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1. INTRODUCTION

The Mini Project course is designed to provide us with practical exposure to real-world
engineering problem solving by systematically applying the Engineering Design
Process (EDP). Unlike traditional theory-oriented courses, this course emphasizes
learning through hands-on design, implementation, testing, and iterative improvement
of an engineering solution. It bridges the gap between conceptual knowledge and

practical application, preparing us for industry-oriented challenges.

The Engineering Design Process serves as a structured and logical framework that
guides engineers from problem identification to solution realization. In this course, we
begin by clearly defining a real-world problem and understanding user requirements,
constraints, and objectives. This is followed by background research, brainstorming of
multiple design alternatives, and selection of the most feasible solution based on

technical, economic, and sustainability considerations.

Once a design concept is finalized, the process moves toward system modelling,
component selection, and implementation, using appropriate tools, software, and
hardware. Prototyping and simulation play a crucial role in validating the design before
final realization. The course also emphasizes testing, evaluation, and iterative
refinement, allowing us to improve system performance based on observed results and

feedback.

By following the Engineering Design Process, the Mini Project course helps us develop
essential engineering skills such as critical thinking, teamwork, communication,
documentation, and project management. It encourages creativity while maintaining a
disciplined approach to design. Overall, this course enables we to gain confidence in
transforming innovative ideas into functional engineering solutions in a structured and

professional manner.
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2. THEME

“AGRICULTURE — TERRACE FARMING”

Terrace farming is an innovative agricultural practice that enables food production in
limited or unconventional spaces such as building rooftops and terraces. With rapid
urbanization and decreasing availability of cultivable land, terrace farming has emerged
as a practical solution to grow vegetables, fruits, and medicinal plants within city
environments. This method helps individuals and communities participate in

agriculture even when traditional farmland is not accessible.

In terrace farming, crops are grown in containers, grow bags, or raised beds placed on
rooftops. The soil used is usually a mixture of compost, coco peat, and garden soil,
which makes it lightweight and suitable for terraces. Plants such as tomatoes, leafy
vegetables, chilies, herbs, and flowering plants are commonly grown due to their
adaptability and short growth cycles. Proper drainage, sunlight exposure, and regular

watering are essential factors for successful terrace farming.

One of the major advantages of terrace farming is its contribution to environmental
sustainability. It helps reduce the urban heat effect by lowering rooftop temperatures
and improves air quality by increasing green cover. Additionally, terrace farming
promotes the use of organic waste by converting kitchen waste into compost, thereby
reducing household waste generation. This practice also encourages water conservation

when combined with drip irrigation or rainwater harvesting techniques.

Terrace farming also offers economic and health benefits. It reduces dependency on
market-purchased vegetables and ensures access to fresh, chemical-free produce. For
many households, it serves as a supplementary source of income or a cost-saving
measure. Moreover, engaging in terrace farming promotes awareness about food

production, healthy eating habits, and responsible resource utilization.

From an engineering perspective, terrace farming provides opportunities to apply
automation, sensors, and smart irrigation systems to optimize plant growth.
Technologies such as soil moisture sensors, automated watering systems, and weather
monitoring can enhance efficiency and reduce manual effort. Thus, terrace farming
represents a meaningful intersection of agriculture and technology, making it an ideal

theme for engineering mini projects focused on sustainability and innovation.
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2.1 HYDROHIVE- TERRACE WATERING SYSTEM

HydroHive is a smart terrace watering system designed to automate and optimize the
irrigation of plants grown on rooftops and terrace gardens. The system ensures efficient
water usage by watering plants only until the soil moisture reaches 70%, thereby
preventing over-watering and under-watering. It also allows users to schedule watering

for specific plants, reducing manual effort while maintaining optimal plant health.

This system is particularly useful in urban households, apartments, and small residential
buildings where terrace farming is practiced. HydroHive operates in two modes: an
automatic mode, where watering is controlled based on soil moisture, weather, and
temperature conditions, and a manual mode, where users can water plants instantly or
schedule watering through a web interface. The system currently supports two plants,
each monitored independently, and includes a multilingual voice assistant that supports
Kannada, Hindi, Marathi, and English, along with terrace farming tips, making it

accessible and user-friendly.

The importance of HydroHive lies in its contribution to sustainable urban agriculture
and smart water management. By storing soil moisture values in a database, the system
enables monitoring and analysis of plant conditions over time. Through automation,
intelligent decision-making, and user interaction, HydroHive helps conserve water,
improve plant health, and encourage terrace farming practices, demonstrating how
engineering and automation can effectively address modern agricultural challenges in

cities.
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2.2 Literature Survey & Market Survey

A.

Literature Survey

Table No. 2.2.1 - List of papers/articles

SL
N Article Name Author & Publisher Year
o.
Optimized Water Venkatra Krishna Kishore, K.,
Scheduling Using [oT Yaswanth Kumar, B.,
01 . _ 2020
Sensor Data in Smart Venkatramaphanikumar, S.
Farming Springer, Singapore
C. Rajurkar, S. R. S. Prabaharan and S.
IoT based water
02 Muthulakshmi 2017
management
IEEE
An Internet of Things (IoT) S. Narendran, P. Pradeep and M. V.
03 based sustainable water Ramesh 2017
management IEEE
Real Time Internet of
Saif Allah H. AlMetwally , Mohamed
Things (IoT) Based Water
04 ‘ K. Hassan , Mohamed H. Mourad 2020
Quality Management )
Elsevierv
System
IoT-Based Water
S. Ismail, D. W. Dawoud, N. Ismail, R.
Management Systems:
05 Marsh and A. S. Alshami 2022
Survey and Future Research
IEEE
Direction
Enhancing agricultural Nagabhooshanam, N., Sharma, K.,
06 water management through | Kaur, M., Singh, R., & Murthy, N. B. 2005
sensor-based irrigation C.S.N
systems Taylor & Francis(publisher)
L. J. Ballais, T. N. Sharma, H. W. Thu,
IoT-Based Terrace Farming S. D. A. P. Sanadeera, A.
07 2021
System for Cities Taparugssanagorn and M. N. Dailey,
IEEE
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Innovative Dashboard

08 Designs for Real-Time Astri Idayu Athesan, & Mohd Faizul 2004
Smart Farming Data Emizal Mohd Ghazi
Visualization

L S S Pavan Kumar Chodisetti

K Monisha Sindhu;
09 Terrace Garden Using 2024

M Naveen Kumar Manikanta
LabVIEW

Smart Watering System for

Venkateswara Rao Ch

Sustainable smart

) ) Komathi J,
agricultural approach in . '
10 . Srirangarajalu N 2025
terrace farming through
) Kumaresan G
sensor fusion technology

Optimized Water Scheduling Using IoT Sensor Data in Smart Farming (2020)

This paper discusses how Internet of Things (IoT) technology can be used to improve
irrigation scheduling in agriculture. The authors explain that in traditional irrigation
systems, water is supplied either manually or based on fixed time schedules. Such
methods do not consider real-time soil or environmental conditions, which often results
in water wastage and inefficient irrigation. To solve this problem, the paper proposes
an loT-based smart irrigation system that uses sensor data to decide when irrigation is

required.

In the proposed system, sensors such as soil moisture, temperature, and humidity
sensors are placed in the agricultural field. These sensors continuously monitor the
condition of the soil and surrounding environment. The collected data is transmitted
through IoT communication modules to a central controller or cloud platform. Based
on the received data, the system analyzes the water requirement of crops and

automatically schedules irrigation.

The paper highlights that real-time monitoring plays a major role in optimizing water
usage. When the soil moisture level falls below a certain threshold, the system activates
irrigation, and when sufficient moisture is detected, water supply is stopped. This

automated decision-making reduces human effort and ensures that crops receive the
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right amount of water at the right time. The authors also mention that such optimized

irrigation systems help in conserving water and improving crop yield.

The system described in the paper is mainly designed for smart farming environments
and large agricultural fields. It focuses more on data collection, analysis, and
optimization techniques rather than simple hardware implementation. Still, the overall

concept clearly shows how IoT can make irrigation more intelligent and efficient [1].
What We Have Taken from This Paper for Our Project

From this paper, we have taken the fundamental idea of using soil moisture sensor data
to control irrigation automatically. The concept of monitoring soil conditions in real
time and making irrigation decisions based on sensor values is directly applied in our

project.

We have also adopted the idea of threshold-based control, where irrigation is turned ON
when soil moisture is low and turned OFF when adequate moisture is reached. While
the paper uses advanced data analysis methods, our project simplifies this approach by

using a microcontroller-based system suitable for terrace farming.

Additionally, this paper helped us understand the importance of automating irrigation
to reduce water wastage and human involvement. Using this concept, our project
implements an automatic irrigation system that is efficient, low-cost, and practical for

small-scale and urban farming applications.
IoT Based Water Management (2017)

This paper explains how Internet of Things (IoT) technology can be applied to manage
water resources efficiently. The authors focus on the growing problem of water wastage
due to manual control and lack of proper monitoring systems. Traditional water
management methods depend heavily on human operation, which can lead to errors,
delays, and inefficient use of water. To overcome these issues, the paper proposes an

IoT-based water management system that automates monitoring and control.

In the proposed system, different types of sensors are used to measure parameters such
as water level, water flow, and water usage. These sensors are connected to a
microcontroller and IoT communication modules, allowing real-time data to be sent to

a monitoring system. Based on this data, water supply can be controlled automatically
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using actuators like motors and valves. The system also supports remote monitoring,

enabling users to check water usage and system status from anywhere.

The paper highlights that IoT-based water management systems improve efficiency by
providing accurate data and timely control. Automated water distribution reduces
wastage and ensures that water is supplied only when required. The authors suggest that
such systems can be applied in various areas such as residential buildings, industries,

agriculture, and smart cities.

Although the paper discusses water management in general, it clearly explains how
automation and real-time monitoring can improve water usage. The focus is more on

system architecture and concept rather than detailed agricultural implementation [2].
What We Have Taken from This Paper for Our Project

From this paper, we have taken the concept of automated water control using sensors
and actuators. The idea of using valves and motors to control water flow automatically

is directly applied in our project through the use of pumps and solenoid valves.

We also adopted the concept of real-time monitoring and control, where the system
continuously checks water-related parameters and responds accordingly without
manual intervention. This helped us design an irrigation system that operates

automatically based on sensor input.

Additionally, this paper helped us understand how loT-based systems can reduce water
wastage and improve efficiency. Using this knowledge, our project applies automated
water management specifically for irrigation, making water usage more controlled and

efficient in terrace farming.
An IoT-Based Sustainable Water Management (2017)

This paper focuses on the use of Internet of Things (IoT) technology to achieve
sustainable water management. The authors explain that increasing population,
urbanization, and climate change have created serious challenges related to water
scarcity. Traditional water management methods are not sufficient to handle these
challenges, which makes the adoption of smart technologies necessary. The paper
proposes an loT-based framework that helps in monitoring and managing water

resources in a more efficient and sustainable manner.
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In the proposed system, [oT sensors are used to collect data related to water usage,
environmental conditions, and system performance. These sensors continuously send
data to a central monitoring platform where it can be analyzed. The collected
information helps in understanding water consumption patterns and identifying areas
where water can be conserved. The authors emphasize that continuous monitoring

enables better planning and decision-making related to water distribution.

The paper mainly discusses the system architecture and conceptual design of
sustainable water management using IoT. It highlights how automation and real-time
monitoring can reduce water wastage and support long-term conservation. However,
the paper does not focus much on specific hardware implementation or real-time control
of irrigation systems. The discussion is more theoretical and oriented towards

sustainability goals rather than practical field deployment [3].
What We Have Taken from This Paper for Our Project

From this paper, we have taken the importance of sustainability and water conservation
as a key objective of our project. The idea that water should be used efficiently and

responsibly guided the overall design of our irrigation system.

We also adopted the concept of continuous monitoring using IoT sensors, which helps
in making better decisions related to water usage. In our project, this idea is
implemented by continuously monitoring soil moisture levels to ensure that water is

supplied only when required.

Additionally, this paper helped us understand how loT-based systems can support long-
term water conservation. Using this understanding, our project focuses on reducing
water wastage through automated irrigation, making it suitable for sustainable terrace

farming practices.
Real-Time IoT-Based Water Quality Management System (2020)

This paper focuses on monitoring water quality using Internet of Things (IoT)
technology. The authors explain that water quality plays a very important role in
agriculture, domestic usage, and industrial applications. Poor quality water can
negatively affect crop growth, soil health, and overall agricultural productivity.
Traditional methods of water quality testing are usually manual, time-consuming, and

done only at specific intervals, which may not detect sudden changes in water quality.
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To overcome these limitations, the paper proposes a real-time loT-based water quality
monitoring system. In this system, different sensors are used to measure water quality
parameters such as pH level, temperature, turbidity, and conductivity. These sensors
continuously collect data from the water source and transmit it to a monitoring system
through IoT communication modules. The data is displayed in real time, allowing users

to observe changes in water quality instantly.

The authors highlight that real-time monitoring helps in early detection of water
contamination and allows quick corrective actions to be taken. The system can also
generate alerts when the measured parameters exceed safe limits. This improves
reliability and reduces the risk of using unsuitable water for agriculture or other
purposes. The paper mainly focuses on system design and data monitoring rather than

irrigation control.

Although the paper is centered on water quality management, it clearly demonstrates
how IoT enables continuous monitoring and real-time data transmission. The system
improves efficiency compared to conventional water testing methods and supports

better water resource management [4].
What We Have Taken from This Paper for Our Project

From this paper, we have taken the concept of real-time monitoring using [oT sensors.
The idea of continuously collecting data and observing system conditions in real time

helped us design a more responsive irrigation system.

We also adopted the principle of using sensor data to support better decision-making.
In our project, instead of water quality parameters, we monitor soil moisture levels to

decide when irrigation should be turned ON or OFF.

Additionally, this paper helped us understand the importance of reliability and timely
response in loT-based systems. Using this understanding, our project ensures that
irrigation actions are taken immediately based on sensor readings, improving water

usage efficiency in terrace farming.
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IoT-Based Water Management Systems: Survey and Future Research Directions

(2022)

This paper is a survey study that reviews various Internet of Things (IoT) based water
management systems developed by different researchers. Instead of proposing a single
system, the authors analyze multiple existing solutions related to water monitoring,
irrigation management, and resource optimization. The paper gives a broad
understanding of how IoT technologies are being applied in the field of water

management.

The authors discuss different types of sensors, communication technologies, and system
architectures used in loT-based water management. They also compare the advantages
and disadvantages of various approaches. Important issues such as data accuracy,
system reliability, energy consumption, scalability, and cost are clearly explained. The
paper highlights that although many systems show promising results, most of them face

challenges when implemented in real-world conditions.

One of the major points discussed in the paper is that many loT-based water
management systems are either too expensive or too complex for small-scale users. The
authors also mention that lack of standardization and user-friendly design limits the
adoption of these systems. The paper concludes by suggesting future research
directions, such as developing low-cost, simple, and efficient water management

solutions [5].
What We Have Taken from This Paper for Our Project

From this survey paper, we have taken a clear understanding of existing IoT water
management technologies and their limitations. The challenges discussed in the paper

helped us decide the design approach for our project.

