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Maharashtra 413130. India.Abstract— The Greenhouse Monitoring System, grounded in image
spectral data analysis, represents a pivotal advancement in agriculture technology. This research
paper undertakes an extensive review of diverse literature surveys encompassing various
technologies employed in greenhouse monitoring. The system's primary objectives include
enhancing plant harvest phase tracking, implementing effective plant disorder identification, and
facilitating meticulous plant growth monitoring. Recognizing the pressing issues of plant
diseases, harvest wastage, and costly maintenance in greenhouse operations, the proposed system
aims to substantially impact the maximization of yields and minimization of operational costs.
Leveraging the insights gleaned from the literature surveys, this paper highlights the evolution of
technologies and methodologies employed in greenhouse monitoring, emphasizing the need for
advanced, automated solutions to address the challenges in contemporary agriculture.
Keywords—Greenhouse Monitoring System, Literature Reviews, 10T,

1. Introduction

The Greenhouse Monitoring System presented in this research paper addresses critical
challenges in greenhouse management, focusing on plant harvest phases, disease identification,
and plant growth tracking through image spectral data analysis. The system aims to mitigate
plant disorders, harvest wastage, and expensive maintenance, maximizing harvest yields and
minimizing greenhouse operational costs. Given the significance of agriculture in the Indian
economy, where almost 50% of the workforce is employed in the sector and contributes to 16%
of the country's GDP, efficient disease detection becomes paramount to ensure crop health and
productivity. Historically, plant disease detection relied on manual methods by experts in the
field, leading to time-consuming processes and increased chances of misdiagnosis due to reliance
on the naked eye. The introduction of chemical pesticides, while intended to protect plants, often
caused harm to other beneficial organisms and posed risks to crops and human health.
Recognizing the limitations of manual monitoring, the proposed Greenhouse Monitoring System
utilizes image spectral data for early detection and diagnosis of plant diseases. This approach
enhances accuracy and enables proactive measures to prevent losses.

The research emphasizes the importance of identifying and diagnosing diseases at their initial
stages to facilitate timely intervention. The conventional types of plant diseases, including
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bacterial, fungal, and viral infections, are discussed. These diseases can affect various parts of
the plant, ranging from leaves to fruits, based on the severity of the infection. The Greenhouse
Monitoring System offers a technological solution to improve disease detection, plant health
management, and overall greenhouse efficiency. By leveraging image spectral data, the system
provides an automated and accurate method for monitoring and diagnosis, reducing reliance on
manual efforts and minimizing the adverse effects of conventional pesticide use. The study
contributes to the field by addressing the crucial need for advanced monitoring systems in
agriculture, especially in greenhouse cultivation.

. Literature Reviews

A. System based on WSN

Protecting crops from harmful surroundings effectively requires an automated system to
monitor and adjust the greenhouse microclimate. Using sensing devices and actuators for manual
management in large-scale greenhouse facilities may be more viable. The interconnectedness of
microclimatic variables, such as humidity, temperature, and sun irradiance, creates a non-linear
multivariate system. Sensors placed at a height above plants give precise data on the surrounding
environment, according to studies conducted on greenhouse microclimate monitoring throughout
the past six years. Both hardware and software-based sensing methods work well when it comes
to controlling the microclimate in a greenhouse. The sensors' location and protection from
environmental variables are of utmost importance. According to modern sensor gadgets, an
intelligent, completely automated system that can be remotely accessed in real time is the future
of greenhouse monitoring. [1]

