your specific challenge.

Capstone Challenge G11 Semester 2.pdf 476 — 184% + B © U S

4. Sensor Selection and Calibration: The system must include appropriate
sensor types corresponding to the  selected parameters. All sensors must be
properly calibrated using standard calibration methods. Calibration

data, procedur. ibration curves must be documented and included
in thd Materials and Methods syction of the project poster.
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Full example of methods:

METHODS

Phase 1- Building the Greenhouse Structure

A compact greenhouse frame (< 0.25 m?) was constructed using
lightweight, low-cost materials to ensure portability and ease of |
replication. Transparent plastic covering was used to allow maximum
light penetration while maintaining internal environmental conditions.
The full assembled prototype is shown in Figure 2.

P} lant Support S

hase Z - Installing Water, Air, and | [ ystems: [
A simple irrigation system was integrated using tubing and a small N
water pump to regulate soil moisture. Ventilation openings and airflow |
pathways were added to control humidity and temperature. Plant | S8

holders were positioned to ensure uniform exposure to light and water Figure 2: Fully assembled prototype, and circuit.
distribution.
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( 1 Svst

1ase 3 - Electronics and Contro en
The system was built around a microcontroller to process sensor data and control actuators. Sensors for
temperature, humidity, soil moisture, and light intensity were connected to continuously monitor
environmental conditions. Based on sensor readings, the controller activates actuators such as fans, water
pumps, and LED lighting, forming a closed-loop feedback system that maintains optimal conditions
automatically. The entire circuit is shown in Figure 2. R T

Phase 4 - Calibration of Sensors 1 > 7l
Each sensor was calibrated to ensure accurate readings. Known */ —/
reference conditions were used to compare expected and measured 7 «
values, and correction factors were applied where necessary. The
calibration results and relationships between sensor output and real
values are presented in Figure 3. -l

Phase 5

- j’,i'.'“' Ic .\‘ c .‘.t':‘\‘ 1LOLS g T Catvation
Actuators (fan, pump, and LED) were tested individually and ~ “#*% ("Zf,’f},’,;if'z:,':ﬁ#f;:ﬂf;,’,ﬁﬂ;,ff'hc kool
then integrated into the system. Trigger thresholds were programmed so that each actuator responds

appropriately to environmental changes, ensuring stable and autonomous operation for extended periods.

Notice how phase 4 was the request from the capstone challenge example I shown previously

Here is the full example in text poster format



-Methods

Phase 1: Building the Greenhouse
Structure:

A compact greenhouse frame (< 0.25 m?) was @i
constructed using lightweight, low-cost §
materials to ensure portability and ease of
replication. Transparent plastic covering was 5
used to allow maximum light penetration °
while maintaining internal environmental b
conditions. The full assembled prototype is
shown in Figure 2.

Figure 2: Fully assembled prototype, and circuit.

Phase 2: Installing Water, Air, and Plant Support Systems:

A simple irrigation system was integrated using tubing and a small
water pump to regulate soil moisture. Ventilation openings and airflow
pathways were added to control humidity and temperature. Plant
holders were positioned to ensure uniform exposure to light and water
distribution.

Phase 3: Electronics and Control System:

The system was built around a microcontroller to process sensor data
and control actuators. Sensors for temperature, humidity, soil moisture,
and light intensity were connected to continuously monitor
environmental conditions. Based on sensor readings, the controller
activates components such as fans, water pumps, and LED lighting,
forming a closed-loop feedback system that maintains optimal
conditions automatically.

Phase 4: Calibration of Sensors:




Each sensor was calibrated to ensure accurate readings. Known
reference conditions were used to compare expected and measured
values, and correction factors were applied where necessary. The
calibration results and relationships between sensor output and real
values are presented in Figure 3.
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Figure 3: Graph showing the readings of the sensors before and after calibration.

Phase 5: Prepping the Actuators:

Actuators (fan, pump, and LED) were tested individually and then
integrated into the system. Trigger thresholds were programmed so that
ecach actuator responds appropriately to environmental changes,
ensuring stable and autonomous operation for extended periods.”



Test plan

This is the final section of the Materials and Methods.

Here, you should briefly describe the tests that should be performed on the prototype, how they
should be conducted, what the pass criteria are, and how each test addresses the Design
Requirements you already mentioned in the Introduction.

Basically, for each test, explain what is tested— how it was tested — what counts as passing —
which Design Requirement it checks.

Testing-)

@'3)s <Prototype JI (s clead) ) &) LGaY) JLaisly - ,iia Materials and Methods JI 8 s > Jal o2
&l Design Requirementstl JLisl JS48le 5 rad £ g pdall ¢ aiay Lgale sl A pulaal) o 4y 5 cilans]
Introduction ) 8 Leiana i)

Design Requirement (o451 — glad iz (oAl 43 — (g13) 43880 — 4g) @880 14 = 55 Test JS éddaloy
Adlde Jgama 0 JLOAY)

Example:
Test Plan

1- Real-time monitoring, data visualization, and functionality: The prototype must run

continuously for over six hours, outputting parameter readings and displaying them as
graphs. It passes if it maintains operation and correctly shows the data over time.

2- Growing Area measurement: The prototype’s growing area must not exceed 0.25 m?. It is
measured using a Vernier caliper, and it passes if the calculated size stays within this

limit.

3- Actuator Implementation and variation from normal conditions: The system must include

actuators that regulate parameters and handle deviations by detecting, alerting, and
correcting them. It is tested by introducing disturbances and measuring how quickly the
system restores normal conditions.

TEST PLAN

The prototype must run over six hours,
outputting parameter readings and displaying them as graphs. It passes if it maintains operation and
correctly shows the data over time.

The prototype’s growing arca must not exceed 0.25 m”. It is measured
using a measuring tape, and it passes if the calculated size stays within this limit.
The system must include actuators
that regulate parameters and handle deviations by detecting, alerting, and correcting them. It is tested by
introducing disturbances and measuring how quickly the system restores normal conditions.




