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1. Introduction
1.1 What do we do
In todays world, almost everything around us is being digitalised. The construction,
machine control and automotive industry is not left behind in this. New building projects are
digitally prepared and realised before even putting a shovel into the ground. With more and
more humans populating on more concentrated areas it is nowadays essential to know the
exact location of objects. One of the solutions to determine the location of everyday objects
is GNSS (GPS is part of this). But the problem is is that GNSS on itself is not accurate
enough.
RTK Direct has come up with a solution to further improve the GNSS performance to
an accuracy of 1 - 2 centimeters in real-time. This means that we can now accurately
determine an objects location in real-time for further processing and precise positioning.

1.2 Current activities
RTK Direct currently has an up and running GNSS correction network that is live and
accessible within the whole of the United-Kingdom. Subscriptions can be bought and used by
anyone who needs it. Currently RTK Direct has found a way to offer its service at a highly
compatible price with similar to better performances than its competition.

2 Market Context
2.1 Blockchain Technology
Blockchain technology is at the core of the cryptocurrency universe. A blockchain is a
decentralized, digital public ledger of all transactions. The blockchain maps out a
chronological record of the most recent transactions and allows market participants to keep
track of activity, eliminating the need for central recordkeeping.
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Also known as distributed ledger technology (DLT), blockchain technology was
originally developed as the accounting method for Bitcoin. The blockchain was designed so
the transactions recorded are indelible, with blocks added through cryptography that is
meddle-proof. The record’s authenticity relies on the entire community rather than a single
centralized authority, allowing for ef ciency and cost-savings.
Blockchain technology makes it feasible for a business to streamline internal operations
for many banks and businesses. Reducing the need for the reconciliation of records,
distributed ledger technology drastically reduces the expense, mistakes and, delays of
traditional systems. Electronic ledgers are much cheaper to maintain, result in much fewer
errors, and minimize processing delays and the ancillary issues associated with them. The
elimination of a central authority is also particularly bene cial in the context of international
business, in which time zones, currency conversions, and other factors can delay the process.

2.3 Cryptographic Assets
From our perspective, there are fundamentally three types of cryptographic assets. The
most well-known is a cryptocurrency, like Bitcoin. Additionally, two types of tokens exist:
utility tokens and security tokens. Examples are, in respective order, Ethereum and the
Blockchain Capital token (BCAP).

2.3.1 Cryptocurrencies
This type of cryptographic asset is known to disrupt conventional at money like the
U.S. dollar or euro. The major difference between cryptocurrency and at money is that there
is no government or bank issuing them. Cryptocurrencies rely solely on the trust-less
decentralised infrastructure they are built on, known as the blockchain.
Cryptocurrencies are great for moving money around without the need to trust a
centralised authority like a bank or clearinghouse, and are commonly way more effective at
doing so compared to cash. While they are great at exercising this speci c purpose, building
applications on top of their protocol is hard. In networking, the dilemma between pure
decentralisation, security, and scalability is an ever increasing problem.
Cryptocurrencies like Bitcoin rely heavily on decentralisation and security, to protect the
network from bad actors. While it may be feasible to build some applications on top of the
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protocol, doing so at scale is very challenging and has not been proven yet. Therefore, other
solutions have emerged providing new ways to create new types cryptographic assets called
tokens.

2.3.2 Tokens
With the advent of Bitcoin and other cryptocurrencies, Ethereum made it easy for
developers to issue tokens based on the projects they are involved in. Tokens can generally be
divided into two groups:
1.

Utility tokens: these types of tokens provide access to a protocol, network or

other type of infrastructure.
2.

Security tokens: these types of tokens represent an asset, like a share of a

company, art, real estate, or any other type of valuable asset of which the ownership
has been converted to a digital, token based agreement.
While the majority of cryptographic assets are proclaimed utility tokens now, we believe
we will see a surge in security tokens as the crypto market matures. Increasingly more assets
will be tokenized to be exposed to the global liquidity pool cryptographic assets have access
to. As most regular investment products are securities, we believe that the same will be the
case in crypto, and security tokens will be increasingly more dominant than pure utility
tokens.
Issuing a compliant security token is hard. To ensure both compliance and global
acceptance, one must follow speci c sets of rules, many of which are not clear yet. Robust
protocols for issuing security tokens have yet to emerge. In the following section, we will
elaborate more about the security token landscape.