Modern innovations in greenhouse technology have pushed scientific solutions forward for
optimal plant production year-round by modifying internal environment-growing elements such
as CO2 concentration, light intensity, humidity, and temperature. Solar greenhouses are a
solution to the problem of food insecurity on a worldwide scale by improving crop yields and
quality. This paper provides a synopsis of the most recent developments in building design,
technology for managing greenhouse microclimates, and the different solutions that are currently
available. As a first step, it breaks out the various greenhouse processes based on climate,
direction, and cladding material. Additionally, this research delves into the several control
techniques, sensing networks, and wireless gateways utilized in greenhouse monitoring systems.
The review's last section detailed the method for controlling the greenhouse's temperature. This
research shows that choosing the right greenhouse geometry, orientation, and covering material
creates an ideal environment. A well-planned approach to controlling and managing the climate
is crucial in obtaining high crop yield while reducing energy consumption and costs.[2]
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Scientists still find it unusual to use a multidisciplinary approach, particularly when studying
seemingly unrelated topics like computer science and agronomy. We intend to construct a
cutting-edge greenhouse with a floating ebb and flow system for future scientific investigations.
The goal is to build a greenhouse that can run independently using sensors, cloud computing, and
Al to interpret data and make real-time decisions. Looked at several methods and came up with a
great one that could be used for future studies on how plants develop in floating ebb and flow
systems. In addition, it suggests a strategy for estimating plant health using artificial intelligence
instead of human knowledge based on sensor data. Estimating the state of the plants may extend
the ebb periods and boost the nutrient content of the end product. Intelligent design and Al
algorithms will improve the usability and reliability of plant research data while decreasing the
cost of the study itself. Because of this, the research and production of plants would benefit more
from the recently constructed greenhouse.[3]

Fig.1 Smart Greenhouse

Environmental monitoring with field-deployable hyperspectral imaging devices is a promising
new direction that can transform many sensing applications in the next decades. This article
delves into successfully miniaturizing and making hyperspectral sensors more portable. It looks
at how these sensors are used in various environmental applications, both from above and below
ground, and how recent developments in low-cost consumer technology have contributed to this
trend. For now, these devices mostly work in tandem with other monitoring methods, but with
the rapid advancement of technology, these units will soon be able to function independently.
These small, lightweight, and inexpensive sensors already deliver high-quality scientific results;
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now, they can make hyperspectral monitoring technology more accessible and increase the
proliferation of datasets in this area.[4]

The world's food supply and ecological stability are in jeopardy due to climatic and
socioeconomic crises. Smart farming (SF) that uses sensor, robotic, and ICT advancements is an
encouraging strategy for more effective, long-term, and financially rewarding crop production.
This article covers the background requirements for SF and the function of remote sensing. This
article reviews the most recent developments in remote sensing technologies, including
platforms, sensors, and algorithms, for diagnosing crops and soils by analyzing several
prominent case studies. Agricultural regions with relatively small farmlands can benefit from the
constellation of satellites since their operation enables timely or regular observations with a
spatial resolution of 1 ~ 10 m. Utilizing high-resolution satellite sensors effectively will greatly
enhance regional SF diagnosis and decision-making. With drone-based remote sensing, low-cost,
high-resolution, and adaptable crop and soil studies are possible. It is possible to extract
diagnostic data from thermal, optical, and video pictures related to crop development, water
stress, soil fertility, weeds, diseases, lodging, and three-dimensional topography. Integrating
remote sensing with drone-assisted seed, pesticide, and fertilizer application would substantially
improve labor and material application efficiency and profitability.[5]

The most current developments in drone technology for precision farming are described in
this research proposal. The article primarily covers two aspects of precision agriculture drone
applications: crop monitoring and pesticide spraying. Specifically, focused on modifying drone
designs, creating data-gathering sensors, improving pesticide-spraying drones, incorporating
deep learning, and using Al for remote crop monitoring. After 2017, there was a noticeable
increase in the use of drones for precision agriculture. The decrease in weight, cost, and increase
in payload capabilities of UAVSs are the reasons behind this. Drones with several propellers and
fixed wings are the most common for agricultural and animal detection purposes. The size and
price of these drones are steadily decreasing over time. The large payload capacity of unmanned
helicopters makes them ideal for spraying fertilizer or pesticides. Nevertheless, multi-copters are
being used more and more for spraying pesticides. Due to their greater flying stability, multi-
copters are superior to single-rotor aircraft in spot spraying. The size, weight, and resolution of
drone cameras have come a long way. As the need to extract additional features grows, cameras
are moving away from RGB and toward multi-spectral sensors.[6]

