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ABSTRACT

This paper describes the design and development of a PLC-SCADA-based smart greenhouse automation
system that integrates solar energy. The goal is to improve agricultural productivity while ensuring energy
efficiency and sustainability. The system continuously monitors and controls key greenhouse factors such as
temperature, humidity, soil moisture, and light intensity using industrial-grade sensors connected to a
Programmable Logic Controller (PLC). A SCADA-based supervisory interface provides real-time data
visualization, remote monitoring, alarm management, and manual control. The control logic uses PLC ladder
programming, which allows devices like ventilation fans, water pumps, misting units, and artificial lights to
turn on automatically based on setpoints. Experimental tests and system validation took place in controlled
greenhouse conditions. The results show that the system effectively regulates the environment, keeping
temperature and humidity within desired limits and optimizing irrigation based on soil moisture. The solar
energy system powered the greenhouse automation setup, significantly reducing reliance on grid power and
ensuring operation during power outages. Overall, this system offers a cost-effective, reliable, and scalable
solution for smart agriculture. It is suitable for small to medium greenhouses and future industrial use. Results
indicate improved irrigation accuracy, stable microclimate control, and less manual labor. By providing a
reliable and scalable automation framework, this work supports smart farming and adds real value to
controlled-environment agriculture.

Keywords- Climate regulation, Controlled-environment agriculture, Environmental monitoring, Greenhouse
automation, Industrial automation, loT, Irrigation control, PLC, Pt100 sensors, SCADA, Smart farming,
Sustainable agriculture.

I.INTRODUCTION

Agriculture serves as an essential component which enables society to attain food security while maintaining
economic stability, though current farming methods face growing difficulties because of climate changes and
water shortages and increased energy expenses. Greenhouse cultivation has emerged as an effective solution
to overcome these limitations by providing a controlled environment for crop growth. The traditional
greenhouse systems depend on manual monitoring together with grid power systems, which results in two
problems. First, they fail to use resources effectively and second, they produce inconsistent results in crop
production. The recent progress made in industrial automation together with control technologies has
produced smart greenhouse systems which need very little human work to sustain perfect environmental
conditions. The industrial sector commonly uses Programmable Logic Controllers (PLCs) together with
Supervisory Control and Data Acquisition (SCADA) systems because these technologies provide dependable
performance together with real-time system management and system expansion capabilities. The
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combination of PLC and SCADA systems with greenhouse operations enables nonstop tracking of essential
factors, which include temperature, humidity, soil moisture, and light intensity, to achieve accurate and
prompt control operations.

II.LITERATURE SURVEY

The authors of [1] developed an intelligent loT-based greenhouse temperature monitoring and control system
which achieved environmental monitoring through wireless sensors and cloud communication. The system
provided remote access to users while enabling better temperature control, but it mainly depended on IoT
systems which might struggle to maintain industrial reliability and precise control standards. A PLC-based
smart watering system for greenhouse applications was developed in [2], demonstrating improved irrigation
efficiency through programmable logic control. The system achieved better water management through its
irrigation system, but it did not provide full environmental monitoring capabilities or supervisory control
through SCADA.. The authors of [3] presented a SCADA-based smart greenhouse system which uses loT
communication for system integration. The study emphasized graphical visualization and real-time
parameter monitoring. The system could not achieve complete industrial control through deterministic
methods because it depended on 10T systems for its operation. The researchers studied [4] through their
investigation of automated temperature measurement methods which used Pt100 sensor design and
simulation. The study highlighted sensor accuracy and performance evaluation, which are critical for
greenhouse systems. The research only evaluated sensors because the researchers did not study complete
automation systems. The authors of [5] developed an loT-based greenhouse system which enables users to
monitor and control environmental conditions from remote locations. The system proved effective for small-
scale use, but it did not meet the requirements for industrial use because it lacked strong control systems and
could not expand to larger operations. The authors of [6] developed a greenhouse system which used PLC
technology to automate water and fertilizer dispensing. The system enables improved nutrient distribution
through its automatic water and fertilizer dispensing system.

