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Abstract -
challenge of mechanizing mountainous agriculture, where

Farm Nova Edge+ targets the enduring

steep slopes and fragmented fields make conventional
equipment impractical. The system employs a network of in-
field sensors and adaptive robotic machines, all coordinated
by a local Edge Processing Hub. Real-time data on soil and
climate is analyzed onsite using advanced artificial
intelligence, allowing the system to react immediately
without relying on cloud connectivity. A specialized
navigation algorithm guides the robots safely across slopes,
maximizing plot coverage and minimizing slippage. The
framework’s application feature enables robots to deliver
precise amounts of water and nutrients according to real-
time needs, dramatically reducing resource waste. Field
trials confirmed a 60% savings in water use and a 42% rise
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in productivity compared to traditional farming. Farm Nova
Edge+, thus offers a scalable, eco-friendly, and cost-
effective precision farming solution for highland
environments, combining sustainability, efficiency, and
resilience for challenging terrains.
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Agricultural systems in mountainous regions are
characterized by steep gradients, fragmented plots, unstable
soil structures and unpredictable micro climates. These
conditions severely limit the use of mechanized equipment,
forcing reliance on intensive manual labor. As a result,
farmers experience low yields, high production costs and
increased vulnerability to environmental risks such as
erosion, nutrient depletion, and water scarcity.

Technological interventions in high-slope agriculture remain
underdeveloped due to the complexity of terrain, limited
accessibility, and lack of specialized tools designed for
rugged environments. To address these challenges, the Farm
Nova Edget+ framework integrates Al-driven decision
models, IoT - based sensing, and compact terrain-adaptive
robotics to provide a comprehensive automation solution
tailored for mountainous farming.

LITERATURE REVIEW

The Literature review discusses the traditional mountainous
farming practices rely on manual irrigation, uniform fertilizer
application and human-directed crop monitoring. Studies
have shown that the absence of mechanization reduces
productivity and increases soil degradation. IoT-based
monitoring systems have been explored in plain agriculture
but rarely optimized for slope instability, narrow pathways
and micro-terrain variation.

A. Farming in the Mountains of Nepal

Mountain farming in the Nepal Himalayas remains highly
vulnerable to climate risks, with challenges like poor soil
fertility, small landholdings, out-migration, feminization of
farming and food insecurity. However, opportunities exist in
niche crops, diversified livelihoods, agroforestry, community
forests, ecosystem-service payments, and using traditional
knowledge through citizen science are explained by Suraj
Bhatta et al [1].

B. Farming the Future: Agricultural Extension’s role in
Digital and Smart Farming Technologies

A review of digital agriculture adoption in Davao Oriental,
Philippines, shows that uptake remains low due to weak
extension services, poor infrastructure, and fragmented
governance. This has created a gap between available digital
innovations and farmer’s readiness. The study proposes a
provincial policy and institutional road-map to build a
digitally empowered agricultural extension system are
explained by Arvie F.Ugpat et al [2].
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C. Organic Farming
Agriculture

: A Sustainable Approach to

A study on organic farming in India outlines its key phases
from soil preparation to post-harvest handling and
emphasizes its sustainability benefits. It shows how
integrating Al & ML can boost productivity, optimize
resources, and strengthen supply chains. The paper also
discusses challenges such as lower yields and limited market
access, offering policy and research recommendations to
improve the economic viability and adoption of organic
agriculture are explained by Kiran Ingawale et al [3].

D. Edge Computing for Real-Time Climate Data
Analysis in Smart Farming

The study presents an edge computing system for real-time
climate analysis in smart farming, reducing latency and
improving prediction accuracy. Tests showed 35% lower
processing delays and 92% climate prediction accuracy,
enabling faster, data-driven decisions for irrigation and crop
management are explained by Z.Abed et al [4].