We adopted the idea of building a simple, low-cost, and practical system rather than a
complex one. The paper motivated us to focus on ease of use, affordability, and real-

world applicability.

Additionally, this paper helped us understand the importance of reliability and
efficiency in IoT systems. Using these insights, our project emphasizes stable sensor
readings and automatic irrigation control, making it suitable for terrace and small-scale

farming applications.
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Enhancing Agricultural Water Management Through Sensor-Based Irrigation

Systems (2025)

This paper focuses on improving agricultural water management by using sensor-based
irrigation systems. The authors explain that agriculture consumes a major portion of
available freshwater resources, and inefficient irrigation practices often result in
significant water loss. Traditional irrigation methods depend on fixed schedules or
manual judgment, which do not accurately match the actual water requirements of
crops. To solve this problem, the paper proposes a sensor-based automated irrigation

approach.

In the proposed system, sensors such as soil moisture sensors and environmental
sensors are used to monitor field conditions continuously. These sensors collect real-
time data related to soil moisture levels and climatic conditions. Based on this data, the
irrigation system supplies water only when required by the crops. The paper highlights
that this method helps maintain optimal soil moisture levels, which is essential for

healthy crop growth.

The authors also discuss the advantages of automation in agriculture, such as reduced
labor requirements, improved irrigation accuracy, and better utilization of water
resources. The system aims to increase crop yield while minimizing water wastage. The
paper mainly focuses on large-scale agricultural fields and advanced sensor-based

techniques to manage irrigation efficiently.

Overall, the study clearly shows that sensor-based irrigation systems play a crucial role

in improving water efficiency and supporting sustainable agriculture [6].
What We Have Taken from This Paper for Our Project

From this paper, we have taken the core concept of sensor-based irrigation, where
irrigation decisions are made based on soil moisture levels. This concept is directly
applied in our project by using soil moisture sensors to control water supply

automatically.

We also adopted the idea of maintaining optimal soil moisture for healthy plant growth.
Our system ensures that plants receive water only when required, preventing over-

irrigation and under-irrigation.
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Additionally, this paper helped us understand the importance of automation in reducing
manual effort and improving efficiency. Using this idea, our project implements an
automated irrigation system suitable for terrace farming, making water management

easier and more effective.
IoT-Based Terrace Farming System for Cities (2021)

This paper focuses on the application of Internet of Things (IoT) technology for terrace
farming in urban areas. The authors explain that due to rapid urbanization and limited
land availability, terrace farming has become an important solution for growing food in
cities. However, managing terrace farms manually can be difficult due to limited time,
lack of technical knowledge, and irregular water management practices. To address

these challenges, the paper proposes an loT-based terrace farming system.

In the proposed system, various sensors are used to monitor environmental parameters
such as soil moisture, temperature, and humidity. The sensor data is transmitted to a
controller and can be monitored remotely using loT platforms. This allows users to keep
track of their terrace farm conditions without being physically present. The system

helps in improving plant health and maintaining suitable growing conditions.

The paper emphasizes the importance of automation and remote monitoring in urban
farming. By using [oT technology, terrace farming becomes more efficient and less
dependent on manual effort. However, the paper mainly focuses on monitoring and data

collection rather than detailed automation of irrigation control.

Overall, this study highlights how IoT can support sustainable urban agriculture by

making terrace farming more manageable and efficient [7].
What We Have Taken from This Paper for Our Project

From this paper, we have taken the idea of applying IoT technology specifically to

terrace farming. This helped us clearly define the application area of our project.

We also adopted the concept of remote monitoring of farming conditions, which

influenced our system design to support real-time observation of sensor data.

Additionally, this paper guided us in understanding the importance of automation in

urban farming environments. Using this understanding, our project enhances terrace
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farming by implementing automated irrigation using pumps and solenoid valves,

making water management easier for city-based users.
Innovative Dashboard Designs for Real-Time Smart Farming Data Visualization

This paper focuses on the importance of data visualization in smart farming systems.
The authors explain that modern smart farming generates a large amount of data from
sensors such as soil moisture, temperature, humidity, and other environmental
parameters. However, raw sensor data in numerical form is difficult for farmers to
understand and use effectively. To solve this problem, the paper proposes innovative
dashboard designs that present real-time farming data in a clear and user-friendly

manner.

The paper discusses different dashboard elements such as charts, graphs, indicators, and
status alerts that help users quickly understand the current condition of the farming
system. Real-time visualization allows farmers to monitor changes in environmental
conditions and system performance without technical expertise. The authors emphasize
that good dashboard design improves decision-making and reduces dependency on

manual data interpretation.

The study highlights how real-time dashboards can be accessed through web or mobile
applications, enabling remote monitoring of farming activities. This is especially useful
for urban and small-scale farmers who may not always be physically present at the
farm. The paper mainly focuses on software design and user interface aspects rather

than hardware automation.

Overall, the paper clearly shows that effective data visualization plays a crucial role in

making loT-based smart farming systems more practical, usable, and efficient [8].
What We Have Taken from This Paper for Our Project

From this paper, we have taken the concept of real-time monitoring and clear data
presentation. The idea that sensor data should be easy to understand influenced how we

plan to observe and analyze system performance in our project.

We also adopted the principle that user-friendly interfaces improve system usability,

especially for non-technical users. Although our current project focuses more on
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hardware automation, this paper guides future improvements such as adding

dashboards or display interfaces.

Additionally, this paper helped us understand the importance of remote access and
system transparency. Using these ideas, our project aims to provide a smart irrigation

solution where system behavior is based on real-time data and can be easily monitored.
Smart Watering System for Terrace Garden Using LabVIEW

The paper “Smart Watering System for Terrace Garden Using LabVIEW” presents an
automated irrigation solution specifically designed for terrace and small-scale
gardening applications. The study focuses on overcoming the limitations of manual
watering by introducing a smart system that monitors soil conditions and controls water
supply automatically. By using real-time sensing and software-based control, the
proposed system aims to ensure optimal watering while minimizing water wastage and

human intervention.

In the proposed system, soil moisture sensors are used to continuously monitor the
moisture content of the soil. The sensor data is interfaced with a data acquisition system
and processed using the LabVIEW platform, which provides a graphical programming
environment for system monitoring and control. Based on predefined threshold values
set within the LabVIEW interface, the system automatically activates or deactivates the
watering mechanism, ensuring that plants receive the required amount of water. The
LabVIEW-based dashboard also allows users to visualize sensor data and system status

in real time.

The paper highlights that the integration of software tools like LabVIEW with sensor-
based automation enhances system reliability, monitoring accuracy, and user
interaction. The proposed solution is particularly suitable for terrace gardens and urban
farming environments, where controlled watering is essential. Although the system
relies on LabVIEW for implementation and monitoring, the core concept of soil
moisture-based automated irrigation demonstrates an effective approach for smart

watering applications [9].
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Sustainable Smart Agricultural Approach in Terrace Farming through Sensor

Fusion Technology

The paper “Sustainable Smart Agricultural Approach in Terrace Farming through
Sensor Fusion Technology” presents an intelligent and sustainable solution for terrace
farming by integrating multiple sensors through sensor fusion techniques. The study
addresses the challenges of urban and terrace farming, such as limited space, inefficient
water usage, and lack of real-time monitoring. By combining data from different
environmental sensors, the proposed system aims to improve decision-making accuracy

and resource utilization while promoting sustainable agricultural practices.

In the proposed approach, various sensors such as soil moisture, temperature, humidity,
and light intensity sensors are deployed to continuously monitor plant and
environmental conditions. Instead of relying on a single sensor, sensor fusion
technology is used to combine data from multiple sources, providing more reliable and
accurate information about crop requirements. The fused sensor data is processed by a
control unit, which determines appropriate actions such as irrigation scheduling and

environmental adjustments.

The paper emphasizes that sensor fusion enhances system reliability and reduces errors
caused by faulty or fluctuating sensor readings. By making irrigation decisions based
on combined sensor data, the system ensures optimal water usage and improved crop
health. The authors highlight that this approach supports sustainability by minimizing
water wastage, reducing manual intervention, and improving productivity in terrace
farming environments. Overall, the study demonstrates how sensor fusion—based smart
agriculture can effectively support sustainable and efficient terrace farming systems

[10].
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B. Market Survey
1) Tuya-Based 8-Zone Wi-Fi Sprinkler Controllers

Tuya-based sprinkler controllers are widely adopted due to their compatibility with the
Tuya Smart ecosystem. These controllers support multi-zone irrigation, typically up to
eight zones, making them suitable for medium to large home gardens and lawns. Users
can create custom schedules, enable rain-skip functions, and control watering remotely
through a smartphone application. Integration with voice assistants like Alexa and

Google Assistant enhances user convenience.

However, these controllers primarily focus on scheduling and connectivity. Advanced
sensing features such as soil moisture measurement and water flow monitoring are not
built-in, requiring additional external sensors. This increases system complexity and
overall cost. Hence, while Tuya-based controllers are user-friendly and scalable, they

lack comprehensive real-time environmental feedback.
2) IFITech Wi-Fi Irrigation Timer

The IFITech Wi-Fi irrigation timer is designed with compactness and simplicity in
mind. It is especially suitable for balcony gardens, terrace gardens, and small green
spaces. The device supports app-based control, automatic scheduling, and voice

assistant integration, enabling users to manage watering even when away from home.

A key concern with this product is its varying weather resistance. Since IP ratings differ
across models, long-term outdoor reliability depends on proper installation and
environmental conditions. Additionally, the system does not offer detailed analytics or

sensor-based decision-making, limiting its intelligence compared to premium solutions.
3) LinkTap Smart Water Timers

LinkTap represents the premium segment of smart irrigation products. It stands out due
to its real-time flow monitoring, leak detection, and water usage analytics. These
features allow precise tracking of water consumption and immediate alerts in case of

abnormal flow or leakage, making it highly suitable for water-sensitive applications.

The system also offers long-range connectivity and robust performance. However,

despite its advanced flow monitoring, soil moisture sensing is not integrated by default
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and must be added externally. The higher cost may also limit adoption among students

or small-scale users.
4) Solar / Wi-Fi Smart Water Timers (Multi-Brand Solutions)

Solar-assisted smart water timers are gaining popularity due to their energy efficiency
and low maintenance requirements. These devices typically combine solar panels with
battery backup, enabling reliable operation even in power-constrained environments.

Core features include remote control, scheduled watering, and rain-delay functionality.

While these systems are ideal for sustainable setups, they usually lack advanced
analytics, such as flow-rate measurement or historical data visualization. As a result,

they are better suited for basic automation rather than intelligent water management.
5) DIY Soil-Moisture Smart Watering Kits

DIY smart watering kits are highly popular among students, researchers, and hobbyists.
These kits usually include soil moisture sensors, relay modules, pumps or valves, and
basic microcontroller support. Their primary advantage lies in real-time soil moisture

measurement and low cost.

However, these solutions require users to design and develop their own mobile
application or dashboard for monitoring and control. Reliability, durability, and
scalability depend heavily on the user’s implementation skills. Despite these
challenges, DIY kits provide excellent learning opportunities and flexibility for

customization.
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2.3 Project Gantt Chart

OCTOBER NOVEMBER DECEMBER

mmmm.mmmmmm

PHASES & TASKS

1. PROBLEM IDENTIFICATION

Community visit & Problem

identifing

Stakeholder Map &

Questionnaire

Empathy Map & Persona .

Market Survey .

User Needs & Need Statement .
2. ENGINEERING DESIGN

Requirements & Prioritization

Demand & Wish / Functional
Reqs

Problem Definition & Black Box
Functional Architecture &

Morph. Chart

Conceptual Design & Pugh

Chart

3. EMBODIMENT DESIGN

3D CAD Modeling & Integration ..

Circuit Design & Flowchart

4. DETAILED DESIGN
Final CAD, Assembly & BOM
5. BUDGET & PROCUREMENT
Component Procurement .
6. PHYSICAL PROTOTYPE
Sprint 1: Circuit Design &

Dashboard Development
(Frontend & Backend)

Sprint 2: Hardware Fabrication
& Dashboard Database
Integration

PROJECT PORTFOLIO

4

B problem ID @ Engineering Design [ Embodiment Design Detailed Design @ Procurement [ Prototype W Project Portfolio (All Weeks)

Fig 2.3.1 Project Gantt Chart
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The Gantt chart shown in Fig. 2.3.1 illustrates the structured project timeline planned
from September to January, mapping all major phases and tasks in a sequential and
time-bound manner. The project begins with problem identification, including
community visits, stakeholder mapping, and user need analysis, followed by the
engineering design phase where requirements, functional architecture, and concept
selection are carried out. The embodiment design phase focuses on 3D CAD modeling,
circuit design, and system flowcharts, which then lead to detailed design, budgeting,
and procurement activities. Finally, the physical prototyping phase is executed through
two Scrum-based sprints covering circuit and dashboard development, hardware
fabrication, and full system integration. Overall, this Gantt chart ensures clear task
distribution, effective time management, and smooth progression from concept to a

functional prototype.
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3. Product Vision Board

3.1 Product vision Board Overview and Its Role in the Project

The Product Vision Board is a tool used to understand and plan the overall idea of a
product. It helps in clearly defining what the product is, who will use it, and what
problems it is meant to solve. The board includes details like the product vision, target
users, user needs, important features, and business goals. It helps the team stay focused
and work in the same direction. By keeping goals clear, it also helps in making better
decisions during product development. Overall, the Product Vision Board acts like a

guide or roadmap for developing a successful product.

The Product Vision Board gives a clear and organized overview of the smart terrace
farming system proposed in this project. It helps in understanding the overall direction
of the project by combining the vision, target users, user needs, product features, and
business goals in one place. This makes sure that the project stays focused and well

planned from the initial stage to the final implementation.

The main vision of the project is to make terrace farming easier with the help of
intelligent automation, so that people with any level of experience can grow healthy
vegetables and herbs at home. By reducing manual work and improving water usage,

the system supports sustainable and efficient urban farming.

The target users include urban households, apartment residents, working professionals,
elderly people, and families who are interested in eco-friendly living. Identifying these
users helps in designing a system that is compact, easy to operate, and suitable for small
terrace or balcony spaces. The system is especially useful for people who have limited

time or physical effort to spend on manual gardening.

The user needs focus on common problems such as irregular watering, lack of
information about soil moisture, and wastage of water due to manual irrigation. These
issues are solved by using automatic watering based on soil moisture, real-time
monitoring, and alert notifications for low water levels or system errors. This helps in

maintaining healthy plant growth while also saving water.
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PRODUCT VISION BOARD

Purpose: To simplify terrace farming through intelligent automation so that anyone—regardless of skill level—can grow healthy vegetables and herbs at

home
VISION Positive Change: Enables effortless, sustainable terrace farming with reduced manual monitaring, while conserving water and time.

e TARGET GROUP

Market Segment:
Urban households with

terraces/balconies, small rooftop
gardens, and hobby growers.

Target Customers & Users:

* Busy working professionals with

limited time.

* Apartment owners interested in

home gardening.

¢ Eco-conscious families wanting

sustainable living.

¢ Elderly users who need easy

automation support.

