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Abstract – In modern precision agriculture, early plant 

pathology identification and rapid diagnostic decision-making 

areparamount to preventing catastrophic crop loss and securing 

food production. This project presents a Multi-Modal AI-

Powered Crop Health Monitoring, Pathology Indexing, and 

Real-Time Diagnostic System designed for agricultural 

practitioners. The core engine integrates advanced computer 

vision using OpenCV for HSVcolor space segmentation 

alongside YOLOv8 deep learning instance segmentation to 

perform accurate leafnomaly extractions. By systematically 

quantifying infected leaf areas against total surface area, the 

system computes the Disease Severity Index (DSI %) and 

classifies pathogen strains, including Bacterial Leaf 

Blight,Powdery Mildew, and Yellow Leaf Spot, in real time. The 

application features a modular desktop interface built with 

Python and Tkinter, facilitating smooth image and continuous 

video stream processing with stabilized frame rates. To bridge 

technical diagnostic outputs with end-user accessibility, the 

system incorporates dynamic bilingual report generation in both 

English and Tamil. Furthermore, a thread-optimized Text-to-

Speech (TTS) voice engine delivers real-time localized agronomic 

advice, contagion risk indicators, and precautionary 

recommendations without interface latency. Overall, this multi-

modal diagnostic engineprovides a transparent, efficient, and 

scalable solution for precision crop health indexing and 

automated field diagnostics.  

Keywords - Crop Health Monitoring, YOLOv8 Instance 

Segmentation, OpenCV HSV Color Space, Disease Severity 

Index (DSI %), Text-to-Speech (gTTS), Tkinter GUI, Precision 

Agriculture. 

I.  INTRODUCTION 

Agriculture serves as the backbone of global socio-economic 

stability, supporting human sustenance and driving economic 

development. However, crop yield and quality are perpetually 

threatened by plant pathogens,including bacteria, fungi, and viruses. 

Traditional crop disease detection relies heavily on manual, visual 

inspection by agricultural experts or farmers. This process is time-

consuming, highly subjective, labor- intensive, and prone to human 

error, often leading to misdiagnoses and delayed intervention. By the 

timevisual symptoms become blatantly obvious to the naked eye, 

pathogen contagion has typically spread across extensive field 

acreage, resulting in severe yield losses and economic damage.To 

overcome these challenges, modern precision agriculture leverages 

artificial intelligence (AI), high-resolution computer vision, and real-

time audio-visual interaction. This project introduces a Multi-Modal 

AI-Powered Crop Health Monitoring, Pathology Indexing, and Real-

Time Diagnostic System. Designed as a high-performance desktop 

application, the system bridges deep learning-based object 

localization with rule-based color-space segmentation. By accepting 

both static images and live video feeds, the system isolates infected 

leaf regions, calculates a precise Disease Severity Index (DSI %), 

classifies pathogen strains, and generatesinstant, bilingual (English 

and Tamil) diagnostic reports accompanied by real-time voice 

assistance.. 

A. OpenCV Color Space Segmentation 

Standard RGB images are highly sensitive to illumination 

fluctuations, shadows, and outdoor glare, makingdirect color 

analysis unreliable for field deployment. The system 

transforms standard RGB frames into theHSV (Hue, 

Saturation, Value) color space using OpenCV. The HSV 

model isolates chromatic information(Hue) from brightness 

(Value), allowing the system to consistently isolate healthy 

leaf surfaces from diseased foliage regardless of ambient 

lighting. Healthy green foliage is isolated within Hue 20° to 

90°, while chlorotic/infected regions are isolated within Hue 

10° to 35°. 

B. Anomaly Localization via YOLOv8 

The system integrates YOLOv8 (You Only Look Once 

Version 8), a state-of-the-art deep learning 

architectureoptimized for real-time object detection and 

instance segmentation. YOLOv8 treats object localization as a 

single regression problem, processing full image frames in a 

single forward pass. It achieves inference speeds of 28 to 32 

FPS on standard computing hardware, handling complex 

background noise, overlapping leaves,and partial occlusions. 

