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Abstract 

Small-scale farming constitutes 86% of India's agricultural sector, yet suffers from 

declining productivity (averaging 2.8 tonnes/hectare versus 4.5 tonnes globally) 

exacerbated by climate variability and resource inefficiencies. This paper 

presents KrishiEdge, a low-cost IoT-enabled edge computing framework 

specifically designed for the resource-constrained, fragmented landholding realities 

of Indian agriculture. Our system integrates custom-designed, solar-powered soil 

sensor nodes (₹1,250 per unit) with an edge processing unit (Raspberry Pi with 

custom AI accelerator) that executes lightweight machine learning models for real-

time crop health monitoring, irrigation scheduling, and pest/disease prediction. A 

novel aspect is the sparse data fusion algorithm that compensates for sparse sensor 

deployment (1 node per acre instead of recommended 4 nodes) using spatial 

correlation and historical patterns. The edge unit communicates via hybrid 

LoRaWAN/2G connectivity, adapting to India's variable rural network 

infrastructure. Field trials across 112 farms in Punjab, Maharashtra, and Tamil Nadu 

(total 287 acres) over three crop seasons demonstrate water savings of 34–42%, 

fertilizer reduction of 28%, and yield improvement of 18–27% for key crops (wheat, 

rice, cotton). The system operates at ₹3.2 per day energy cost (including solar 

charging) and achieves 94.3% accuracy in detecting fungal infections 5–7 days 

before visual symptoms appear. Comparative analysis shows 78% lower operational 

cost than cloud-based alternatives while maintaining data sovereignty—a critical 

concern for Indian farmers. The framework's modular design and multilingual 

interface (Hindi, Tamil, Punjabi, English) enable adoption by farmers with minimal 

digital literacy, addressing India's pressing need for scalable, sustainable agricultural 

technology. 

https://journal.techsplits.com/journal/index.php/TJCST/index
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1. Introduction 

India's agricultural sector faces a critical paradox: feeding 1.4 billion people while 

grappling with groundwater depletion (70% of blocks over-exploited), declining soil 

health (deficient in 50% of nitrogen, phosphorus, potassium), and climate-induced 

yield variability [1]. Despite substantial investments in digital agriculture (₹12,000 

crore under National e-Governance Plan in Agriculture), adoption among small 

farmers (<2 hectares) remains below 8% due to high costs, connectivity issues, and 

complexity [2]. Existing precision agriculture solutions from developed countries 

are ill-suited for India's fragmented landholdings (average 1.08 hectares), power 

constraints (6–8 hours daily outages in rural areas), and low farmer digital literacy 

(32% smartphone penetration in rural India) [3]. 

Edge computing offers a promising alternative to cloud-centric approaches by 

processing data locally, reducing latency, bandwidth dependency, and costs [4]. 

However, current edge solutions assume reliable infrastructure and technical 

expertise unavailable in rural India [5]. Additionally, machine learning models 

trained on Western agricultural data fail on Indian conditions due to different soil 

types, crop varieties, and pest profiles [6]. 

This paper makes four key contributions: 

1. KrishiEdge Hardware Suite: Ultra-low-cost, solar-powered sensor nodes 

and edge device with 30-day operation on single charge 

2. Sparse Sensor Fusion Algorithm: Compensates for economically necessary 

sparse deployment using spatial Bayesian inference 

3. Lightweight Crop Models: Domain-adapted CNN and LSTM architectures 

optimized for edge deployment (under 5MB memory) 

4. Field Validation: Extensive trials across diverse agro-climatic zones with 

socio-economic impact assessment 

Our work bridges the gap between advanced computing and ground realities of 

Indian agriculture, demonstrating that technology can be both sophisticated and 

accessible. 
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2. Related Work 

Global Precision Agriculture: Zhang et al. [7] surveyed IoT in agriculture but 

focused on large-scale Western farms. Indian conditions require fundamentally 

different approaches due to scale, cost, and infrastructure constraints. 

Indian Agricultural IoT: Singh et al. [8] developed a sensor network for soil 

monitoring but relied on continuous cloud connectivity impractical in rural India. 

Our edge-first approach minimizes cloud dependency. 

Edge Computing in Agriculture: Wang et al. [9] proposed edge AI for smart 

farming but assumed high-bandwidth connectivity. We address intermittent 2G/3G 

connectivity through adaptive synchronization. 

Indian AI Initiatives: The AI4Bharat consortium [10] develops Indian language AI, 

but agricultural applications remain limited. Our multilingual voice interface builds 

on their work. 

Research Gap: No existing solution addresses the complete stack for Indian 

conditions: ultra-low-cost hardware (<$20 per sensor), intermittent connectivity, 

multi-lingual interfaces, and validation across diverse Indian agro-climatic zones 

with economic viability analysis. 

 

3. Methodology 

3.1 System Architecture 

KrishiEdge employs a three-tier architecture: 

• Tier 1: Sensor nodes measuring soil moisture (at 15cm, 30cm depths), 

temperature, humidity, NPK levels, and leaf wetness 

• Tier 2: Edge computing unit (Raspberry Pi 4 + Google Coral USB) 

performing local inference and decision-making 

• Tier 3: Optional cloud synchronization for long-term analytics and advisory 

services 

3.2 Sparse Data Fusion Algorithm 
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Given sparse deployment (sensor at point x_i), we estimate values at unsampled 

locations x_j using Gaussian Process regression adapted for soil heterogeneity: 

text 

μ(x_j) = k(x_j, X)[K(X,X) + σ²I]⁻¹ y 

σ²(x_j) = k(x_j, x_j) - k(x_j, X)[K(X,X) + σ²I]⁻¹ k(X, x_j) 

Where k is a Matérn kernel capturing spatial correlation, and σ² accounts for Indian 

soil variability. 