2.4 Security Tokens
As cryptocurrency and blockchain technology rises in popularity, security tokens are
being issued more and more. With billions of dollars being poured into the market from a
wide range of sources, government and nancial institutions are nding it more and more
imperative to regulate the cryptocurrency space, at least to an extent. Security tokens
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speci cally are backed by external, tradable assets. They are often used to grant companies
the ability to issue tokens that represent shares of company stock. Because of this, unlike
utility tokens, security tokens are subject to federal security regulations. The majority of these
regulation efforts are centered on KYC and AML regulations.
KYC regulations - KYC is an acronym for “Know Your Customer,” and is the
process of obtaining relevant, identifying information about your customers. The service
provider mandats all customers to release relevant identi cation documents such as photo ID,
bank accounts, credit card information, residential address, etc. This process is in place to
ensure unquali ed people - minors, people with criminal histories, etc. - cannot use a service
they are not authorized to use. It also creates a database of information that can provide
helpful insights in the unfortunate case of criminal activity. KYC is often used on online
platforms such as gambling or trading.
AML regulations - AML means “Anti Money Laundering” and essentially refers to
the range of regulations enacted to prevent illegal and/or illicit monetary transactions. Most
government and nancial institutions create a regulatory framework within their ecosystem,
making it dif cult for people to convert money obtained in illegal ways into legitimate assets.
In order to participate in any part of the exchange, participants need to meet KYC/
AML requirements prior to entering the platform. Each participant will need to nd a KYC
provider in the country of residence. Just as in any industry, compliance is necessary for the
success and growth of a company, enabling mass adoption. At RTK Direct, we hold
compliance to the utmost degree of importance and consider it a fundamental subject within
our company.
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3 RTK Direct GNSS Correction Solution
Achieving centimeter accuracy with high performance GNSS (GPS) equipment has its
challenges. To give you an understanding of accuracy differences between devices you can
look at the comparison below:
• Mobile phone GPS

– 15 to 20 meter accuracy

• High performance GNSS

– 1 to 3 meter accuracy

• Corrected High performance GNSS

– 1 to 2 centimeters
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In the example above you see that a GNSS receiver by itself is way more accurate than
your standard mobile phone but it is still not centimeter accurate. This has nothing to do with
the brand or which manufacturer it comes from as even the most expensive receivers can only
go to approximately 1 meter by itself. So how do you become centimeter accurate with your
GNSS in real-time?
The solution to this is to use correction services like RTK Direct. RTK Direct has
developed a solution to create and transmit GNSS corrected positioning data to nearby
GNSS receivers. This network sends encrypted positioning adjustments that GNSS receivers
can use to optimise and further improve their performance. RTK Direct allows GNSS
receivers to go from 1 meter accuracy to 1 centimeter accuracy in a matter of seconds.
Correction data is send with an high update rate so that the GNSS receiver can have a realtime, highly accurate calculation at any time.

Let’s rst explain where the issues arise and why you need a service like RTK Direct to
become centimeter accurate. Simply said, the positioning satellites we all use are in orbit
around our planet and because they are orbiting in space there are a few issues we have to
deal with. These are:
1. atmospheric interferences
2. timing errors
3. Ephemeris data errors
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3.1. Atmospheric interferences
Since the positioning satellites we use are in orbit, the signals they transmit will have to
pass through our Ionosphere and Troposphere. The Ionosphere is electrically charged which
gives an interference to the signal. The interference in this layer depends on solar activity,
time of the year, time of day and location. The Troposphere is closest to the earth and
interferences to the signal depend on temperature, density, pressure and humidity. All these
factors make it really hard to predict.
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3.2. Timing errors
Precise timing is key to the accuracy of GNSS and is most of the time forgotten. Even
with the most advanced atomic clocks onboard the satellites, the tiniest differences can have a
huge impact.
Since the satellites are orbiting at a height of around 25.000 kilometers, a small 5 ns
timing error can already create around a 1.5 meter deviation in accuracy.
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3.3. Ephemeris data error
This error is basically the difference between the actual position of the satellite and the
expected position. Since your GNSS receiver uses the satellites position to calculate its own,
minor orbital errors can have an effect on the accuracy of your GNSS antenna.