The research conducted in [7] resulted in the creation of a polyhouse automation system which used PLC
technology to control temperature and humidity levels. The system provided better environmental control
capabilities but it lacked both energy optimization features and centralized monitoring functions. The study
in [8] examined SCADA-based PLC systems for their ability to monitor and control multiple operations
simultaneously while showing that combining PLC systems with supervisory control leads to better results.
The system used for this study operated as a general solution which failed to implement renewable energy
systems for eco-friendly greenhouse management. The current research examines three distinct areas which
include loT-based monitoring and PLC-based irrigation control and SCADA system supervision. The current
research study shows how industrial-grade PLC control systems and SCADA real-time monitoring systems
and complete environmental control systems and solar power systems combine to form a single greenhouse
automation system. The proposed work intends to create a PLC-SCADA greenhouse automation system
which uses solar energy to support sustainable agricultural practices.

Review of Methodologies and Analysis of Greenhouse Automation Systems

The research paper presented in reference [1] introduced a smart temperature control system which used
Internet of Things technology to monitor greenhouse temperatures and manage vegetation growth. The
system provided users with distant system access to enhance their temperature control capabilities but its
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main function depended on 10T systems which could not maintain industrial strength and precise operational
control.

The research project presented in reference [2] developed a smart watering system based on programmable
logic control which enhanced irrigation efficiency for greenhouse operations. The system achieved its water
optimization target through irrigation control. The system skipped environmental control systems and
SCADA-based supervisory systems because of its primary focus on irrigation.

The research presented in reference [3] analyzed a SCADA system which managed greenhouse operations
through loT-based communication. The research focused on displaying data through graphical elements
while monitoring real-time data. The system design suffered from deterministic industrial control limitations
because it depended on Internet of Things technology for its communication needs.

The study conducted in reference [4] examined temperature measurement methods which automation
systems use and investigated the development and testing process of Pt100 temperature sensors. The research
showed how greenhouse systems depend on sensor accuracy and performance measurement to operate
successfully. The research project examined sensors only at the sensor level but it did not examine complete
automation systems.

The research conducted in reference [5] introduced an loT system which enables users to monitor and control
greenhouse operations through remote access. The system could operate in small-scale environments but it
failed to deliver industrial-level performance and strong operational control systems.

The research study presented in reference [6] introduced an automatic greenhouse system which used
programmable logic controllers to manage water and fertilizer distribution for improved nutrient delivery.
The system achieved its water optimization target through irrigation control. The system skipped
environmental control systems and SCADA-based supervisory systems because of its primary focus on
irrigation. The study described in [7] created an automatic polyhouse system which uses PLC technology to
control temperature and humidity conditions. The system provided better control over environmental
conditions but it could not optimize energy consumption and it lacked centralized control monitoring
features.

The research in [8] studied how SCADA-based PLC systems allow for simultaneous monitoring and control
operations by using PLC systems to provide reliable backing for supervisory control. The implementation
used common functions because it lacked specific features which would connect renewable energy systems
for environmentally friendly greenhouse operations.

The available research studies loT-based monitoring systems and PLC-powered irrigation management
systems and SCADA monitoring systems as distinct research subjects. The existing studies on industrial-
grade PLC systems and SCADA systems for real-time monitoring and complete environmental control and
solar energy system integration in greenhouse automation systems remain extremely scarce. The proposed
work needs to establish this connection through the development of an agricultural solution which uses PLC-
SCADA technology to create an automated greenhouse system that operates on renewable solar energy
sources for eco-friendly expansion.
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I1. METHODOLOGY

In modern agriculture, conventional greenhouse systems often suffer from manual inefficiencies, inconsistent
crop environments due to sudden rising in climate unpredictability, resource scarcity and unreliable power
source. To address this challenge, this project proposes an “PLC (Programmable Logic Controller) and
SCADA (Supervisory Control and Data Acquisition) driven greenhouse automation system”, enabling real-
time monitoring, programmable control, deterministic automation and remote access to key environmental
parameters with benefit of easy crops rotation without any extra planning. By automating irrigation,
ventilation and climate regulation, the system ensures optimal growing conditions for crops. Additionally,
solar energy integration provides a sustainable power solution, reducing dependency on grid electricity and
enhancing system reliability in rural and semi-urban agricultural settings. This shows that some advanced
technologies and automation ensure us a profitable support, reliable.
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Figl . System Architecture of automated Greenhouse with solar power
A. System Design

