Autonomous Eco-Farming Rover: A Modular
Robotic Platform for Smallholder Agriculture

Executive Summary

The Autonomous Eco-Farming Rover (also referred to as the MicroFarm Rover or AgriRover
Eco) is a modular, solar-assisted electric robotic platform designed to bridge the mechanization
gap for smallholder farmers in developing markets. Representing five out of every six farms
globally, smallholders (farms under two hectares) produce approximately 35% of the world’s
food yet remain largely underserved by traditional, heavy, diesel-dependent agricultural
machinery.

The rover's primary innovation is the integration of Vision-Language-Action (VLA) captioning,
an intelligence layer that converts visual field observations into human-readable explanations
before executing farm actions. This "explainable autonomy" ensures safety and transparency,
allowing farmers to understand the machine’s reasoning. Designed for low-cost local repair and
precision input application, the rover performs four critical functions: shallow strip tilling,
precision seeding, micro-dose fertilizing, and targeted spot spraying. The platform aims to
increase productivity, reduce physical labor, and minimize environmental impact through
climate-smart, precision agriculture.

The Problem: The Smallholder Mechanization Gap

Small-scale agriculture faces significant barriers to productivity and sustainability:

o Inappropriate Scale: Traditional tractors are often too expensive, too heavy, and poorly
matched to small, fragmented plots.

e Labor Inefficiency: Manual farming delays planting windows, limits yield potential, and
places a high physical burden on the workforce. In low-income economies, agriculture
accounted for approximately 59% of total employment in 2025.

o Input Inefficiency: Conventional methods often result in inconsistent seed spacing and
the over-application or under-application of fertilizers and pesticides.

o Economic Barriers: High upfront costs for hardware and reliance on expensive diesel fuel
make many precision agriculture systems inaccessible to the farmers who need them
most.




The Solution: A Modular, Electric Platform

The proposed solution is a lightweight, modular field robot designed to perform narrow-row
operations with high precision.

Design Philosophy
The rover is built on four core principles:

1. Low-Cost: Utilizes commodity parts, standard motors, and open-source electronics.

2. Modular: Features a single base vehicle with quick-swap tool heads for versatile
operations.

3. Repairable: Employs a steel tube frame, standard bearings, and bicycle/motorcycle-style
wheels for easy local maintenance.

4. Eco-Friendly: Uses electric drive with solar charging, reducing soil compaction and
chemical runoff.

Physical Specifications

Feature Target Specification

Dimensions Length: 120 cm

Weight 120 kg (Base)

Payload Capacity 80 kg

Ground Clearance 30-50 cm

Speed 0—7 km/h (Work speed: 0.5-2 km/h)

Battery 48V 30Ah LiFePOa (Lithium Iron Phosphate)
Runtime 6—10 hours per charge

Charging 3.5 hours (Solar assisted)




Core Technology: VLA Captioning and Intelligence

What differentiates this platform is the use of Vision-Language-Action (VLA) captioning.
Unlike "black box" Al systems that move directly from sensor data to action, this rover provides
a structured middle step of field understanding.

o Explainable Autonomy: The rover generates human-readable descriptions of its
environment (e.g., "The soil strip is dry enough for planting. The maize row is visible.").

o Rules Engine: These captions are checked by a safety and agronomy rules engine before
any machine action is permitted.

e Human-Centric Design: This allows farmers, NGOs, and lenders to audit exactly why the
machine acted, what inputs it applied, and where it operated.

Modular Tool Capabilities

The rover is designed to be a versatile field assistant through interchangeable modules.

1. Shallow Strip Tiller (Module 1)

Designed for conservation agriculture, this module avoids heavy full-field tillage to protect soil
structure and prevent erosion.

e Mechanism: Narrow 10-25 cm rotary strip tiller.

o Features: Adjustable tines for depth (2—5 cm), depth wheels, and soil moisture sensors to
prevent tilling in overly wet conditions.

o Weight: 45 kg.

2. Precision Seeding & Fertilizer (Module 2)
This module focuses on high-value, measurable planting operations.

o Seeding: Uses a precision metering wheel or vacuum disk for crops like maize, beans,
and sorghum. It tracks row spacing, depth, and confirms seed drops.

o Fertilizing: Employs an auger-based granular dispenser for micro-dosing. It places small
amounts of fertilizer specifically near the seed or plant root zone to reduce waste and
runoff.

e Capacity: 18 L for seeds; 18 L for fertilizer.



3. Targeted Spot-Sprayer (Module 3)

To maintain an eco-friendly profile, the rover rejects blanket spraying in favor of targeted
application.

o Safety Lock: No autonomous chemical spraying occurs without human approval and
verification of weather conditions (wind lockout).

e Mechanism: Shielded nozzles and a low-pressure pump reduce chemical drift.

o Sensors: Camera-based detection of pests or disease signs.

e Capacity: 15 L tank.

Operational Strategy and Safety

The rover operates under a supervised autonomy model, functioning as a field assistant rather
than a full replacement for the farmer.

o Workflow: The farmer defines field boundaries, crop types, and rules via a mobile app.
The rover then follows the row, executes the task (planting, tilling, etc.), and logs all data
(seed count, chemical volume, location).

o Safety Protocols:

o Physical Emergency Stop (E-stop) button and wireless kill switch.
o Low-speed operation near humans and animals.

o Obstacle detection using cameras and ultrasonic sensors.

o Geofenced operating limits.

Business and Impact Thesis

Economic Models

Recognizing that many smallholders cannot afford high upfront costs, the platform supports
several revenue models:

e Rover-as-a-Service (RaaS): Local operators own the machine and charge farmers per
hectare (the strongest initial model).

e Leasing: Monthly or seasonal leases for farmer cooperatives.

o Direct Sale: To governments, NGOs, and large smallholder groups.

o Data Services: Providing field records for insurers and lenders.



Impact Levels

Farmer: Higher productivity, reduced physical labor, and improved crop uniformity.
Environment: Reduced fuel use, lower soil disruption, and minimized chemical over-
application.

Institutional: Enhanced data for agricultural ministries and development programs
regarding field activity and yield predictions.

Development Roadmap

The project is structured into a staged prototype and pilot program to ensure technical stability
before scaling.

1.

2.

e

Phase 1: Engineering Prototype: Build the electric chassis, battery system, and manual
controls.

Phase 2: Planting & Fertilizer MVP: Add precision seeding, micro-dose fertilizer, and
basic field logging. (Identified as the most valuable first product).

Phase 3: VLA Captioning Layer: Integrate camera-based captioning and farmer-facing
reports.

Phase 4: Field Pilot: Trials with smallholder cooperatives and research partners.

Phase 5: Targeted Spray Module: Add human-approved spot spraying with strict safety
and drift controls.
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