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GNSS applications 
applications in land Surveying:
n cadastral Surveying aims to establish property boundaries. Fiscal policies such as land 

taxation rely heavily on cadastral surveying.
n construction Surveying covers the different construction stages of a building or civil 

engineering project, whereas machine control applications automate construction activ-
ities thanks to GNSS.
l Machine control applications  use GNSS positioning, for example, to automatically 

control the blades and buckets of construction equipment using information provided 
by 3D digital design.

l Person-based applications enable many positioning tasks, including making surveys, 
checking levels, performing built checks  and staking out reference points and markers.

n Mapping: GNSS is used to define specific location points of interest for cartographic, 
environmental and urban planning purposes.

n Mining: mine surveying involves measurements and calculations at each stage of mine 
exploitation, including a safety check.

applications in Marine Surveying:
n Marine Surveying encompasses a wide range of activities (seabed exploration, tide and 

current estimation, offshore surveying, etc.), all of whose outcomes are important for mari-
time navigation.

In this chapter
n Key trends: GNSS supports land and property management activities in mature and 

emerging markets.
n Industry: List of main players by value chain segment.
n recent developments: Property-related activities stimulated growth in shipments of 

GNSS devices.
n future market evolution: Construction activities in Asia-Pacific and North America will 

drive GNSS growth.
n User technology: Multi-GNSS and multi-frequency receivers - with additional sensors - for 

enhanced capabilities.
n focus on European GnSS: EGNOS and Galileo satisfy entry-level and advanced applica-

tion requirements.
n reference charts: yearly evolution of GNSS devices’ installed base and revenues by 

segment and geographic area.
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GNSS supports land and property management activities in mature and emerging markets

Key market trends
n Strong economic growth and rapid urbanisation in emerging countries fuels the demand for building and cadastral surveying activities in new parts of the world.

n Person-based construction applications and the large market value of machine control drive GNSS uptake.

n Democratisation of mapping: reduction of GNSS receiver prices and increases in accuracy are transforming mapping into a more accessible activity.

GNSS increases construction productivity
Surveying is the discipline of accurately determining the position of points and the distances and 
angles between them. 
GNSS supports construction operations by assisting the operator in both person-based operations 
and machinery guidance, offering the following benefits:
n time savings such as faster performance of surveying tasks and reducing the number of 

passes required by graders and excavators.
n Input and capital savings thanks to the reduction of machine wear and tear that results from 

fewer errors, the maximisation of machine utilisation, and savings in fuel costs.
n Improved quality due to repeatable and consistent data recording and improved data  

exchange between design and construction.

The evolution of user needs will drive market growth
In Land and Marine Surveying, GNSS-based instruments satisfy many requirements of a wide range 
of professional users: constructors, surveyors, engineers, scientists, etc.
n accuracy: depending on the application and the region, accuracy requirements range from 

cm level (e.g. control survey for construction) to metre level (mapping).
n availability: multi-constellation is required for improving availability in mining activities, as 

well as in cadastral and construction undertakings in urban canyons.
n the time to first fix (ttff) and time-to-convergence (ttc): high productivity require-

ments demand fast TTFF and TTC.
n Price: while end-users in developed markets rely on expensive but highly sophisticated equip-

ment with centimetre accuracy, users in large emerging markets tend to favour cost efficiency 
over accuracy.

This evolution of user needs has enabled Asian players to enter emerging industry, where they 
are generating economies of scale and cumulating expertise. In the future, competition between 
established North-American/European companies and Asian manufacturers will increase, not only 
in emerging markets but also mature ones, possibly reshaping the surveying industry.

The UAV market is taking off
The uptake of Unmanned Aerial Vehicles (UAVs) for civil applications offer new opportunities for 
using air-based activities:
n UAVs offer rapid, cost-effective and highly automated geospatial data acquisition in small and 

medium sized areas.
n Both photography and topographic data can be generated.
n Hazardous or difficult to access areas can be surveyed without the need for human access.

©
 T

hi
nk

st
oc

k



* European companies
Value chain considers the key global and European companies involved in the GNSS dowstream activities.
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The EU GNSS industry in the global arena
Leading GNSS companies in Surveying are multi-national, serving a very diversified market that extends far beyond 
their original region. To date, companies from established markets still dominate the receivers manufacturers market. 
Trimble remains the leader, followed by Hexagon and Topcon. Regarding system integrators, the market is comprised of 
different players according to applications (manufacturers of construction machinery, producers of surveying equipment, 
specialists in marine applications, etc.). The regional industry shares of the market are divided between North America (ca. 
50%), Asia (ca. 25%) and Europe (ca. 25%).