 

C.  Disease Severity Index (DSI %) 

The Disease Severity Index (DSI %) is calculated as the ratio 

of infected leaf pixels (P_diseased) to total leafsurface pixels 

(P_healthy + P_diseased) expressed as a percentage: DSI (%) 

= (Infected Area / Total LeafArea) * 100. Severity levels are 

categorized into Healthy (0% DSI), Mild Infection (1%-15% 

DSI), ModerateInfection (16%-40% DSI), and Severe 

Infection (&gt;40% DSI). 

 

D.  Bilingual Reporting and Voice Engine 

To bridge the accessibility divide in rural farming 

communities, the application features an automated Bilingual 

Reporting Engine (English and Tamil) paired with an 

asynchronous thread-optimized gTTS (GoogleText-to-

Speech) and Pygame audio playback engine, delivering 

spoken advice in Tamil with latency below 1.5 seconds 
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II. LITERATURE SURVEY 

A.  Deep Learning for Plant Disease Detection: A 

ReviewEvaluates various CNN architectures and 

preprocessing methodologies for leaf lesion classification. 

(Authors:S. S. Chouhan et al. (2020, Springer)) 

Advantages: Establishes a strong theoretical backbone 

framework for leaf classification. 

Drawbacks: Lacks real-time instance segmentation, DSI 

% calculation, and voice feedback. 

B. Real-Time Crop Disease Detection Using 

YOLOv8Demonstrates YOLOv8 instance segmentation for 

leaf anomaly localization at high frame rates (&gt;30 

FPS).(Authors: R. Kumar et al. (2023, IEEE Access)) 

Advantages: High inference speed on localized hardware 

and handles overlapping leaves. 

Drawbacks: Lacks quantitative color degradation metrics 

and multilingual voice feedback. 

C.  Quantifying Plant Disease Severity Index Using Color-

Space Proposes HSV color space thresholding for 

calculating DSI % on chlorotic and necrotic leaf areas. 

(Authors:M. A. Patil et al. (2021, Elsevier)) 

Advantages: Exact mathematical area quantification; 

invariant to lighting fluctuations. 

Drawbacks: Sensitive to background noise without prior 

deep learning leaf segmentation. 

D. Automated Agricultural Pathology Indexing Using Hybrid 

AI Combines deep feature extraction with rule-based color 

mapping for early and late stage pathology. (Authors:J. 

Chen et al. (2022, Frontiers in Plant Science)) 

Advantages: Reduces false positive rates and categorizes 

disease stages effectively. 

Drawbacks: High computational resource requirements; 

lacks user GUI and voice delivery. 

E.  Multimodal AI Frameworks for Intelligent Farming 

Explores multi-modal AI systems processing visual inputs 

alongside environmental metadata. (Authors: A. K.Singh 

et al. (2023, IEEE)) 

Advantages: Enhances decision accuracy and 

recommendation transparency. 

Drawbacks: Requires continuous cloud connectivity; lacks 

localized Tamil voice assistance 

III. SYSTEM ANALYSIS 

The proposed architecture integrates five core modules:1. 

Data Acquisition Module: Ingests high-resolution images or 

real-time camera video streams.2. Pre-Processing Module: 

Converts RGB inputs to HSV color space with adaptive 

denoising filters.3. AI Disease Diagnosis Engine: Employs 

YOLOv8 instance segmentation for accurate leaf boundary 

extraction.4. Severity Indexing Module: Executes pixel-by-

pixel area ratio calculations for exact DSI % scoring.5. Tamil 

Voice Advisory Module: Synthesizes dynamic Tamil speech 

using gTTS and plays synthesizedadvisories via Pygame. 

A. Hardware and Software Requirements 

Hardware: Intel Core i5/i7 10th Gen Processor, 8GB/16GB 

RAM, 50GB SSD, NVIDIA GTX 1650 (Optional CUDA 

acceleration), standard webcam and speakers.Software: 

Python 3.8-3.10, Ultralytics YOLOv8, OpenCV (opencv-

python), NumPy, Pandas, gTTS, Pygame,Tkinter GUI, Visual 

Studio Code. 

