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Abstract— Conventional greenhouse cultivation relies 

heavily on manual observation of environmental and plant 

conditions, which can be time-consuming and may delay the 

detection of plant stress or disease. Recent developments in 

sensing, wireless communication, automation, artificial 

intelligence and computer vision provide opportunities to make 

greenhouse management more proactive and efficient. This 

paper proposes AgriSync, a smart greenhouse monitoring and 

automation system designed to integrate environmental 

monitoring, predictive irrigation, climate management, plant 

disease detection and adaptive lighting control within a 

coordinated architecture. The proposed system collects 

information related to soil conditions, temperature, humidity, 

light and other plant-growth parameters, along with periodic 

plant images, and processes the collected data to support 

automated decisions and recommendations. The system is 

intended to control irrigation, ventilation and supplemental 

lighting while providing users with real-time information, 

alerts and analytical insights. The paper reviews relevant 

research works, identifies limitations in existing standalone 

approaches, and presents AgriSync as a low-cost integrated 

framework intended for future prototype development and 

experimental validation. 
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I. INTRODUCTI ON 

Greenhouse cultivation provides a controlled 
environment for crop production by reducing dependence on 

unpredictable outdoor conditions and enabling effective 
management of factors such as temperature, humidity, soil 
moisture and light intensity. However, conventional 
greenhouses still rely considerably on manual monitoring, 
which can be time-consuming, inconsistent and unable to 
provide continuous observation. This may delay the 

detection of environmental variations, water stress and early 
symptoms of plant disease. Therefore, sustainable 
greenhouse cultivation requires systems capable of 
continuously monitoring environmental and plant conditions 
and responding to undesirable changes. 

 

 

Monitoring alone is not sufficient for effective 
greenhouse management. Appropriate actions such as 
irrigation, ventilation and supplemental lighting are required 

when unfavourable conditions are detected. Depending on 
manual intervention can delay these responses. Modern 
greenhouse systems therefore integrate monitoring, analysis 
and automated control to provide a more responsive 
approach to crop management. 

Advances in sensing technologies, wireless 

communication, artificial intelligence, predictive analysis 
and computer vision have improved greenhouse automation. 
These technologies enable prediction of water requirements, 
plant disease detection, environmental analysis and 
recommendation of suitable control actions. Adaptive 
lighting can also supplement natural light according to plant 

growth requirements. However, many existing systems 
focus on individual functions such as monitoring, irrigation, 
disease detection or lighting. The limited integration of these 
functions creates a need for a coordinated greenhouse 
management system capable of making decisions based on 
multiple environmental and plant-related conditions 

simultaneously. 

II.   LITERATURE REVIEW 

 A. IoT-Based Greenhouse Monitoring and Communication 

Recent studies demonstrate the importance of sensor-
based monitoring and reliable communication in smart 
greenhouse systems. Bouarroudj et al. [1] developed an 
autonomous greenhouse system that monitors 
environmental and soil-related parameters and uses cloud 

communication for data management and fault detection. 
Dinn et al. [2] proposed a multi-stage architecture consisting 
of sensor nodes, a communication layer, a processing unit 
and a visualisation platform. Similarly, [3] highlights the 
suitability of long-range, low-power communication for 
greenhouse applications where conventional wireless 

connectivity may be limited. These studies support the use 
of an architecture where the pathway goes from sensor to the 
gateway and then to the main processing unit which 
indicates the need for improved integration between 
monitoring and automated control.  
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Based on these studies, we have integrated sensor-based 
environmental monitoring, wireless communication and a 
sensor to processing architectural pathway into the proposed 

system. 

B. Predictive Irrigation and Soil Monitoring 

Instead of responding only to the current soil conditions, 
predictive irrigation aims to estimate future water 
requirements. Ye et al. [4] proposed a prediction-based 
irrigation method which is capable of maintaining soil 

moisture near the desired level while reducing unnecessary 
irrigation. Similarly, [5] demonstrates the use of prediction-
based monitoring for controlling greenhouse actuators. 
These studies show that with predictive approaches one can 
maintain more efficient water management than 
conventional threshold-based irrigation, although most 

reported implementations remain limited to small-scale 
experimental environments. Based on these studies, we have 
integrated predictive irrigation and soil moisture-based 
water management into the proposed  system. This approach 
aims to maintain suitable moisture conditions while 
minimizes the unnecessary usage of water. 

C. Greenhouse Climate Control 

Greenhouse climate control focuses on maintaining 
suitable temperature and humidity conditions for plant 
growth. Yu et al. [6] reviewed various prediction and control 
techniques, including physical models, neural networks, 
fuzzy logic and optimisation methods. Although advanced 

approaches can improve accuracy and energy efficiency, 
simpler rule-based methods are more suitable for low-cost 
prototype systems. Based on this study, the proposed system 
integrates sensor-driven climate monitoring and automated 
control, where temperature and humidity are continuously 
monitored to support actions such as ventilation under 

unfavourable conditions. 

D. AI and Computer Vision for Disease Detection 

Computer vision has become an important tool for 
detecting plant diseases and pests. Katsoulas et al. [7] 
developed an environmental data-based system for 
estimating fungal disease risk before visible symptoms 

become severe. Yu et al. [8], using machine learning and 
deep learning models reviewed image-based disease 
detection techniques and highlighted the effectiveness of 
RGB and advanced imaging methods. Other studies [9], [10] 
demonstrate that plant images can be processed using 
lightweight or cloud-based models for disease classification.  