To achieve a goal of implementing a fully automated greenhouse with energy backup plans; which give
support to the farming process and make it a vital tool for modern, resilient agriculture. We design a smart
greenhouse as functional prototype which use a PLC to control irrigation, ventilation, climate stabilization
and shading based on sensor inputs to further support threshold-based automation, triggers the actuators when
it cross the setpoints of temperature, humidity sensor then allow an operator to operate it by manual override
and remote control ,provide real-time monitoring via SCADA interface and display this all process in live
data trends, give quick alarm and system updates. It will monitor temperature (via temperature sensor),
humidity (via humidity sensor), soil moisture (via soil moisture sensor) and light intensity (via LDR) which
will activate the water pump for irrigation, exhaust fan or cooling pad for ventilation system. For all this
process, some energy source is essential; in this case, we use a renewable source including a solar panel and
charge controller to power the automation setup, ensuring stable operation. Here, for the purpose of selecting
this project, it offers hands-on experience about PLC and SCADA which are widely used in industries for
automation. It also acts as a combination of electronics, control systems, Agri-tech and renewable energy.
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B. Components

1] PLC (Programmable Logic Controller)

PLC is a programmable logic controller is a specialized digital computer designed for industrial machines
and at the commercial level also replace traditional hardwired relay logic with a flexible, programmable
solution. It continuously monitors input from sensors, processes this information using custom programs and
then controls output devices. PLC’s has a wide range in market with different brands like Siemens and Allen-
Bradley etc. technical architecture consist of CPU, Memory, I/O devices, power supply. Types of PLC are
compact, modular and rack-mount PLC. It uses various programming languages like Ladder (LD), function
block diagram (FBD), sequential function charts (SFC). They are involved in industries such as steel, mining,
cement, petroleum, automobiles, textiles and environmental protection.

2] Sensors

1. PT100(100Q at 0°C): An RTD (resistance temperature detector) sensor measures temperature by
correlating the resistance of a metal with temperature. As temperature rises, so does the resistance. RTDs are
highly accurate which show the range between smaller to higher range (-200°C to 600°C). Its features include
platinum construction, various configurations like 2,3 or 4 wires connection, or stem mounted and linearity
with industrial-grade sensors. It consists of an inbuilt transmitter (Novus TX-Block USB) device that receives
a signal from a temperature and converts into a standardized electrical signal like a 4-20mA output.

2. Humidity sensor (DHT industrial probe): RH probe which measures ambient humidity inside the
agricultural field. Its features include operating current of 5mA, PH2 interface.54-3P, faster and also offering
high precision relative humidity (RH) detection, IOT smart connectivity for real time monitoring.

3. RS485(12-24V): pH soil detector moisture sensor measures the water content and pH level in soil; which
is more durable and accurate than resistive types. Its features include real-time monitoring, multi-functional
and range of measurement is (-40-80°C).

3] Relay Board

Relay Boards are used to specify voltage, current capacity and control interface. It acts as an electrically
operated switch that uses a low power signal to control a separate high-power circuit and it creates a magnetic
field that activates one or more sets of contacts to open or close circuit. features are voltage values commonly
5V, 12V and 24V, trigger current is approximately 5SmA to 20mA also it contains multiple boards like 2,4,8
or even 16 channels. For connecting this board to actuators, we need connectors which specify electrical
rating (current capacity, voltage rating) and environmental tolerance.

4]  Actuators

1. An orient smart air (exhaust fan): a fan that removes stale air, moisture and unwanted doors from an
enclosed space by drawing the air out and expelling it outside, thereby improve air quality; features are wall
mount, 220-240V voltage, low power consumption between 5W and 35W, width of 4inch size, plastic blades
and has a speed of 22000 rpm.
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2. Cooling pad: an integral part of an evaporative cooling system, which uses the principle of water
evaporation to remove heat from the air. They are made from a cellulose material with a high absorbency of
water capacity; they install on one side of the wall and make sure that the fan should be placed on the opposite
wall, and a water pipe runs on top of the pad to make it cool.

3. Submersible pump (AC 240V): it uses a well or water reservoir, pushes water to the irrigation system or
mist process. It can handle both solids and liquids and does not require external components to pump the
water, also has an ideal water pressure level between 50-70 PSI.