A well-designed and constructed smart greenhouse control system should result in faster,
more abundant harvests of healthier crops. This equipment is perfect for amateurs and small-
scale farmers, so it is easy to see how it may be commercialized. With this project, effortlessly
cultivate plants in a greenhouse, as the system automatically performs parameter checking. For
those who prefer to grow their food on a smaller scale, a smart greenhouse project can serve as
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an indoor plantation for residences or a tiny nursery. It can also be utilized for growing medicinal
herbs, necessitating meticulous eco-culture monitoring because of their delicate nature. Plant
species in danger of extinction can also benefit from this technology by having an artificial
habitat built specifically for them.[7]
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Fig.2 WSN Monitoring Greenhouse

Recent advancements in precision agriculture have significantly enhanced the efficiency of
agronomic inputs through spatially variable applications. This progress is primarily attributed to
innovations leveraging technologies like remote sensing, 10T, robotic systems, weather
forecasting, and GPS. Integrating remotely sensed multisource data, including HSI and LIiDAR,
allows detailed monitoring, even at the level of individual plant sections. Despite the wealth of
agricultural remote-sensing technologies, few comprehensive overviews are available,
particularly for students and researchers. This article serves as a valuable resource by providing a
discipline-specific introduction to remote sensing methods for field crop monitoring using
spectrum imaging. The content offers a detailed exploration of various technologies,
emphasizing benefits and drawbacks to aid readers in selecting optimal solutions based on
specific needs.[8]

The purpose of this research is to provide a comprehensive review of the algorithms that have
been suggested for using proximate pictures of cereal crops to estimate five important growth
indicators. Crop growth monitoring might be made faster and more accurate using high-
resolution in-field digital imagery. Nevertheless, LAI estimation still needs additional study.
Little research has focused on development stage estimation using photos up until now.
Literature reviews reveal numerous unresolved issues, such as a need for more resilience to
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changes in picture capture or cropping parameters. In addition, expanding the range of growth
stages covered by all metric estimate methodologies is essential. These problems may be
amenable to new developments in image processing. However, the optimal application of these
methodologies to agricultural growth monitoring is still much debated.[9]

As a proof of concept, provide a case study that shows how a PA system based on WSN was
implemented. This proposed smart system for crop health monitoring is built around the IoT and
consists of two modules. The main component is a system that monitors crop health in real time
using a network of wireless sensors. The second module requires collecting multi-spectral
images using a remote sensing platform at a low height. Then, they are processed to identify
healthy and unhealthy crops. This work typically includes a summary of the case study's
findings, a discussion of the difficulties encountered, and recommendations for moving
forward.[10]

B. System Based on Deep Learning

Scientists have recently focused on the problem of automatically identifying diseases using
hyperspectral pictures as a major obstacle to sustainable farming. So far, the extent of the
technologies and methodologies that have been accepted is limited, and they are completely
dependent on deep learning models. Convolutional neural networks quickly become the gold
standard for crop image-based infection diagnosis and prediction. This article briefly overviews
several current neural network approaches to processing picture data, focusing on detecting crop
diseases. To begin, look back at the various imaging data sources, deep learning models and
architectures, and image processing methods that went into processing the data. Secondly, the
study emphasized the outcomes of evaluating several deep learning models that are already
available. Lastly, it touched on the potential future applications of hyperspectral data processing.
By enhancing system performance and accuracy, this survey will pave the way for future studies
to understand more about the deeper potential of deep learning in plant disease detection.[11]