Results

The Results section presents the outcomes obtained from testing the prototype. It should show
whether the prototype actually met its Design Requirements and what problems were discovered
during testing.

The Results should include both positive and negative results, preferably in separate sections. It
is also recommended to mention the changes or modifications made to address the negative
results.

For each major result, whether positive or negative, explain:

What was observed — What the result showed — Why the result matters
For example, instead of simply saying:

“The pump worked.”

Give the actual result and what it demonstrated:

“The pump increased soil moisture from 58% to 81% in 47 seconds, demonstrating that the
irrigation actuator could respond effectively when the soil moisture fell below the required
range.”

Figures:
It is important to support your numbers and test results with Tables and Graphs whenever
appropriate. These should clearly present the data obtained during testing.

Note:
The Results section should focus on actual observations and measurements, rather than detailed
explanations of why the results happened.

Detailed interpretation and explanations of the results belong primarily in the Analysis section.
Results-!
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” “The pump worked
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demonstrating that the irrigation ,“The pump increased soil moisture from 58% to 81% in 47 seconds
” actuator could respond effectively when the soil moisture fell below the required range

Figures: J
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RESULTS

Negative Results:

Initial testing of the prototype revealed several limitations in the clectrical and control systems. The
first issue appeared in the lighting system, where a LED strip was initially used. This strip required AC
power, while the rest of the system operated on DC, creating incompatibility within the circuit. In
addition, the LED strip did not allow proper control over light intensity, reducing the system’s ability to
regulate light conditions accurately.

A sccond major issuc was observed in the temperature control system. The original H-bridge module
used to control the Peltier device did not include a heat sink. Since the Peltier operates by reversing
current flow for heating and cooling, the H-bridge experienced rapid overheating during operation,
eventually leading to component failure. These 1ssues highlighted the need for better component
selection and thermal management in the system design.

Positive Results:
After implementing fixes, the system was retested. The LED strip was replaced with controllable DC
LEDs, and the H-bridge was upgraded with a heat sink to prevent overheating. These improvements
resolved the imitial issues and led to the enhanced performance shown in the positive results.

After sensor calibration, the sensors demonstrated consistent and reliable readings over a period of five
days under similar environmental conditions, confirming their accuracy and stability, as shown in Table 2.
All actuators functioned effectively and responded
quickly to environmental changes. The cooling system e —-
(Peltier module with three fans) successfully reduced the 215°C 63% 6%
temperature from 26°C to 24°C within 257 seconds. The  22=¢ 63% 1% 418 Ix
irrigation system increased soil moisture from 58% to

Temperature nmidity il moisture

1275 61% TT% 430 ¢
81% in 47 seconds. The humidifier operated as expected *
to maintain humidity levels, while the LED lighting 25°C 6% % 406k
system activated instantly when light intensity dropped 24 ¢ 61% §1% 240

below 250 lux.

All actuators functioned effectively and responded
quickly to environmental changes. The cooling system (Peltier module with three fans) successfully reduced
temperature from 26°C to 24°C within 257 seconds. The imigation system increased so1l moisture from 58%

Table 2: Readings of all sensors over 5 days.

to 1% in 47 seconds. The humidifier operated as expected to maintain humidity levels, while the LED
lighting system activated instantly when light intensity druppod below 250 lux. conditions, confirming their
accuracy and stability, as shown in Table 2. 3

The prototype successfully operated for 6 continuous
hours without human intervention. During this
period, SENSOrsS contimuously monitored
environmental conditions, and actuators responded
automatically to any detected deviations, confirming
the effectivencss of the closed-loop feedback system.
The system demonstrated efficient energy usage.
Under normal conditions (no actuator activation), the
power consumption was approximately 11.6 W, Figure 4: Graph showing the power consumption of the
corresponding to a total energy consumption of 250,560 J prosaspe ower £ s

This variation 15 illustrated in Figure 4, which shows the relationship between actuator activity and total
cnergy usage.
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Results

Negative Results:

Initial testing of the prototype revealed several limitations in the
electrical and control systems. The first issue appeared in the lighting
system, where an LED strip was initially used. This strip required AC
power, while the rest of the system operated on DC, creating
incompatibility within the circuit. In addition, the LED strip did not
allow proper control over light intensity, reducing the system’s ability
to regulate light conditions accurately.

A second major issue was observed in the temperature control
system. The original H-bridge module used to control the Peltier device
did not include a heat sink. Since the Peltier operates by reversing
current flow for heating and cooling, the H-bridge experienced rapid
overheating during operation, eventually leading to component failure.
These issues highlighted the need for better component selection and
thermal management in the system design.

Positive Results:

After implementing fixes, the system was retested. The LED strip was
replaced with controllable DC LEDs, and the H-bridge was upgraded
with a heat sink to prevent overheating. These improvements resolved
the initial issues and led to the enhanced performance shown in the
positive results.

After sensor calibration, the sensors demonstrated consistent and
reliable readings over a period of five days under similar environmental

conditions, confirming their accuracy and stability, as shown in Table
2.



Temperature (°C) Humidity Soil moisture (%) Light intensity (Ix) Max 1000

(%)
21.5 63 66 411
22 63 71 418
22.7 61 77 430
25 56 59 406
24 61 81 424

Table 2: Readings of all sensors over 5 days.

All actuators functioned effectively and responded quickly to
environmental changes. The cooling system (Peltier module with three
fans) successfully reduced temperature from 26°C to 24°C within 257
seconds. The irrigation system increased soil moisture from 58% to
81% in 47 seconds. The humidifier operated as expected to maintain
humidity levels, while the LED lighting system activated instantly
when light intensity dropped below 250 lux.

The prototype successfully operated for 6 continuous hours
without human intervention. During this period, sensors continuously
monitored environmental conditions, and actuators responded
automatically to any detected deviations, confirming the effectiveness
of the closed-loop feedback system.