4. Heating lights (LED): they are incandescent which use most of the electricity in an LED becomes heat
rather than light- about 70% heat and 30% light. It provides light as well as a heating effect for plants when
a cold situation arises and also improves temperature in night time.

5] SCADA (Supervisory Control and Data Acquisition)

The SCADA (Supervisory Control and Data Acquisition) software is an industrial automation platform used
to monitor, visualize and control physical processes across facilities from a centralized location. It gathers
real time data from PLCs, RTUs and sensors, facilitating remote operation, data analysis and alarming. It
uses RS links as communication software and also provides flexible programming code, improved efficiency,
enhanced safety. It consists of various software platforms like ignition, AVEVA, Zenon (COPA-DATA),
VT Scada (Trihedral). It manages logs of historical data for trend analysis, reporting and regulatory
compliance. It retrieves this data from PLC and displays on operator screens; operators can send supervisory
commands (stop/start fans, pumps) from SCADA back to PLC Also it uses Intouch software to display.

6] Greenhouse (polyhouse)

A greenhouse is a structure with transparent walls and roofs (glass or plastic) designed to create an optimal,
controlled climate for growing plants by trapping solar radiation. It protects crops from extreme weather,
pests, and diseases, enabling year-round cultivation or growing sensitive species. It functions as a semi-
automated microclimate chamber by using a material like polycarbonate, polyethene sheet and utilizing this
greenhouse effect to raise internal temperature, but often require ventilation.

1. Plants and Soil: It supports the cultivation of fast-growing, climate sensitive plants such as leafy
vegetables and herbs, including spinach, coriander and mint. It also includes some rare fruits like strawberry,
apple and blueberry. After studying some conditions of various crops ; we study the features of strawberry
fruit for cultivation because of its unique conditions to grow like it need ideal temperature of 15°C to 25°C,
requires full sunlight for at least 6-8 hours daily , well drained loamy soil with high organic content with pH
range 5.5 to 6.5 which prefers drip irrigation and proper airflow with moderate humidity of 60-70% ; this all
the conditions is ideal for practicing sustainable farming in the polyhouse. We need some components for
this, well nutrients soil, pots or trays for planting.

2. Ventilation: for natural airflow, we use roof vents, side vents and wind allow passive airflow. In some
abrupt cases, forced ventilation is useful like exhaust fans, cooling pads and ducts to active airflow.

3. Irrigation: this system is a specialized micro-irrigation network which provides precise hydration to
improve yields. There are two methods for irrigation that are drip & sprinkle irrigation which provide precise
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water, nutrients and improve plant health. For this, we assemble a submersible pump (mist or irrigation lines),
water tank, sprinkling pipe and dripping pipe with respective connectors.

7] Power Source

Solar energy is the conversion of sunlight into usable power which gives electricity; commonly used for
giving energy supply to home, building and greenhouse. For this, we need to assemble some components:
solar panels, charger controller, battery, inverter and fuse wire.

1. Solar panel (Loom): it generates DC electricity from sunlight and has a lifespan of over 25 years;
voltage is 18-24V with supply of either mono/poly panels with PERC technologies, power output is 50W-
100W, current range is 2.5A-5.5A.

2. MPPT (Maximum power point tracking) charger: charger controller regulates voltage/current to
protect batteries and PLC from extra power supply; it regulates a voltage of 12-24V, maximum input voltage
is 100-150V.

3. Battery storage: it stores energy for use at night or cloudy periods and current range is 7Ah-20Ah.
Inverter: it converts DC to AC for powering standard devices like relay board and actuator which AC current.
4. Fuse and ground wire: it prevents short circuit due to extra flow current to AC devices. Solar panels

provide a clean, renewable source, ensuring uninterrupted operation and reducing operational costs for rural
areas.

