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rtk4forest: Offline
cm-level Precision
for Forestry

Bridging the gap between multi-billion-dollar
orbital satellite systems and the harsh reality
of remote ground environments

rtk4
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Part 1: The rtk4forest Story
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The Sovereign Electronics Lab rtk4

Architecture-first hardware development built on technical integrity rather than market hype.

< Me
30 years of IT development and business logic management. One-man show.

- rtk4

Bootstrapped boutique electronics lab developing high-precision loT and

GNSS (intellectual property) assets for industrial and prosumer use
Precision GNSS for remote areas

. Barometric pressure sensor for prosumer market

. Specialized LoRa Trap for wildlife management in harsh
environments

Architecture first, truth first, understand before act, Lim . .cin, riuere=>
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Why and How rtk4forest Started

The Idea
Why not record precise geolocation of every newly planted tree?
The Problem

Forestry operations are modernizing, using high tech. The Baltic
wilderness presents a problem: you have orbital data from multi-
billion dollar satellite arrays, but a lot of areas have zero reliable
cellular coverage or other means of internet routing to fetch real-time
correction data.

The Objective

Build a fast, high-throughput geolocation system that brings
centimeter-level ground truth to remote areas with zero dependencies
on mobile networks or external infrastructure.

Made with GRMMA
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Compressed Architecture: Base + Rover Setup

Achieving extreme localization by handling state computation and correction streams entirely within a private radio field.
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BASE: LOCAL
REFERENCE STATION

SELF-SURVEYS &
LOCKS COORDINATES

((@[‘%» SECURE RF
MICRO-NETWORK

PRIVATE

2.4GHz

ROVER: CALCULATES
EXACT POSITION

SAVES GPXTO
MICRO-SD

N
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OFFLINE WAYPOINT
NAVIGATION

The Dual-Band Two-Body System

The Base: A portable local reference station deployed on-site. It
dynamically self-surveys, locks its absolute spatial coordinates,
and creates its own secure localized RF micro-network.

The Rover: The handheld/machine mountable unit that taps
into this local, private RTK correction stream to calculate exact
spatial positions on the fly. Data is saved onto a micro-SD card
as a standard .gpx file. Upon need, the operator inserts the
micro-SD card back to instantly run localized, offline waypoint
search and navigation.

Dual-band two-body geolocation uses carrier phase measurements from
two frequencies, enabling microprocessors to eliminate ionospheric delays.
By radio-linking base receiver to rover, the system calculates relative
carrier phase differences to cancel satellite clock errors.

The Silicon Engine

High-precision positioning is driven by industrial-grade u-blox
ZED-F9P multi-band GNSS modules. The brain - ESP32
microcontrollers.
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Real-World Bounds & The Canopy Pivot

Engineering integrity demands transparency — acknowledging current physical bounds shapes the development roadmap.

OPERATIONAL INTENT: CLEAR-CUT SUCCESS

Purpose-built for relatively speedy, high-density
geolocation mapping at new forest stands and
clearings with no reliable internet connection.

Testing at clear-cut sites and new forest stands —
success.

THE ROADMAP: CANOPY ATTENUATION

Testing under dense mature canopy demonstrates
that physics wins — attenuation and multipath
reflections from trees degrade standard RTK fixes.

Rather than a hidden flaw, this boundary is
presented openly as my development goal.
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Call to Action: Scaling to a Sector-Agnostic Engine

rtk4forest has proven its core architecture at TRL 5/6. The underlying engine — centimeter precision, internet independence, rapid
point-logging, and immediate hardware-level search — is built to be platform-agnostic.

Even though built for forestry, rtk4forest is seeking strategic partners to adapt this sovereign IP into adjacent domains where
precision and speed are essential and cellular failure is not an option, like:

Precision Ag Tech Infrastructure & Civil Works Logistics & Defensive

Fleet tracking and boundary Mapping pipelines, drainage links, or Security

mapping. rural utility corridors prior to Resilient, un-trackable navigation
excavation. networks operating under active

cellular denial or jammed RF
environments.
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Part 2: The Future of Resilient PNT
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The Technical Horizons of Alternative Positioning

~ The Big Picture: Geolocation is moving away from basic satellite reliance toward absolute resilience and hardware democratization.