European companies hold about a quarter of the market, both in terms of components and receivers and system 
integrators. Focusing on components and receivers, the top European companies are Hexagon (including Leica 
Geosystems) and Laird. Among system integrators, European companies have 27% of the market, with the top three 
European companies being Hexagon, Kongsberg, and J.C.B.

TRIMBLE (OMNISTAR)
HExAGON; LEICA GEO- 
SySTEMS (SMARTNET)*
TOPCON (TOPNET LIVE)
FUGRO (STARFIx)*
DEERE & CO; NAVCOM 
(STARFIRE)
ORPHEON*
SAPOS*
VERIPOS*
TERIA*

COMPLEMENTARy 
INFRASTRUCTURE
(AUGMENTATIONS)

COMPONENTS 
MANUFACTURERS 
(RECEIVERS AND 
OTHERS)

SySTEM  
INTEGRATORS

SOFTWARE,  
APPLICATIONS 
AND ADDED- 
VALUE SERVICES

PROFESSIONAL  
USERS CUSTOMERS

TRIMBLE
HExAGON (LEICA  
GEOSySTEMS, NOVATEL)*
TOPCON
AGJUNCTION
LAIRD*
DEERE & CO (NAVCOM)

CATERPILLAR
HExAGON*
KOMATSU
TRIMBLE
KONGSBERG*
DEERE & CO
TOPCON
J.C.B. SERVICE*

TOPCON
TRIMBLE
HEMISPHERE
JAVAD
HExAGON (LEICA  
GEOSySTEMS)*

Constructors
Educators
Engineers
Environmentalists
Professional
Organisations
Scientists
Surveyors
Farmers
Oil & Gas Companies 

Public Organisations,
Private Companies, 
(including Insurance),
Individuals,
Natural Resources,  
Management Firms,
Hydrographic Offices,
Offshore Wind Farms,
Underwater Cable &  
Pipeline Installers.
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Property-related activities stimulated growth in shipments of GNSS devices

The installed base of GNSS devices has tripled over the past eight years, from 140,000 units in 2006 
to 426,000 units in 2013. 

asia-Pacific in particular experienced a substantial increase, progressively reshaping  the market’s 
geographic breakdown. In 2006, north america accounted for 44% of GNSS devices in use, but 
by 2013 this share had reduced to 30%. By contrast, Asia-Pacific has grown from 11% to 30% over 
the same time period. In other words, GNSS is expanding at a faster pace outside Western regions 
where it typically doesn’t have to compete with legacy systems. 

The growth in GNSS device shipments has been supported by cadastral Surveying, Mapping and 
construction (machine control) which, together, accounted for 87% of the installed base in 2013. 
The demand for cadastral surveys is partly the result of population and income growth in emerging 
countries and the application of the principle of fair taxation in established markets.

construction activities also played a significant role in fuelling growth, largely due to the construc-
tion boom in emerging markets and the post-crisis recovery in established ones. In 2013, the 
construction industry in Southeastern Asia grew by 7.5%, vis-à-vis a 4.5% increase in the United 
States and 4% in Japan, and a 2.5% decrease in Europe.
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Construction activities in Asia-Pacific and North America will drive GNSS growth

The sustained development of the construction sector in asia-Pacific will drive the growth of 
GNSS device shipments, which are estimated to increase by an average of 11% per annum world-
wide between 2013 and 2023. Although by 2023 Asia-Pacific will represent about 50% of total 
shipments, North America and Europe are expected to account for an important share of the 
market (around 20% and 14% respectively).

Due to increasing competition and technological advancements, the average price of devices is 
expected to drop. Starting from 2020, price erosion and growth in shipments will compensate 
each other, stabilising total annual revenues (ca. €4.8 bln, see the reference charts on page 71).

Growth in GNSS devices is expected to be driven by cadastral Surveying and construction activ-
ities. In 2023, surveying equipment for cadastral applications is expected to account for around 
half of the 500,000 shipments per annum. 