NEEDS

Problems Addressed :
+ Irregular watering due to busy
schedules.
* Lack of awareness about ideal
maisture levels.
* Water wastage in manual watering.

Benefits Provided :
¢ Automatic watering based on soil
maisture.
+ Real-time monitoring of moisture and
water tank level.
« Alerts for low water or system issues.

PRODUCT

What the Product Is:
* A modular terrace farming kit with
sensor, pump.
* A system to control the watering
through scheduling

What Makes It Stand Out:

* Automatic soil-based irrigation with
optimized water usage.

= Simple installation,

Feasibility:

= Built using low-cost, easily available
mmpﬂnents

* Highly scalable with strong market
demand for smart home and urban
farming solutions.

Fig 3.1.1 Product vision board

@ BUSINESS GOALS

How It Benefits the Company

* Enters the growing smart-home and
urban farming market with a
scalable product.

« The product is priced at
approximately 18,000, with
additional recurring revenue

generated through optional add-on
modules and ongoing support
services.

Primary Business Goals

* Achieve strong initial sales with
profitable margins and expand
through product extensions,

= Build partnerships and a long-term
customer hase for future smart-agri
solutions.

Figure 3.1.1 illustrates the Product Vision Board of the proposed smart terrace farming

system, presenting a clear overview of the project’s vision, target users, identified

needs, product features, and business goals. The vision focuses on simplifying terrace

farming through intelligent automation to enable sustainable and efficient plant growth

with minimal manual effort. It identifies urban households, working professionals,

elderly users, and eco-conscious families as the primary users while addressing issues

such as irregular watering, lack of soil moisture awareness, and water wastage. The

product is described as a modular automated irrigation kit with sensors and scheduling

capabilities, offering real-time monitoring and optimized water usage, while also

highlighting scalability, affordability, and long-term business potential, as shown in Fig.

3.1.1.
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4. Design Thinking

DESIGN
THINKING

PROCESS

Fig 4.1 Design thinking process

The given image explains the Design Thinking process in a simple and easy-to-
understand manner. As shown in Fig. 4.1, the process consists of five main stages:
Empathize, Define, Ideate, Prototype, and Test, which are arranged in a circular flow.
This circular arrangement shows that design thinking is not a one-time process but an
iterative one, where improvements are made continuously based on feedback and

results.

The Empathize stage focuses on understanding the user’s needs, problems, and
experiences. This is followed by the Define stage, where the actual problem is clearly
identified. In the Ideate stage, different ideas and possible solutions are generated
through brainstorming and creative thinking. The Prototype stage involves creating
simple models or mock-ups of the selected ideas, and the Test stage is used to evaluate

these prototypes in real situations to check their effectiveness.

The image also includes creative elements such as light bulbs, gears, and icons, which
represent innovation, imagination, and problem-solving. Overall, the image shows that
design thinking is a balanced approach that combines creativity with logical steps to

develop user-focused and practical solutions.
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4.1 Stakeholder Map

Fig 4.1.2 Stakeholder Map

The image illustrates the stakeholder classification involved in the project using three
concentric layers, representing primary, secondary, and tertiary stakeholders. As shown
in Fig. 4.1.2, this layered structure helps in understanding the level of involvement and

influence each group has in the system.

Primary stakeholders include farmers and gardeners, who are the direct users of the
system. They interact with the project in real field conditions by using the system for
irrigation and crop management. Their inputs regarding crop type, water requirements,
and practical challenges are crucial. Feedback from these users helps improve usability,

efficiency, and overall performance of the system.
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Secondary stakeholders consist of nurseries and fertilizer/pesticide shops. They support
the project indirectly by supplying seeds, plants, fertilizers, and pesticides that
complement the irrigation system. They may also guide farmers on suitable inputs and
practices so that irrigation schedules match crop and soil needs, leading to better

productivity.

Tertiary stakeholders, as indicated in Fig. 4.1.2, include university students and
professors. Their role is mainly academic and technical. Students contribute through
research, system development, testing, and documentation, while professors provide
guidance, validation of design, and technical mentoring. Their involvement ensures that

the project follows proper engineering standards and innovative practices.
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4.2 Empathy Map

EMPATHY MAP

Primary Stakeholder

How can | make my home garden look beautiful with minimal
daily effort?

| wish | had a simple, guided way to care for each plant
correctly.

| want my students and family to learn the
value of nurturing plants.

.

| need an easy way to balance teaching,
housework, and my garden hobby.

Compliments from neighbors: “Your
garden looks so peaceful and fresh!”
Friends suggesting she try self-watering
pots or new soil mixes.

Family telling her to relax and not
overwork herself maintaining plants.

Online influencers promoting “low-
maintenance smart gardens.”

PAIN

Struggles to keep plants properly watered during busy workdays.
Feels too exhausted after long teaching hours to manually water
and check each plant.

Finds it difficult to track which plants need more or less water.
Faces difficulty in watering plants while away on family trips.

%

Name: Jyothi T

.

Notices neighbors or younger people
growing trendy indoor plants.

Sees online tutorials about smart
gardening and wants to try them.
Observes her plants drying when she’s
busy with tutoring or classes.

>
.

Sees decorative pots or home garden
setups that inspire her.

Talks proudly about her plants to
students and friends.

Often shares gardening tips with her
students during lessons.

Waters plants early morning or late
evening after classes.

Tries DIY home remedies for plant care
using natural ingredients.

GAIN i%

Feels calm and rejuvenated while surrounded by her plants.
Takes pride in maintaining a green, inspiring home environment.
Feels joy when students or visitors appreciate her garden.
Dreams of automating watering and care to save time and effort.

Fig. 4.2.1 Empathy Map of Primary Stakeholder — Mrs.Jyothi T

EMPATHY MAP

Primary Stakeholder

Feels calm and joyful when surrounded by greenery.
Feels frustrated when plants die despite effort.
Desires simple, affordable automation tools.
Feels proud of nurturing a peaceful, eco-friendly
space.

Hears compliments and appreciation from
friends and family.

Hears advice or reminders about plant care
routines.

Hears about smart irrigation systems but finds
them costly or impractical.

Hears concerns from family when he forgets to
water.

PAIN

| often miss watering my plants because of my unpredictable work hours.
Each plant has different care needs, which makes tracking routines difficult.
It's frustrating when plants die despite all the effort | put in.

| wish there were simple, affordable tools to automate terrace watering.
Most smart gardening systems are too costly or complicated to use.

When I'm busy, | depend on my family to care for the plants.

Worries about missing watering due to unpredictable work hours.

&

Name: Prashant

Sees plants with different watering and care
needs.

Notices some plants looking unhealthy or drying
out.

QObserves new leaves and blooms bringing
happiness.

Sees expensive, complicated smart gardening
systems in the market.

Watches others admire his green terrace.

Talks about how hard it is to maintain different

watering schedules.

Tries checking soil moisture and nutrients
manually.

Asks family to help when busy or traveling.
Shares happiness when plants grow well.
Expresses a wish for an easier, more
automated way to care for plants

.

.

-

.

GAIN {rﬁ}

Feels calm and joyful among the greenery he's grown.

Takes pride in building a peaceful, eco-friendly space.

Feels happy and accomplished when plants grow or bloom.
Loves compliments from others that make the effort worthwhile.

Fig. 4.2.2 Empathy Map of Primary Stakeholder — Mr.Prashant
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EMPATHY MAP

Primary Stakeholder

« Wonders how to keep plants healthy despite irregular schedules or
travel.

« Thinks about saving water and electricity while maintaining a green
space.

« Wants to use modern, smart tocls but prefers simple, low-
maintenance systems.

« Thinks about reducing daily manual effort without lasing the joy of
gardening

+ “You should water the plants regularly; they’re

wilting again.”

« “Try not to waste so much water while watering
manually.”

« “Wow, your garden looks amazing — so green
and healthy!”

« “loT systems can really help, but they seem a bit
complicated to set up.”

« “Don’t worry, the smart system will take care of
the plants for you.

« Forgetting to water plants due to work or travel.

+ Overwatering or underwatering specific plants.

= Difficulty in maintaining uniform watering across pots/rows.
« High manual effort and time spent checking soil conditions.
= Lack of technical guidance for setup and troubleshooting.

GAIN

Name: Arise Team 2

+ Checks soil manually or touches leaves to guess watering
needs.

« Watches YouTube or Instagram videos for terrace gardening
ideas.

+ Uses timers or reminders but still misses consistent watering.

« Experiments with DIY drip setups or low-cost sprinklers,

« Shares plant photos online; loves visual dashboards or
progress charts.

« “|forget to water my plants sometimes — they dry out
so fast.”

« “l'wish | could water them even when I'm not home.”

+ “Technology should make gardening easier, not
complicated.”

« “It should work even if Wi-Fi goes down.”

* “If it could talk to me in my own language, that would

be perfect.”
W

= Automation ensures consistent watering and plant health.
» Saves time and water with precise, sensor-based control.
= Solar power and offline operation reduce cost and stress.
» Local-language Al bot provides simple, friendly plant advice.
= Visual, color-coded dashboard shows plant status instantly.

Fig 4.2.3 Team Empathy Map of Primary Stakeholder

The empathy maps of individual primary stakeholders highlight key pain points such

as forgetting to water plants due to busy schedules, improper watering practices, and

the high manual effort required to monitor plant health, as shown in Fig. 4.2.1 and Fig.

4.2.2. These challenges indicate a clear need for reliable and easy-to-use automation in

terrace farming. The identified gains include consistent plant watering, reduced water

wastage, time savings, and improved plant health through sensor-based control.

Additionally, users value simple technology that works even with limited connectivity

and provides clear, visual feedback. Based on the common pain points and gains

observed in Fig. 4.2.1 and Fig. 4.2.2, a consolidated team empathy map for the primary

stakeholders was developed, as presented in Fig. 4.2.3.
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EMPATHY MAP

Sees transportation delays during peak months.
How can | ensure timely delivery despite transport and Notices farmers reusing the same land without
weather issues? rotation.
Farmers rely on me; | must maintain product quality and
trust.
I need a better system to manage logistics and monitor
stock seasonally.
Soil health is deteriorating due to excess chemical use
— | must find alternatives.
. A about st among farmer:
is still very low.

. .

Observes competitors adopting digital logistics
or advisory systems.
Finds farmers unaware of eco-friendly fertilizers.

Farmers saying, “We didn’t get the
delivery on time.”

Feedback from suppliers about poor soil
and low yield.

Market agents discussing fluctuating
demand and pricing.

Agricultural officers or experts
encouraging sustainable input use.

“Farmers are using too many fertilizers; the soil

balance is gone.”

“| explain crop rotation benefits, but few listen.”
“I want to promote eco-friendly products more.”

PAIN GAIN

W
Digital tools for soil analysis, inventory, and farmer communication.
Increased farmer about inable practi

Access to real-time market trends and data.

Expansion across North Karataka through partnerships.

Sense of pride in contributing to eco-friendly, profitable farming.

« Difficulty managing logistics during rainy or peak seasons.
« Poor adoption of sustainable farming among farmers.

« Product performance issues and short shelf life.

* Market and price fluctuations affecting income

* Lack of reliable soil and crop data for decision-making.

Fig. 4.2.4 Empathy Map of Secondary Stakeholder — Mr.Kedareshwar Gowda

EMPATHY MAP

Secondary Stakeholder

« | must keep my plants healthy no matter the weather.
« Hot days need more watering; cold days less.
« I’'m unsure about advanced or scientific plant care

Observes plants’ health, leaf color, and soil
dryness to decide on care.
Notices weather changes affecting watering

methods. frequency.

« | feel cautious about making mistakes in watering « Sees others using simple tools and manual
or pest control. methods instead of tech solutions.

* My simple methods work fine — no need for fancy - Rarely sees automated irrigation or modern
gadgets.

systems in his surroundings.

“We water more in summer and less in cold
weather.”

“If the soil is wet, there’s no need to water.”
Waters plants by observing soil visually.
Uses chemical sprays like monohydroxide

+ Gets advice from neighbors, friends, or
family about “how often to water.”

« Hears that modern devices and sensors are
costly or unnecessary.

« Listens to local gardeners or nursery staff
sharing traditional methods. when pests appear.

+ Receives comments like “Your plants look Adjusts watering frequency manually based
healthy; your method works!™ on weather.

PAIN @ GAIN @

* Relies on manual observation to judge soil moisture — prone to errors.

« Limited knowledge of modern or sustainable plant care methods. * Reduced dependency on manual labor and guesswork
+ No technological assistance « No shortage of water

« Climatic variations make it hard to maintain consistent plant health.

Fig. 4.2.5 Empathy Map of Secondary Stakeholder — Mr.Venkatesh
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Empathy Map
Secondary Stakeholders
« How can | ensure timely delivery despite transport . X‘tlastoei:s:r::,ai::ﬁ:.naﬁon on visual observation
o oy o | st e sy » Adhusts watag equency scoordng o
o) nee.d ati)elter system to manage logistics and . :‘);isceer:es aot sprays when pests are
JIOIE SiCK Somsony. « Maintains a basic routine for indoor and

« Soil health is deteriorating due to excess
chemical use — | must find alternatives.

« Awareness about sustainable practices
among farmers is still very low.

outdoor plant care.
Does not use modern devices or moisture
| sensors

« Waters transportation on visual
observation of soil moisture.
« Adjusts watering frequency according

« “We water are using too many fertilizers; the
soil balance is gone.”
« “If explain crop rotation’s no need to water

to weather (hot/cold). often.”
« Observes a lot sprays when pests are noticed. « “Indoor plants note eco-friendly once in 2 or 3
« Maintains a basic routine for indoor and outdoor plant days.”

care. » “We use chemical sprays like monohydride for
« Does not use modern devices or moisture sensors. pests.”

* “We don't have si ImIs in our nursei."

« Relies on manual observation to judge soil moisture — prone to errors.
« Limited knowledge of modemn or sustainable plant care methods.
« No technological assistance (e.g., moisture sensors, automated

Digital tools for soil analysis, inventory, and f; /pk
1 a4 g about sustainable p
Access to real-time market trends and crop/plant health
Expansion across regions through partnerships (e.g., North Karataka).
Sense of pride in contributing to eco-friendly, profitable farming or gardening

imgation).
« Climatic variations make it hard to maintain consistent plant health.
« Reluctance to express issues, leading to missed opportunities for
improvement.

Fig 4.2.6 Team Empathy Map of Secondary Stakeholder

The empathy maps of individual secondary stakeholders reveal major pain points such
as dependence on manual observation for soil moisture, limited awareness of modern
and sustainable farming technologies, and difficulties in maintaining consistent plant
quality due to climatic and logistical challenges, as shown in Fig. 4.2.4 and Fig. 4.2.5.
These issues often lead to inefficient watering practices, excessive chemical usage, and
reduced trust in technology-based solutions. The identified gains emphasize the need
for digital tools for soil analysis, inventory management, and improved communication
with farmers and customers. Secondary stakeholders also value access to eco-friendly
practices, data-driven decision-making, and scalable systems to expand their
operations. Based on the common pain points and gains observed in Fig. 4.2.4 and Fig.
4.2.5, a consolidated team empathy map for secondary stakeholders was developed and

is presented in Fig. 4.2.6.
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EMPATHY MAP

Tertiary Stakeholder

« “|want a green and relaxing space at home.”

effort.”

and effort.”