C. IMPLEMENTATION
1] Mini Greenhouse

For installing or constructing a mini greenhouse as functional prototype, we need to assemble frames by
using aluminium or PVC pipes for durability then cover the structure with UV-stabilized multiwall
polycarbonate sheet which give strong support to allow sunlight while protecting crops from external climate
also ensure proper foundation and roof slope for water drainage. Provide entry doors and basic layouts for
crops beds like loamy soil, plants trays, soil nutrients and seeds. we study condition of strawberry plant, so
we consider the parameter of that fruit as a sampling plants for cultivation then it needs proper controlled
environment like 6 to 10 hrs of full sunlight, slightly acidic soil(pH 5.5-6.5) rich in organic matter, consistent
moisture is essential, but soil must never be waterlogged so drip irrigation is ideal, need adequate room for
air circulation which allow for year-round production or off-season growth.

To grow this fruit, we have to ensure precise ventilation; it need either natural ventilation or forced
ventilation then For ventilation, fix side vents or roof vents with roll up curtains and cover with insect nets
then install exhaust fan in roof or mount in wall to regulate airflow also install cooling pad with connection
of pipes for water flow and ensure that it always place opposite side of wall which make cross sectional
airflow, install sprinkle(mist) at roof using pipes which act as fogging system this help to cool the greenhouse
also place this side, roof vents with its long axis running east-west to balance sunlight, positioning it in an
open area away from windbreaks like trees or buildings. For irrigation, install a water tank as the main source
of water to all processes then connect submersible pumps to supply water and lay out PVC pipelines with
drip or sprinkler irrigation also for cooling outlets. Here, drip irrigation is ideal so best method is to install
drip tape or drip lines placed under plastic mulch are highly recommended to minimize water loss and reduce
humidity related fungal diseases also give small amount of water rather than rare, heavy watering in the
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morning or early afternoon to allow leaves to dry before nightfall. Then next move towards the hardware
connection to make this whole irrigation and ventilation process independent for easy operating by using
modern automation tools PLC and SCADA.

2] Hardware

We need to assemble sensors like temperature, humidity, soil moisture which sense real time
internal temperature, soil moisture and analyze it then further gives notation/inputs to PLC. So first, we install
a PT100 RTD sensor (temperature sensor) and humidity sensors (DH Industrial Probe) at plant canopy level
for accurate readings either mount on roof or side wall and ensure that it place in shaded area; here,
temperature sensor act as input stage that is PT100(100Q2 at 0°C), it gives a small resistance-based signal, it
connected to a temperature transmitter where it contain signal conditioning as transmitter stage, this stage
converts the RTD signal into a standardized electrical signal ,like a 4-20mA output that can be easily read
by the PLC’s; this ensures long-distance transmission with minimal signal loss.

This 3wire connection consists of +ve terminal, -ve terminal and power terminal where +ve terminal
gives output signal. Then the humidity sensor monitors air moisture (60-70%) by using hygroscopic material
to detect water vapour, which is used to convert it into electrical signals. It ensures that maintain 60-70%
range of humidity; this both sensor works for ventilation process which lead to appropriate internal
temperature for crop. for irrigation, we need to insert soil moisture (RS485) sensors near the root zone of
crops; it’s use to check the quality and water level in soil, measure the electrical resistance or capacitance of
the soil to determine water content. After that, connect all sensors to the plc input modules for monitoring
which give input to plc.

Then, we select Allen-Bradley PLC hardware is the MicroLogix SLC 500 series which offers faster
performance and expanded memory, it uses tag-based (controller tags, program tags) addressing style with
RS Logic 500[Ladder Logix] programming tool and include memory ranges from 1KB to 64KB, high speed
and thermocouples. Here, it acts as the brain means processing unit. Temperature and humidity sensor’s
transmitters connect with PLC respectively; sensors [+ve] terminal connect to Analog input terminal of pic;
[-ve] terminals connect with common (COM) terminal. after this input signal is taken from the transmitter
then it converts into use tags like [Local:1: I. Data.O] to read the Analog value. Further, it starts processing
the signal and comparing it with code’s; it has predefined parameter signals like temperature, humidity, soil
moisture according to the crop which can include reprogramming without rewiring. If the conditions will
satisfy then OK, if it will not satisfy then it triggers or gives a signal to respectively relay point of that
particular actuator (fan, light, water pump, cooling pad) this will help to maintain the greenhouse process.

