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Abstract: The goal of this project is to improve urban agriculture by developing and
implementing a high-tech indoor hydroponic system. A sustainable and effective way
to handle the problems associated with food production in urban environments is
through the use of mineral fertilizer solutions in water, or hydroponics, a soilless plant
culture technique. The goal of the project is to develop a small-scale, automated indoor
system that maximizes yield while using the least amount of water and nutrients. The
automated fertilizer delivery system, energy-efficient LED lighting tailored for various
plant growth phases, and an integrated monitoring system that provides real-time data
on plant health and environmental variables are some of the system's main advantages.
Different plant species were cultivated in order to evaluate the adaptability and
efficiency of the system. In comparison to conventional soil-based techniques, the
results showed notable gains in crop quality and growth rates, as well as a 90%
decrease in water consumption and improved nutrient absorption. The system is
scalable due to its modular design, which makes it appropriate for both home and
business use. Future developments will concentrate on enhancing automation
capacities, integrating renewable energy sources, and increasing the range of plants
that can be grown.

Keywords: Indoor Hydroponics, Urban Agriculture, Automated Nutrient Delivery,
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1.Introduction

Urbanization is changing the food production landscape quickly, requiring creative
solutions to keep up with the increasing demands of the urban population. There are
several obstacles facing traditional agriculture, such as a lack of arable land, excessive
water use, and the effects of farming methods on the environment. In this regard,
hydroponics—a sophisticated technique that uses mineral nutrient solutions in water to
produce plants without soil—emerges as a viable substitute. Numerous benefits come with
an indoor hydroponic system, such as effective space utilization, water conservation, and
the capacity to grow vegetables all year round regardless of the outside weather.
Compared to conventional soil-based agriculture, hydroponics can provide larger yields
and faster growth rates by managing the growing environment. Because of this, it is
especially well suited for metropolitan environments, where there is a great demand for
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fresh produce that is cultivated nearby. The creation and application of a small,
autonomous indoor hydroponic system designed for urban farming is the main goal of this
project. The system is made to optimize crop yield while consuming the fewest resources
possible, in line with sustainable farming methods. One of the system's main features is
automated nutrient delivery, which minimizes waste and improves nutrient absorption by
guaranteeing plants receive the exact amount of nutrients needed for healthy growth.
Energy-efficient LED lighting: Lights made especially to deliver the right wavelengths
during different phases of plant growth, encouraging wholesome growth while using the
least amount of energy possible. The objective is to show that indoor hydroponics is a
viable and sustainable response to the problems associated with urban agriculture.
Upcoming advancements will center on improving automation, incorporating renewable
energy sources, and broadening the variety of plants that may be grown.

2.Significance of the Study

A revolutionary approach to urban agriculture, the indoor hydroponic system solves a
number of pressing issues with conventional farming practices. This system's contributions
to resource efficiency, food security, sustainability, and urban resilience make it significant.
1. Sustainability

Because the indoor hydroponic system uses less soil and arable area, it encourages
sustainable agricultural methods. Soil deterioration and erosion are key difficulties in
traditional agriculture; this technology minimizes these issues by growing plants in a
controlled, soilless environment. Furthermore, the system's design lessens the need for
chemical herbicides and pesticides, improving ecosystem health and lowering pollution
levels in the environment.

2. Food Security

Fresh vegetables supplied locally is in greater demand as urban populations continue to rise.
A workable answer is provided by indoor hydroponics, which makes it possible to cultivate
a wide range of crops year-round regardless of climatic or seasonal variations. This
improves food security by guaranteeing a steady supply of fresh food and lessens reliance on
lengthy supply lines that are prone to interruptions.

3. Resource Efficiency

The economical use of nutrients and water in hydroponic systems is one of their biggest
benefits. Although hydroponic farming consumes up to 90% less water than traditional
agriculture, it is still a great option for areas where water is scarce. By recycling nutrients
and water, the closed-loop system ensures minimum waste and maximum plant
development. This efficiency also applies to the usage of nutrients, as specific delivery
systems minimize environmental effect and nutrient runoff.

4. Economic Opportunities

Adoption of indoor hydroponic systems can promote economic growth by generating new
employment opportunities in technology development, maintenance, and urban farming.
This can encourage entrepreneurship and innovation by causing a new sector of the urban
economy to emerge. Ventures into sustainable agriculture technologies can also benefit from
the possibility of scalable commercial applications.

5. Health and Nutrition

Urban dwellers' access to fresh, locally grown vegetables improves the nutritional value of
the food they can eat. Vegetables cultivated hydroponically frequently have higher
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nutritional contents because of the carefully regulated growth environment. By giving
communities access to healthier food options, this can improve public health outcomes.

3.0bjectives of The Study

The following are the goals of an indoor hydroponic system:
Maximize Crop Yield: By enhancing plant growth conditions, hydroponic systems seek
to maximize the amount of produce grown in a given area.

Resource Efficiency: Use energy, water, and nutrients more effectively than with
conventional soil-based agriculture. When combined with controlled environment
agriculture (CEA), hydroponics can be more energy-efficient and generally consume less
water.