“If only there was an easier or automated way
to take care of my plants.”

“l want my terrace to look beautiful and
eco-friendly.”

“Your terrace looks amazing!”
“I wish | had time to maintain plants like you.”

“You can use automatic watering systems—it
makes gardening easier.”

“Terrace gardening is trending these days.”
“Plants help reduce heat and make the
environment cleaner.”

.

PAIN

expected results.

“Maintaining plants is satisfying, but it takes time and

“It’s frustrating when plants die despite spending money

- Many people do not regularly maintain their terrace plants.
- There is a lack of automation in terrace farming systems.
- People often invest significant amounts of money but fail to achieve the

- Many individuals are too lazy or forgetful to water their plants daily.

Name: Prajwal S M

Talk about wanting to start or expand a terrace
garden.
Discuss problems like irregular watering or plant

maintenance.

Search online for easy gardening tools or
automation systems.

Post terrace garden photos on social media or
share with friends.

Other people’s successful terrace gardens
(in neighborhoods or social media).

Ads or YouTube videos about smart
gardening systems and DIY ideas.

Dry or dying plants due te irregular care.
Increasing urban interest in greenery and

sustainability.
Gardening stores or exhibitions promoting
eco-living.

) C )

= Anincreasing number of people are taking initiatives to improve

their terrace farming setups.

= There is a growing interest among people in terrace gardening."

Fig. 4.2.7 Empathy Map of Tertiary Stakeholder — Mr.Prajwal

EMPATHY MAP

Tertiary stakeholder

How can technology be designed to help both
people and the environment.

¢ Automation should simplify life, not complicate it.
Learning by doing helps me understand better.
Sustainability and innovation should go hand in
hand.

Feels motivated when working on creative, eco-
friendly projects.

¢ - Feels curious and excited about exploring
robotics and loT.

- Feels concerned about environmental damage
caused by wasteful technology.

- Feels satisfied when her designs help others or
make daily life simpler

.

Struggles to find proper guidance to connect sustainability with
modem tech.

» Limited access to affordable components and design tools for
prototyping.

Difficulty finding like-minded peers who share eco-focused values.
Too many tools and technologies to leam, making prioritization
difficult.

« Wants more real-world opporiunities beyond classroom theory.

Katila R Nag

Experiments with design and prototyping tools.
Engages in gardening and caring for pets as
ways to stay close to nature.

Participates in projects that involve loT,
automation, and sustainability.

Collaborates with peers and mentors to develop
eco-conscious tech solutions.

+ Continuously learns new software and tools

. related to robotics and design.

“The best designs are those that make life
easier — for people, pets, and the planet”
-“I love combining creativity with
engineering.”

-“Hands-on learning is the best way to
master automation”

“Green technology can be practical and

beautiful”

Gains satisfaction and confidence through experiential, project-based
leaming.

Enjoys blending artistic design with technical innovation.

Feels fulfilled contributing to sustainable and green engineering ideas.
Leams and grows through teamwork and shared problem-solving.
Continuously improves her technical and creative skills, bridging nature and
automation.

Fig. 4.2.8 Empathy Map of Tertiary Stakeholder — Ms.Katila
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EMPATHY MAP

Tertiary Stakeholder

+ Thinks about the broader implications of smart
terrace farming on urban sustainability

+ Feels concerned about inefficient resource
usage in small-scale urban farming

s Values approaches that promote responsible
water and energy consumption

+ Thinks technology should support farming
without replacing human judgment

» Hears concerns about urban water scarcity

» Hears farmers talk about crop losses due to
improper watering

= Hears experts emphasize sustainable
agriculture practices

+ Hears doubts about complex and expensive
smart solutions

PAIN

« Continued reliance on guess-based farming decisions .
« Wastage of water and energy in small urban farms .
= Lack of structured monitoring of plant health .
« Low awareness of sustainable farming practices .
« Solutions that are impractical for everyday adoption .

GAIN

Name: Dr Vinod Kumar Meti

Sees a growing trend of terrace and rooftop
farming in urban areas
Observes recurring challenges such as irregular

.

irrigation, plant stress, and maintenance issues

Sees that many terrace farms depend on manual
practices and intuition

Sees potential for technolegy to improve
consistency and sustainability

Says “Urban farming needs better resource
management.”

» Says “Technology should be simple and
practical.”

Provides guidance and evaluation rather than
direct involvement

Encourages sustainable and responsible urban

W

farming practices

Improved efficiency in water and resource usage

More resilient and healthier terrace farms

Reduced dependency on constant manual supervision
Greater adoption of sustainable urban farming practices
Technology acting as a support tool, not a burden

Fig. 4.2.9 Empathy Map of Tertiary Stakeholder — Dr. Vinod Kumar V.Meti

EMPATHY MAP

Tertiary Stakeholder

“l want a green and relaxing space at home.”
“Maintaining plants is satisfying, but it takes time and effort.”
“It's frustrating when plants die despite spending money and
effort.”
“If only there was an easier or automated way

to take care of my plants.”
Automation should simplify life, not complicate it.
Sustainability and innovation should go
hand in hand.

« “Your terrace looks amazing!”

“ wish | had time te maintain plants like you.”

“You can use automatic watering systems—it
makes gardening easier.”

“Terrace gardening is trending these days.”
“Plants help reduce heat and make the
environment cleaner.”

PAIN

%

- People often invest significant amounts of money but fail to achieve the expected

- Many people do not regularly maintain their terrace plants.
- There is a lack of automation in terrace farming systems.

resulis.

- Many individuals are too lazy or forgetful to water their plants daily
Struggles to find proper guidance to connect sustainability with modern tech.

.
.

GAIN

Name: Arise team 2

Talk about wanting to start or expand a terrace
garden.

Discuss problems like irregular watering or plant
maintenance.

Search online for easy gardening tools or
automation systems.

Post terrace garden photos on social media or
share with friends.

Other people’s successful terrace gardens
(in neighborhoods or social media).

| love combining creativity with engineering
Dry or dying plants due to irregular care.

Increasing urban interest in greenery and
sustainability.
Green technology can be practical and

beautiful.”
W

An increasing number of pecple are taking initiatives to improve their
terrace farming setups

There is a growing interest among people in terrace gardening.”
Enjoys blending artistic design with technical innovation.

earns and grows through teamwork and shared problem-solving.

Fig 4.2.10 Team Empathy Map of Tertiary Stakeholder
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The empathy maps of individual tertiary stakeholders highlight pain points such as
irregular maintenance of terrace plants, lack of automation support, time and effort
required for daily care, and difficulty in finding proper guidance to combine
sustainability with modern technology, as shown in Fig. 4.2.7, Fig. 4.2.8, and Fig. 4.2.9.
These challenges often lead to plant failure despite investment of time and money,
causing frustration among users. The identified gains include growing interest in terrace
gardening, appreciation for automated and easy-to-use systems, and the desire to
integrate creativity with technological innovation. Tertiary stakeholders also value
solutions that make gardening relaxing, sustainable, and visually appealing. Based on
the common pain points and gains observed in Fig. 4.2.7, Fig. 4.2.8, and Fig. 4.2.9, a
consolidated team empathy map for tertiary stakeholders was developed and is

presented in Fig. 4.2.10.
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4.3 User Persona

Prashanth

Primary Stakeholder

——]

Age: 32
Gender: Male
Location: Kumarpark near Airport Hubli

(Urban Area)
Occupation: Interior Designer, Civil Engineer

L Bio

Prashanth, a passionate interior designer and
civil engineer, lives in Hubli and works full-time
in a design firm. Despite his busy professional
life, he finds joy in nurturing plants at home
and on his terrace — ranging from indoor to
outdoor species. His deep love for greenery
reflects his creativity and patience. However,
maintaining his growing collection has become
difficult due to his tight work schedule, leading
his father to take over the watering duties
recently.

@ Goals

# Maintain a healthy home garden
Top Priority
« Automate watering and maintenance
tasks
« Monitor plant health and nutrition easily

« Balance professional life and personal
hobbies

« Expand terrace and indoor plant varieties
« Adopt smart home gardening tools

. Personality Traits
«/ Creative and detail-oriented
«/ Passionate about aesthetics and nature
</ Responsible yet time-constrained
«/ Open to smart solutions and automation

<4 Highly motivated to maintain a green
lifestyle

# Quote

“Plants give life to my home — | just wish | had
more time to care for them like they deserve.”

o Needs

# Smart irrigation or watering automation
system

#® Plant health monitoring (moisture,
nutrients, sunlight)

# Alerts/reminders for watering and
fertilizing

# Easy-to-use mobile app to track plant
conditions

# Guidance for plant-specific care

Fig. 4.3.1 Persona of Primary Stakeholder — Mr.Prashanth

Jyothi T

Primary stakeholder

Age: 54
Gender: Female
Location: Kumarpark, Hubli (Urban Area)

occupation: Science Teacher (Former),
Home Tutor

L./ Bio

Jyothi T, a passionate science teacher from
Hubli, has spent many years nurturing young
minds at St. Ann's English Medium School. For
the past five years, she has been running
tuition classes from home. Beyond teaching,
Jyothi has a deep love for gardening and takes
pride in cultivating a wide variety of plants.
However, maintaining them becomes a
challenge whenever she travels for vacations
or visits family in Bengaluru or abroad.

@ Goals
« Keep her plants healthy even during

« Adopt simple automation for watering
« Grow new flowering and medicinal plants
« Inspire students to care for nature

« Maintain a lush and welcoming garden
space

. Personality Traits

</ Compassionate and nurturing

«/ Curious and observant (scientific
mindset)

</ Organized yet emotionally attached to
her plants

«4 Patient and lifelong learner

<4 Values harmony between teaching,
home, and nature

# Quote

“Plants are like my students — each one needs
care, attention, and love. | just wish they stayed
healthy even when I'm away.”

© Needs

# Automatic watering system for vacations

# Smart reminders or alerts for watering
and sunlight

# Compact garden management app
# Low-maintenance plant care guidance

# Support for indoor and outdoor plant
monitoring

Fig. 4.3.2 Persona of Primary Stakeholder — Mrs.Jyothi T
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The primary stakeholder personas describe typical urban users who are interested in
terrace gardening but face difficulties in regular maintenance due to their daily routines.
As shown in Fig. 4.3.1, Prashanth is a working professional who enjoys gardening but
struggles to manage watering and plant care because of his busy schedule, creating a
need for automation and smart monitoring. Similarly, Fig. 4.3.2 presents Jyothi T, a
science teacher who is passionate about plants but finds it challenging to maintain them
during travel or vacations. Both personas clearly show the need for an easy-to-use
automatic watering system, plant health monitoring, and timely reminders. These
personas help in understanding real user needs and are useful for designing a simple

and effective smart terrace farming solution.

Venkatesh . e | ,
Venkatesh is a 29-year-old nursery owner and “Plants speak through their leaves — you just
caretaker who has been managing nurseries need to observe them closely.”

Secondary for over six years. He leads a simple, routine-
driven life dedicated to nurturing plants.

Stakeholder

Working from 9 AM to 7 PM, he finds
satisfaction in his day-to-day care routines.
Though comfortable with traditional practices,
he remains open to learning practical

technological solutions that could improve his
efficiency without disrupting his habits.

@ Goals #% Needs

« Keep plants healthy across different # Guidance for watering based on weather
Age: 29 seasons and temperature @
Gender: Male « Maintain indoor and outdoor plants with # Reduce manual dependency through

proper watering schedules smart irrigation

# Accurate soil moisture detection and
data insights

#® Simple and reliable technology that fits
daily routines

Location: Opposite PC Jabin College, )
Vid Hubli « Ensure pest-free plants using safe

HAyanagar: i chemical sprays
Occupation: Nursery Owner & Caretaker « Adopt efficient and sustainable nursery

practices

Experience: 6 years

. Personality Traits

<4 Shy and reserved

<% Observant and practical

«/ Routine-oriented and consistent

</ Traditional but open-minded

«# Dedicated to plant care and maintenance

Fig. 4.3.3 Persona of Secondary Stakeholder — Mr.Venkatesh
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# Quote

“Our products help crops grow faster, but
sustainability and soil balance are the real keys
to long-term success.”

Bio

Kedar

Kedar is an experienced agripreneur running
Shri Siddharudha Agro in Dharwad for over
nine years. His company supplies fertilizers,
herbicides, seeds, and growth promoters
across local markets. Known for his deep
understanding of soil health and seasonal crop
patterns, he supports farmers in regions like
Navalgund, Harihara, and Haveri. Despite his

Secondary
stakeholder

expertise, transportation challenges, market

fluctuations, and soil nutrient imbalance often
affect his operations. He strongly believes in
practical, field-based knowledge and the
importance of sustainable agricultural
practices.

9 Years
Male

Experience:

Gender:

@ Goals o% Needs
Location: Dharwad, Karnataka . - . . o
¥ Promote sustainable use of fertilizers and # Reliable transport and delivery solutions
growth promoters for peak seasons

« Educate farmers about crop rotation and # Soil and nutrient analysis support tools

soil health

# Data-driven insights on crop growth
cycles

# Awareness programs for farmers on
product usage

# Digital tracking of product demand and
inventory

« Expand distribution to nearby regions
without logistics issues

« Introduce eco-friendly and long-lasting
agri products

« Build farmer trust through transparency

and results

. Personality Traits

=, Practical and field-oriented thinker

«, Strong communicator with farmers

«, Analytical and observant about soil
conditions

«, Committed to agricultural improvement

«, Adapts to seasonal and market changes

Fig. 4.3.4 Persona of Secondary Stakeholder — Mr.Kedareshwar Gowda

The secondary stakeholder personas represent professionals who are closely involved
in plant care, nursery management, and agricultural support services. As shown in Fig.
4.3.4, Kedar is an agripreneur who focuses on sustainable farming practices and faces
challenges related to logistics, soil health analysis, and farmer awareness, highlighting
the need for data-driven and reliable support tools. Similarly, Fig. 4.3.4 presents
Venkatesh, a nursery owner who relies on traditional methods and routine-based care
but is open to simple technologies that can reduce manual effort without disturbing his
daily practices. Both personas emphasize the importance of accurate watering guidance,
soil moisture monitoring, and practical, easy-to-adopt solutions. These secondary
stakeholder personas help in understanding operational and support-level requirements,

which are essential for designing scalable and farmer-friendly smart irrigation systems.
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L Bio ® Quote

Katila R Nag
Katila is a student of Automation and Robotics “The best designs are those that make life
. who loves blending creativity with technology. easier — for people, pets, and the planet.”
Tertiary stakeholder Olstscs - acarlornic e, she fils paacein
gardening and caring for her pet dog. She's
always been fascinated by how technology
can coexist with nature — using innovation to
make daily life simpler, cleaner, and more
sustainable. She enjoys sketching, doodling,
and coming up with design ideas that make
systems look and feel more user-friendly. Her
approach to learning is hands-on — she
believes real understanding comes from
experimenting and trying things herself.