Worldwide, greenhouses have been a game-changer for farmers. Maps of greenhouses created
using high spatial resolution (HSR) satellite imagery are crucial for estimating vegetable
production. Despite the existence of automatic greenhouse mapping tools, their use is mostly
restricted to small-scale regions. The challenges of large-scale greenhouse mapping, on a
national level, include the distribution of greenhouses in dense locations, the difficulty of
extracting both the number and area of greenhouses simultaneously, and the diversity of
greenhouses in different places. The dual-task learning module takes two branches—one for
extracting the area of greenhouses and another for extracting their numbers—and employs them
both simultaneously. To improve the trained model's performance in dense greenhouse
extraction. The six regions of China that were tested out outperformed Faster R-CNN by 1.8% in
terms of mean average precision (mAP). Lastly, gathered 1-meter spatial resolution remote
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sensing image tiles from all over China and used the entire country as a research area. A separate
sensor took each picture and then either bought or downloaded from an open-source website.
According to the findings of the experiments, China harvested about 13 million greenhouses.[12]

Chinese cities often have plastic greenhouses (PGs) constructed to grow fruits and vegetables.
Many remote sensing techniques can detect and track the spread of PGs; many of these
techniques use spectral responses and geometric forms to map PGs, which can help with
sustainable agriculture, rural landscape development, and water resource management. Here are
the main points from the results of a pilot region study that used this approach: One finding from
a time-series study of Sentinel-2 pictures is that greenhouse reflectance changes as crops mature.
Specifically, the red-edge and near-infrared bands show a marked increase followed by a
reduction over the whole crop growth cycle. Therefore, to achieve a precise and efficient
mapping result, just two photos from the critical period, which showed a significant variation in
greenhouse reflectance, were needed. (2) By capturing both the broad trend of the spectra and
more nuanced information, the 1D-CNN classifier was employed to map greenhouses. On
average, the method outperformed alternatives that used random forests or support vector
machines (SVMs) for classification (RF). Furthermore, the kappa coefficient of 0.81 indicates
that the detected greenhouse area is congruent with the surfaces shown in extremely high-
resolution photos. The narrow band feature variations greatly aided high-precision greenhouse
mapping in the two-temporal Sentinel-2 images, namely in the red-edge and near-infrared
narrow bands. Compared to maps generated without narrow band features, the categorization
accuracy using these features was substantially higher. To facilitate enhanced decision support in
agricultural management, this program offered a means of accurately digitizing greenhouses and
making their statistics publicly available at no cost. [13]

Provide a structure for spatial convolutional long short-term memory that considers the
ground objects' spatial continuity in comprehensive detail. Employ multitask learning to enhance
the network's capability to detect picture borders and encourage convergence using auxiliary
loss. To improve the main-branch outcomes of network semantic segmentation, provide a
superpixel optimization module that uses the more accurate bounds acquired by sophisticated
superpixel segmentation methods. This suggested structure can consider geographical
information and produce more precise results than other popular methods. Using remote sensing
photos taken by the Gaofen-1 satellite, a novel greenhouse dataset was constructed and focused
on research on Shandong Province in China. This approach outperformed state-of-the-art
semantic segmentation networks with an F1 score of 77% and could extract greenhouse data with
more accurate borders. These suggested modules demonstrate promising greenhouse extraction
results and a large-scale greenhouse mapping project for Shandong Province was finished.[14]
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C. System based on the Internet of Things

Internet of Things (loT) devices can gather massive volumes of data on soil, crop
performance, and the surrounding environment. This data can be used to create time series
models, which can then be used to make predictions, calculate recommendations, and provide
real-time critical information to farmers. Concurrently, a working model of an electric valve
(coordinator), an interface app, and a robotic greenhouse control system based on the Internet of
Things (1oT) were developed. The device is called a cable box. After the system's functionality
was tested, it is now being put in a greenhouse that belongs to the University of Patras's
Agriculture Department. Automated smart irrigation is just one of many autonomous activities
that this system can perform, and it can also gather a variety of data sensitive to crops.[15]