Machine control is foreseen to steadily increase over the next decade, with shipments growing 
from 35,000 units in 2013 to 155,000 in 2023. This activity can be considered a high value discipline 
as annual revenues will exceed €1 bln.
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Multi-GNSS and multi-frequencies receivers - with additional sensors - for enhanced capabilities

Surveying represents the most demanding market segment in terms of accuracy and, thanks to 

high purchasing power, it was an early adopter of technological innovation. Once equipment costs 

decreased, other segments followed in adopting the many features already tested in surveying.

The chart on the right below shows that the vast majority (more than 85%) of GNSS devices 

offered today use a minimum of two constellations.* In addition, almost 40% of receivers already 

support four constellations. This is largely explained by the fact that the use of  additional satellites 

improves the overall performance of the service in terms of reliability, The Time To First Fix (TTFF) 

and availability.

The evolution of Precise Point Positioning for surveying applications
Developed in the 1990s, Precise Point Positioning (PPP) is a technique relying on a single GNSS 

receiver to provide accurate positioning by using detailed physical models and corrections, and 

precise orbit and  clock products.

In the past, its long time-to-convergence has undermined its attractiveness for real-time applica-

tions compared to differential GNSS techniques such as RTK.

Recent developments in the real-time distribution of correction products have led to several 

advanced techniques that allow for ambiguity-resolved real-time solutions (PPP-RTK) with achiev-

able accuracy comparable to RTK, and with much faster convergence time for surveying applica-

tions. 

Surveyors will benefit from triple frequency capacity with Galileo to further reduce convergence 

time, thus offering PPP as a possible alternative to differential GNSS positioning techniques.

USER TECHNOLOGY 69SURVEYING

* For the methodology applied to the charts please go to page 15 of the Report.
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 * For the methodology applied to the charts please go to page 15 of the Report.
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EUROPEAN GNSS

By providing sub-metre level accuracy with minimal investment, EGNOS 
is a cost-effective, entry level solution. It satisfies the needs of mapping 

applications requiring enhanced GPS positioning by providing added value, free of charge. 

Municipalities, forestry authorities, utilities and other users benefit from EGNOS performance in 
Mapping. As an example, the Fibre To The Home (FTTH) network deployment in France took advan-
tage of the price-quality ratio of EGNOS enabled receivers for field data collection.

High-end, demanding Surveying applications seek to maximise the accuracy of 
measurements and signal availability in harsh environments. For instance, Galileo 
dual frequencies, as well as Commercial Service High Precision (HP), will meet the 
level of accuracy required for many applications in Cadastral, Construction and Mine 

Surveying.

More generally, Galileo will offer enhanced performance by providing signals on multiple frequen-
cies and by offering additional satellites in view. Additional benefits of Galileo include Commercial 
Service authentication, ensuring the trustworthiness of positioning information, as well as stronger 
signal and higher elevation of satellites.

EGNOS and Galileo satisfy entry-level and advanced application requirements

70 SURVEYING

CALIBRA demonstrates the value of GNSS in fast-developing markets
Located across the magnetic equator, Brazil is extremely exposed to ionospheric perturbations 
that impair the effectiveness of the GNSS-enabled techniques (e.g. RTK and PPP), widely used 
in high-precision applications.

CALIBRA (Countering GNSS High Accuracy Applications Limitations due to Ionospheric Distur-
bances in Brazil) project developed, implemented and validated algorithms to mitigate these 
disruptive ionospheric disturbances. 

More information on http://www.calibra-ionosphere.net

MapKITE project devises a dual system for corridor mapping
Mapping areas such as corridors, where access is limited, currently relies on costly and separate 
terrestrial and aerial missions. The MapKITE project aims to demonstrate that such activities 
can be performed at lower cost. It looks to accomplish this by creating a dual mapping system 
that combines a terrestrial vehicle (TV) with an unmanned aircraft  (UA) to provide oriented, 
calibrated and integrated images. 

The solution will integrate EGNOS and E5 AltBOC Galileo signals into a navigation payload, 
therefore benefiting from improved robustness and integrity. This multi-constellation (GPS/
Galileo) terrestrial-aerial sensing system is ultimately meant to provide cost-efficient, high 
resolution mapping. The project will also test the concept’s technical and commercial feasi-
bility. 

European EGNSS R&D Programmes support competitiveness of the EU industry

Source: CALIBRA project
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Core revenue of GNSS device sales and services by region

Installed base of GNSS devices by region

Core revenue of GNSS device sales and services by application

Installed base of GNSS devices by application
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