Age: 20
Gender: Female

@ Goals @ Needs

« Design sustainable and user-friendly © Guidance on connecting sustainability

Location: Hubballi

Field: ing Al a
oid Sldsthn AlonBian & automation systems (o) with technology (TR

Robotics
. . « Combine creativity with technical © Resources for learning design and
Hobbies: Gardening and spending time innovation prototyping tools

with pel « Learn practical electronics and loT © Collaborative peers who share eco-

implementation focused values

« Create meaningful solutions that connect © Access to affordable electronic and
people and technology mechanical components

« Promote eco-conscious habits in tech
design

« Encourage others o pursue green
engineering ideas

. Personality Traits
=4 Creative and empathetic thinker
= Environmentally conscious
= Curious and detail-focused
=4 Team-oriented and patient
=4 Loves learning through doing

Fig. 4.3.5 Persona of Tertiary Stakeholder — Ms.Katila

| Bio # Quote

Prajwal S M

student of A fsn't just about technology — it’s

Prajwal is a
and Robotics who enjoys exploring how
machine learning and automation can make

about solving real problems efficiently and

Tertiary Stakeholder

sustainably.”

everyday systems smarter and more
sustainable. Beyond academics, he loves
drawing, sketching, and designing new

product ideas — combining creativity with

engineering to bring his concepts to fife.

Known for his technical curiosity, he often
takes the lead in handling the electronics and
system integration aspects of team projects,

ensuring everything works seamlessly from

design to implementation.

Age: 20
Gender: Male

@ Needs

© Accurate sensor feedback and

@ Goals

« Develop intelligent, automated systems

Location: Hubballi

Field: Studying Automation & . "
e oo o 4 for everyday apphcanons calibration data (2
obolics
« Bridge ML and loT for sustainable tech o hardware-soft
soltions & Testing setups for 10T and automation
« Enhance technical depth in control modules
Sy iams anciMiscliafics © Access to affordable electronic
v Design reliable systems thal reduce components

human effort
« Encourage practical learning through
real-world projects

« Promote eco-friendly automation in
urban environments

. Personality Traits

=4 Innovative and problem-solving mindset
=4 Detail-oriented and analytical

= Creative thinker with interest in design
=) Collaborative team player

=) Strong passion for learning and building

Fig. 4.3.6 Persona of Tertiary Stakeholder — Mr.Prajwal
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Dr.Vinod Meti H Bio

Dr.Vinod Meti is a senior university professor with extensive
experience observing the impact of urbanization on sustainability
and lifestyle. While not directly invoived in terrace farming, he
closely follows developments in smart urban agriculture, waler
conservation, and technology-enabled resource management. He
Views smart terrace farming as an important indicator of how clties
adapt to environmental chalienges.

& Quote

“Urban farming must evolve responsibly — efficiency, sustainabilty,
and simplicity should go hand in hand ™

Tertiary Stakeholder

@ Goals & Needs

« Promote sustainable urban farming practices
« Encourage efficient water and resource usage
+ Support practical, technology-assisted farming solutions

« Rellable imigation and molsture management systems

+ Simple and accessible automation for urban farmers

« Clear visibilty into piant health and environmental conditions
« Low-maintenance solutions suitable for non-experts

« Practices aligned with sustainability goals

Age: 41

Gender: Male

+ Reduce environmental impact of urban living
+ Foster long-term ecological awareness

Location: Hubli

Oceupation: Professor at KLE Technological Universiy

¢ Personality Traits

+ Analytical and observant
+ Environmentally conscious

+ Practical and impact-focused

+ Cauious about overengineering solutions
+ Advocates baianced use of technology

Fig. 4.3.7 Persona of Tertiary Stakeholder — Dr. Vinod Kumar V.Meti

The tertiary stakeholder personas represent people who support and influence the
project through learning, research, and guidance. As shown in Fig. 4.3.5 and Fig. 4.3.6,
students like Katila R Nag and Prajwal S M are interested in using automation and
technology to create simple and sustainable solutions, but they need proper guidance,
affordable components, and practical exposure to implement their ideas. Fig.
4.3.7shows Dr. Vinod Meti, who focuses on sustainability, simple automation, and
responsible use of technology in urban farming. All these personas highlight the
importance of learning by doing, eco-friendly innovation, and practical applications
rather than complex systems. These tertiary stakeholder personas help align the project

with academic learning, sustainability goals, and real-world usefulness.
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4.4 User Needs

Table 4.4.1 Customer Statements and Interpreted Needs

SL. NO | CUSTOMER STATEMENTS | INTERPRETED NEEDS

I want my plants to get watered Need a reliable way to ensure
: automatically every day. plants receive regular watering.

I have different plants that need Need flexibility to manage
? watering at different times. watering based on plant type.

I want to turn the water on and off | Need convenient remote access to
. using my phone. control watering.

I want it to water only when the Need a way to water plants based
: soil is dry. on their soil condition.

I want the system to stop watering | Need a way to avoid watering
: when it rains. during rainfall.

Sometimes [ want to water the Need the option to operate
° plants myself. watering manually.

I have both indoor and outdoor

Need to manage different plant
7 plants, so I want to control them
zones independently.

separately.

I don’t want to waste water while | Need an efficient method that
i watering the plants. reduces water wastage.

I want to know when the tank has | Need awareness of water
’ low water. availability in the tank.

I already have drip lines, so I want | Need compatibility with existing
10 this to work with them. watering systems.

I want to see how my plants are Need a simple way to check plant
1 doing every day. condition regularly.

I want to get a message if my Need timely alerts about plant
12 plants look unhealthy. health.

I’d like to track how much my Need a way to monitor plant
. plants have grown. growth over time.

I want weekly updates about my Need regular summaries of plant
14 plants’ condition. performance.
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15

I want it to use weather updates to

plan watering.

Need watering management based

on changing weather.

16

I want to know if my soil has

enough nutrients.

Need information about soil

nutrient condition.

18

I want alerts if the temperature

becomes too high or low.

Need awareness of extreme

environmental conditions.

19

I want to understand my plant’s
condition easily using colors or

icons.

Need clear and simple visual

indicators of plant status.

20

I’d like to see how my plants have

improved over time.

Need a record of plant progress

and history.

21

I want the setup to be easy and not

take much time.

Need a quick and simple

installation process.

22

I want an app that’s easy to use

and understand.

Need an intuitive and user-friendly

system interface.

23

My family should also be able to
check the plants.

Need shared access for multiple

users.

24

I want each plant’s details shown

separately.

Need a clear view for individual

plant information.

25

I’d like to use voice commands.

Need hands-free or convenient

control options.

26

I want the system to work even if

there’s no internet.

Need reliability in both connected

and offline conditions.

28

I want it to support my language.

Need communication support in

preferred language.

29

I want it to be easy for older

people to use.

Need simple and accessible

operation for all users.

30

I want the app to look calm and

nature-inspired.

Need an aesthetically pleasant and

nature-themed interface.

31

I want the system to work

smoothly without much fixing.

Need a dependable setup with

minimal maintenance.

32

I want it to last long even in sun

and rain.

Need durable materials suitable for

outdoor use.
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33

I want it to use less electricity.

Need an energy-efficient.

34

I want to replace parts easily if

they break.

Need easy access and replacement

of components.

35

I don’t want water outlets to get

blocked.

Need a reliable water flow without

clogging issues.

36

I prefer to use eco-friendly

methods for my plants.

Need environmentally responsible

gardening practices.

38

I’d like reminders for pruning and

seasonal work.

Need helpful notifications for

periodic plant care.

39

I want it to add plant food when

needed.

Need proper nourishment support

for healthy plant growth.

40

I want it to be affordable to use in

the long run.

Need a cost-effective and long-

term solution.
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5. Engineering Design — Problem Definition

s 2. Define
Redesign the
as needed problem
‘ 3.
Develop
possible

solutions

\

Fig 5.1 Engineering design process

Engineering design is a systematic and step-by-step approach used by engineers to
develop effective solutions to real-world problems. It focuses on identifying a need,
analysing the problem, generating possible solutions, and finally implementing and
improving the best solution. This approach ensures that the final outcome is practical,

efficient, safe, and cost-effective.

As shown in Fig. 5.1, the engineering design process begins with identifying the need,
where the actual requirement or problem is recognized. This is followed by defining
the problem clearly, which helps in setting proper goals and constraints. In the next step,
possible solutions are developed through brainstorming and technical analysis, and then

the most promising solution is selected based on feasibility and performance.

Further, the selected solution is converted into a prototype, which helps in visualizing
and testing the idea in a practical form. The prototype is then tested and evaluated to
check whether it meets the desired requirements. If any issues are found, the design is

redesigned and improved, showing that engineering design is an iterative process.

In technical projects, this design approach plays a crucial role as it provides a clear
roadmap from problem identification to final implementation. It helps students and
engineers organize their work, reduce errors, improve innovation, and achieve reliable
results. Overall, Fig. 5.1 highlights how engineering design helps transform ideas into

workable and optimized technical solutions.
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5.1 Requirement list

Table 5.1.1 Sources and Identified Requirements

R
SOURCE | REQUIREMENT
NO.
| ci The system shall automatically initiate and control a regular
1ent
watering cycle based on a predefined schedule
The system shall allow users to configure independent
2 Client ‘
watering schedules for each plant or zone.
. The system shall provide the ability to remotely turn the
3 Client ] )
watering process on or off at any time
The system shall monitor soil moisture levels and
4 Client automatically initiate watering when the soil moisture value
rises above 600 (indicating dry soil).
5 Client The system shall provide a manual override function.
6 Client The system shall regulate water flow using valves or actuators.
The system shall monitor key plant condition parameters and
7 Survey
present plant status.
The system shall provide a dashboard-based mode selection
8 Client that allows users to switch between Automatic mode and
Manual mode.
9 Client The system shall adjust schedules based on weather.
10 Team The system shall monitor ambient temperature and humidity.
11 Survey | The system shall provide visual indicators for plant health.
12 Client The system shall support multi-user access.
13 Client The system shall allow stakeholders to input plant information.
The system shall support voice-based control through
14 Survey | . ) )
integrated or connected voice-assistant services
The system shall support localization in multiple regional
15 Client
languages.
16 client The system shall provide a nature-inspired user interface theme
17 Team The system shall provide eco-friendly usage suggestions.
18 Team The system shall provide fertilizer reminders.
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19 T The system shall securely store all user, plant, and system data
eam
using encrypted databases or protected storage mechanisms
The system shall operate as a closed-loop control system by
20 Team continuously monitoring soil moisture levels to control the
irrigation process.
21 Survey | The system shall optimize water usage intelligently.
22 Survey | The system shall use durable, weather-resistant hardware.
23 Team The system must be designed for quick and simple installation.
The system must use a durable outdoor-rated enclosure (for
24 Team example, [P65) to protect internal hardware from dust and rain,
ensuring reliable operation in terrace farming conditions.
25 Team The system must be designed for 1 node operation
The system must be in size of less than or equal to
26 Team
300x300x300 mm
The system shall estimate soil nutrient levels using sensor data
27 Team )
or user inputs
28 Team The system shall perform predictive maintenance analysis
The system shall support integration with voice assistants such
29 survey _
as Alexa and Google Assistant
The system shall enable users to track plant growth using
30 Team
uploaded or auto-captured photos
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5.2 Prioritized Requirements

Table 5.2.1 Prioritized Requirements

R
o REQUIREMENT PRIORITY | REMARK
NO.
The system shall automatically
. initiate and control a regular 0 Essential for
watering cycle based on a autonomous plant care
predefined schedule
The system shall allow users to _
. . Different plants have
2 | configure independent watering 9 _
unique water needs
schedules for each plant or zone.
The system shall provide the
; ability to remotely turn the 0 Critical for  remote
watering process on or off at any management
time
The system shall monitor soil
moisture levels and automatically '
o _ _ Vital for plant health and
4 | initiate watering when the soil 10 _
. ) water efficiency
moisture value rises above 600
(indicating dry soil).
s The system shall provide a , Needed for instant user
manual override function. intervention
‘ The system shall regulate water 9 Ensures efficient water
flow using valves or actuators. usage
The system shall monitor key
- Improves transparency
7 | plant condition parameters and 8
of plant health
present plant status
The system shall provide a
dashboard-based mode selection Enables flexible user
8 | allowing users to switch between 9 control  through the
Automatic mode and Manual dashboard
mode.
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The system shall adjust schedules Improves water
’ based on weather. conservation

The system shall monitor ambient Essential for
10 temperature and humidity. environmental analysis

The system shall provide visual Helps users understand
1 indicators for plant health. status easily

The system must be designed for Makes system user-
12 quick and simple installation. friendly

The system shall support multi- Useful for shared terrace
. user access. farming

The  system  shall allow _
14 | stakeholders to input plant AHO“TS Personahzed

formation. watering logic

The system shall support voice-
15 Improves accessibility

based control

The system shall support
16 | localization in multiple regional Useful for regional users

languages.

The system shall provide a Improves aesthetic
v nature-inspired Ul theme appeal
. The system shall use durable, Ensures long system life

weather-resistant hardware.

The system shall provide eco- Encourages sustainable
o friendly usage suggestions. use

The system shall provide Helps maintain proper
20 fertilizer reminders. nutrition

The system shall securely store

all user, plant, and system data Important  for  user
2! using encrypted databases or privacy

protected storage mechanisms.