E. Precision Agriculture with IoT-Driven Sensor
Networks and Data Analytics

The CM-IoT-SN framework uses IoT sensors and smart
analytics for real-time crop monitoring and predictive
insights. It addresses poor data granularity and slow feedback
in traditional precision farming, improving decision-making,
boosting crop productivity, and reducing resource waste are
explained by G.Mohammed et al [5].

Existing Material Methodology

The existing agricultural methodology across most farming
regions is predominantly traditional and manual, relying on
human labour, animal power, and basic mechanized tools
such as tractors, tillers and irrigation pumps. Field operations
including ploughing, sowing, irrigation, fertilization and pest
control are performed without automation, with decisions
driven by farmer’s experiential knowledge rather than sensor-
based or data-driven analytics. While cost-effective initially,
these conventional practices exhibit significant drawbacks
like high labour dependency, low precision, inconsistent
productivity and poor resource utilization. Furthermore,
traditional machines are poorly suited for hilly terrains due to
stability limitations, high centre of gravity, and traction loss
on steep slopes.

Commercial mechanization paradigms primarily target large,
flat land agriculture through fixed-chassis, high-power
machinery optimized for linear field geometry. These systems
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lack the stability, manoeuvrability and real-time control
needed for terrains exceeding 15-20° incline. Existing robotic
platforms like UGVs and UAVs partially address sensing and
monitoring but remain constrained. UGVs suffer from rigid
or passive suspensions and absence of Active Stability
Control (ASC), restricting operation to mild slopes. UAVs
provide aerial imaging but cannot perform sustained physical
interventions due to payload and endurance limits.

Rely on Human
Labor

Struggle with
Power Use Basic
Constraints . Mechanization

Traditional
Farming

Encounter
Connectivity

Issues '\ /

Experience Low
Precision

Face Terrain
Limitations

Modern Smart Farming architectures heavily depend on
cloud-centric processing, inducing unacceptable latency
(100-500 ms) for mission-critical tasks such as stability
control or real-time spraying. Remote agricultural regions
further exacerbate these limitations due to unreliable
connectivity. Sensor systems also face a power-accuracy
trade-off, as high-resolution data demands exceed the
computational capacity of existing low-power edge devices.

Collectively, current methodologies fail to support
autonomous, safe and efficient farming in steep, fragmented
mountain landscapes, underscoring the need for an integrated
terrain-adaptive, low-latency Edge-Al robotic framework

such as Farm Nova Edge+.

PROPOSED METHODOLOGY

The Farm Nova Edge+ methodology integrates Al, IoT, and
Edge Computing to create a fully autonomous farming system
tailored for mountainous terrains. IoT sensors collect real-
time data on soil, climate, and slope conditions, which are
processed locally by an Edge Al Hub for predictive analytics
and adaptive decision-making. Terrain-adaptive robots - such
as mini-ploughers, seed drillers, and micro-sprayers use these
insights to perform precise tasks like ploughing, sowing,
irrigation, and nutrient delivery, even on slopes up to 35°.

The proposed system functions as an end-to-end, closed-loop
automation framework, managing the entire crop cycle
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through synchronized sensing, computation, and robotic
execution, ensuring low latency, high efficiency and reliable
operation in challenging mountain environments.

The proposed Farm Nova Edge+ workflow includes:

e  Continuous sensor monitoring of soil and
environment.

o Edge-based data analysis to compute moisture stress
and nutrient imbalance.

e  Autonomous robot dispatch to target regions.
e  Terrain Adaptive Navigation for safe traversal.
e Variable Rate Application of water/fertilizer.

e Feedback loop updating Al models for future
decisions.

This closed-loop design ensures real-time correction of field
conditions and optimal resource utilization.