The system demonstrated efficient energy usage. Under normal
conditions (no actuator activation), the power consumption was
approximately 11.6 W, corresponding to a total energy consumption of
250,560 J over 6 hours. When actuators were active for an average of
25 minutes, total energy consumption increased to 416,940 J. This



variation i1s illustrated in Figure 4, which shows the relationship
between actuator activity and total energy usage.
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Figure 4: Graph showing the power consumption
of the prototype over 6 hours



Analysis

The analysis and discussion section is practically the core of your capstone project for both
the portfolio and poster. Its only legitimate challenge is its limited space (in the poster) and
intense need for conciseness and focus. A lot of people, including evaluators and teachers,
may not be the best informed and knowledgeable about the project and its scientific basis,
no matter how simple it is. That’s why we follow the principle of “explain it to me like I’'m five
years old” fulfilling this principle deems your analysis to be thorough and understandable
without the need for a scientific background of any kind.

poster I s portfolio 4 4 «capstone project 4! i Ll & analysis and discussion 4/ ¢ 3>
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First lets start off with what you should go over in this section before we get to how and all
the specifics:
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e Introductory phase. In here you start by mentioning the grand challenges and problem to
be solved that urged you to work on your project.

s grand challenges I S faiy s :(agwdl ils ) Introductory phase -
godall Je Jaiis s A problem to be solved

e Ground preparation phase. In here you follow up with the project you have chosen and
how it is believed to have a positive impact on the aforementioned issues you want to
overcome.

5 3ia) ) g g pially JaSiy Ui 1(4ua,Y) i da 10) Ground preparation phase -
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e Theintroductory phase as well as the ground preparation phase could technically go as
“summarizations” for both chapter 1 and 2 respectively.

J"abaale" Ll |5 12y Sas ground preparation phase 2 s introductory phase -
.5 3l chapter 2 5 chapter 1




The Discussion phase. In here you discuss how the projects parts exist in unison and
harmony, where you mention their role, effect, and how they function. This is mentioned
in a manner to simply explain how this entire combination reaches the results.

& e ae AL g g il BEN ) Al Ua 1(2d8L4) As ) Discussion phase -
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The analytic phase. In here you go over the results and other key information like
equations and parameter relations, explain what they mean as results and what specific
deviations or results could mean or affect the performance of your project.
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Ending/conclusion phase. In here you analyze what this project may mean for the future
or the goals it will hopefully fulfill (completely optional).

4l P (Sae 02 g g pdall Jlat L r(Aadlall dls <) Ending/conclusion phase -
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The introductory phase:

There’s this tip which is “You start off your analysis by reconsidering the grand
challenges”

"You start off your analysis by reconsidering the grand J s 8 yiiia daual 44
(<3 grand challenges Il g> i <l analysis I 12 =) challenges”

We think this is really, really wrong considering that throughout your entire portfolio,
you have an ENTIRE chapter dedicated to defining the grand challenges, connecting
them and researching them. It is important to analyze them here once more so we
don’t argue that the grand challenges here can’t be considered; however, that
should be done so in a more natural fluid manner, and introductory sense to refrain
from splitting them into two different parts which makes this a whole lot longer
(introduction then grand challenges).

iy yail (araia JalS chapter ¢hic portfolio J) Jsh <l das Tas Lale o3 () il Ul
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One of the best ways to hook a reader’s attention (which is very important in this
section to make sure a reader extracts the right amount of information well enough)
is to start off with a side plot or statistic—a new insight is much advised. In the case
of the analysis it is possible to start off with the problem to be solved or statement
that we identified earlier, utilize an important mind-blowing statistic or piece of
information. You connect it to the grand challenges in a backwards type of approach
which helps inflate its importance so instead of

AaaS 2L 43) el L 53 £ all 8 Tan age s25) (o Wl oLl Al Gl Lkl Gual (e
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“problems A B and C are all connected by problem D because of X stats proving it is
really bad and requires solving”

you might find it more fluid or attention grabbing to go QPR WERY

“Whilst analyzing problem D we found that the statistic X was a clear product which
also sprouted, realizing new branching effects on many challenges Egypt faces,
some of which are problems A, B and C. It is believed that solving or putting efforts to
suppress Problem D could have positive effects on many of the aforementioned
challenges.”

An example for the mind-blowing statistic or insight is to analyze the problem’s cause to
something more scientific or quantifiable in a way whilst also connecting it to something
people can understand and see for themselves—going “increased death rates due to CO,
emissions” is more interesting than just “increased CO, emissions” because people
understand how bad death is, but not necessarily CO, emissions (of course you can try and
explain it further but it just spirals into more complexities). One time we did this by stating
how heavy metals contaminate water and provided the Osmotic Pressure equation,
explaining how it affects the local environment (people know how hard it is to find drinkable
and clean water to an extent) and using that equation proving that statement. As you can
see in the following example:

s ol AL o dpale Aalad AEA) Cass Jlas <l :mind-blowing - insight A1 f dilasy) e Qb
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“Electronic waste, which typically releases heavy metals into the environment through
soil and water was found to make up over 70% of water toxicity and pollution. This
affects public health, especially in water since only 20% to 22.3% can be recycled
effectively. Moreover, by increasing the amount of the leached electronic waste in the
water, the molarity (concentration) of the heavy metals increases—making the water
inedible and environmentally toxic—which increases the osmotic pressure because it is
directly proportional to the molarity, where the formula of the osmotic pressure is I =
iMRT, where i is the van't Hoff factor, M is the molarity, R is the ideal gas constant, and
T is the temperature in Kelvin. This makes the process of reverse osmosis to filter the
water harder and consumes more energy in the filtration process, [according to
(CH.2.02)]. This makes it much harder to improve the technological environment, reduce
and adapt to climate change and pollution, and have recyclable waste as an option for
material extraction. This is why E-waste is believed to be a major issue that must be
attacked at the core of disposal by creating a project that prevents this line of events
from taking place.”