The system shall operate as a Ensures precise and
22 | closed-loop control system where efficient watering based

real-time soil moisture feedback on actual soil conditions
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is continuously monitored to
control irrigation.
’ The system shall optimize water 9 Ensures minimal
usage intelligently. wastage
04 The system must be designed for 9 Simplifies control
I-node operation architecture
55 The system must be within 9 Ensures compact
300%300%300 mm size installation
Ingress Protection (IP)
The system shall use an outdoor- rating that tells you how
26 | rated enclosure (IP65) to protect 9 well an electrical device
internal hardware is protected from dust
and water
Tracking plant growth
visually is one of the
most  engaging and
The system shall enable users to o
) motivating features for
27 | track plant growth using uploaded 6
terrace  gardeners. It
or auto-captured photos
helps them see real
progress and  stay
consistent.
It 1is essential for
_ ‘ maintaining plant health
The system shall estimate soil o
_ _ and giving accurate care
28 | nutrient levels using sensor data 6 )
' recommendations,
or user inputs o ' o
making it a high-priority
feature.
It helps prevent system
failures by detecting
- The system shall perform ‘ issues early, ensuring
predictive maintenance analysis reliable operation and
reducing  maintenance
costs.
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30

The system shall support
integration with voice assistants
such as Alexa and Google

Assistant

It improves user
convenience and hands-

free control
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5.3 System Composer- Requirement List

Table 5.3.1 System Composer Requirements List

SI. | Requirement
Requirement Description Remarks
No. ID
‘ Implemented  using
The system shall continuously
1 FR-01 ) ] ) Sensor_Data
acquire soil moisture data.
subsystem
The system shall acquire ambient | Provided by Weather
2 FR-02
temperature data. subsystem
The system shall acquire ambient | Provided by Weather
3 FR-03 o
humidity data. subsystem
The system shall detect rainfall | Rain sensor logic in
4 FR-04
conditions. Weather block
The system shall compare soil .
. . Implemented  using
5 FR-05 moisture  with a  predefined .
comparator logic
threshold.
The system shall disable irrigation | Rain override logic
6 FR-06
during rainfall. applied
The system shall automatically _
‘ o _ | Automatic control
7 FR-07 activate irrigation when soil
mode
moisture is below threshold.
The system shall deactivate
o _ ' Feedback-based
8 FR-08 irrigation when soil moisture
. control
reaches optimum level.
The system shall support manual | Manual toggle in User
9 FR-09 o y bp =8
irrigation control. Interface
The system shall support voice- | Simulated voice
10 FR-10 S .
command-based irrigation control. | command input
Manual commands shall override | Priority-based
11 CR-11
automatic irrigation logic. switching logic
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Voice commands shall override | Implemented using
12 CR-12 S . .
automatic irrigation logic. control switch
Rain detection shall have highest
o o Safety and water-
13 CR-13 priority over all  irrigation '
saving feature
commands.
The controller shall generate a
) ) Centralized control
14 CR-14 single control signal for pump and
signal
solenoid valve.
The system shall control a water
. . Pump modeled as
15 AR-15 pump using digital ON/OFF |
. binary actuator
signals.
The system shall control a solenoid
) o Valve modeled as
16 AR-16 valve using digital ON/OFF |
. binary actuator
signals.
Pump and solenoid valve shall | Ensures coordinated
17 AR-17
operate synchronously. water flow
The system shall visually indicate | Dashboard lamp
18 IR-18 o
pump status. indicator
The system shall visually indicate | Dashboard lamp
19 IR-19
solenoid valve status. indicator
The system shall plot soil moisture | Scopes used for
20 IR-20
and actuator states over time. visualization
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5.4 Product Benchmarking

Table 5.4.1 Product Benchmarking of HydroHive—Terrace Watering System

Blackt Electrotech
SL HydroHive-Terrace
Parameter Automatic Watering
No. Watering System
System
Automatic timer-based | Smart sensor-based
1 Type of System . . '
drip watering system terrace watering system
Indoor plant owners, | Terrace gardeners and
2 Target Users
small home gardens urban households
. Fixed schedule-based | Fully automated with
3 Automation Level _ ‘
automation adaptive control
No soil  moisture | Soil moisture and
4 Sensors Used _ '
sensing environmental sensors
Water Control | ' Need-based watering
5 Time-based watering .
Method using sensor data
USB rechargeable | Solar / battery-assisted
6 Power Source
battery power
Manual  button-based | App-based / dashboard
7 User Interface _ o
setting monitoring
' _ High water efficiency and
8 Water Efficiency Moderate water saving
reduced wastage
. o Scalable for large terrace
9 Scalability Limited to few plants
gardens
Suitability for o _ _
10 Limited Highly suitable
Outdoor Use
Low-cost commercial | Cost-effective academic
11 | Cost
product prototype
. ‘ . Smart, sustainable, and
12 | Innovation Level Basic automation )
customizable
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5.5 Constraints

Table 5.5.1 Constraints

SL. NO. | REQUIREMENT

1 The system must use a durable outdoor-rated enclosure (for example,
IP65) to protect internal hardware from dust and rain, ensuring reliable

operation in terrace farming conditions.

2 The system must be designed for 1 node operation

3 The system must be in size of less than or equal to 300x300x300 mm
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5.6 Problem Definition

Urban terrace farmers often struggle with busy schedules, unpredictable weather,
and irregular watering, leading to inconsistent plant growth. To address this, we propose
an automatic watering system that provides scheduled irrigation and remote control,
ensuring reliable and efficient plant care with minimal effort. Designed to

be compact, portable, energy-efficient, and user-friendly, the system suits terraces of all

sizes.
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6. Engineering Design- Conceptual Design

Conceptual Design

Conceptual design is the initial and most important stage of the design process. In this
stage, the main focus is on understanding what the system should do and how it should
work, without going into detailed calculations, dimensions, or material selection. It can

be considered as the idea blueprint of a project rather than the final technical drawing.

During the conceptual design stage, the designer first clearly identifies the problem that
needs to be solved and understands the user needs along with overall system
requirements. Based on this understanding, multiple possible solution ideas are
generated without focusing on detailed calculations or constraints. These concepts are
then evaluated and compared to select the most feasible and effective solution. Finally,
the selected idea is represented using simple sketches, block diagrams, and functional
layouts to clearly visualize the working of the system and communicate the concept

effectively.
Importance of Conceptual Design
1. Prevents wrong-direction development

Directly jumping into detailed design may lead to solving the wrong problem.

Conceptual design ensures the correct problem is addressed from the beginning.
2. Encourages creativity and innovation

Since there are no strict technical constraints at this stage, designers are free to explore

innovative and creative solutions.
3. Saves time and cost

Changes made during the conceptual stage are easy and inexpensive. Correcting errors

after fabrication can be costly and time-consuming.
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4. Enables comparison of multiple solutions
Different concepts can be compared based on factors such as:

Cost

o Feasibility

o Sustainability

o Reliability

o User convenience
This helps in selecting the best possible solution early.
5. Improves communication

Conceptual sketches and diagrams help team members, guides, and evaluators clearly

understand and visualize the proposed system.
6. Forms the foundation for detailed design

All future stages like CAD modelling, analysis, prototyping, and manufacturing are

based on decisions taken during the conceptual design phase.
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6.1 Black Box

[@ o

Urban terrace farmers often struggle
1" vemperature with busy schedules, unpredictable
= === weather, and irregular watering, leading S5 Watering
0 Water to inconsistent plant growth. —

To address this, we propose an automatic
watering system that provides scheduled %@ Status Indication
irrigation and remote control, ensuring
reliable and efficient plant care with
minimal manual effort. Designed to be @Display
compact, portable, energy-efficient, and

user-friendly, the system is suitable for

K\ Weather
00’ . .
terraces of all sizes and diverse user

needs.
é”“" Voice Command

: Q \ Device Toggle

Fig 6.1.1 Black box

The flow shown in the diagram begins with multiple inputs being supplied to the black-
box controller of the automatic terrace watering system. Inputs such as power supply,
temperature, water availability, soil moisture, humidity, weather conditions, voice
commands, and device toggle signals are collected through sensors and user interfaces.
These inputs continuously provide real-time information about both environmental

conditions and user preferences.

Inside the black box, the control unit processes all incoming data using predefined
control logic, threshold values, and scheduling rules. The system evaluates soil
moisture levels along with weather and humidity data to determine whether irrigation
is required. If sufficient rainfall or moisture is detected, watering is automatically
suppressed to avoid wastage. Manual and voice commands are also interpreted,

allowing the user to override or control the system when needed.
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Based on the processed decisions, the controller generates output signals to the watering
mechanism, ensuring that water is supplied only when necessary and in appropriate
amounts. At the same time, the system provides status indications to inform the user
about pump operation, system activity, and any abnormal conditions. All relevant
information is finally displayed on a display unit, enabling easy monitoring and
understanding of the system’s current state. Overall, this flow ensures efficient, reliable,
and user-friendly automatic irrigation for urban terrace farming, as illustrated in Fig.

6.1.1.
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6.2 Functional Architecture

—
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Fig 6.2.1 Functional Architecture Diagram

The functional architecture diagram illustrates the detailed working and interaction of

different subsystems within the automatic terrace watering system. It begins with input

sources such as weather data, temperature, humidity, soil condition, device toggle,

power supply, water source, and voice commands, which are continuously monitored

through dedicated sensing and input acquisition blocks. The weather condition block

collects and processes forecast information, while the temperature, humidity, and soil

moisture blocks continuously sense environmental parameters and generate

corresponding signals.
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All sensed data is forwarded to the processing unit, where irrigation requirements are
evaluated by aggregating weather and sensor inputs. Based on this evaluation, the
system plans an appropriate watering schedule and generates control signals. These
control signals are then sent to the water distribution control block, which manages
valve operation, activates water flow, monitors flow conditions, and reports watering

status.

The user interface block receives user commands, displays system status, sends alerts,
and provides recommendations to the user. Manual and voice commands are also
integrated into the control flow, allowing user intervention when required. The final
outputs of the system include watering action, status indication, and display
information. Overall, this functional architecture clearly demonstrates how sensing,
decision-making, control, and user interaction are integrated to achieve efficient,

automated, and reliable terrace irrigation, as shown in Fig. 6.2.1.
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6.3 Morphological Chart

Table 6.3.1 Morphological Chart

Function
Code | Option1 | Option 2 | Option 3 | Option 4 | Option 5
Sub-Function
Capacitive o .
Resistive Gravity
Soil Moisture Soil FDR TDR
A Soil Moisture
Condition Moisture Sensor Sensor
Sensor Sensor
Sensor
Humidity Weather
B DHTI11 SHT31 DHT22 | BME688
Condition API
Google Open- Local
Weather OpenWea AccuWea
C Weather Meteo Rain
Condition therMap ther API
API API Sensor
Processing Jetson Raspberr | Arduino
D ESP32 STM32
Unit Nano yPi5 Mega
Soil-
. . AI
Watering Webpage | Mobile based
On-device Adaptive
Schedule E Schedule | App Auto
Timer Scheduli
Planning r Scheduler Scheduli
n
g ng
Water
o Submersib | Surface | Gravity | Booster | Peristalti
Activation F
) le Pump Pump Valve Pump ¢ Pump
Mechanism
Pilot-
Motorize Smart
Water  Flow Solenoid operated | Zone
G d Ball Sprinkler
Control Valve Diaphrag | Manifold
Valve Heads
m Valve
Send
Mobile Dashboar | WhatsAp | SMS Telegram
Recommendat | I
. App d p Bot Portal Bot
ions
Display Mobile Dashboar | WhatsAp Telegram
J LEDs
System Status App d p Bot Bot
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Notify User of K Mobile Dashboar | WhatsAp | SMS Telegram
Events App d p Bot Portal Bot
. Toggle App Push Key Lock | Switch
Device Toggle | L
Switch Override | Button Switch Button
Solar Battery DC Hybrid Li-ion
Power Supply | M
Power Pack Adapter | System Battery
Open-
Temperature
N DHT11 BME280 | Meteo DHT22 | BME688
Measurement
API
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6.4 Concepts

PUSH - BUTTON

AASPEERRY PL.

CABINET CONTROL

Fig. 6.4.1 Conceptual Design—01

The conceptual design provides efficient irrigation through multi-pot water allocation,
enabling water supply to multiple plants simultaneously. Individual valves are used to
control the flow to each pot, ensuring accurate and need-based watering. A weather-
proof enclosure protects the system components from outdoor conditions, improving

durability and reliability, as shown in Fig. 6.4.1.
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Fig 6.4.2 Conceptual design-02

The conceptual design emphasizes portability and ease of use, making it suitable for
on-site applications. It is highly portable and allows the sensor module to be easily
swapped when required, enabling flexibility and maintenance convenience. The
system is user-friendly with minimal setup and also supports seamless integration of

additional modules for future expansion, as shown in Fig. 6.4.2.
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Fig. 6.4.3 Conceptual Design—03

The conceptual design highlights an innovative and compact prototype suitable for
modern urban lifestyles. It includes a reliable Li-ion battery backup to ensure
uninterrupted operation and offers precise water control for efficient irrigation. The
compact enclosed structure enhances safety and durability, making the system practical

and highly relevant for urban terrace gardening, as shown in Fig. 6.4.3.
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Fig. 6.4.4 Conceptual Design—04

The conceptual design focuses on a compact and space-efficient form factor with a fully
integrated all-in-one enclosure. It features an aesthetically refined design suitable for
modern homes while incorporating sensor fusion to improve accuracy and overall
system performance. These features make the design both functional and visually

appealing for urban terrace applications, as shown in Fig. 6.4.4.
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Fig. 6.4.5 Conceptual Design—05

The conceptual design emphasizes durability and flexibility for terrace applications. All
electronic components are housed in a weather-resistant acrylic enclosure to withstand
outdoor conditions. The modular structure allows customization for different pot or
planter configurations, and a hybrid solar—battery power approach ensures reliable and

energy-efficient operation, as shown in Fig. 6.4.5.
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Fig. 6.4.6 Conceptual Design—06

The conceptual design focuses on cost-effectiveness while maintaining reliable
performance. It follows an integrated system-based approach to ensure seamless
coordination among all components. The design also supports easy scalability for future
upgrades and allows quick installation and configuration with minimal technical effort,

as shown in Fig. 6.4.6.
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6.5 Concept Evaluation

Concept evaluation is the stage in the design process where the different solution ideas
generated during conceptual design are carefully analyzed and compared to select the
most suitable one. At this stage, each concept is evaluated based on practical factors

rather than just creativity.

In concept evaluation, aspects such as feasibility, cost, performance, reliability, energy
efficiency, and user convenience are considered. This helps in understanding whether
the proposed idea can be realistically implemented using available resources and
technology. By comparing multiple concepts, the best possible solution is chosen before

moving to detailed design and fabrication.
Why Concept Evaluation is Needed

Concept evaluation is needed to ensure that the selected design is effective, practical,
and economical. It helps avoid selecting ideas that may look good on paper but are
difficult or expensive to implement. This stage reduces the risk of design failure, saves
time and cost, and minimizes rework at later stages. Concept evaluation also helps
designers justify their choice of concept logically, making it easier to explain decisions

to guides, evaluators, and team members.
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6.5.1 Screening

Table 6.5.1.1 Screening

Criteria Importan | Design | Design | Design | Design | Design | Design
ce 1 2 3 4 5 6
Total System
5 0 1 -1 0 -1 1
Cost
Feasibility 4 0 -1 -1 1 0 1
Sensor
5 0 0 1 1 -1 1
Accuracy
Ener
i ) 3 0 1 -1 0 1 0
Consumption
Environment
al 3 1 0 -1 1 1 0
Robustness
Ease of
2 -1 1 -1 1 0 0
Installation
User
4 -1 1 -1 1 -1 1
Interface
Scalability 2 -1 1 -1 -1 1 1
Aesthetics 2 0 0 -1 1 1 1
Actuation
4 0 0 0 1 1 1
Reliability
SCORE (+1) 3 16 5 24 14 26
SCORE (-1) 8 4 25 2 14 0
FINAL
-5 12 -20 22 0 26
SCORE
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6.5.2 Scoring

Table 6.5.2.1 Scoring

o Importa | Design | Design | Design | Design | Design | Design

Criteria

nce 01 02 03 04 05 06
Total System

5 0 15 5 0 5 15
Cost
Feasibility 4 0 4 4 12 0 12
Sensor

5 0 0 15 15 5 15
Accuracy
Ener

& _ 3 0 9 3 0 9 0

Consumption
Environmenta

3 9 0 3 9 9 0
1 Robustness
Ease of

2 2 6 2 6 0 0
Installation
User Interface | 4 4 12 4 12 4 12
Scalability 2 2 6 2 2 6 6
Aesthetics 2 0 0 2 6 6 6
Actuation

4 0 0 0 12 12 12
Reliability
TOTAL

— 17 52 40 74 56 78
SCORE
RANK — 6 4 5 2 3 1
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6.6 System Composer Architecture

Logical

Soil_Moisture_1 Valve & Pump Control
moisture_level > Control Logic D> on/off status D>

> moisture_level onoff 1>

Weather Data <

P HUBIIS kvl valve/motor state <

sensor data

Dashboard
Soil_Moisture_2

valve/motor state >
moisture_level. D> > sensor data Weather Data >

status <

Fig. 6.6.2 Logical Architecture Diagram (MATLAB)

The logical architecture diagram illustrates the interaction between sensing, control,
actuation, and monitoring components of the automatic terrace watering system. Two
soil moisture sensing blocks, namely Soil Moisture 1 and Soil Moisture 2,
continuously measure moisture levels from different zones and provide this data to the
Control Logic block. The Control Logic acts as the central decision-making unit, where
sensor inputs and weather data are analyzed to determine the ON/OFF state of the

irrigation system.