Year-Round Production: Give farmers the capacity to cultivate crops all year round,
irrespective of the outside weather, guaranteeing a steady supply of fresh produce.

Space Optimization: Make efficient use of indoor spaces by using vertical farming and other
space-saving methods, such as urban settings, rooftops, basements, or other non-traditional
agricultural locales.

Pest and Disease Control: Use of a soilless system can lower the prevalence of soil-borne
pests and illnesses, reducing the need for chemical pesticides and herbicides.

Environmental Control: Allow for exact control over the distribution of nutrients, light,
temperature, humidity, and other environmental factors. This can promote faster growth and
better-quality produce.

Reduced Environmental Impact: Reduce the negative effects on the environment by
conserving water, minimizing soil damage, and maybe utilizing renewable energy sources to
power your equipment.

4.Proposed System

In hydroponics, plants receive water from the fertilizer solution you give them, carbon
dioxide from the air, and sunshine from the sun or grow lights. In the natural world, plants
depend on the soil to maintain them and supply nutrients. Growers that use hydroponics do
away with the requirement for soil by creating a nutrient solution from nutrient-rich liquids
or powders mixed with water. Additionally, the structure and support that soil often provides
are substituted with soilless growing media such as rock wool, perlite, or coco coir, or with a
straightforward plastic net cup. In deep water cultivation, a seedling is suspended above a
nutrient solution reservoir with its stem and leaves in the air and its roots submerged in the
liquid. While the leaves take in light and carbon dioxide, the roots take in water and
nutrients. This is how hydroponics works: the plant receives all the nutrients it requires
without the use of soil.

Here, the system is being automated with the use of an ATmega328p microcontroller. Grow
lights, an alternative to sunshine, LED lights to chill the environment, a 5 volt power source,
a cooling fan, humidity, temperature, moisture, pH, and float sensors are all used in this
system. Moisture-based fodder cultivation is more appropriate in locations that are prone to
drought and have very little water. For optimal results, hydroponic-based fodder cultivation
has to maintain a moisture level of 80%. This system also adapts to the surrounding
conditions, ensuring that water is used as efficiently as possible. This hydroponic system
operates entirely automatically, calculating the amount of nutrients needed for plants based
on data from sensors that track their concentration in the tank. By taking climate into
account, the water requirements are satisfied and water disturbance is thus avoided. This
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setup also includes provisions for lights and a computer cooling fan that will function based
on ambient circumstances to maintain appropriate humidity, temperature, and lighting.

In hydroponic systems, nutrient-rich water is essential for plant growth. It is necessary to
dissolve in water a balanced mixture of vital nutrients that the plants need to receive on a
regular basis. In order to solve this issue, we employ a float sensor to track the water and
nutrient levels, and it uses a DC water pump to automatically deliver the nutrient solution to
the plants. A computer cooling fan is used to regulate the temperature by expelling the
heated air generated by the grow lights. In a similar vein, the LED lights lower the chance of
heat burn to the plants by cooling the chamber. Plants can be protected against fungal
infections by utilizing pH sensors to monitor and manage pH levels. Because hydroponics is
a soilless method, growth media is necessary to sustain plant roots and maintain moisture
levels. To resist the plants, we thus utilize the net cups.

5.Block Diagram
Powersupply
Tempsensor =>| LCD
display
Humidity
sensor Relayl Water
pump
Microcontroller
pHsensor
—> —s| Relay2 LED
ATmega328p light
Floatsensor l=> Cooling
fan
. a buzzer
growlights | _'i

Fig 1 : Proposed block diagram for hydroponic system
6.Working Principle

The automated hydroponics system's basic operation is depicted in the block diagram above.
It begins by gathering data from the system's sensors, including the Ph, humidity, and
temperature sensors. The microcontroller will then calculate the difference between the
desired and actual values for the PH and nutrition levels using the grow system settings that
are programmed into it. The software will determine the approximate quantity of nutrients or
acid/base that needs to be added to the system based on this calculation. An outline of the
automated hydroponics system's operation can be found in the block diagram above.
Initially, it gathers data from the system's sensors, including the Ph, temperature, and
humidity sensors. The grow system's settings are then programmed into the microcontroller,
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which uses them to calculate the difference between the desired and actual values for the PH
and nutrition levels. The estimated amount of acid/base or nutrients that need to be
introduced to the system will be determined by the software using this computation.

7.Implementation

Set Up Hydroponic System: This stage entails putting the hydroponic system up
from the ground up, which includes assembling the parts and getting the growing
environment ready.

Add Nutrient Solution to Reservoir: The reservoir is filled with the nutrient solution,
which contains the necessary elements for plant growth.

Environmental Parameters: Temperature, humidity, light intensity, and pH levels are
just a few of the variables that sensors continuously track.

Are the parameters in their ideal range? Verify that the parameters being tracked are
within the ideal range for plant growth. If not, an alarm might be generated and the system
might need to be adjusted.

Activate Water Pump: The water pump is turned on to circulate the nutrient solution if
all environmental factors are within the ideal range.