Here we were able to grab the attention using an important piece of statistical information
to explain the scientific reasoning behind it as well as explaining what it means for the
average human who doesn’t know what heavy metals are or why they are bad and we
finished off by connecting this statement to the grand challenges we believe are important
for Egypt to confront.
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This is a great opening since you quantify the problem’s weight to the reader, they see that
there’s actually a need to stop this (if they want to keep drinking clean water).
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You then immediately introduce your solution—the ground preparation phase—by stating
how it tackles that specific problem. This phase is pretty straightforward and petite.
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This is called the discussion phase, meaning that you do need to “Discuss” things, and here
you’re going to want to discuss what actually made your project work and stand as it is
while you’re writing this. This isn’t just throwing around equations and your “scientific
base” to come to a conclusion that your projects works at the end (hooray | guess but no)
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You must discuss what each part is, its role, how it contributes and why it is the way it is.
Also don’t frame this as “we did this and this happened so this is a success” this is
basically how an uneducated person reaches a solution.

"we did JSs DS Gialiile GleSy oo AL s Aaly sl )] palig o35 ) 8 e JS (8L 6 Y
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The EDP and scientific method are actually the exact opposite; “we found this
phenomenon happens when in these conditions, since this was our goal we decided to
replicate this by..... and at the end we reached the needed result” itis also beneficial to
mention prior options you deduced to not be the most optimal, a good example goes as
follows:

"we found this phenomenon happens when kbl oS S scientific method 4 s EDP -
in these conditions, since this was our goal we decided to replicate this by..... and at the
Caniilal 5 038 J clalad il ) @l jLaa¥) S leS a5 end we reached the needed result”
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“With large computational data and quick changing parameters being in effect, it was
deduced that it is mandatory to include a IC with a high enough frequency and
computational power to satisfy the systems needs. While both Arduino and ESP32 are
microchips that run calculations and automate responses effectively, Arduino would
require an external internet or network based IC connection to transmit data to server.
Not only is this less energy efficient, but also it demands and uses up some of the
computational power and speed of the Arduino, deeming the ESP32 the optimal choice.”




This only needs the number specifics of their respective power and computation speeds as
well as what the system you plan on building demands. Say you plan on building an
adaptive system that stays in equilibrium even though changes occur every 3 seconds. The
Arduino may issue orders every 4 seconds and by then the state of the system has already
changed (you are in the present fixing the irrelevant past) whilst the ESP32 could issue the
same commands with higher efficiency in just 2 seconds. This is the type of discussion you
want, you want to explain and analyze your choices and what they mean in relation to the
intended result.
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A more concise example is as follows: Jagl Jla

“In the circuit, the prototype’s microcontroller or ESP32 can provide 72Mbps of WiFi
transmission speed, sufficient for local server communication at reliable speeds;
however, rendering it ineffective in heavy-duty tasks such as Al-server and
asynchronous communication. Therefore, it'd be too hard to manage an Al
communication. It has an internal clock speed of 240MHz, far greater than its Arduino
counterpart; allowing it to process much heavier tasks; however, none of these
microcontrollers is suited for heavy-duty computation per reading (readings are at a
frequency of 0.5Hz or 2 sec); hence, the best suited option is to upload the function data
to the central server.”

This accurately explains why the ESP32 was chosen and why the implementation and
usage of a central server was necessary.

.central server aasiui (55 QS 4l (ESP32 I 15l 43l 48y ~ 5 o0 I

Another example of discussion is the prototype’s computation process, saying that it
outputs certain variables or responses to a change in the environment. As seeninthe
following example
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(PH.2.14). Concerning the PID, the system uses the proportionality constant K, to drive actuators to full
power if needed according to the proportionality to the error signal e(t) - Kpe(t). K; is the factor of
dependency on past errors, this eliminates and drives the system towards a safer state faster; however,

more inefficiently. It does so by grouping up all of the previous taken up function variables; given as

K; [ e(t)dt (MA.2.09). The D term of the PID signal is the derivative term which predicts the next
reading providing damping and decreasing oscillation or inaccuracy. [t’s basically a learning tunable
system driven by the overall behavior/response during runtime of the system. The derivative term is
given as: d(e(t))/dt, providing an estimate to when e(t) reaches its target. All of these are summed up
and input into the system for logical deduction, as shown in figure (5).

This discussion was able to explain what happens software-wise. Where using the inputs
from sensors and running them through a PID system loop (a system that focuses on
correcting deviations without a mathematical model predicting exact values) | don’t want
to bore you with the details of a PID’s function but basically in this part it was explained
how each variable helps the system know how much time is needed to keep the actuators
on (another word for things you control like motors but with more functions like a humidifier
or a Peltier that cools down the system). This is basically the logic of the system which you
must discuss and explain. In here it was mentioned that this system basically learns and
tunes its future responses referencing its past adaptations. What does this achieve you
may ask? Not only are you obviously explaining how your system functions, this also
helped show the fact that the system’s efficiency tunes up and increases the more
experienced it is (this explained the decrease in response time in our system because it
kept getting better and faster which was showcased in the results)

=i g sensors ) (= inputs ) 23l g1 3] isoftware J) sl (e deas A 4y 7 158 & a8 (g2 A58
& sius mathematical model e (e Sl aiY) maat e S 0 system +2) PID system loop e
Al 2l variable JS 1)) g 03 e jall Jlaialy G PID ) Jad Jrality olia ja (i | (haudally adll
«motors ) s Lead aSatity M clalall 52 actuators J') 44 2 actuators I Jais zlise <3 =y system
a3¥ 5 csystem I gl Jogic 4! Llee 53 _system) I 25w Peltier sl humidifier ¢ ¢ 5ST caulda sy
il N s e 2l Al bt sy g alaiy 00 system J) o) gleS L jSXIl 5 4s il g 4085
35 omatly system ) 8US () mla s glaS 02 o5l ) Jiad system I z i il e $4y) G 00 b
A = e ed c&)u\ sin g Guady Jiad Y Lae response time J) 48 a s39) 3 43 pA L <

.results)