4 RTK Direct Network Structure
RTK Direct network consists of components. All 2 components are key to the stability
and performance of the network
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4.1. Hardware
High performance hardware provides accurate positioning data on all constellations.
Where most networks only support GPS and GLONASS positioning data which minimises
performance, RTK Direct’s hardware is capable of supplying correction data on GPS L1 L2
L5, GLONASS L1 L2 L3, GALILEO E1 E5A E5B E6 ALTBOC and BEIDOU B1 B2 B3.
By supplying correction data on all constellations RTK Direct allows the user to maximise its
performance on his gnss receiver. For optimal network performance the base stations are
placed approximately 30 - 50KM apart. Atmospheric pressure and density, as well as the
actual line-of-sight towards the satellites determines the max baseline distance. RTK Direct
has takes these variables into account to ensure optimal performance

4.2. Software
The RTK Direct custom software is the brain behind all calculations and providing
accurate data to all users. The Software has 3 components:
• RTKD Center
• RTKD NET
• RTKD Server

4.2.1 RTKD Center
The RTKD Center is responsible for receiving and distributing all base station
information and data management of the whole system. It can then package up this data in
various formats for different purposes. It is responsible for storing the raw GNSS base data
and will extract this on request in any sampling interval.
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4.2.2 RTKD NET
RTKD NET is designed to take care of the realtime positioning data for the whole
network as well as the generation of the Virtual reference stations. It mainly takes care of
network data processing, including ambiguity resolution for the entire network. as well as
error modelling and differential correction transferring.

The RTKD Software Algorithm is based on double differenced observables that can
eliminate selective availability effects as well as other biases. The highlights of the algorithm
are described next. At a given epoch, and for a given satellite, the simpli ed carrier phase
observation equation is the following:
ϕ=ρ−I+Tr+c(bRx−bSat)+(Nλ+ε)ϕ
Where:
•

I is the signal path delay due to the ionosphere;

•

Tr is the signal path delay due to the troposphere;

•

bRx is the receiver clock offset from the reference (GPS) time;

•

bSat is the satellite clock offset from the reference (GPS) time;

•

c is the vacuum speed of light;

•

λ is the carrier nominal wavelength;
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N is the ambiguity of the carrier-phase (integer number);

•

εϕ are the measurement noise components, including multi-path and other effects;

•

ρ is the geometrical range between the satellite and the receiver, computed as a

function of the satellite (xSat, ySat, zSat) and receiver (xRx, yRx, z Rx) coordinates as:
ρ=(xSat−xRx) 2+(ySat−yRx)2+(zSat−zRx)
For two receivers a and b making simultaneous measurements at the same nominal time
to satellites 1 and 2, the double difference observable is:
ϕ12a−ϕ12b=ρ12a−ρ12b−I12a+12b+Tr12a−Tr12+λ(N12a−N12b)+ε12a−ε12b
In the above equation receiver and satellite clock offsets and hardware biases cancel out.
The single difference ambiguities difference N12a−N12b is commonly parameterised as a
new ambiguity parameter N12ab. The advantage of double differencing is that the new
ambiguity parameter N12ab is an integer because the non-integer terms in the GPS carrier
phase observation, due to clock and hardware delays in the transmitter and receiver, are
eliminated. Although it would be possible to estimate the double difference ambiguity using a
oat approach instead of an integer one, this would lead to dm-level accuracy instead of cmlevel. Hence, standard RTK xes the ambiguities to integer gures.
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4.2.3 RTKD Server
RTKD Server is the connection between the user and the network. It manages the
access and license distribution for the entire network. It takes care of the authentication of
the user license as well as the data transfer between user and RTK NET. The received GGA
data is processed by RTKD NET to determine the location of the user in the network. On its
turn the RTKD Server will send correction data back to the end user.
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5. Industry application
More and more industries are adopting high precision gnss receivers into their own
equipment. But in order for this equipment to achieve accuracies of 1 - 2 centimeters you will
need correction data. Without it this is impossible. For this reason, as the demand for
precision gnss is rising, so is the demand for the correction data that it needs. RTK Direct is
one of these companies that supplies this data and is currently doing so to the following
industries
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5.1 Autonomous driving
Numerous sensors aboard the car such as radars, LiDAR and cameras take the role of
human eyes as vehicle ‘perception’. Together with arti cial intelligence, perception provides
the vehicle with awareness of its surroundings and obstacles, both static and dynamic,
expected and unexpected.
The other crucial part of this is the information about the global location, speed and
orientation of the vehicle. This is where GNSS comes in. GPS has been in cars for years as
part of the infotainment system, to provide navigation directions to the driver. This type of
simple-navigation GPS has limited accuracy and reliability, as you might have noticed when
driving in urban downtown areas. High performance GNSS receivers with Corrected satellite
date are accurate and safe enough for automated driving GNSS also provides a common
reference frame that allows cars to communicate with each other and the outside world, using
a uniform and reliable language to broadcast their location

