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Abstract

GNSS, InSAR and LIDAR are identified as important techniques when it comes

to monitoring and remote sensing of our planet Earth and its atmosphere. In fact,

these techniques can be considered as key elements of the Global Geodetic

Observing System. Examples of applications are: environmental monitoring;

volcano monitoring, land slides, tectonic motion, deforming structures, atmo-

sphere modeling, and ocean remote sensing. Hence, it concerns applications at

local and regional scales, as well as at global scales. The main issues can be

summarized as: need for a better understanding of processes, leading to better

models; need for observational material; and adequate modeling techniques.

88.1 Introduction

Recognising the central role that Global Navigation

Satellite Systems (GNSS) play in many applications

like engineering, mapping and remote sensing, the

work of Commission 4 of the International

Association of Geodesy (IAG) focuses on several

GNSS-based techniques, taking into account GPS,

Glonass, Galileo and Beidoe. These techniques

include precise positioning, but extending beyond the

applications of reference frame densification and

geodynamics, to address the demands of precise,

real-time positioning of moving platforms.

Precise kinematic GNSS positioning technology

itself (alone or in combination with other positioning

sensors) is a key topic as well as its applications in

surveying and engineering. Recognising the role of

continuously operating GPS reference station net-

work, the non-positioning applications of such geo-

detic infrastructure is considered as well, such as

atmospheric sounding.

The commission also deals with geodetic remote

sensing, using (differential) InSAR, and GNSS as a

remote sensor with land, ocean and atmosphere

applications.

This contribution aims to summarize the most

important applications of GNSS, InSAR and LIDAR

in the field of monitoring and remote sensing of our
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planet Earth and its atmosphere, either at local or

regional scales or even at a global scale. The

techniques can be considered as key elements of the

Global Geodetic Observing System (GGOS), which is

the flagship of IAG (Drewes 2007).

88.2 Geotechnical and Structural
Engineering

88.2.1 Monitoring and Alert Systems
for Local Geodynamic Processes

Nowadays extended multi-sensor deformation mea-

surement systems consisting of terrestrial geodetic

and geotechnical measurement as well as hydrological

and meteorological instrumentation completed by the

InSAR technique are mainly employed for multi-scale

monitoring of landslide prone areas. Thereby InSAR is

used for large-scale detection of landslide prone areas

as well as for deformation measurements of the

investigated landslide area.

Such a complete measurement system is very suit-

able for the investigation of the kinematic behaviour

of landslides and together with other (e.g. hydrologi-

cal, meteorological, etc.) parameters for the study of

the dynamics of landslides (Mentes 2008a). The obser-

vation data is usually collected in GIS (see e.g.

Lakakis et al. 2009b; Mentes 2008a, b) and used to

develop Spatial Decision Support Systems (SDSS)

(e.g. Lakakis et al. 2009a) and Early warning systems.

The Dunaf€oldvár test site in Hungary is monitored

by terrestrial and InSAR measurement techniques.

Figure 88.1 show the test site before and after the

landslide on February 12, 2008. The high bank on

this area was sliding slowly with increasing velocity

since September of 2007 till 12 of February 2008. On

this day there was an abrupt sliding. About 500,000 m3

loess was sliding toward to the river Danube. The

whole sliding process was monitored. The study of

the movement is a good possibility to understand the

kinematics and dynamics of the slope. The monitoring

will be continued in the future to study the after-

sliding processes (Újvári et al. 2008, 2009).

88.2.2 Application of Artificial Intelligence
in Engineering Geodesy

In the last years, Artificial Intelligence (AI) has

become an essential technique for solving complex

problems in Engineering Geodesy. AI is an extremely

broad field – the topics range from the understanding

of the nature of intelligence to the understanding of

knowledge representation and deduction processes,

eventually resulting in the construction of computer

programs which act intelligently. Especially the latter

topic plays a central role in applications (Reiterer and

Egly 2008). Current applications using AImethodologies

in engineering geodesy are:

• Geodetic data analysis

• Deformation analysis

• Navigation

• Deformation network adjustment

• Optimization of complex measurement procedures

An example highlighted in the following is a new

deformation analysis system based on AI techniques.