By “Analysis phase”, | mean that you need to analyze data you have, whether that’d be data
you’ve acquired from your results or from mathematical models/Al models. You need to
analyze what this data means and what it conveys or means for your prototype. After You
reflected on how you actually got to this result or the feature that allowed you to easily
achieve this result beforehand (discussion). You’re also required to provide insight,




meaning that you show what the results actually mean and what it could mean for people
trying to attempt this project. (For example, results may be varying depending on user, or
for other people, results may vary for every trial, which you have to note down, stating
whether it’s a bad or a good thing and going the extra mile to talk about what this means if it
was created on a large scale and stating that it may not be as accurate as your estimation
deems itto be.)
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NOW things get real sciency; you should start dissecting your entire project into different
ideas with each idea consisting of a paragraph and optionally, a figure. If there is a relation
between factors you have been studying in your project or something you calculate, it is
mandatory to include a graph of that relation along with the that relation’s equation. Every
challenge or project will have at least one quantifiable quantity that has to have a point of
comparison in relation to another (you will likely find this highlighted as a requirement in
your challenge paper), this could be any of the following:
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1- Responsetime

2- Offset or deflection (bending in case of an architectural based project)
3- Energy production

4- Pollutant concentration (filtration based projects)

Each type of project has a way to determine its efficiency and this could come in various
ways. Sometimes it is mandatory to include sometimes it isn’t. To clear up any confusion,
efficiency isn’tjust a “product per time”, there are many types of efficiencies regarding any
project ranging from cost efficiency [product vs cost], efficiency of usage [how easy itis to




be used vs how well it performs], efficiency of maintenance [maintenance cost and time to
complete vs how often it is needed]. These are strong scientifical values because they help
you showcase how well your project preforms while referencing real life industrial
implementations and base efficiencies.

Aaba] 058 el diline JIIL af (Sae 525 ¢(efficiency) 45eliS paatl A sk 4l g 5 e 5 S
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An example of an analysis focused part: | Jiail o 384 ¢ jat Jla

“Further analysis showed that there was a consistent error as shown in figure (4), this
was due to the limitations presented by the Nyquist frequency, which states that the
maximum readable frequency is half of the sampling frequency (4000Hz) after
2000Hz, the accuracy decreases substantially. This sampling frequency is
appropriate because the number of samples is 128”

This part was able to analyze and give a well known scientific explanation for the decrease
of accuracy above a certain threshold. What helps complete this paragraph is its analytical
explanation of what this means for the project or the results “this sampling frequency is
appropriate...” it basically deemed it as an issue that arose, but doesn’t have any major
drawbacks since the role of this system didn’t need to exceed this threshold in any way or
form. In short it fulfilled its part and succeeded.
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In another example: AU JGa
it. For temperature, it relies on the incoming heat from the outside against the power generated by the

o dr ier—Qingress—Qi .
peltier; given as: — = Tpeitter Q‘:TE;“' Lincernal (MA.2.07). The denominator represents how hard the
P

prototype resists change, given by p as the density of air, C, as the coefficient of air transfer and V is
the volume (0.1375m3). The other two significant factors are Qpeitier & Qingress gven as Qpeprier

= 0.0485 x T, X I — =% 2.07 X 12 — 0.484 X AT and Qngress = 1.77 - 0.5 - AT Calculated in Watts.

Graphing according to T, = 303.15K during the summer, where

T. is the temperature when cooled and substituting [ = 2A gives 2
figure (4). Analyzing the figure proves that so long as f(x) or :
the black line overtakes the blue line, the peltier can cool or

heat. Accordingly, dT/dt = ~ £ 0.1°C/sec, which is in fact

quite close to the 2™ trial of the deviation test given that

Cp = 1005]/kg - K,V = 0.13m?3,and p = 1.2kg/m?

-
e

Figure (4) representing Qi aress (Blue) and Qpopgier (black)
The equation for the change in temperature with respect to time was discussed. In this one
particular example a graph of the relation between two opposing energy variables—Q
ingress the blue line and Q peltier the black line—is shown. By priorly measuring the
volume of the system and the internal energy (in this case only heat is predominant) and
using norm values for the rest of equation’s variables such as air density and air transfer (Q
peltier is something you control through the ESP32 analog output {the stronger the signal
the stronger it cools down the system}) Q ingress was the incoming heat from the electric
components and the system passively heating up from its surrounding environment. This
equation and graph helped determine when our system was efficient enough to overcome
ingress and cool down the interior and also the minimum temperature we could reach
(determined to be the intersection point between the two lines) However, this wasn’t the
most perfect analysis paragraph. See, the graph was a little miniscule making it hard to see
and understand clearly, as well as the fact that this is an analysis section in the poster
(where you are allowed to cut down on the definitions and explanations by including them
in the presentation) which happened to be a little bit crammed. However, in the portfolio
Analysis it was way clearer with the necessary distinctions and definitions.

energy ) O A8l graph (a5 2= AL s JUA) ng Y\ & 5yl allda jy yias Aol CulEl) Lin
system J) asa Gl (a5uY) Ladll) Q peltiers (oY) Lall) Q ingress (u== oSe variables
s Aalaall il ppata LA A lnal) al) aladind s (3l a5l al) (50 AN i) Ll dlalall 45l
‘ESP32 J ¢l analog output 3 ik (e led aSaiiy dala 03 Q peltier I s) 1 sl JLEiil 5 | sl 43S
A el b Sl (e ARNA 3 )yl 58 Q ingress s s(JSS\ system J 25 L JS (g 68 5 )LEYI L JS
Al e} 23 ) gaelu J 5o graph )y Aalaall 4l s AU A8 e e JS5 408l gystem ) cpdad (e
) Lelea s 2835 ) a a0 Bl S5 0 93 (e 35w ingress ) e calay 43 4US oS S system
agdl s CLED Cunad 438 s OIS graph ) ¢dalad 5588 JaST (S (53 G (bl adalis ddads Cialla
& aehad g 8l ey i) I 4k - sena AN poster J) 4 analysis section O s LS5 ¢z sia s




Gl slas s 1 a5l S portfolio 4! ¢l Analysis I 8 (81 4358 aa e (S8 presentation) I
e DU il el

The general thought process behind actually doing all this requires you to be able to take
your results, your prototype and your design requirements and combine all of these into
one solid idea, mixing everything together, adding in a little bit of “Element X” (as in,
references and citations that support your claims), and a bit of rhetorical thinking alongside
new insights and advantages your project has provided, for example:

a2y design requirements 'y prototype s il 2Al s el oa JS 5 dalall Sl 48, )
references =) "Element X" 4 Chuaiy (gamy ae dals JS LIS )8 saaly 5S84 oglS
e 5 yia Ll G iea g 3u0a insights e« (rhetorical) el S8 458 (K ac iy citations s

Sl

“This prototype model was particularly impressive at extracting heavy metals from water,
giving the water a heavy metal purity of >99.9%.”

