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Abstract

The contemporary challenge of sustainable agriculture necessitates the deployment of robust, data-driven
decision support systems. This review paper details the architecture and efficacy of an integrated Al-based
system, termed 'Sarv Sampoorna Kisan Mitra," for comprehensive crop disease identification and
management. The system is predicated on two core technological pillars: the use of advanced Deep Learning
(DL) models, specifically Convolutional Neural Networks (CNNSs), for rapid, visual diagnosis of crop diseases;
and the implementation of a Knowledge Graph (KG) for prescriptive management recommendations. The
paper explores the full lifecycle, from data acquisition via remote sensing and 10T, through predictive
modeling for yield forecasting, and culminating in the generation of actionable, customized advice for
fertilizer application and pest control. By transforming raw diagnostic data into contextualized, actionable
knowledge, this integrated Al-KG framework offers a scalable solution to enhance precision farming efficiency
and minimize resource wastage.
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1. Introduction

The agricultural sector, the foundation of global food (using Knowledge Graphs) to  synthesize

security, faces increasing pressure from climate
variability, pathogen evolution, and the demand for
increased yield with reduced environmental impact.
Traditional farming methods are often reactive and
inefficient, relying on generalized treatments rather
than specific, early diagnosis. The deployment of
smart agriculture systems, leveraging the Internet of
Things (loT) and Artificial Intelligence (Al),
provides a necessary paradigm shift towards
proactive, precise management. The 'Sarv
Sampoorna Kisan Mitra' system addresses this need
by creating an end-to-end platform that integrates
predictive intelligence with domain expertise This
paper reviews the key technological components
required for an integrated Al-based Crop Disease
Identification and Management System. The
objective is to analyze the performance of modern
Diagnostic Al (using CNNs for image classification),
the role of Predictive Al (for yield and financial
forecasting), and the necessity of Prescriptive Al

recommendations. The scope covers the system's
architecture, model deployment strategy, and the
critical role of data structuring. The global
agricultural landscape is currently grappling with a
triple challenge: the need to feed a rapidly expanding
world population, the increasing scarcity of natural
resources (water and arable land), and the
unpredictable volatility introduced by climate
change. Traditional farming methodologies, often
relying on generalized, delayed, and reactive,
interventions, are inherently inefficient and
unsustainable in the face of these pressures. For
instance, the delayed or inaccurate identification of
crop diseases can lead to the annual yield losses
exceeding. 20%, dramatically impacting food
security and farmer livelihoods. The concept of Smart
Agriculture or Precision Farming has emerged as the
critical response to this crisis. It represents a
systematic shift from generalized farm management
to site-specific, data-driven decision-making. This
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shift is fundamentally enabled by the convergence of
several disruptive technologies: high-resolution
remote sensing (satellite and drone imagery),
ubiquitous Internet of Things (1oT) sensors for real-
time environmental monitoring, and, most
importantly, advanced Artificial Intelligence (Al) for
complex data interpretation and knowledge
synthesis. The proposed system, 'Sarv Sampoorna
Kisan Mitra' (SSKM), is designed to serve as a
comprehensive, integrated decision support tool. Its
core innovation lies in bridging the gap between
sophisticated machine learning predictions (what will
happen/what is the issue) and highly contextualized
domain knowledge (what should be done) to deliver
truly  prescriptive  advice.Al  provides the
computational backbone for transforming raw
agricultural data into intelligence. The application of
Al in this domain can be categorized into three
essential modalities

1.1. Diagnostic Al (The ""What is it?"")
Focused on rapid, high-accuracy identification of
current issues, primarily crop diseases. Deep
Learning (DL), specifically Convolutional Neural
Networks (CNNs), has proven highly effective in
classifying visual symptoms from leaf images,
providing diagnoses far faster and more reliably than
traditional human inspection.

1.2. Predictive Al (The ""What will happen?"")
Focused on forecasting future outcomes. This
includes models for Crop Yield Prediction (essential
for resource allocation and logistics) and Market
Price Forecasting (critical for financial planning).
These models typically rely on multivariate data,
including  historical  yields, satellite-derived
vegetation indices (e.g., NDVI), and meteorological
data[1].

1.3. Prescriptive Al (The ""What should | do?"*
This is the most challenging and crucial step. It
involves moving beyond a diagnosis or forecast to
generate an optimal, actionable recommendation.
This requires integrating the diagnostic output with a
vast body of external, structured knowledge about
treatments, soil science, pest cycles, and cropspecific
needs. The Role of Artificial Intelligence in
Agricultural Transformation[2]

1.4. Diagnostic Al (The "What is it?"")

Focused on rapid, high-accuracy identification of
current issues, primarily crop diseases. Deep
Learning (DL), specifically Convolutional Neural
Networks (CNNs), has proven highly effective in
classifying visual symptoms from leaf images,
providing diagnoses far faster and more reliably than
traditional human inspection.

1.5. Predictive Al (The "What will happen?'’)
Focused on forecasting future outcomes. This
includes models for Crop Yield Prediction (essential
for resource allocation and logistics) and Market
Price Forecasting (critical for financial planning).
These models typically rely on multivariate data,
including  historical  yields, satellite-derived
vegetation indices (e.g., NDVI), and meteorological
data.