The template is used to format your paper and style the 
text. All margins, column widths, line spaces, and text fonts 
are prescribed; please do not alter them. You may note 
peculiarities. For example, the head margin in this template 
measures proportionately more than is customary. This 
measurement and others are deliberate, using specifications 
that anticipate your paper as one part of the entire proceedings, 
and not as an independent document. Please do not revise any 
of the current designations. 

IV. IMPLEMENTATION  

A. YOLOv8 Instance Segmentation: Extracts spatial feature 

maps via CSPDarknet backbone and PAN neck,outputting 

leaf bounding boxes and pixel-level binary masks. 

B.  OpenCV HSV Thresholding: Decouples chromaticity 

from luminance to segment chlorotic yellowing and 

necrotic brown spots. 

C. Pixel-Level DSI Calculation: DSI % = (Infected Area / 

Total Leaf Area) * 100. 

D. Async Tamil Speech Allocation: Formats bilingual 

diagnosis string, invokes gTTS API 

asynchronously,caches local MP3 file, and plays audio via 

Pygame hardware channels. 

V. EXPERIMENTAL RESULTS AND 

DISCUSSIONS 

A. The system was benchmarked across various diagnostic 

scenarios involving single leaf uploads and real-timelive 

video feeds. Average pipeline execution speed remained 

under 3 seconds per image on standard workstation 

CPUs.  

VI. CONCLUSION AND  FUTURE 

ENHANCEMENTS 

• The Multi-Modal Crop Health Diagnostic System 
combines YOLOv8 deep learning instance segmentation, 

• OpenCV HSV pathology isolating filters, quantitative DSI 
% mathematical formulation, and thread-optimized 

• Tamil audio advisories. Future work includes lightweight 
model quantization (YOLOv8-nano/TFLite) for 

• offline mobile field deployment, IoT micro-climate sensor 
integration, and multi-language conversational AI 
 

. 

Published by : International Journal of Engineering Research & Technology (IJERT)
https://www.ijert.org/ ISSN: 2278-0181
An International Peer-Reviewed Journal Vol. 15 Issue 10 , October - 2026

IJERTV15IS101279 Page 2

(This work is licensed under a Creative Commons Attribution 4.0 International License.)



REFERENCES 

[1]  S. S. Chouhan, A. Kaul, U. P. Singh, and S. Jain, &#39;Deep learning for 
plant disease detection: A review,&#39;Springer, 2020. 

[2]  R. Kumar, V. Sharma, and P. Gupta, &#39;Real-Time Crop Disease 
Detection Using YOLOv8 and ImageProcessing,&#39; IEEE Access, 
2023. 

[3]  M. A. Patil and S. R. Deshmukh, &#39;Quantifying Plant Disease 
Severity Index Using Color-SpaceSegmentation,&#39; Elsevier, 2021. 

[4]  J. Chen, X. Zhang, and L. Wang, &#39;Automated Agricultural 
Pathology Indexing Using Hybrid DeepLearning Models,&#39; 
Frontiers in Plant Science, 2022. 

[5]  A. K. Singh and R. B. Mishra, &#39;Multimodal AI Frameworks for 
Intelligent Farming,&#39; IEEE, 2023. 

[6]  G. Jocher, A. Chaurasia, and J. Qiu, &#39;YOLOv8 by Ultralytics,&#39; 
GitHub Repository, 2023. 

[7]  G. Bradski, &#39;The OpenCV Library,&#39; Dr. Dobb&#39;s Journal 
of Software Tools, 2000. 

[8]  W. Alexis, &#39;gTTS: Google Text-to-Speech Python Library,&#39; 
GitHub Repository, 2016. 

[9]  S. Shin, &#39;Pygame: SDL interface for Python,&#39; Pygame 
Documentation, 2011. 

[10] S. P. Mohanty et al., &#39;Using deep learning for image-based plant 
disease detection,&#39; Frontiers in PlantScience, 2016. 

Published by : International Journal of Engineering Research & Technology (IJERT)
https://www.ijert.org/ ISSN: 2278-0181
An International Peer-Reviewed Journal Vol. 15 Issue 10 , October - 2026

IJERTV15IS101279 Page 3

(This work is licensed under a Creative Commons Attribution 4.0 International License.)