Nutrition Solution Circulation: The plants receive vital nutrients from the nutrition
solution as it is circulated around them.

Track Plant Growth: Keeping an eye on a plant's growth helps make sure it's growing
healthily.

Is Harvest Ready?: Using growth indicators, ascertain whether the plants are prepared
for harvest. If not, keep an eye on things; if so, move on to the next action.

Gather Plants: Gather established plants as required. End: This completes the process.

Connect to cireuit
If connection is ok?

yes

Connect with system

Input pH

Input water Input Read
level temperature humidity

If water

yes
Send notification
to user

Turn off

yes

yes

2 Send notification
Send netification ‘ Pump auto Send notification to 1o the user

to the user off the user

Supply nutrient
to water

In water box

-

8.Results

For hydroponic fodder production and growth to be optimized, environmental considerations are crucial. The typical range
of environmental parameters, including temperature (19 to 22°C), humidity (average 60%), light intensity (2000 lux), and
pH(6.5 to 7.5).
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Day 0

Day 6 Day 8

Fig: 2 Fodder Growth Observation

Table 1 — Observation of length of plant

Day’s Height (Inch)
Day 0 0
Day 2 1
Day 4 2.8

Day 6 5.7

Day 8 7.5

Fig: 3 Observation of mustard plant

HYDROPONIC VEGETABLES TASTE

The short answer is that vegetables cultivated hydroponically do taste different from those grown on soil. To be more
specific, the time of year and several factors such as soil type and quality affect plant flavors. The flavor of a tomato grown
in your garden will differ somewhat from mine. The ability to regulate the growing environment for your plants is one of
the best things about hydroponics. You can adjust temperature, moisture, and nutrient levels to get the flavor you want. on
summary, there is no evidence to suggest that hydroponic plants taste any worse than those grown on soil, despite the
possibility that plants produced in different environments have different tastes.
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Fig: 4Automation hydroponic system
In general, following standard organic farming criteria can be difficult with hydroponic systems. The focus of organic
farming is on using sustainable and natural methods, such as maintaining healthy soil and avoiding the use of artificial
fertilizers, pesticides, and other chemicals. Synthetic nutrients may be used to feed plants in hydroponic systems, which
grow plants in nutrient-rich solutions without the need for soil. The utilization of artificial ingredients may give rise to
disagreements about the organic certification process.

Fig: 5 Green vista hydroponic fodder grow hub
standardization of inexpensive hydroponic technology with resources that are readily available locally. germination rate
estimation using seed soaking time and additional variables. Analysis of the production costs of several hydroponically
produced feeds for animals. Evaluation of the immune system, growth potential, and fertility of young animals fed various
hydroponic feeds.

Table 2- Hydroponic fodder nutrient comparison with traditional fodder farming

Nutrients  [Traditional green Hydroponic green
Fodder (mustard) fodder
(mustard)
Protein 10.69 13.59
Fibre 6.27 9.86
Nitrogen 51.79 66.78
Carbohydrate 25.97 30.27
Vitamins 22.03 29.24
Biotin 3.39 9.89
Insoluble Ash 1.42 0.35

From above we clearly observe that the hydroponic green fodder is highly nutritious than the
traditional green fodder. In this, as the directly nutrients are supplied to the plants rather than the soil, so it
gets highly nutritious fodder compared to the plants grown in soil. So, the hydroponic fodder is best choice
to grow plants compared to the conventional farming.
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Hydroponically grown fodder can be highly nutritious, providing essential vitamins and minerals for
livestock. The controlled environment allows for optimized nutrient delivery to the plants, potentially
resulting in higher nutritional content compared to traditional methods. Hydroponic systems often promote
faster growth rates compared to traditional soil-based methods. This rapid growth can lead to a quicker
turnover of fodder, allowing for more frequent harvests. Auto indoor systems can offer precise control over
environmental factors such as temperature, humidity, light, and nutrient levels. Automation can streamline
the growing process and reduce the need for manual intervention.

Fig: 6 Automation green vista hydroponic fodder grow hub
9.Conclusion:

Hydroponics is a type of agricultural technology that may be developed locally using
inexpensive materials that produces more nutrient-dense, tasty, and digestible livestock feed.
On a per kg dry matter basis, the technology is less competitive than traditional fodder
production in industrialized countries where there is no shortage of high-quality feed and
fodder. It provides a clever backup solution against land shortage and hinders climate
change in India's various agroclimatic zones. Many nations are using it now for their
sustainable cattle production.Hydroponic fodders are more profitable and beneficial than
traditional feedings of cereal grains and concentrate mixture due to their higher palatability
and digestibility. The net cost of producing hydroponically grown fodder increased
significantly due to the large initial investment required for fully automated commercial
hydroponic systems, as well as the high labor and energy costs associated with preserving
the system's ideal environment. On the other hand, low-cost hydroponic systems have been
created by leveraging locally accessible infrastructure in areas where there is a severe lack of
fuel and fodder, excessive seasonal changes in fodder prices, and high transportation and
fuel expenses.In these circumstances, the best option for sustainable livestock production is
hydroponic fodder production, as the cost structure is frequently moved in its favor.
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