So long as the bolded words aren’t already in the results area and this is a conclusion from
your results through an equation you used during your analysis, then this is a new insight.
You concoct all of these to proceed into your concluding phase.

il (K dala Jay) elielly il ozl 02 results JB @ i< (& bold e A 2380 Ldla
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That’s generally it regarding your analysis!
lanalysis J) e 4als JS Ly i oa I

Important notes!!!: | T dega clliada

e You’re going to be putting little parentheses next to text that links to something in your
curriculum like this:

25 (55 el getall (g8 Aalay Toy o ) DS a8 i (ol il Lt |

“This makes the process of reverse osmosis to filter the water harder and consumes
more energy in the filtration process, according to (CH.2.02)”



You need to reference curricular learning outcomes at a minimum of 5 learning
outcomes in your analysis.

<eliy gnalysis ) 8 zeial) (e Y e 5 learning outcomes - reference Jass a3Y I

Regarding the grand challenges themselves, you want to actually incorporate them into
your analysis, talking about how your results solved that challenge, and if possible, if
applied in real life, provide insight on how long it would take/how much it would cost and
how effective it would be to apply your capstone. (conclusion or ending phase)

cala @l 50 3) alS5 5 canalysis I & Sled LA 5 5Y i grand challenges - 3l
8 CalSia g cay) B8 8 5 23Lw (e insight 3 dldall & @ukail ol cady gl w02 challenge -
ending 4 s conclusion J & s35) el capstone ) Guki 4 38 Jad Aua g 4l

.phase)

In-text citation is important and especially mention reference books or research papers
of origin in regard to equations.

<l A research papers I sl A jall Sl S5 @l La snd 5 <age In text citation <)
.equations 4/ L
Correctly and concisely label graphs and figures whilst sizing them up enough for

someone to read at a distance.

Oe W& 538 as () LS s JS 5 ¢ ity e S figures Vs graphs -l label dac) ‘

REL X|
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Do notre-insert the results table here, discuss them instantly.
Jsh e bl (8 a6 mlill Jgaa Gilaatle |
Do not leave a quantity or phenomena undiscussed or unanalyzed
alas of Al e e s el ol AeS ol Giala |

There will be instances where some things are just measurable with no clear way to
predict or control, simply stating this fact is sufficient in those cases.
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e Do not make random graphs and relations between variables independent of each other.
An energy to air humidity graph makes no sense and has no value to this section, please
don’tjust inflate your writing for no reason.

Wl graph .omses 4 il variables o Sl 5 &bl sde graphs Ciledle
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The following is an entire analysis & discussion: | 4 W& JiAnalysis &
Discussion

{

The test results demonstrate that the device was designed successfully to address the
grand challenges and solve the core problem, which is technological advancements and
waste recycling. The project mainly solves the problem of electronic waste, which
typically releases heavy metals into the environment through soil and water. This affects
public health, especially in water, because it is the main source of life. Moreover, by
increasing the amount of the leached electronic waste in the water, the molarity
(concentration) of the heavy metals increases, which increases the osmotic pressure
because itis directly proportional to the molarity, where the formula of the osmotic
pressure is I1 = iMRT, where i is the van't Hoff factor, M is the molarity, R is the ideal gas
constant, and T is the temperature in Kelvin. This makes the process of reverse osmosis to
filter the water harder and consumes more energy in the filtration process, according to

CH.2.02).

To address this problem, it was decided to make a scientific device, which is an
oscilloscope, but all its electronic components must be recycled. The prototype handles
the readings following four stages, which are the filtering stage, the amplifying stage, the
DC bias stage, and the digital processing stage. The first three stages are focused on
hardware, meanwhile, the last stage is focused on computation and software. This
device graphs an input analog signal and using a certain mode, can output certain
variables like the frequency, amplitude, and the time of a period (multiplicative inverse
of frequency). The results provided are shown in Table (3.02).

These results are a direct product of a complex mathematical computation (software)
called a Fast Fourier Transform (hereinafter referred to as FFT). This computation turns a
complex wave into all its constituent waves, which is a law of summation of three main
constituents, a DC bias (a DC component which is always the first sample and is never the



peak frequency nor the peak amplitude), a sum of cosine waves, and sum of sine waves.
When an FFT process is called on a complex signal (same as a polynomial) (MA.2.01)
incoming from the AUX input, it turns it into a cosine wave in one set of variables (called the
REAL SET OF DATA), and a sine wave in the other set (called the IMAGINARY SET OF
DATA). In both, a set of frequencies is plotted against an amplitude. The highest amplitude
out of all is the frequency of the input wave. If the input signal were to be recalculated or
reformed, it would be a summation of the DC and the two trigonometric functions. This
reformation is given as: @(t) = @,pfser + 2 @; - COSRTfit + ¢;) + X a; - sin(2wf;t + ¢;),
where a,ffse is the DC bias offset, a; is the it amplitude for the set of all amplitudes, fi
is the frequency at that amplitude, and ¢; is the phase of the wave (horizontal
transformation). Instead of summing up

Time Domain Frequency Domain everything to achieve the complex wave, the most
important part would be the wave with the highest

X[ ] Re X[ ] Im X[ ] TEa . .
G T, ooy fréquency. Utilizing the ArduinoFFT llbra.ry onthe
meseoiT] i aemesmines  Microcontroller, the complex wave was dissolved

~———~ " into a set of frequencies (TRANSFORMATION OF

T 1IME DOMAIN TO FREQUENCY DOMAIN as shown
in figure (4.01)) with their corresponding amplitudes. The frequency with the highest
amplitude was chosen as this frequency was the result of the amplification and the
hardware stage. This is shown in figure (4.02).