An intelligent greenhouse monitoring system is the target of this paper's systematic review
through identifying, listing, and further explaining greenhouse environmental parameters and
examining the system's overall design. Data transport and server processing subsystems will also
benefit from it. This article provides a synopsis of the intelligent monitoring system's current and
future popular technologies. Supports research on greenhouse monitoring systems by comparing
and contrasting the system's components depending on their features. Effective greenhouse
control is achieved through multi-parameter monitoring, and wireless technology is
progressively replacing cable mode for data transfer in indoor and outdoor environments. It is
worth mentioning that cutting-edge technologies such as deep learning and big data have been
integrated into greenhouse monitoring systems. These advancements have proven valuable, as
they have helped refine unmanned greenhouse management and enhance the energy efficiency of
greenhouse construction. [16]
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Fig.3 loT-Based Greenhouse

Increased harvest yields are possible with the use of greenhouse technology. Optimal and
maximal plant growth is still within reach, thanks to the fast-moving technological developments
in food production and agriculture. Even in this day and age of Android smartphone apps, a
precise method would cause a shift. One recent development in the realm of information and
communication technology is the Internet of Things (loT), which enables the worldwide
communication and management of devices, sensors, and users through the provision of data.
This paper proposes an 0T system for controlling and monitoring greenhouses. An LCD
module, a 12-volt DC fan, an electric bulb, the water pump motor, a servo motor, air quality
sensors, soil moisture sensors, Light Dependent Resistors (LDR) sensors, and an electric bulb are
also part of it. Online data collection from environmental parameters can be sent to farmers' cell
phones through the 10T platform. This allows them to make informed decisions even when not
physically present in the field.[17]

This study applies the concept of monitoring environmental conditions and irrigation systems
within a greenhouse setting to detect leaf diseases. Both the prototype and the analysis of the
experiment are behaving as predicted. The outcomes were achieved by the predictions made
throughout the analysis and experiment. More features can be added to this system in the future,
and these suggestions for enhancement will be considered for upcoming updates. [18]
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Fig.4 WIFI Greenhouse Monitoring System

. Intelligent systems and remote access technologies, including green infrastructure, are made
possible by the Internet of Things (loT). Utilizing Al and ML-based information systems for
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efficient real-time training and creating intelligent systems and predictive models inside an
organization (Al). As a result, a recommendation for enhancing the needs of greenhouse farming
has been made: the Remote Sensing Assisted Control System (RSCS). This approach suggests
utilizing Al and ML technologies to improve the potential for green development in the
industry's resource management and agricultural product innovation patterns. Therefore, simple
recommendations for creating an efficient marketing plan are the essential prerequisites for
expanding access to healthy food options and supporting the potential growth of organic farmers
on a local and worldwide scale. When compared to other methods, the experimental results show
that RSCS achieves the best results in terms of precision (95.1%), performance (96.35%), data
transmission rate (92.3%), agricultural production (94.2%), irrigation control (94.7%), lowest
moisture content (18.7%), and CO2 emission (21.5%). [19]

This paper presents an intelligent soil management system that utilizes the Internet of Things
(1oT) to keep soil in optimum condition for farming and crop production. This is where the
integrated loT platform comes in handy, reading the sensor values regularly. About the energy
consumption of the nodes, the longevity and functionality of the IoT platform will differ for
every sensor node. As part of this process, the greenhouse's temperature, humidity, and moisture
level and take corrective action as needed. As a solution, this methodology allows the
agricultural and food industries to obtain information and monitor crop growth. [20]

Greenhouse designs frequently make use of networked wireless sensors. This study presents a
concept for two greenhouses based on a Networked Control System. Constructed on top of Wi-Fi
and switched Ethernet, this design is based on the Internet of Things. Some require a real-time
deadline of one second for the sensors in the proposed design. According to riverbed simulations,
there is no packet loss or over-delayed packets. This work contributes significantly to avoiding
interference in this big Greenhouse system by designing a channel allocation scheme. The
addition of controller-level fault tolerance is another contribution of this study. If one of the
greenhouse controllers stops working, the other controller will immediately take over and run the
complete system. Riverbed simulations confirm that this fault-tolerant system is completely free
of packet loss and over-delay issues. The two-greenhouse system's steady-state availability and
dependability are then calculated using Continuous Time Markov Chains. Consideration is given
to the Coverage parameter. Last but not least, a case study is offered to statistically evaluate the
benefit of fault tolerance in reducing downtime; this is anticipated to be particularly appealing in
developing nations. [21]