So further, PLC connect with relay board which act as electrically operated switch that uses a low
power signal to control a separate high power circuit, its features consist multiple channels (4, 8, 16), led
indicators then screw terminals for wiring and it offers manual or auto switch process that means if it handle
by manually or by auto type ; here, we use 4 channel relay board for connection like relay 1, relay 2, relay
3, relay 4; then, PLC digital output pin is connected to relay input pin, plc output common(COM) connect to
relay board ground. after that, this relay output pin connect to respective actuator; we connect relay pointl
with heating lights (led strips) for heating purpose, relay point2 connect with exhaust fan to remove excess
humidity then connect relay point3 with submersible pump which further operate sprinkle and cooling pad
by using water pipe to make internal temperature cool; connect relay point with water pump(nutrient rich)
to give water supply for drip irrigation. After all this connection it works as a fully automated greenhouse.
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The working of this process; temperature (PT100), humidity (DTH Probe), soil moisture (RS485)
sensors give real-time monitor signal to the transmitter which converts this non-electrical signal into Analog
signal for easy access to plc. Then this signal passes to plc after receiving the signal they start comparing
with programmed code to analyze appropriate parameters of temp, humid, soil content then if the conditions
will satisfy then it is OK but it differs with conditions then it gives instructions to the relay board(switch).
Just consider, when temperature exceeds 30°C, then PLC energies [0:2.0] which triggers the relay point to
turn ON the sprinkle, cooling pad then after few moments, temperature drops to normal means 20°C, the
output de-energized and cooling pad turns OFF [if temperature > 30°C then Turn ON mist/ temperature
<15°C then Turn OFF mist]. Then the humidity range exceeds 80-100%, then PLC triggers relay point2 to
turn ON exhaust fan [when humidity > 90% = PLC sets = relay2 ON = Fan ON] it pulls out all the humidity.
When temperature drops continuously then the LED connects with relay 1 [when light level <threshold =
PLC sets = relay 2 ON= LED ON] it makes a warm environment. For the irrigation process, if dry condition
arrives at soil then PLC energies which trigger the relay and water pump get ON; after 4-5 minutes it starts
pumping, to give water to plants via drip irrigation lines at the root zone and also distribute nutrients, if
needed.

Either this irrigation process has a fixed time of watering in the morning. This all steps and
processes make greenhouse a real time decision-making and autonomous regulation also it will use to
monitor at display unit by using SCADA or it will allow operator, to monitor process; then at some condition
it will also take some quick action manually if any worst (short circuit, fire) condition arrive or it give alert
alarm. Then it comes to making power sources. So, we use some components like solar panel, MPPT charger,
battery, DC fuse, ground wire etc. for giving energy backup to PLC and other actuators. Solar (LOOM)
panels are used to convert sunlight into electricity to generate direct current (DC) then it is converted into
AC current for homes, building uses. After that MPPT (maximum power point Tracking) charger controller
is a smart device used in solar power systems to maximize energy harvest from solar panels. It uses a DC-
to-DC converter to adjust voltage [12v/ 24v] to match with the battery's optimal charging voltage. This
electricity stores a battery which will further connect with PLC by using fuse wire to prevent excess supply.

3] Software

The SCADA (supervisory control and data acquisition) system is integrated with the PLC. It provides a
real-time display of parameters such as temperature, humidity, and device status through animations and
graphical indicators like alarm, notifications and alert mode on the display board. It uses RS Logic 500 as a
programming software of PLC by using ladder logic language also it consists of RS links communication. It
retrieves this data from PLC and displays on operator screens; operators can send supervisory commands
(stop/start fans, pumps) from SCADA back to PLC. Also, it uses Intouch software to display. It connects
with Sensors or PLC to gather data and send commands after that it visualizes data through 2D/3D graphical
interfaces by using HMI (human machine interface) , also triggers real-time alerts via emails or SMS and
stores data logging & reporting.

IV. RESULT AND DISCUSSION

The greenhouse system operated successfully with PLC and SCADA as the central control and monitoring
units. The PLC consistently processed sensor inputs for temperature (PT100 RTD), humidity (RH probe),
and soil moisture (RS485) and executed control logic to regulate actuators such as irrigation pumps,
ventilation fans, cooling pads and shading vents. This ensured that the environmental parameters remained
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close to the desired setpoints throughout the cultivation period. This proved that certain advanced
technologies will make a strong perspective in modern agriculture which help to overcome resource scarcity,
inconsistent crop earning problem.

