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Abstract: Smallholder farmers in developing economies face a structural barrier to agricultural productivity: the prohibitive
capital cost of modern farming machinery and the near-total absence of efficient information channels linking equipment
demand with supply. This paper presents AgriRent, a hyper-local, GPS-enabled mobile platform that operationalises the shared-
economy model within the agricultural sector. The system auto-detects a farmer's geographic position and, through a multi-
criteria geospatial matching algorithm, connects on-demand equipment requirements with registered nearby owners in real time.
The platform spans heavy machinery (tractors, JCBs, harvesters), precision technology (UAV drone sprayers, GPS auto-steer
systems), implements (rotavators, seed drills), and agricultural inputs (certified seeds, biological fertilisers). AgriRent enforces
transparent pricing, Aadhaar-KYC identity verification, escrow-based security deposits, and photo-documented condition
auditing. Projected outcomes include a 30-50% reduction in farming operational costs, measurable improvements in machinery
utilisation for owners, and compression of equipment-sourcing time from hours to minutes. The architecture is grounded in
React Native, Node.js/Express, PostgreSQL with PostGIS, and AWS cloud infrastructure.

Keywords: AgriRent, shared economy, GPS-based matching, farm equipment rental, precision agriculture, PostGIS, geospatial
algorithm, pay-for-use, smallholder farmers.

I. INTRODUCTION

Agriculture remains the economic backbone of rural South Asia, yet over 70% of Indian farmers cultivate holdings under one
hectare and lack capital for modern machinery . This productivity gap constrains food security, rural livelihood, and national
development trajectories. Simultaneously, tractors and precision implements lie idle with their owners for much of the agricultural
off-season—a classic asset underutilisation problem amenable to platform-mediated redistribution.

The shared economy, exemplified by Uber and Airbnb, has proven that digital intermediaries can efficiently redistribute
underutilised assets through market-clearing mechanisms. AgriRent translates this paradigm to agricultural equipment: connecting
smallholder farmers with nearby equipment owners via GPS-based real-time matching, transforming idle machinery into rental
income and prohibitively priced technology into affordable pay-per-use services.

A. Objectives

e Design a mobile application enabling real-time, location-based matching between farmers and equipment owners across diverse
machinery categories.

e Implement a PostGIS + Haversine geospatial algorithm for sub-second proximity-based equipment discovery within
configurable search radii.

e Establish transparent pricing and bilateral rating mechanisms to eliminate informational asymmetry in the informal machinery
rental market.

e Engineer a Security & Trust Layer—Aadhaar-KYC, escrow payment protection, photo auditing—for high-value equipment
transactions.
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Il. LITERATURE REVIEW

1) Sharing Economy: Sundararajan establishes that crowd-based capitalism reconfigures asset utilisation through peer-to-peer
transactions at scale. Zervas et al. empirically document its disruptive impact on incumbent markets, validating applicability to
fragmented agricultural equipment rental.

2) Digital Agriculture: Deichmann et al. demonstrate that mobile platform adoption increases farm productivity in developing
economies, with strongest effects when interfaces accommodate rural infrastructure constraints. Aker shows mobile market-
information services reduce agricultural price dispersion by up to 20%.

3) Geospatial Algorithms: Kupper establishes the viability of proximity-based service discovery. Roussopoulos et al. demonstrate
that PostGIS ST_DWithin executes in O(log n) time via spatial R-tree indexing, ensuring sub-200 ms responses at district-level
deployment scale.

4) Existing Platforms & Gap: Kisan Suvidha and Hello Tractor function as static information portals, lacking real-time
transactional matching. AgriRent addresses this gap by integrating discovery, comparison, booking, secure payment, and post-
transaction rating in a single workflow. Zhang & Kovacs confirm UAV sprayers reduce pesticide use 30-60%, yet adoption
among smallholders remains cost-blocked—precisely the barrier AgriRent dismantles.
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1. METHODOLOGY

A. System Architecture
AgriRent is structured around five interdependent layers (Table I), enabling independent scaling and modular component
replacement without disrupting system integrity.
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Find Equipment Near You

Client React Native - GPS - Auth Ul

Application | Node.js/Express - PostGIS Engine -
Notifications

Data PostgreSQL + PostGIS - Equipment
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Registry

Integration Google Maps - SMS Gateway -
Payment - KYC

Security JWT - OTP - Escrow - Photo Audit
- Disputes
TABLE I: System Architecture Layers

B. Technology Stack

e Frontend: React Native — single codebase for iOS & Android deployment.

e Backend: Node.js/Express — non-blocking REST API layer for high concurrency.
e Database: PostgreSQL + PostGIS — spatial radius queries with R-tree indexing.

e Cloud: AWS EC2 & RDS — elastic scaling, high availability, automated failover.
e Auth: JWT tokens + OTP via SMS — stateless, secure, low-device-compatible.

C. Geospatial Matching Algorithm

Upon a farmer's equipment request, the following procedure executes server-side:

e  Farmer GPS coordinates (¢, A) are transmitted to the application server via HTTPS POST.

e PostGIS ST_DWithin executes a configurable radius search (default 10 km, max 25 km) against the spatially-indexed
equipment registry.

e Results are filtered by: category match, real-time availability, and KYC verification status.

e Haversine formula computes geodesic distances; results ranked by composite score: 40% proximity - 35% rental rate - 25%
owner rating.

e Ranked JSON response is rendered in the app as a sortable, filterable list with integrated map view.