D. System Based on Imaging Technology

By capturing RGB photos of grapes at different growthphases, a Phenofix plant phenotype-
monitoring technology could forecast when grapes will be ready to be picked in solar
greenhouses. This study used PCP indicators to determine the different phases of grape
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ripening using a back-propagation neural network algorithm (BPNN) and skin color data.
With 79.3% recognition accuracy for Drunk Incense, 78.2% for Muscat Hamburg, and
79.4% for Xiang Yue grapes, the combination of color values, horizontal diameter, and
compactness produced good prediction accuracy. The two-factor combination strategy has
proven the most effective when predicting when grapes will be ready to harvest in a
greenhouse.[22]

This article outlines the standard operating procedure (SOP) for analyzing hyperspectral
plant data using examples from indoor and outdoor settings. A thorough literature analysis
of potential solutions to these errors and influences is presented to describe the sources of
these problems fully. This article describes in detail the process of processing
hyperspectral data from plants, beginning with hardware sensor calibration and continuing
through software processing processes to overcome sensor flaws and prepare for machine
learning. A standardized vocabulary for describing hyperspectral properties in plant
phenotyping is also established by grouping plant features acquired from spectral
hypercubes. Data from spectral and 3D measurement equipment and information on
individual organs, plant development, and the canopy as a whole 37 are presented from a
scientific data perspective.[23]

This study demonstrates that the proposed methodology can be applied to Sentinel-2
images to detect greenhouses. As a result, this dataset is highly suitable for creating a
greenhouse coverage map in the chosen Mediterranean area of Turkey. Using an object-
based classification technique, was able to identify greenhouses in Sentinel-2 images
correctly. When the proposed method was applied to the case of Anamur District, Mersin,
Turkey, a kappa coefficient of 0.64 and an overall accuracy of 74% were reached. Limiting
one's attention to greenhouses in a certain area yields encouraging results. Future research
can use diverse datasets and classification techniques in various test regions to further
enhance the accuracy of greenhouse and surrounding land cover classifications.[24]

E. Based on Different Technologies

This system utilized the WIFI module to carry out software and hardware design for
collecting environmental data from greenhouses. The findings show that the sensor module kept
working without issues or crashes during the 7-day test, the server software kept running without
interruptions or other strange occurrences, the network connection between the two devices was
stable, and the transmission performance was good. As a natural occurrence, the shadows cast by
buildings during the day could generate unexpected shifts in lighting, particularly in the amount
of light available. Another typical occurrence on days without precipitation is the observed
inverse relationship between humidity and temperature, as seen in the results. Consequently, this
system offers a practical, affordable, dependable option for managing greenhouse production. It
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allows for the remote wireless dynamic monitoring of environmental variables such as
temperature, humidity, light intensity, etc. [25]

NN

\

Fig. 5 Automated Greenhouse System

In this big data age, intelligent greenhouses are defined in terms of their development
trajectory and objectives. Simultaneously, suggest analyzing and designing the greenhouse’s
intelligent control system using data from both the inside and outdoor environments since there
has been little research on the combined effects of current intelligent greenhouses on these two
settings. To provide a more stable and appropriate greenhouse environment, the system has the
advantage of pre-regulating environmental parameters before they alter beyond the threshold.
Meanwhile, to make the program more accessible to farmers, the anticipated values are
transformed into grading indicators that are easy to interpret. This study aims to examine the
system's potential and build its implementation.[26]