Based on this decision, control signals are sent to the Valve & Pump Control block,
which manages the operation of the pump and valves and reports their status back to
the system. A Dashboard block receives sensor data, weather information, and valve or
motor status to provide real-time system visualization for the user. This logical
separation of sensing, processing, actuation, and visualization improves system clarity,

modularity, and scalability, as shown in Fig. 6.6.2.
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Fig 6.6.3 Physical Architecture Diagram (MATLAB)

The physical architecture diagram illustrates the actual hardware components and their
interconnections in the automatic terrace watering system. It shows how the
Sensor Data unit collects soil moisture information, while the Weather module
provides temperature, humidity, and rainfall data. These physical inputs are connected
to the Process Inputs unit, which represents the controller responsible for processing

sensor signals, rain detection, and voice command inputs.

The Process Inputs unit sends control signals to the Water Distribution Control
module, which physically operates the pump and valve mechanisms for water flow
regulation. The User Interface module is connected to the controller to allow manual
scheduling, voice-based control, and monitoring of valve and pump status. This
physical architecture clearly represents the flow of data and control between sensors,
controller, actuators, and user interfaces, ensuring reliable and coordinated system

operation, as shown in Fig. 6.6.3.
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6.7 Finalized Concept

Fig 6.7.1 Finalized Conceptual design

The conceptual design focuses on cost-effectiveness while maintaining reliable
performance. It follows an integrated system-based approach to ensure seamless
coordination among all components. The design also supports easy scalability for future
upgrades and allows quick installation and configuration with minimal technical effort,

as shown in Fig. 6.7.1.
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7. Embodiment — Detailed Design

Embodiment in the Engineering Design (ED) process is the phase where a selected
concept is transformed into a clear and workable physical solution. In this stage,
designers decide how the system will be structured, which components will be used,
how they will be arranged, and how energy, signals, and materials will flow through the
system. It focuses on defining the overall form, layout, mechanisms, and interfaces of

the product rather than just the idea behind it.

Embodiment is important because it converts theoretical concepts into realistic designs
that can be evaluated for feasibility, safety, cost, and performance. It helps identify
practical issues such as space limitations, component compatibility, ease of assembly,
maintenance, and manufacturability at an early stage. This stage also supports design
optimization by comparing different layouts or configurations before finalizing the
design. Overall, embodiment ensures that the chosen concept can be effectively

implemented and forms a strong foundation for detailed design and prototyping.
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7.1 Free Hand Sketch

Fig 7.1.1 Free Hand Sketch of Front Panel of Main Cabinet

Fig 7.1.2 Free Hand Sketch of Left Panel of Main Cabinet
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The initial design of the Main Cabinet was developed using free-hand sketches to
visualize the layout and dimensions before CAD modelling. The free-hand sketch of
the Front Panel illustrates the placement of control elements such as indicator holes,
switches, and a control knob along with overall panel dimensions (Fig. 7.1.1). Similarly,
the free-hand sketch of the Left Panel shows the provision for external connections,
including the Raspberry Pi power adapter and 12 V female adapter slot, ensuring ease
of accessibility and proper cable routing (Fig. 7.1.2). These sketches helped in
finalizing the component positioning, dimensions, and functional requirements prior to

detailed CAD drafting.
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7.2 CAD Model & Drawings

Fig 7.2.1 Front Plate-Main Cabinet

Fig 7.2.2 Bottom Plate-Main Cabinet
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Fig7.2.3 Base Plate-Main Cabinet

Fig 7.2.4 Top Plate-Main Cabinet
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Fig 7.2.5 Right Plate-Main Cabinet

J

Fig 7.2.6 Internal Plate-Main Cabinet

Y
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Fig 7.2.7 Left Plate-Main Cabinet

Fig 7.2.8 Assembly of the Main Cabinet
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The Main Cabinet of the HydroHive terrace watering system is composed of multiple
sheet-metal components designed to provide structural strength and protection for the
internal electronics. The Front Plate enables access to internal components and supports
user interaction (Fig. 7.2.1). The Bottom Plate forms the lower enclosure and
contributes to overall stability (Fig. 7.2.2). The Base Plate serves as the primary
structural foundation on which the cabinet and internal components are mounted (Fig.
7.2.3). The Top Plate protects the system from dust and environmental exposure while
completing the enclosure (Fig. 7.2.4). The Right Plate and Left Plate act as the side
walls of the cabinet, ensuring rigidity and proper alignment of all parts (Fig. 7.2.5 and
Fig. 7.2.7). The Internal Plate is used for mounting electronic modules and wiring in an
organized manner inside the cabinet (Fig. 7.2.6). All these individual components are
assembled accurately to form the Main Cabinet Assembly, which provides a compact,

robust, and functional enclosure for the HydroHive system (Fig. 7.2.8).

Fig 7.2.9 Front Plate-Solenoid Box
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Fig 7.2.10 Base Plate-Solenoid Box

Fig 7.2.11 Back Plate-Solenoid Box

Department of Automation & Robotics Page 80 of 123



J2j KLE Technological Ky E Technological University, Hubballi-580031
University | &

Fig 7.2.12 Top Plate-Solenoid Box

Fig 7.2.13 Left Plate-Solenoid Box
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Fig 7.2.14 Right Plate-Solenoid Box

Fig 7.2.15 Assembly of Solenoid Box
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The Solenoid Box is designed to house and protect the solenoid valves and related
wiring used for controlling water flow in the HydroHive terrace watering system. The
Front Plate provides access for installation and maintenance of the solenoid valves (Fig.
7.2.9). The Base Plate serves as the mounting foundation for the solenoid valves and
internal fittings, ensuring proper alignment and stability (Fig. 7.2.10). The Back Plate
supports cable routing and provides enclosure from the rear side (Fig. 7.2.11). The Top
Plate protects the solenoid components from dust, moisture, and external environmental
conditions (Fig. 7.2.12). The Left Plate and Right Plate form the side walls of the
solenoid box, contributing to structural rigidity and secure assembly of all components
(Fig. 7.2.13 and Fig. 7.2.14). All these individual parts are precisely assembled to form
the Solenoid Box Assembly, which ensures safe housing, proper functioning, and ease

of maintenance of the solenoid valves, as shown in Fig. 7.2.15.
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Fig 7.2.16 Drafting of Top Plate Main Cabinet
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Fig 7.2.17 Drafting of Right Plate Main Cabinet
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Fig 7.2.21 Drafting of Internal Plate Main Cabinet
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Fig 7.2.22 Drafting of Assembly of Main Cabinet

The detailed drafting of the Main Cabinet components was carried out to ensure
dimensional accuracy and ease of manufacturing. The Top Plate, Right Plate, Base
Plate, Bottom Plate, Front Plate, and Internal Plate of the Main Cabinet were drafted
individually to clearly define dimensions, hole locations, and structural features
required for fabrication (Fig. 7.2.16 to Fig. 7.2.21). These detailed part drawings help
in maintaining proper fit, alignment, and structural integrity during fabrication. All the
drafted components were then assembled to form the Main Cabinet Assembly, verifying

overall dimensions, clearances, and assembly feasibility, as shown in Fig. 7.2.22.
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Fig 7.2.24 Drafting of Front Plate of Solenoid Box
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Fig 7.2.25 Drafting of Right Plate of Solenoid Box
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Fig 7.2.26 Drafting of Back Plate of Solenoid Box
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Fig 7.2.27 Drafting of Base Plate of Solenoid Box
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Fig 7.2.28 Drafting of Top Plate of Solenoid Box
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Fig 7.2.29 Drafting of Assembly of Solenoid Box

The detailed drafting of the Solenoid Box components was carried out to ensure precise

dimensions and proper assembly of the enclosure. The Left Plate, Front Plate, Right

Plate, Back Plate, Base Plate, and Top Plate of the Solenoid Box were drafted

individually to define exact dimensions, hole positions, and mounting features required

for fabrication (Fig. 7.2.23 to Fig. 7.2.28). These detailed drawings ensure accurate

manufacturing, correct alignment, and structural rigidity of the solenoid box. All the

drafted components were then assembled to form the Solenoid Box Assembly,

validating the overall fit, clearances, and design feasibility, as illustrated in Fig. 7.2.29.
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Fig. 7.3.1 Detailed Design of the Complete Circuit Diagram

The circuit diagram represents the complete hardware implementation of the automatic
terrace watering system and shows how sensing, control, and actuation components are
interconnected. Two capacitive soil moisture sensors are used to continuously monitor
the moisture level of the soil in different pots or zones. These sensors provide analog
signals, which are converted into digital form using an ADC module before being sent
to the Raspberry Pi controller. The Raspberry Pi acts as the central processing unit,

where sensor data is analyzed and control decisions are made.

A relay module is interfaced with the Raspberry Pi to safely control high-power devices
such as the water pump and solenoid valves. Based on the moisture condition and
control logic, the Raspberry Pi activates or deactivates the relay, which in turn controls
the pump and valve operation to regulate water flow. LED indicators and resistors are
included to provide visual feedback on system status and relay operation. Separate
power supplies are used, with a 5 V adapter powering the Raspberry Pi and a 12 V
adapter supplying the pump and solenoid valves, ensuring electrical isolation and safe

operation.
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Overall, this circuit is used to automate irrigation by integrating soil sensing, digital
processing, and controlled actuation. It minimizes manual watering, prevents water
wastage, and ensures plants receive water only when required. The detailed circuit
layout highlights reliable power management, safe switching, and modular integration
of components, making the system suitable for terrace environments, as shown in Fig.

7.3.1.
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7.4 Flowchart

Read from moblle app
(Manusl Command,
Weather data, Sensor dafa)

Tumn Pump and Valve ONVOFF as requested

Send final Pump and Valve
status back to mobile app display

Send final Pump and Valve
status back to mobile app display
Send final Pump and Valve
slatus back lo mobile app display

Send final Pump and Valve
status back to mobile app display

Fig. 7.4.1 Control Logic Flowchart for Automated Terrace Irrigation System

Figure 7.4.1 illustrates the logical flow of operation of the smart terrace watering
system, showing how the system makes decisions based on user commands, sensor
inputs, weather conditions, and scheduled timings. The flow begins with the system
reading inputs from the mobile application, which include manual commands,
scheduled watering times, weather information, and real-time sensor data such as soil
moisture and temperature. These inputs form the basis for all subsequent decision-

making in the system (Fig. 7.4.1).

The first decision checks whether a manual command has been issued by the user
through the mobile application. If a manual command is present, the system directly
turns the pump and valve ON or OFF as requested by the user, bypassing automatic
decision logic. After executing the command, the final status of the pump and valve is

sent back to the mobile application for user confirmation and monitoring (Fig. 7.4.1).

If no manual command is detected, the system proceeds to automatic mode, where it
evaluates the soil moisture level. When the soil moisture is found to be low, the system
considers environmental safety checks before watering. It verifies whether it is
currently raining or whether the ambient temperature is too low. If rain is detected or
the temperature is below the defined threshold, the system turns the pump and valve
OFF to prevent overwatering or plant stress. The system then updates the pump and

valve status to the mobile application (Fig. 7.4.1).
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If there is no rain and temperature conditions are suitable, the system checks whether
the current time matches the scheduled watering time. If the schedule matches, the
pump and valve are turned ON to irrigate the plants. Once watering is completed or if
the schedule does not match, the system ensures the pump and valve are turned OFF to
conserve water and energy. In all cases, the final operational status is communicated

back to the mobile application for real-time user visibility (Fig. 7.4.1).

Overall, the flowchart demonstrates a hybrid control strategy that combines manual
control, sensor-based automation, weather awareness, and time-based scheduling. This
structured logic ensures efficient water usage, prevents unnecessary irrigation, and
provides user flexibility and transparency through continuous feedback to the mobile

dashboard, as depicted in Fig. 7.4.1.
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7.5 Product Analysis

The Smart Irrigation System for Terrace Farming is an loT-enabled solution designed
to automate irrigation while providing comprehensive monitoring and control through
an integrated web-based dashboard. The system continuously monitors soil moisture,
temperature using distributed sensors installed in the terrace gardening area. The
collected data is processed by a controller and displayed on the dashboard, enabling
users to remotely observe real-time plant conditions and irrigation status. The primary
objective of the system is to optimize water usage, enhance plant health and reduce the

dependency on manual irrigation practices in urban terrace farming environments.

The dashboard forms the central interface of the system and offers multiple intelligent
features to enhance usability and automation. It supports irrigation scheduling, allowing
users to define time-based watering plans based on plant requirements and seasonal
variations. In addition, the system incorporates voice assistance with multilingual
support, enabling users to interact with the irrigation system using voice commands in
different languages, thereby improving accessibility and ease of operation for a diverse

user base.

A key functional feature of the system is the closed-loop control mechanism for soil
moisture—based irrigation. In automatic mode, the controller continuously compares
real-time soil moisture values with predefined threshold levels while also considering
environmental parameters such as temperature and weather conditions. When the soil
moisture level falls below the threshold, the system automatically actuates the irrigation
valves to supply water, and once optimal moisture is achieved, the valves are
deactivated. This closed-loop operation ensures precise irrigation, prevents

overwatering and underwatering, and promotes efficient water management.

The dashboard provides two distinct operational modes to ensure flexibility and
reliability. In Auto mode, irrigation decisions are made autonomously by analysing soil
moisture, temperature and weather data, enabling intelligent and adaptive irrigation

without user intervention. In Manual mode, users can directly control the irrigation
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valves through the dashboard based on personal judgment or specific agricultural needs
such as planting, fertilization or maintenance activities. The availability of manual
control also serves as a fallback mechanism in case of sensor failure or abnormal

operating conditions.

From a technical perspective, the system is modular and scalable, allowing additional
sensors, valves or irrigation zones to be integrated with minimal system modification.
The use of low-power components ensures energy-efficient continuous operation,
making the system suitable for long-term deployment. Overall, the Smart Irrigation
System for Terrace Gardening with dashboard integration, closed-loop control,
scheduling, voice assistance, and dual operational modes provides a reliable, user-

centric, and sustainable solution for modern urban agriculture.
7.5.1 Structural Analysis

Structural analysis is the process of evaluating a structure or component to determine
how it responds to applied loads, supports, and environmental conditions. It helps
engineers understand stress, strain, deformation, and stability of a structure to ensure
that it is safe, strong, and reliable during its intended use. Structural analysis predicts
whether a component can withstand forces such as weight, pressure, vibration, and
thermal effects without failure or excessive deformation. It is an essential step in
engineering design to verify that the structure meets strength, safety, and performance

requirements before manufacturing.