Consumer-Grade Democratization
Satellite Constellation Evolution
o Quad-Band Silicon
o Low Earth Orbit (LEO) PNT Commercial Constellations
Hardware-Edge Sensor Fusion
o Next-Gen Visual Inertial Odometry (VIO) & Edge SLAM
o Quantum Sensing (Magnetometry & Gravimetry)
e Terrestrial & Opportunistic Radio Navigation
o Signals of Opportunity (SoOp)
o Ultra-Wideband (UWB) Localized Meshes
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The Technical Horizons of Alternative Positioning

The Big Picture: Geolocation is moving away from basic satellite reliance toward absolute resilience and hardware democratization.

e Consumer-Grade Democratization
e Quad-Band Silicon
e Quantum Magnetometry
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High—-Precision Democratization

The Market Shift

High-precision GNSS silicon is no longer restricted to
expensive, closed-source military or heavy surveying
gear. The cost and power consumption of precision
GNSS chips are going down.

The Consumer Convergence

This precision will be migrating into consumer space.

The competitive advantage is no longer just owning
the precision hardware, but owning the specialized,
edge-computed firmware and localized deployment
logic.

Challenges

Commoditization

Price race lowering measurement reliability and product quality.

Spectrum Saturation

Noise injection into radio bands as consumer-grade RTK adoption
increases.

The "Good Enough” Fallacy

Overcoming marketing noise from un-corrected consumer multi-band
modules claiming sub-meter accuracy to justify the cost of true RTK
fixes.
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Multi-Band Evolution

The Technology

Moving beyond dual-band (L7/L2) setups to quad-band
receiver architectures that process signals from GPS,
GLONASS, Galileo, and BeiDou simultaneously.

For example STMicroelectronics TeseoVI series, u-blox F10
series platforms, Quectel LG69T quad-system models,
Broadcom BCM47758 architecture frameworks.

The Business Value

For forestry and rural industries, this drastically cuts down
convergence times to reach an RTK Fix. More frequencies
mean more math to mathematically isolate and subtract multi-
path reflections.

Challenges

Thermal & Power
Budgets

Continuous processing
of raw quad-
constellation phase
observables shifts the
milliwatt curve upward,
challenging lightweight
field battery options.

Antenna Aperture
Limits

Miniature patch
antennas induce high
phase-center variations
across dense signal
profiles; capturing
multi-band signals with
precision demands
complex active
elements.
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Quantum Diamond NV Centers

The Technology

Utilizing synthetic diamonds with Nitrogen-Vacancy (NV) centers to create ultra-
sensitive quantum magnetometers. Green laser tracking pumps electron spins inside
diamond lattice defects; variations in the emitted red photoluminescence map
ambient vector magnetic field changes down to picotesla scales.

The System Model

Instead of looking at the sky, the device measures microscopic variations in the
Earth's localized geomagnetic field.

The Ultimate Objective

A completely passive, un-jammable, zero-emission positioning system. It requires
zero satellites and zero network routing, acting as the ultimate failsafe for sovereign,
resilient PNT in high-interference or denied environments.

Challenges

Magnetic Noise

Mathematically isolating external geological fields from local magnetic
currents running through surrounding copper paths and chip power
networks. Several sources of magnetic field.

Absolute Map Dependence

Complete reliance on pre-existing, highly dense crustal anomaly databases;
mapping data corruption drops absolute tracking reliability back to relative
drift.
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Conclusion & Call to Action — The Strategic Pivot

The rtk4 Core Message

The rtk4forest prototype proves that you don't need
continuous internet or crazy expensive infrastructure to
achieve centimeter ground truth today. Various use cases are
achievable with reasonable speed and cost utilizing
microprocessors and fast prototyping.

The Invitation

The architecture is validated. I'm inviting local IP licensing
partners and cross-industry stakeholders — whether in
precision agriculture, remote utilities, or sovereign security
stacks — to adapt and scale this air-gapped tech engine for
fields where precision and speed is essential and network
failure is not an option.
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Your turn: questions!
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