3.3 Lightweight ML Models 

We developed two compact models: 

1. CropNet-Edge: 3-layer CNN for disease detection from mobile phone 

images (2.3MB, 94% accuracy) 

2. SoilLSTM: LSTM-based irrigation scheduler considering 7-day weather 

forecast (1.8MB, 89% accuracy) 

3.4 Cost-Optimized Hardware Design 

• Sensor Node: Custom PCB with ESP32, capacitive soil sensors, and 3W solar 

panel (₹1,250 BOM cost) 

• Edge Unit: Raspberry Pi 4 with power-efficient Google Coral accelerator 

(total ₹8,500) 

• Communication: Dual-mode LoRaWAN (2km range) and 2G fallback with 

data compression 

 

4. Simulation Results, Comparisons, and Evaluation 

4.1 Experimental Setup 

We conducted field trials across three agro-climatic zones: 

• Punjab: 42 wheat farms (Oct 2023–Mar 2024) 

• Maharashtra: 38 cotton farms (Jun–Dec 2023) 

• Tamil Nadu: 32 rice farms (Jan–Apr 2024) 
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Each farm had 1–5 acres with 1–5 sensor nodes based on landholding size. We 

compared against conventional farming practices and two existing digital solutions. 

Table 1: Crop Performance Improvement Across Regions 

Crop & 

Region 

Yield 

Increase 

(%) 

Water 

Saved 

(%) 

Fertilizer 

Reduction 

(%) 

Energy 

Cost/Day 

(₹) 

ROI 

(Season) 

Wheat 

(Punjab) 

18.4% 34.2% 22.7% 3.1 4.8× 

Rice (Tamil 

Nadu) 

27.3% 41.8% 31.2% 3.4 5.2× 

Cotton 

(Maharashtra) 

22.1% 38.7% 28.4% 3.2 4.3× 

Sugarcane 

(UP)* 

19.7% 36.5% 25.3% 3.5 4.1× 

Average 21.9% 37.8% 26.9% 3.2 4.6× 

*Small pilot of 8 farms in Uttar Pradesh 

Table 2: Comparison with Existing Solutions 

Parameter KrishiEdge 

(Ours) 

CropIn 

(Commercial) 

IBM 

AgroPad 

(Research) 

Traditional 

Farming 

Cost per 

Acre/Season 

₹2,840 ₹8,750 ₹12,500* ₹0 (tech cost) 

Accuracy 

(Disease 

Detection) 

94.3% 96.1% 91.2% 65% (farmer 

visual) 

Connectivity 

Requirement 

Intermittent 

2G/LoRa 

Continuous 4G Continuous 

4G 

None 

Setup Time 

(hours) 

1.5 4.2 3.8 0 
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Farmer 

Training 

Needed 

2 hours 8 hours 6 hours 0 

Data 

Sovereignty 

Full local 

control 

Cloud-based Cloud-based N/A 

Battery Life 

(days) 

30 (solar) 7 10 N/A 

*Estimated research prototype cost 

Table 3: Technical Performance Metrics 

Metric Our System Target Improvement Over Baseline 

Inference Latency 0.8s <2s 67% faster 

Model Size 4.1MB total <10MB 59% smaller 

Data per Day 2.8MB <5MB 44% reduction 

Node Power 0.8W <1W 20% better 

Detection Early Warning 5.7 days >3 days 90% better 

False Positive Rate 3.2% <5% 36% lower 

System Uptime 98.7% >95% 3.7% higher 

Table 4: Socio-Economic Impact Assessment (n=112 farmers) 

Impact Category Before 

Deployment 

After 

Deployment 

Change Statistical 

Significance 

Daily Time on 

Irrigation 

2.1 hours 0.7 hours -67% p<0.001 

Crop Loss to 

Disease 

18.7% 4.2% -77% p<0.001 

Monthly Input 

Cost 

₹4,820/acre ₹3,520/acre -27% p<0.01 
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Water 

Procurement Cost 

₹1,240/acre ₹720/acre -42% p<0.001 

Yield Confidence 

(1-10 scale) 

5.2 7.8 +50% p<0.001 

Willingness to Pay 

for Tech 

38% 92% +142% p<0.001 

Digital Literacy 

Score* 

2.1/10 4.7/10 +124% p<0.001 

*Based on ITC e-Choupal digital literacy assessment framework 

4.2 Key Findings 

1. Economic Viability: System pays for itself in 1.2 seasons with 4.6× ROI, 

critical for small farmer adoption 

2. Resource Conservation: Average water savings of 1.2 million liters per 100 

acres annually 

3. Scalability: System supports up to 50 nodes per edge unit, suitable for small 

cooperatives 

4. Farmer Acceptance: 89% of trial farmers continued using system post-trial, 

citing reduced labor and uncertainty 

 

5. Conclusions 

KrishiEdge demonstrates that appropriately designed edge computing can bridge 

India's agricultural productivity gap while addressing sustainability challenges. By 

prioritizing cost constraints, intermittent connectivity, and farmer-centric design, we 

achieve substantial improvements in resource efficiency and yields. The 

framework's modularity allows adaptation to other developing regions with similar 

constraints. 

Policy Implications: Our findings support the Government of India's Digital 

Agriculture Mission 2021–2025 by providing a scalable model for last-mile 

technology delivery. The system aligns with PM-KUSUM scheme objectives for 

solar-powered agriculture and Atmanirbhar Bharat's focus on indigenous technology 

solutions. 
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Future Work: Integration with IndiaStack digital infrastructure (Aadhaar, UPI), 

expansion to 1,000+ farms across 10 states, and development of crop-specific 

models for horticulture and plantation crops. 
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