1.6. Prescriptive Al (The "What should I

do?")
This is the most challenging and crucial step. It
involves moving beyond a diagnosis or forecast to
generate an optimal, actionable recommendation.
This requires integrating the diagnostic output with a
vast body of external, structured knowledge about
treatments, soil science, pest cycles, and cropspecific
needs. Review[3] Objective and Paper Organization
The primary objective of this review is to present a
unified framework for a multi-modal Al system
capable of delivering comprehensive farm
management assistance. We seek to demonstrate how
different specialized machine learning models can be
cohesively integrated wusing a central domain
knowledge structure—the Knowledge Graph (KG)—
to achieve a high level of prescriptive intelligence[4].
The remainder of this paper is organized as follows:
e Section Il details the overall System
Architecture and the methodology behind the
primary diagnostic tool, the Deep Learning
CNN, and the structure of the Knowledge
Graph as the prescriptive engine[5].
e Section Il provides a deep dive into the
Integration of Multi-Modal Models (M1 to
M4), explaining the role, technology, and
input/output for Crop Disease Identification,
Yield Prediction, Fertilizer Recommendation,
and Financial Forecasting.
e Section IV addresses the critical aspect of
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Model Deployment and Backend Services,
focusing on the single-load architecture using
Flask Blueprints for performance and
scalability[6].

e Section V concludes the review, summarizing
the key advantages of the integrated Al-KG
approach and outlining directions for future
research.

2. Method

The proposed system follows a layered architecture,
transforming raw input data into actionable
recommendations. Layered Architecture Overview
The system is conceptually divided into four
layers[7]

2.1.Data Acquisition Layer

Collects real-time data from various sources,
including RGB images (for disease diagnosis),
satellite imagery (for NDVI and large-scale analysis),
weather API feeds, and sensor data (e.g., soil
moisture, pH).

2.2.Core Intelligence Layer

Houses the Machine Learning and Deep Learning
models responsible for prediction and diagnosis. This
includes the CNN for disease detection and ML
models for yield forecasting.

2.3.Graph Layer

Acts as the central reasoning engine, linking
diagnostic outputs with external knowledge (e.g.,
treatment efficacy, pest cycles, fertilizer standards).
2.4.Application/Interface Layer

The user-facing component (mobile/web) that
receives user inputs and delivers context-specific,
prescriptive advice. Deep Learning for Diagnostic
Intelligence The core diagnostic module utilizes a
Convolutional Neural Network (CNN), trained on a
comprehensive dataset of diseased and healthy crop
leaves.

e Model Selection: CNN models (e.g., variants
of ResNet, MobileNet, or custom hybrid
models) are preferred due to their high
accuracy in image feature extraction.

e Inference Process: When a user uploads an
image, it is pre-processed (resized,
normalized) and fed into the trained CNN.
The output is a high confidence prediction of
the disease type (e.g., "Bacterial Blight,"

"Early Blight™).

e Backend Integration: The trained models
(exported from platforms like Google Colab)
are loaded once at the startup of the
Flask/Python backend, allowing for low-
latency inference on subsequent user
requests. Knowledge Graph as the
Prescriptive Engine: The Knowledge Graph
(KG) is the differentiator, converting the
CNN's diagnosis into specific, actionable
steps[7].

e KG Structure: The KG is built using a
network of nodes (entities) and edges

(relationships). Entities include Disease
Type, Crop Variety, Pest, Chemical
Treatment, Soil Type, and Weather
Condition.

2.5.Prescriptive Logic: If the CNN diagnoses

"Disease X, the KG is queried to
determine

¢ 1.Which specific pesticide is effective against
Disease X.

e If the pesticide has a negative interaction with
the farmer's current crop stage.

e If the current temperature (from the weather
API) allows for safe application[8].

e This logic ensures recommendations are
contextualized and not just generic textbook
solutions. The Methods sections should be
brief, but they should include sufficient
technical  information to allow the
experiments to be repeated by a qualified
reader. Only new methods should be
described in detail. Cite previously published
procedures in References[9].

3. Results And Discussion

3.1. Results

The 'Sarv Sampoorna Kisan Mitra' system represents
a significant step toward achieving true precision
farming by integrating advanced Al techniques with
structured knowledge. The synergy between high-
accuracy CNN based diagnostics and the domain
expertise embedded within the Knowledge Graph
transforms the system from a simple prediction tool
into a comprehensive, prescriptive management
advisor. The modular architecture, supported by a
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multi-model backend, ensures both performance and
scalability necessary for real-world deployment. By
systematically addressing the fragmentation gap
between diagnostic and prescriptive systems, SSKM

offers a robust, holistic solution for modern
agricultural management.
3.2. Discussion

The successful implementation and deployment of
the 'Sarv Sampoorna Kisan Mitra' system is
anticipated to yield several quantifiable benefits for
the farming community and the environment.
Reduction in Crop Losses Achieving an estimated
15-20% reduction in annual crop losses due to the
system’s ability to provide realtime, high-accuracy
diagnosis (M1) and prompt, precise prescriptive
treatment (KG integration)[10].

Optimized Resource Utilization A measurable
decrease in generalized fertilizer and pesticide use
(estimated 10-15%), leading to lower input costs for
farmers and reduced environmental pollution (e.g.,
water runoff).

Increased Farmer Profitability Higher yields due to
optimized management (M2 and M3), combined with
better market timing decisions (M4), are expected to
result in a measurable increase in net farmer
profitability.

Enhanced Decision Support Provision of an
intuitive, consolidated platform that simplifies
complex farm management decisions, shifting the
farmer’s role from manual observer to strategic
executor based on integrated Al intelligence.

1. DATA ACQUISITION & PERCEPTION | 2. CORE INTE/ 3. APPLICATION & FED

/CE & REASONING LAYER

o2

Figure 1 Process of the model

Conclusion

The 'Sarv Sampoorna Kisan Mitra' system represents
a significant step toward achieving true precision
farming by integrating advanced Al techniques with
structured knowledge. The synergy between high-
accuracy CNNbased diagnostics and the domain
expertise embedded within the Knowledge Graph
transforms the system from a simple prediction tool
into a comprehensive, prescriptive management
advisor. The modular architecture, supported by a
multi-model backend, ensures both performance and
scalability necessary for real-world deployment.
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