 
 
 

Together, these works support the use of camera-based 
monitoring and image analysis for early disease detection in 
greenhouse environments. Based on these papers, we have 

integrated camera-based plant monitoring and image-based 
disease detection into the proposed system. This allows  to 
extend the system beyond conventional environment sensing 
and incorporates direct observation of plant health as part of 
the overall greenhouse monitoring and management 
framework.  

E. AI Explainability and Decision Support  

Naagarajan and Streif [11] emphasizes the importance of 
making automated greenhouse decisions understandable to 
users. Their work shows that when provided explanations 
about the control recommendations, the usage of intelligent 
management systems is improved. Hence, instead of 

displaying only the raw sensor data, analytical insights and 
meaningful recommendations can provide effective support 
in decision making. Based on this study, the proposed 
system integrates user-oriented insights, alerts and 
understandable recommendations, helping users interpret 
conditions. 

F. Red/Blue LED and Supplemental Lighting 

Supplemental lighting can compensate for insufficient 
natural light and improve plant growth under controlled 
conditions. Rampinelli et al. [12] developed a sensor-based 
red and blue lighting system that responds to changes in 
ambient illumination. Niu et al. [13] further demonstrated 

that using intelligent controls for adjusting the lighting 
conditions improve photosynthesis and reduce energy-
related impacts.  These studies confirm the potential of 
adaptive supplemental lighting but indicate that lighting 
strategies based on different stages of plant growth require 
further integrated investigation. Based on this study, we 

have integrated the concept of intelligent red-blue 
supplemental lighting into the proposed AgriSync system. 
The system is intended to use environmental and light-
related information to determine when supplemental 
illumination is required and support the controlled operation 
of red and blue lighting in accordance with the plant-growth 

requirements.  

G. Machine Learning-Based Crop Yield Prediction 

Kulyal and Saxena [14] reviewed that crop yield can be 
predicted using application of Machine Learning (ML) and 
Deep Learning (DL) techniques using different agricultural 
datasets. 
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Their study identified soil type, precipitation, 
temperature, humidity, and crop-related parameters as 
commonly used features for predicting crop yield. The 

review found that Random Forest, Support Vector Machine, 
Decision Tree, and Logistic Regression are frequently used 
ML techniques, while Deep Neural Networks (DNN) and 
Convolutional Neural Networks (CNN) are commonly 
applied DL methods. The authors emphasized that a single 
ML model can not be considered optimal for all crop-yield 

prediction tasks, as performance depends on the dataset, 
crop type, and selected features. Based on this study, the 
proposed system can use the data collected from the sensors 
as input features for machine learning based crop yield 
prediction which enables the system to provide data-driven 
insights for the crop growth. 

 

H. Literature Synthesis and Research Gap 

The reviewed studies demonstrate significant progress in 
greenhouse monitoring [1], [2], [3], predictive irrigation [4], 

[5], climate control [6], disease detection [7], [8], [9], [10], 
decision support [11], and supplemental lighting [12], [13],  
crop yield prediction [14]. However, most existing works 
address these functions individually or combine only a 
limited number of them. Monitoring, irrigation, disease 
detection and lighting are often implemented as separate 

systems, while some approaches depend heavily on 
continuous connectivity or computationally intensive 
processing. Therefore, there remains a need for a 
coordinated and affordable greenhouse management 
framework that integrates environmental monitoring, 
predictive irrigation, climate management, disease detection 

and adaptive lighting within a single control structure. 
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III. COMPARATI VE  ANALYSIS  OF  SURVEYED  SYSTEMS 

Table 1. Comparative analysis of selected research works relevant to AgriSync  

 



 

International Journal of Recent Development in Engineering and Technology 

Website: www.ijrdet.com (ISSN 2347-6435 (Online) Volume 15, Issue 09, September 2026) 

410 

IV. PROPOSED BLOCK DIAGRAM 

 

 Fig. 1. Proposed Block Diagram 

AgriSync is proposed as an integrated smart greenhouse 

monitoring and automation system designed to combine 
environmental monitoring, data communication, intelligent 
analysis and automated control within a coordinated 
framework. As illustrated in Fig. 1 and Fig. 2, the system 
consists of four functional blocks: the Greenhouse Unit, the 
Gateway Unit, the Cloud Server with an AI Engine, and the 

User/IoT Dashboard. The Greenhouse Unit forms the 
physical monitoring and control section. It collects 
information related to soil moisture, temperature, humidity, 
light intensity, pH and electrical conductivity, while plant 
images are captured for visual analysis. Based on received 
control decisions, the unit operates the irrigation pump, 

ventilation fan and red and blue supplemental lighting. 
The collected sensor readings, device status and image 

information are transmitted from the greenhouse to the 
Gateway Unit through a wireless communication link. The 
Gateway Unit receives and forwards the information to the 
Cloud Server through an internet connection. The Cloud-

based AI Engine processes environmental and plant data to 
support four main functions: disease detection from plant 
images, predictive irrigation scheduling, climate-control 
decisions and growth stage-based lighting 
recommendations. The generated recommendations or 
control commands are then returned through the Gateway 

Unit to the Greenhouse Unit, where the required actuators 
are operated. 

V.   PROPOSED FLOWCHART 

 
Fig. 2. Proposed Flowchart 

In practical implementation, the system will function as a 
continuous monitoring and control cycle. After 
initialization, the sensors will collect real-time 
environmental data and the camera will capture plant 
images. The local controller will perform validation and will 
check for critical conditions requiring an immediate safety 

response, such as excessive temperature or very low soil 
moisture. The validated data will then be transmitted for 
further processing, and the resulting control decisions will 
be communicated back to the greenhouse. The dashboard 
will simultaneously provide the user with live readings, 
device status, plant images, alerts, analytical insights and 

manual or automatic control options. 
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