D. Platform Inventory Coverage

Heavy Tractors, JCBs, Harvesters,
Machinery Excavators
Implements Rotavators, Threshers, Seed

Drills, Sprayers

Precision Tech | UAV Drone Sprayers, GPS Auto-
Steer Systems

Inputs Certified Seeds, Saplings, Bio-
Fertilisers

Post-Harvest Grain Cleaners, Moisture Meters,
Cold-Chain Units

TABLE II: AgriRent Inventory Coverage

E. Security & Trust Layer

Identity Verification: All users complete Aadhaar-based KYC during registration. OTP verification is enforced at account creation
and each new device login, creating dual-factor accountability that significantly reduces fraudulent listings.

Damage Protocol: Both parties digitally execute a Rental Agreement before booking. Protections include: (i) timestamped pre/post-
rental photo documentation; (ii) category-calibrated security deposit held in escrow; and (iii) in-app dispute resolution with
platform-mediated adjudication within a defined service-level window.
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F. End-to-End System Workflow

Fig. 1 presents the complete AgriRent workflow encompassing all user interactions, backend processing stages, security
checkpoints, and financial flows. GPS auto-detection eliminates the primary friction point for rural users, while the loop-back path
dynamically expands the search radius when no equipment is found within the default range.

AgriRent — System Workflow & Geospatial Matching Process

D ramar Acin W systemiBackend @ secsionpont W Secuyi Tt [ Payment/Financal (B Equipment Owner

Fig. 1: AgriRent End-to-End System Workflow

V. FEASIBILITY ANALYSIS

1) Technical: Every AgriRent component—GPS APIs, React Native, PostgreSQL/PostGIS, Node.js, AWS—is production-
validated. The matching engine's O(log n) complexity ensures sub-200 ms response at district scale. Open-source tooling
(PostGIS, OpenStreetMap) eliminates licensing risk and reduces development cost.

2) Financial: AgriRent is asset-light—it owns no machinery. Revenue streams: (i) 5-8% transaction commission on confirmed
bookings; (ii) premium subscription listings for enhanced owner visibility. Expenditure is confined to software engineering and
cloud infrastructure, enabling capital-efficient region-by-region rollout.

3) Operational: The seven-step workflow (Register — GPS Detect — Search — Match — Select — Book — Rate) requires
minimal smartphone proficiency. Field-agent-assisted onboarding during pilot deployment will accelerate critical-mass
adoption. AgriRent leverages existing community-owned machinery, ensuring supply availability without infrastructure
investment.

V. RESULTS & DISCUSSION
A. Comparative Platform Analysis
Table Il benchmarks AgriRent against existing platforms across five functional dimensions, demonstrating comprehensive
superiority in real-time transactional capability and trust infrastructure.
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Real-Time v X v X
Booking
GPS v X Partial | X
Matching
Transparent | v X Partial | X
Pricing
Trust/ v X Partial | X
Escrow
Dual-Sided | v X v X
Network

TABLE I1I: Comparative Platform Analysis

B. Projected Outcomes

e Democratisation: Smallholder farmers access GPS-guided tractors and UAV drone sprayers on pay-per-use terms, removing the
capital ownership barrier entirely.

e Cost Reduction: Transition from ownership to rental is projected to reduce operational costs 30-50% for equipment-intensive
tasks such as land preparation and crop protection.

e Market Transparency: Standardised pricing and public owner ratings structurally eliminate price gouging endemic to
unorganised equipment markets.

e Asset Utilisation: Equipment owners—individuals, cooperatives, FPOs—generate supplementary income from idle machinery,
improving capital ROI.

e Time Compression: Equipment-sourcing time projected to fall from several hours (word-of-mouth search) to under five minutes
via instant digital booking.

C. Discussion

AgriRent addresses a documented market failure: the absence of a reliable real-time intermediary connecting agricultural equipment
supply with smallholder demand. The platform's dual-sided marketplace structure generates self-reinforcing network effects—each
additional registered owner increases value to farmers, which in turn attracts more equipment registrations—analogous to dynamics
observed in ride-hailing markets [2][3]. Digital literacy heterogeneity in the target user base is mitigated by GPS-automated location
detection and a minimalist interface. Phased rollout with field-agent onboarding is projected to achieve critical mass in pilot districts
within 12-18 months—the threshold at which network effects typically become self-sustaining. Compared to Kisan Suvidha (static
information) and Hello Tractor (partial matching in African markets), AgriRent's full transactional lifecycle and deeper trust
architecture represent a qualitative advance in platform utility for South Asian smallholder contexts.

VI. CONCLUSION

AgriRent presents a technically grounded, financially sustainable, and operationally scalable solution to the agricultural equipment
access crisis facing smallholder farmers in developing economies. The multi-criteria geospatial matching engine, comprehensive
five-category inventory, and embedded Security & Trust Layer collectively position AgriRent as robust digital infrastructure for
rural agricultural transformation.

Future work will encompass: (i) full-stack implementation and beta deployment in pilot districts of Maharashtra; (ii) empirical UX
studies with smallholder farmers to validate interface assumptions; (iii) production-load performance benchmarking of the
geospatial algorithm; (iv) Al-based demand forecasting leveraging crop-calendar data and historical booking patterns; and (v)
federated learning approaches enabling farm-level personalisation without centralising sensitive data.
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