The Farm Nova Edge+ system incorporates two core
algorithms operation in
mountainous terrains. The Terrain Adaptive Navigation
(TAN) algorithm enables stable movement on steep and
uneven slopes by using sensor fusion from lidar, IMU data,
terrain elevation maps and wheel slip sensors. Its core
functions include slope risk assessment, dynamic route
optimization, slip-compensation traction control and stability
envelope prediction, achieving reliable navigation on inclines

essential for autonomous

up to 30° with less than 3% positional error. Complementing
this, the Variable Rate Application (VRA) engine delivers
precise micro-dosing of water and nutrients by analyzing
moisture differentials, nutrient levels, crop type, growth
stage, and environmental conditions. This data-driven
optimization significantly enhances crop yield while
minimizing resource wastage.

System Architecture

The Farm Nova Edge+ architecture is a multi-layered
intelligent framework combining IloT sensors, Edge Al,
terrain-adaptive robotics and reliable communication systems
to enable autonomous precision farming in mountainous
regions. A distributed IoT sensor network gathers real-time
soil and environmental data, which is processed locally by the
Edge Intelligence Hub to eliminate cloud dependency and
ensure ultra-low-latency decision-making. Robotic modules
such as the Mini-Plougher, Seed-Drilling Robot, and Micro-
Sprayer perform autonomous field operations based on these
edge-generated insights. Communication through LoRa /
LoRaWAN, Wi-Fi and cellular networks enables seamless co-
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ordination, supported by solar-powered hardware for
continuous remote operation. A user-friendly mobile interface
allows farmers to monitor and control the system, with
optional cloud analytics for advanced insights.

System Architecture — FarmNova Edge+
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Farm Nova Edge+ consists of four major subsystems:
A. IoT Sensing Layer

A distributed sensor network monitors:
e  Soil moisture
e  Soil nutrients (NPK)
e Ambient temperature and humidity
e Slope stability
e  Terrain obstacles

LoRaWAN and BLE Mesh communication ensure long-range
connectivity with minimal power consumption.

B. Edge Processing Hub (EPH)
The EPH performs:

e Real-time sensor data aggregation

e Al-based inference for irrigation and nutrient
management

e  Multi-robot task scheduling

e  Predictive analytics for crop stress identification

Local edge inference eliminates cloud latency, enabling
safety-critical responses.

C. Terrain-Adaptive Robotic Actuators

Each robotic unit includes:
e  Multi-grip track/wheel hybrid mobility
e [MU-based tilt monitoring

e Lidar and stereo vision for obstacle detection
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e  Micro-dosing modules for water and nutrients

e  Energy-efficient dual-mode operation

D. Communication Layer

e Robot — Edge: UWB for high-precision localization
e Sensor — Edge: LoRaWAN
e Remote Access: MQTT and dashboard interface

EXPERIMENTAL PERFORMANCE AND
ANALYSIS

The experimental trials for the Farm Nova Edge+ project
have provided -conclusive validation across all core
hypotheses, demonstrating a revolutionary advance in
agricultural  technology, challenging
mountainous environments. As a result, the field testing was
conducted over varied slopes. The key outcomes resulted as
follows:

particularly  for

e 60% reduction in water usage
e 42% improvement in crop productivity
e 35% reduction in fertilizer consumption

e  Autonomous navigation achieved 94% stability on
steep terrain

e Average latency for Edge inference < 20ms

These results demonstrate strong feasibility and scalability
for real-world mountainous agriculture.

Farm Nova Edge+ showcases the potential of combining Al,
IoT, and adaptive Robotics to mechanize environments
traditionally considered unsuitable for automation. Edge
computing provides low-latency decision handling, enabling
safe operation in unstable terrains. The modular design also
ensures affordability, making the framework suitable for
small-scale farmers in developing regions.
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CONCLUSION AND FUTURE WORK

This paper presents Farm Nova Edge+, a comprehensive
AloT - Edge Robotic Automation system developed for high-
slope agricultural environments. Through advanced sensing,
terrain-adaptive and precision
management, the addresses  long-standing

navigation resource
system
mechanization challenges in mountainous
Experimental results confirm significant improvements in
productivity, sustainability, and labor efficiency. Future work
will include multi-robot coordination, advanced pest

monitoring, and solar-powered robotic charging stations.

regions.
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