Finite Element Analysis (FEA) is a numerical computational method used to perform
structural analysis by dividing a complex geometry into many small, finite elements.
Each element is mathematically analysed, and the results are combined to predict the
behavior of the entire structure. Using FEA, engineers can calculate stresses, strains,
displacements, factor of safety, and failure zones under real-world loading conditions.
FEA is widely used in software tools like SolidWorks, ANSYS, and Abaqus because it
allows accurate analysis of complex shapes and materials while reducing the need for

physical prototypes.
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Relationship Between Structural Analysis and FEA

Structural analysis defines what needs to be evaluated (strength, deformation, safety),
while FEA provides how it is evaluated using computational methods. In modern
engineering practice, FEA has become a key tool for performing structural analysis
efficiently, accurately, and cost-effectively, making it indispensable in product design

and validation.
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Fig. 7.5.1.2 Equivalent Strain (ESTRN) Contour of Front Plate under Static Loading
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The static strain analysis of the Front Plate of the Main Cabinet was performed using
SOLIDWORKS Simulation to evaluate deformation behavior under applied loading
conditions. The strain distribution plot shows that the majority of the plate experiences
low strain values, indicating stable structural behavior, while localized higher strain
regions are observed near mounting holes and load application areas due to stress
concentration effects (Fig. 7.5.1.1). The equivalent strain (ESTRN) contour further
confirms that the maximum strain remains well within permissible limits of the selected
material, validating the structural safety and suitability of the design for practical

operation (Fig. 7.5.1.2).

The HydroHive Main Cabinet components were designed and analyzed using
SOLIDWORKS CAD and Simulation to validate structural safety and design
feasibility. The Front Plate of the Main Cabinet was subjected to static structural
analysis under a normal load of 10 N, simulating practical operating conditions. The
analysis showed a maximum von Mises stress of 2.684 x 10° N/m?, which is
significantly lower than the material yield strength of 4.5 x 107 N/m? for Acrylic
(medium-high impact). This confirms that the component operates well within safe
stress limits. The maximum resultant displacement was 2.159 mm, indicating
acceptable deformation without compromising functionality or structural integrity. The
generated high-quality solid mesh ensured accurate results and reliable stress
distribution prediction. Overall, the SolidWorks simulation validated that the designed
Front Plate is structurally safe, lightweight, and suitable for real-world application,
demonstrating the effectiveness of SolidWorks as a tool for design verification and

product optimization
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7.5.2 Sustainability Analysis

Sustainability refers to the practice of designing and developing systems, products, and
processes in a way that meets present needs without compromising the ability of future
generations to meet their own needs. In engineering, sustainability focuses on
minimizing environmental impact, conserving resources, reducing energy
consumption, and promoting responsible material usage throughout a product’s entire

life cycle.

Sustainability is important because engineering products directly impact the
environment through material extraction, manufacturing, transportation, usage, and
disposal. Unsustainable designs lead to excessive carbon emissions, energy
consumption, pollution, and resource depletion. By adopting sustainable practices,
engineers can reduce carbon footprints, lower energy demand, minimize waste, and
support long-term environmental and economic stability. Sustainable design also aligns

with global environmental goals and encourages responsible innovation.

SolidWorks plays a crucial role in sustainability by enabling Life Cycle Assessment
(LCA) during the design stage itself. Using the SolidWorks Sustainability tool,
designers can evaluate environmental impacts such as carbon footprint, total energy
consumption, air acidification, and water eutrophication based on material choice,
manufacturing process, region, transportation, and end-of-life scenarios. This allows
engineers to compare different materials and processes virtually and select
environmentally better options before actual manufacturing, saving both cost and

resources.
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Sustainability Report
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Figure 7.5.2.1: Sustainability Impact Analysis of Internal Plate MC Using PMMA
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Figure 7.5.2.2: Comparative Sustainability Analysis of PMMA and ABS PC Materials
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Based on the sustainability graphs shown in Fig. 7.5.2.1 and the comparative
sustainability report in Fig. 7.5.2.2, ABS PC was selected as the baseline material, and
PMMA was chosen as the new design material for comparison. The baseline ABS PC
material shows a higher carbon footprint (0.342 kg CO-e) compared to PMMA, which
exhibits a lower carbon footprint of 0.277 kg COze, indicating reduced greenhouse gas
emissions. Similarly, the total energy consumed for PMMA is 5.0 MJ, which is slightly
lower than 5.1 MJ for ABS PC, making PMMA more energy efficient.

Further analysis shows that air acidification impact is significantly lower for PMMA
(1.2 x 107 kg SO2¢e) compared to ABS PC (1.8 x 107 kg SOze), indicating reduced
emissions that contribute to acid rain. In terms of water eutrophication, PMMA again
performs better with 1.1 x 10~ kg POse, whereas ABS PC shows a higher impact of 1.7
x 107* kg POae, which implies lower nutrient pollution in water bodies. Overall, the
graphs clearly indicate that PMMA is a more sustainable material choice compared to
ABS PC, as it results in lower environmental impact across all evaluated categories
while maintaining similar functional performance. These observations and conclusions

are derived from the sustainability assessment shown in Fig. 7.5.2.1 and Fig. 7.5.2.2.
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8. Prototyping

Scrum Chart

Sprint 01: Circuit Design & Dashboard Development (Frontend &
Backend)

Fig 8.2 Capacitive soil moisture sensor connection
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Fig 8.3 Connection of Raspberry Pi 5 to other components
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Fig 8.4 Frontend and Backend Source Code of the Dashboard Module

Department of Automation & Robotics

Page 110 of 123



Jo3 KLE Technological K[ g Technological University, Hubballi-580031

Creating Value

University Leveraging Knowledge

Sprint 02: Hardware Fabrication & Dashboard Database Integration

Fig 8.6 Assembled Main Control Cabinet Enclosure
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Fig 8.7 Top View of Main Control Cabinet Assembly

Fig 8.8 Assembly of Main Cabinet & Solenoid Box
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Fig 8.9 Cable sleeving of wires

Fig 8.10 Final Integrated Prototype of the Smart Irrigation Control System
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The assembly and integration of the smart irrigation system prototype were carried out
in a systematic and sequential manner, as illustrated from Fig. 8.1 to Fig. 8.10. The
process began with the interconnection of the pump and solenoid valve to establish
controlled water flow (Fig. 8.1), followed by the connection of the capacitive soil
moisture sensor to enable real-time soil moisture sensing (Fig. 8.2). Subsequently, the
Raspberry Pi 5 was interfaced with all peripheral components, including sensors,
actuators, and power modules, forming the core control unit of the system (Fig. 8.3). In
parallel, the frontend and backend source code of the dashboard module was developed

to facilitate user interaction, data visualization, and control logic execution (Fig. 8.4).

Once the electronic and software components were ready, the physical assembly phase
commenced using laser-cut cabinet parts, which were assembled step by step to form
the main control cabinet structure (Fig. 8.5). The completed cabinet enclosure was then
integrated with internal components, resulting in the assembled main control cabinet
enclosure (Fig. 8.6). A top view of the cabinet highlights the placement of ports, piping,
and mounting provisions (Fig. 8.7), while the assembly of the main cabinet along with
the solenoid box demonstrates system-level integration (Fig. 8.8). To ensure safety,
durability, and neat organization, cable sleeving of wires was performed to protect
electrical connections and improve aesthetics (Fig. 8.9). Finally, all subsystems were
interconnected and tested, leading to the final integrated prototype of the smart
irrigation control system, which represents a fully functional and ready-to-deploy

solution (Fig. 8.10).
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9. Conclusion & Learnings

The Terrace Watering System mini project successfully demonstrated the application of
the Engineering Design (ED) process to solve a real-world problem in a structured and
systematic manner. The primary objective of designing an automated and efficient
watering system for terrace gardens was achieved by focusing on optimal water usage,
simplicity of operation, and cost effectiveness. The developed system proves to be

suitable for small-scale urban farming and terrace gardening applications.

By following each stage of the Engineering Design process—problem identification,
stakeholder analysis, conceptual design, embodiment design, detailed design, and
testing—the project ensured that both technical feasibility and user requirements were
addressed effectively. This systematic approach helped in minimizing design errors,
improving functionality, and enhancing overall system reliability. The final outcome is
a practical and scalable solution that can be further upgraded with advanced features

such as weather-based automation, mobile app control, or IoT integration.

Overall, the project highlights how structured engineering methodologies can convert
simple ideas into functional solutions. The terrace watering system serves as a strong
foundation for future improvements and real-world implementation, reinforcing the

importance of design thinking in engineering practice.
Learning Outcomes from the Mini Project
Technical Learning:

Through this mini project, I gained practical experience in working with Raspberry Pi
5 as the central controller for the terrace watering system. I learned how to configure
the Raspberry Pi operating system, manage GPIO pins, and interface external
components such as sensors, relays, pumps, and solenoid valves. This helped me
understand real-time control, hardware—software integration, and system-level

debugging in an embedded environment.
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In addition, I developed skills in web-based system development using HTML, CSS,
and JavaScript to design an interactive and user-friendly control interface. HTML was
used to structure the web pages, CSS to enhance visual appearance and responsiveness,
and JavaScript to enable dynamic interactions such as button controls, status updates,

and real-time feedback from the system.

On the backend side, I learned to use PHP to handle server-side logic, process user
commands, and communicate between the web interface and the Raspberry Pi. I also
implemented MySQL for data storage, which allowed logging of watering schedules,
system states, and user actions. This provided exposure to database design, basic query

handling, and secure data management.

Overall, this project helped me understand how embedded systems, web technologies,
and databases can be integrated into a single automated solution, making it a valuable

learning experience in full-stack IoT-based system development.
Engineering Design Understanding:

The project significantly improved my understanding of the Engineering Design
process and its importance in developing reliable systems. I learned how design
justification, iterative improvement, and proper documentation play a crucial role in

achieving efficient and user-oriented solutions.
Practical Problem-Solving Skills:

Working on real constraints such as component limitations, water flow control, and
system safety enhanced my analytical and problem-solving abilities. The project

encouraged logical thinking and decision-making at each design stage.
Personal and Professional Skills:

On a personal level, the mini project improved my teamwork, communication, and time
management skills. Coordinating tasks, meeting deadlines, and resolving design
challenges collaboratively helped me develop confidence in handling engineering

projects.
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10. Future Scope

The Smart Terrace Watering System offers considerable scope for future development
in scalability, intelligence, and user accessibility. The system can be enhanced to
support multiple pots and irrigation zones by incorporating modular valve units and
zone-wise scheduling, allowing efficient management of plants with different water
requirements. This expansion would make the system suitable for medium and large

terrace gardens.

Future improvements can also include cloud-based deployment of the dashboard and
backend services, enabling remote access, real-time monitoring, secure data storage,
and multi-user support. Expanding multilingual support to additional regional
languages can further improve usability and adoption across diverse user groups. From
an intelligence perspective, integrating machine learning techniques and weather
forecast data can help optimize watering schedules by adapting to plant needs, seasonal

changes, and rainfall conditions, thereby reducing water wastage.

Additional enhancements such as mobile application integration, solar-powered
operation for energy efficiency, alert systems for fault detection, and advanced analytics
for tracking water usage can further strengthen the system. Overall, the Smart Terrace
Watering System has the potential to evolve into a comprehensive, intelligent, and

sustainable solution for urban terrace farming.
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OptOutParam=true&qid=1763555459&sr=8-2-
spons&aref=8c8v2laxgk&sp csd=d21kZ2VOTmFtZT1zcFO9hdGY &psc=1

https://www.amazon.in/Link Tap-Wireless-Water-Timer-

Gateway/dp/BO8Y X82WWS8/ref=sr_1_5?dib=eyJ21joiMSJ9.zPK6Rfl16q7U2
rET6YmMTZNVELUB-JuQsKnQ1aSfb036Y4bbOHOcpeMkI jMn-
Mko5DpJwY9pHPNcg) TpuFM6dIx3hGNZUSfOITgijxH9zKaYPvJcpwhecF2
0YBLtbKIgARnmW-

D2jwetTve WKglWqerZCb4CyHezQzPMrSYOcoiNOUXRSMUrsUOhMpB
1y4KtlhsP50Xke6zsNsDJunFiSA8AsdXhgVGSnrDrgsASACdMMpm9-
uFAefCTo720Kq9%kbGKImges6J9L.48KWn3271kn5XOZUMIQo7kpX6DSrc
M.a511kS-

aDd4cnQzMjwcWEE4Icfopmmyl sNCTRO8fm70&dib_tag=se&keywords=li
nktap+water+timer&nsdOptOutParam=true&qid=1763555524&sr=8-5

https://www.amazon.in/Blackt-FElectrotech-BT29ADO0I-Automatic-
Watering/dp/BOF26 WCFHV/ref=sr 1_6?dib=eyJ21joiMSJ9.W591UyMV88g7
16mI21yug9150KLztIKKoXcCq4w3L5nDIUNgpsWeTbl2yqfesCY XcIIVAS;j
9_fx4bVrvZDi_M19Pk1gkrEmYGI1ghE1dnmFkOpBImnYOtD6 1IN63030a
dfreeCGAS5xi05QAvXchgOB3kRxqi7Kn 2MAjJNPcvlkZtoVztEQB178--
yDNLqjwL4CrFAUAzDal XL.9GKF5KsdpCNOjcrKKr6Tx7RzMVMB_twSx
Xj9HLC-bY97sq Vp521E3YY8OkKSDIpiS7-
WaMDRwdhO3mJtoxfrTgkks46mw.-
xUjXZDahYKkUWS5CDoZLONQYFSdefZVtDbe6 WR Atetlg&dib_tag=se&ke
ywords=smart+plant+watering+kit&qid=1763555569&sr=8-6
https://www.amazon.in/ROBOWINGSTM-Irrigation-Rechargeable-

Agriculture-
Engineering/dp/BOF8RH28WJ/ref=sr 1 10?dib=eyJ21j0iMSJ9.W591IUyMV 8§

8g716mI21lyug9150KLztJKKoXc4w3L5nDIUNgpsWeTbl12yqfesCY XcIIVAS]
9_fx4bVrvZDi_M19Pk1gkrEmYGI1ghE1dnmFkOpBImnYOtD6 1IN63030a
dfreeCGA5xi05QAvXchgOB3kRxqi7Kn 2MAjJNPcvlkZtoVztEQB178--
yDNLqjwLACrFAUAzDaL XTI 9GKF5KsdpCNOjerKKr6Tx7RzZMVMB_twSx
Xj9HLC-bY97sq Vp521E3YY8OkKSDIpiS7-
WaMDRwdhO3mJtoxfrTgkks46mw.-
xUjXZDahYKUWS5CDoZLONQYFSdefZVtDbe6 WR Atetlg&dib_tag=se&ke
ywords=smart+plant+watering+kit&qid=1763555603&sr=8-10
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(Hydrohive - Terrace Watering System)

rban terrace farmers face inconsistent plant
growth due to busy schedules, unpredictable
weather, and irregular watering. A compact,
energy-elficient automatic watering system with
scheduling and remore control ensures reliable
@ care with minimal effort.
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