5.2 Machine Control
More and more machines are driving by itself where the human is just a fail-safe for
when it goes wrong. An every day example would be the highway you’re driving on to get to
work. You want this highway to be smooth and not full of bumps. Dozers nowadays use high
precision GNSS to smooth out any imperfections before the tarmac goes on. This is possible
due to the dozer being equipment with high performance GNSS

5.3 Mining
The mining sector has traditionally been an early adopter of new technologies, with a
process of incremental innovation over many decades. At the core of these technologies are
geospatial and mapping systems that enable precise location of mine facilities and machines
to be recorded, monitored and guided. To achieve this level of control it is essential that
position is known to between 1 cm and 10 cm. This accuracy can be delivered with high
precision GNSS, paired with RTK Direct correction data.
An example on how centimeter accurate GNSS is being used in the mining industry is
with collusion control. The loaders that are driving in the mines are so big that it makes it
impossible to view your close surroundings. Equipping every vehicle on site with precision
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GNSS allows you to keep track of everything around you and send an alert when vehicles
come too close.

5.4 Drones
The next-generation drones are currently equiped with Precision GNSS as well. Along
with autopilot modules it allows you to create a ight plan for the drone to execute.
Autonomous ying drones can be used for multiple applications. Farmers that want to spray
their land and don’t want to y over the same patch of land twice as this would be a waist of
fertiliser and not cost-effective. Drone mapping companies can use the drones accuracy
paired with advanced imagery to exactly pinpoint locations during ight.

5.5 Agriculture
The costs associated with agriculture are on the rise and environmental demands are
gaining ground by the day, meaning ef cient and sustainable farming solutions are needed
more than ever. RTK Direct offers an affordable solution to move towards precision
agriculture. In doing so, it enhances precision, eliminates waste, saves time, reduces fatigue,
optimises the use of equipment (thus extending its lifetime) and increases crop yields.
With current food prices and market capitalisation it is vital for farmers to be more and
more cost-effective. Ef ciently seeding and fertilising your land to minimise waist is key and
this is where precision gnss and RTK Direct come into play. Farming machinery equipped
with autonomous driving capabilities that run on centimeter accurate GNSS will never drive
over the same patch of land twice with corrected GNSS data. Effectively saving thousands on
fuel and extra seeds.

5.6 Geomatics and Land Surveying
Land surveyors are called in to map and determine the location of every day objects. A
good example would be the pipes and cables that go underground. Old cables never had a
location to them and so new companies that start digging often accidentally dig up these
cables since nobody knew they were there. This often results in huge damages when power
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cables or water pipes are struck. By knowing the exact location of these cables and pipes you
limit future damages and thus effectively preventing huge damages

5.7 Construction
When land developers plan on building new real-estate they need to determine the size
of land and the available space. This happens with precision GNSS. When the workable area
is determined a plan is digitally realised. This Digital terrain model is then being set-up in real
life using gnss equipment to determine the exact position of every object.