Greenhouses are a significant land use since they enhance agricultural production conditions
and boost crop yields. To ensure food security and regional agricultural production, it is crucial
to acquire precise and timely data on the geographical distribution of greenhouses. For the most
accurate regional greenhouse extraction, it is best to combine spectral, texture, and terrain
information; however, these three factors alone are insufficient. Regarding greenhouse remote
sensing mapping, spectral features are key, but texture and landscape features can also help with
classification accuracy. (3) There is a lot of spatial aggregation and differentiation in the Jiangsu
Province greenhouse. Areas with a strong agricultural economy. [27]

This research introduces a novel approach to plastic greenhouse mapping using GF-2 satellite
photos in a three-stage process. Even in challenging real-world scenarios, the suggested approach
maintains competitive mapping accuracies. The method's stability and universal applicability are
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demonstrated by transferring it to a different GF-2 image, to a different seasonality and
phenological stage, and varied combinations of land use patterns surrounding plastic
greenhouses. This technology should thus work well with better spatial resolution photos and in
regions with even bigger plastic greenhouses. Using a GF-2 satellite image, the method
demonstrates its viability. Spatial inventories of plastic greenhouses for large areas can be
conducted using these data despite the need for historical availability. This is made possible by
the present method's excellent accuracies, reduced costs relative to the best resolution satellite
data, and a wider swath width of 45 x 45 km. [28]

An intelligent control system is developed to regulate the greenhouse's temperature and other
environmental variables to increase cultivation efficiency while decreasing management
expenses. Using LabVIEW software, connected devices, and peripheral circuits allows growers
to monitor crop growth on computers remotely. Just plug the crop species and their
corresponding growth stages into the front panel, and the system will figure out how to set up the
greenhouse. The system pre-set the buttons on the front panel to switch between automatic and
manual control. The results were shown under controlled laboratory conditions. According to the
findings, the effect is less than perfect, and the highest parameter error is 8.7 percent. However,
it retains some reference value for fields with minimal control accuracy requirements, such as
greenhouses, cold chain logistics, aquaculture, etc. [29]

A greenhouse is a structure that houses plants and other organisms under a protective
covering, such as a glass or plastic roof or, more commonly, a canopy of verdant nets. The
structure grows extremely hot because the plants, bacteria, soil, and other elements within absorb
the sun's visible radiation beams. Consequently, the levels of greenhouse gases within the
structure rise. The inability to manage two crucial aspects—productivity and plant growth—is
why many farmers fail to reap substantial profits from greenhouses. To help farmers overcome
these issues, a smart greenhouse monitoring system. The Arduino and Atmega328
microcontrollers provide electricity to the greenhouse monitoring equipment. Automated
environmental tracking and management in greenhouses through the use of a Wireless Sensor
Network is detailed in this study, along with its design, installation, and operation.[30]

I11.  Conclusion

In conclusion, the Greenhouse Monitoring System based on Image Spectral Data emerges as a
promising solution to the complex challenges of modern agriculture. The literature surveys
provided a comprehensive understanding of the varied technologies applied in greenhouse
monitoring, revealing a paradigm shift towards more advanced and automated systems. The
system's emphasis on early detection and diagnosis of plant diseases and its ability to track plant
growth phases positions it as a vital tool for greenhouse management. The integration of image
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spectral data not only enhances the accuracy of disease detection but also contributes to reducing
the reliance on manual monitoring and the potential risks associated with chemical pesticides.

This research underscores the critical role of technological advancements in addressing the
intricate interplay of factors affecting plant health and greenhouse productivity. By reviewing
and synthesizing existing literature, this paper informs the design and implementation of the
Greenhouse Monitoring System, providing a foundation for future research and development in
the field. As agriculture continues to evolve, embracing innovative solutions like the proposed
monitoring system becomes imperative for sustainable and efficient greenhouse cultivation. The
insights from this research contribute to the ongoing discourse on technological interventions in
agriculture and pave the way for further advancements in greenhouse management systems.
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