Figure (4.01), the forward and inverse
transformation of a sample into its

Figure (4.03), the schematic of the entire
prototype.



For the hardware stage, as shown in the methods section, the prototype had two main
stages of building, that’s because Arduinos cannot be recycled: however, it’s easy to find
their microcontroller for reuse. Therefore, by following the datasheet, a miniature Arduino
development board was constructed. Capacitors (PH.2.05) were used as a way to provide
an extremely stable 16MHz speed or oscillation (using the crystal oscillator) to increase the
processing speed of the microcontroller without damaging it. They were also used in the
amplification stage for signal attenuation and
Figure (4.02), the simplified wave of  filtering by making high-pass filters whose cutoff

the maximum frequency and frequencies depended on the capacitors and
amplitude of a complex wave of resistors, where fiyrorr = 1/2mRC (MA.2.02). The

frequency 1000Hz on the serial plotter  resjstors were wired in parallel (PH.2.04) to the
nftha Arduinn IDF capacitor. The chosen frequency to be attenuated
was = 16Hz. This had to be equal across all high-pass filters. This related to the
accuracy design requirement as this boosted the accuracy and cancelled any low-
frequency unwanted signal. The schematic for the entire prototype is shown in figure

(4.03).

Further analysis showed that there felatve Brrorva cof ey

was a consistent error as shown in
figure (4.04), this was due to the
limitations presented by the Nyquist
frequency, which states that the

Relative Error (%)

maximum readable frequency is
half of the sampling frequency
(4000Hz) after 2000Hz, the accuracy
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decreases substantially. This CTTTT T st
sampling frequency is Figure (4.04), graph representing errors versus calibrated
appropriate because the frequencies incremented at 50Hz per measurement.

number of samples is 128.

Regarding the entire prototype, its power consumption mostly relied on the ATMega328P
because the AUX input had negligible current and voltage output. The ATMega328P
pulled in a consistent 5V and a consistent maximum current of 200mA (PH.2.03),
according to the law of power: P = IV, Therefore, the power consumption of the
ATMega328 is exactly 1 watt maximum.

}



Conclusion

The Conclusion summarizes what the project ultimately demonstrated and answers the main
question of whether the proposed solution was successful.

A strong Conclusion should generally follow 2-4 paragraphs:

1. Return to the problem — State the purpose — Connect to Egypt’s Grand Challenges
Briefly remind the reader what problem the project addressed and which Grand
Challenges it targets. Then state what the project aimed to accomplish.

2. Summarize the major results — Confirm the requirements
Mention only the most important findings that prove whether the prototype worked.
Focus on results that directly relate to the design requirements.

3. Compare the solution to the prior solutions — Explain why it’s better
Briefly compare the selected solution with the major prior solutions discussed in the
Introduction. Explain what your prototype offers differently, particularly in terms of cost,
simplicity, accessibility, scalability, or other requirements. Do not repeat the entire
comparison from the Introduction.

4. Final judgment — State what can be concluded
End with a clear statement about whether the proposed solution is a valid response to the
problem. Explain what the results demonstrate and, if appropriate, what the prototype
could contribute to real-life applications or future development.

Important:
The Conclusion should answer:

“So, after everything we built and tested, what did we actually prove?”

CONCLUSION

The problem addressed in this pm;cu was the challenge of improving agricultural productivity in
Egypt under changing er di while mai ing low cost, inabili
ibility. This dlru.llv aligns with Egypt’s Grand Challenges, particularly increasing the
agricultural base and reducing environmental impact. The aim was to develop a small-scale smart

y, and

greenhouse capable of automatically lating key envi I s using a closed-loop
feedback system.
Through prototype construction and testing, the system successfully itored temperature,

humidity, soil moisture, and light intensity, and n.spondud using actuators Wi nhoul human
intervention for 6 continuous hours. The results confirmed that the prototype met its main design
requirements: it is low-cost, automated, energy-cfficient, and capable of maintaining stable growing
conditions. The quick response times of actuators and consistent sensor readings validate the
effectiveness of the control system.

Compared to prior solutions such as the WAFRA system and the NIOF Smart IMTA-Aquaponics
system, our prototype offers a more accessible and simplified approach. While those systems achieve
high efficiency and advanced monitoring, they require significant financial investment, technical
expertise, and complex infrastructure. In contrast, our solution focuses on automation, affordability,
and easc of replication, making it more suitable for small-scale farmers, while still maintaining the
core benefit of automated environmental control.

Therefore, it can be concluded that the proposed smart greent system is a practical and scalable
solution that bal fficiency with ibility. It d that d agriculture does
not necessarily require complex or expensive systems, and that simpler designs can still provide

meaningful contributions toward sustainable agricultural development in Egypt



Conclusion

The problem addressed in this project was the challenge of improving agricultural
productivity in Egypt under changing environmental conditions, while maintaining
low cost, sustainability, and accessibility. This directly aligns with Egypt’s Grand
Challenges, particularly increasing the agricultural base and reducing environmental
impact. The aim was to develop a small-scale smart greenhouse capable of
automatically regulating key environmental parameters using a closed-loop
feedback system.

Through prototype construction and testing, the system successfully monitored
temperature, humidity, soil moisture, and light intensity, and responded using
actuators without human intervention for 6 continuous hours. The results confirmed
that the prototype met its main design requirements: it is low-cost, automated,
energy-efficient, and capable of maintaining stable growing conditions. The quick
response times of actuators and consistent sensor readings validate the effectiveness
of the control system.