5.8 Marine and Offshore
Narrow inland waterways, lock systems and harbours require boats to navigate with
utmost precision, sometimes leaving only a few meters between passing boats. Docking and
undocking manoeuvres require special attention from the remote captain who monitors the
process. In order to judge the situation correctly and if needed to remotely steer the ship, the
remote captain needs to know the exact position of the ship down to sub-meter level.
Multipath errors are caused by GPS satellite signals being re ected off nearby structures
such as lock walls, bridges, buildings and other ships. Multipath delays the GPS signals and
reduces both the accuracy and reliability of the ship’s position. Another factor which affects
positioning and its accuracy is GPS satellite visibility. When the ship is lowered into a lock, the
lock walls block the line-of-sight from the ship to GPS satellites which results in a loss of
information for positioning calculation.
The solution is centimetre level positioning that can be achieved by receiving signal
corrections from RTK Direct. By using corrected data you can further improve the vessels
position

5.10 Industry overview
Global navigation satellite systems (GNSS) allow users with compatible devices to
determine their position, velocity and time by processing signals from satellites. GNSS signals
are provided by a variety of satellite positioning systems, including global constellations
(Galileo, GPS, GLONASS, BeiDou), regional systems (e.g. QZSS and IRNSS) and satellitebased augmentation systems (SBAS), such as EGNOS or WAAS.
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The global GNSS downstream market revenues from both devices and services are
forecast to grow from €150 billion in 2019 to €325 billion in 2029 with a CAGR of 8%. This
growth is mainly due to revenues from mass market and mid-end devices (<€150) and from
augmentation services. Services relying on GNSS technology to create added-value for users
represent the biggest revenue stream for the GNSS market. In 2029, revenue from addedvalue services will account for €166 billion, or more than half of total global GNSS revenue.
The Road and Consumer Solutions segments dominate by far all other market segments
in terms of cumulative revenue, with a combined total of 93.3% for the 2019-2029
forecasting period. In the Road sector, most revenues are generated by in-vehicle systems
(IVS), advanced driver-assistance systems (ADAS) and eet management, whereas Consumer
Solutions revenues mainly come from the data revenues of smartphones and tablets using
location-based services.

More than 50% of the remaining revenue will be generated by Agriculture and
Geomatics. The main revenue-generating applications in Agriculture are variable rate
technologies (VRT) and automatic steering, while the primary source of revenue in
Geomatics is cadastral and construction surveying.
https://www.gsa.europa.eu/market/gnss-market
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6 Challenges
Building and maintaining a GNSS correction network comes with its challenges

6.1. Network stability
Delivering an uninterrupted data feed to users is key for the network stability and
performance, as well as performance to the end user. Cloud-based servers with drop-out failsafes drastically improve the networks uptime. Current uptime with maintenance sessions
included is approximately 99.8%

6.2. GNSS base performance
Optimal end-user performance depends on the quality of hardware RTK Direct is
using. RTK Direct’s hardware is capable of supplying correction data on GPS L1 L2 L5,
GLONASS L1 L2 L3, GALILEO E1 E5A E5B E6 ALTBOC and BEIDOU B1 B2 B3. Most
local based network are only GPS and GLONASS ready which means that RTK Direct
outperformance its competition

6.3. Accessibility
Accessibility and ndability helps connect new users to the network. RTK Direct is
currently the only provider that supplies on-demand access to any type of user without
veri cation or delay. Our (ASMS) Advanced Subscription Management System will instantly
create an account and activate a license. Users can manage and create subscriptions in their
own dashboard.
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7 Network coverage and expansion
RTK Direct strives to have a globally covered network up and running by 2033. This
expansion will happen in 7 stages. These stages are based on population density and industry
demand.

7.1. Fase 1 - UK - 2019
Late 2019 we started realising the United-Kingdom network. The reason we started in
the United-Kingdom is mostly a nancial reason but also geographical. With controlled
pricing it was relatively easy for us to offer a price competitive solution with plenty of margin
for growth and expansion. Currently the mainland is fully covered and the networks user base
is steadily growing.
•

Bases installed - 93

7.2. Fase 2 - Europe - 2021
7.3. Fase 3 - North America - 2022
7.3. Fase 4 - Australia - 2023
7.4. Fase 5 - South America - 2023
7.5. Fase 6 - Asia & Middle East - 2024
7.5. Fase 6 - Africa - 2025
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8 RTK license solution
8.1. RTK Token

RTK Direct is a BEP-20 token that exists on the Binance Smart chain. the total token
supply is 25.000.000.000 with no burn or mint option. RTK tokens will be used for all
transaction within the RTK Direct eco system. All liquidity pool and team tokens will be
locked

8.2. Re ection fee
RTK Direct charges a 2% re ection fee on every transaction that will be distributed
back to all token holders

8.3. Payment gateway
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