The SCADA interface provided real-time monitoring and visualization of system performance. Operators
could observe live data trends, receive alerts for abnormal conditions, and make remote adjustments when
necessary. It shows flexibility in programming language which offer quick change in crops to earn seasonal
or either off seasonal fruits. The integration of SCADA with PLC improved transparency and control,
allowing the greenhouse to be managed efficiently from a single platform. Overall, the combined PLC-
SCADA system delivered stable and reliable operation. It minimized deviations in environmental conditions,
reduced manual intervention, and ensured consistent growth and yield of strawberry plants. The results
confirm that PLC and SCADA integration is effective for achieving precise and dependable control in
greenhouse applications.

The automated greenhouse system proved highly effective in regulating the cultivation environment for
strawberries. By automating irrigation, ventilation, and humidity processes, the system maintained stable
temperature, humidity, and soil moisture levels throughout the growing cycle. This consistency reduced plant
stress and improved overall crop health. As a direct outcome of automation, strawberry plants showed
uniform growth, timely flowering, and higher fruit yield compared to traditional manual methods. The
reduction in human error and Labor dependency further contributed to efficiency. The improved yield
translated into a higher marketable quantity of strawberries, which increased overall crop earnings for the
grower. This is not only for particular crops, plants and fruits; it also shows efficient results in any other
crops. This shows the confirmation that automation in greenhouse management not only enhances precision
and reliability but also delivers economic benefits by boosting productivity and profitability.

The solar backup system, while secondary in focus, played a vital supporting role in ensuring resilience and
sustainability. In regions with unstable power supply, uninterrupted operation is crucial for sensitive crops
such as strawberries. The solar integration not only safeguarded against environmental stress during outages
but also contributed to reducing the carbon footprint of the greenhouse. Despite these promising outcomes,
certain limitations were identified. The initial capital investment for PLC, SCADA, and solar infrastructure
remains high, which may restrict adoption among small-scale farmers. Additionally, the system requires
technical expertise for installation, programming, and maintenance, posing challenges in regions with limited
access to skilled personnel. Addressing these barriers like cost optimization, modular design, and training
initiatives. We need to take government help like they are giving solar subsidiaries to implement this plant
and they give subsidies to make greenhouse plants or else customize PLC. which helps to overcome these
barriers.

Future research directions include scaling the system for larger agricultural operations, integrating predictive
analytics through machine learning, and expanding its application to other high-value crops. Enhancements
in communication protocols, such as loT-based sensor networks, could further improve data acquisition and
remote accessibility. Such advancements would align the system with emerging trends in smart agriculture.
Also this idea will help in another field like healthcare, buildings, industrial automation to make them
efficient usage and reliable.
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Fig2 : Prototype implementation of the PLC automation system.

V CONCLUSION

The integration of the solar backup system ensured continuous operation of the greenhouse even during
power interruptions. Critical functions such as sensor monitoring, PLC processing, and SCADA
communication remained active without any error. This uninterrupted power supply protected the strawberry
plants from sudden environmental fluctuations, which could otherwise affect growth and yield. It provided
sufficient energy to sustain essential operations for extended periods, reducing dependency on grid
electricity. As a result, the greenhouse system became more reliable and resilient. In addition to technical
stability, the use of solar energy lowered operational costs and contributed to sustainable farming practices.
Overall, the solar backup system enhanced the effectiveness of the automated greenhouse by ensuring
reliability, protecting crop health, and supporting higher earnings through consistent production. Then
overall, these systems show some results which validate the effectiveness of combining PLC, SCADA,
automation, and renewable energy to achieve higher productivity and economic gains in strawberry
cultivation.

The results highlight the central role of PLC and SCADA in enabling precision agriculture. The PLC’s
deterministic control logic ensured reliable execution of environmental regulation tasks, while SCADA
provided transparency and accessibility through its real-time monitoring capabilities. The automation of
greenhouse functions represents the second major contribution of the project. By embedding control
algorithms within the PLC and linking them to SCADA visualization, the system achieved a level of
autonomy that minimized human dependency. The findings suggest that automation, when driven by PLC
and SCADA, can serve as a scalable model for controlled-environment agriculture.
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