Compared to prior solutions such as the WAFRA system and the NIOF Smart IMTA -
Aquaponics system, our prototype offers a more accessible and simplified approach.
While those systems achieve high efficiency and advanced monitoring, they require
significant financial investment, technical expertise, and complex infrastructure. In
contrast, our solution focuses on automation, affordability, and ease of replication,
making it more suitable for small-scale farmers while still maintaining the core
benefit of automated environmental control.

Therefore, it can be concluded that the proposed smart greenhouse system is a
practical and scalable solution that balances efficiency with accessibility. It
demonstrates that automated agriculture does not necessarily require complex or
expensive systems, and that simpler designs can still provide meaningful
contributions toward sustainable agricultural development in Egypt.



Recommendations

The Recommendations section explains how the project could be improved in the future and how
the selected solution could become more practical for real-life use. Recommendations should not
simply repeat things the team should have done during the project; instead, they should focus on
future improvements that were not realistically achievable because of limitations such as cost,
available equipment, time, safety, scale, or technical complexity.
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Each recommendation should answer three questions:
1. What should be improved?

Clearly state the specific improvement being proposed.
2. Why would it improve the project?

Explain what problem, limitation, or weakness it would solve and how it would make the
prototype or real-life application better.

3. Why wasn't it done in this project?
Give a realistic reason why the team could not implement it, such as:
e High cost
o Lack of specialized equipment
e Limited time
o Limited access to materials
o Safety concerns
o Prototype scale
e Technical complexity
o Lack of sufficient testing conditions
A strong recommendation therefore follows this general pattern:

Future improvement — Benefit — Reason it was not implemented
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As a tip, it is nice to start this section with a short introductory sentence explaining that the
prototype demonstrated the feasibility of the selected solution but that further improvements
could be implemented to either the prototype itself or its large-scale implementation, then,
present 3—5 specific recommendations, preferably as bullet points.

Each recommendation should be concise but contain enough explanation to show why the
improvement matters and why it was beyond the scope of the current project.

oea Tip
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Examples of types of recommendations to consider

Prototype improvement:
Suggest a better component, stronger material, improved sensor, more accurate actuator,
improved circuit, or more advanced control system.



Automation/control/viability:
Suggest improvements that would make the system more autonomous, responsive, or capable of
adapting to different conditions.

Scaling:

Explain how the prototype could be adapted from a small demonstration into a larger mainstream
application, and what infrastructure or technology would be needed, or a better location to
implement it.

Economic/environmental improvement:
Recommend ways to reduce operating costs, material consumption, water usage, waste, or
environmental impact.

Here is an example of a full recommendations section:

Recommendations

The experience gained throughout the construction of the prototype has
necessitated the inclusion of specific recommendations for future
improvement and sustainability. There have been many pitfalls during
the earliest stages during the prototype building, and the following
recommendations illustrate the correct steps and protocols needed in
avoiding them. The recommendations are:

e Oscilloscopes are expensive and hard to come by in Egypt, but they
are need to calculate the frequency and the power factor of the AC
output, in order to determine the real power consumed from the
current under the given load. This will help with correcting the
power factor through choosing the correct capacitance of the
capacitors after the full-bridge rectification using the diodes.

e Using microcontrollers and microchips such as Arduino-based
chips, to take measurements and send real-time feedback of the
water jet’s flow rate and velocity, the turbine’s RPM and the
temperatures at the hot and cold junctions of the Peltier modules.



e The Toshka Lakes region presents an ideal environment for future
deployment of a large-scale version of the prototype, as it offers
both strong solar irradiance and a continuous freshwater source,
making it perfect for activating both the hydroelectric and
thermoelectric components of the system, additionally, choosing
this location is strategic due to its remoteness and agricultural
importance, making it a strong candidate for decentralized energy
support in non-centralized areas of Egypt such as upper Egypt.

e For future large-scale applications, the system should be tested
using more durable turbine materials and larger-scale water flow
setups to reflect real environmental conditions. Since high
efficiency thermoelectric modules and industrial-grade
components were too costly for our prototype, they should be
introduced gradually in the real-life application to boost
performance. The design should also be adapted into a modular
setup that allows for easier assembly and maintenance in rural
areas. This would make the system more practical for real
deployment without needing massive infrastructure.



Literature Cited

There isn’t much to say about this section. Here, you simply list the sources you used for the
information you cited in the poster, formatted according to APA 7.

You should include at least 5 sources. However, make sure these are actually the sources you
used in the poster, rather than just picking five random references from your Portfolio.

It’s also a good idea to vary your source types when possible. For example, you can use
textbooks, reference books, academic journals, articles, and other reliable sources.

As usual, make sure your sources come from trusted and credible websites. Prefer sources with
domains such as .edu, .org, .gov, .eu, or other official national or international domains when
appropriate, and DO NOT include .com websites (some sites have a DUI for citing which makes
them a little more credible. This includes research papers and journals).
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Acknowledgments
This section is optional and can be removed from the poster.

In this section, you basically credit/thank those who contributed to your project or helped you
complete it. You can include people like your teachers, Capstone leader, fabrication lab engineer,
principal, etc.
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Here is a full example:

“For starters, all thanks are due to Allah SWT Who has given us all the abilities to work on this
project. All thanks are also due to everyone who supported the project intangibly or tangibly, or
with inductive information, such as Mr. Ahmed Ahmed (capstone general), Mr. Ahmed Ahmed
(capstone leader), Mr. Ahmed Ahmed (capstone teacher), Mrs. Rana Ahmed (the FabLab
engineer), and our dear colleagues who have all generously helped us with their knowledge,
contributing to the success of this project, and all the staff of Ismailia STEM School.”



For Further Information:

This section is also optional and can be removed from the poster.

In this section, you can include personal contact information so that people interested in your
project can reach you if they wish to. You can include the team members’ names, phone
numbers, and school email addresses.

Note: Be careful when including your real phone number on the poster, especially if the poster
will be displayed publicly. To reduce the risk of spam or unwanted calls, you can replace one or
more digits with incorrect digits, or use another method to make the number non-functional.
Include your real phone number at your own risk.
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