Here AI shall be used for the task of deformation

assessment and deformation interpretation. The main

task of the AI component is to transfer the information

of a deformation analysis in a useable form for an

automatic deformation interpretation. Therefore dif-

ferent approaches from the AI field are used and joined

to a case-based reasoning system. The simplified mea-

surement and analysis procedure, including the defor-

mation assessment component is shown in Fig. 88.2.

Although this deformation assessment is mainly

developed for a terrestrial laser scanner and image-

based measurement system, an extension to other data

acquisition systems is possible. The deformation

assessment developed at the Vienna University of

Technology is based on the idea of supporting the

expert who performs the interpretation by former
Fig. 88.1 Beginning of landslide in 2007 (left), and landslide

after February 12, 2008 (right)
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deformation cases. The case base includes the reason

for the former deformations (Lehmann and Reiterer

2008).

88.3 Modelling and Remote Sensing
of the Atmosphere

88.3.1 Ionosphere

The past years have seen an increasing effort in the

collection of experimental data for monitoring of TEC

and ionospheric scintillation studies. This effort has

resulted in the deployment of dedicated networks of

ground GNSS and scintillation receivers, at high and

mid latitudes. One of such networks is the Canadian

High Arctic Ionospheric Network (CHAIN) composed

of GPS receivers collocated with ionosondes. This

configuration of instruments (collocated ionosondes

and GPS receivers) will have an added advantage in

the tomographic imaging of the electron density

structures in the polar cap and calibration of the GPS

data (Jayachandran et al. 2009). Similar effort is taking

place in the Antarctica (Alfonsi et al. 2008). Other

networks exist. There is also effort by means of satel-

lite missions. For example, in situ measurements from

GRACE K-Band ranging and CHAMP planar

Langmuir probe (PLP) have been used for the valida-

tion of the International Reference Ionosphere (IRI);

and FORMOSAT-3/COSMIC occultation data used in

combination with GNSS and satellite altimetry aiming

at a combined global VTEC model (Jakowski et al.

2007; Alizadeh et al. 2008; Todorova et al. 2008;

Mayer and Jakowski 2009).

There has been effort put on enhancements in the

spatial and temporal representation of TEC and or

VTEC, globally, regionally or locally. Algorithms for

spatial representation are a function of the area size

and can be spherical harmonics, trigonometric

B-splines, endpoint-interpolating B-splines, Chapman

functions. For the temporal representation, there is

a choice among empirical orthogonal functions,

B-splines and Fourier series representation. An

a-priori regularization procedure is usually needed to

handle existing data gaps, even though multivariate

adaptive regression splines have been shown to be

capable of dealing with rare observations without

regularization (Schmidt et al. 2007, 2008).

Near- and real-time applications require the dis-

semination of predicted values of TEC. This brings

to mind the SBAS (WAAS, MSAS and EGNOS, the

later has just made available its “Open Service”),

based on continental networks but regional or local

systems may also support these applications.

Investigation into multi-GNSS constellation and

higher order (e.g., 3rd) determination TEC seem to

be gaining momentum. Higher order ionospheric

delay terms, which have been mostly disregarded in

the dual-frequency world, can be taken into account in

a multi-frequency reality. The cm-level contribution

of the ionospheric 2nd and 3rd order terms (in the

cubic and quadratic inverse of the frequencies)

can be more easily modelled in a triple- (or multi-)

frequency system (Hoque and Jakowski 2008). The

inclusion of higher order ionospheric terms in GNSS

processing can potentially lead to an increase in accu-

racy at a global level by a few millimetres (Hernández-

Pajares et al. 2007).

88.3.2 Troposphere

The increasing use of Numerical Weather Models

(NWM) has helped enhancing the prediction of neutral

atmospheric models (Boehm et al. 2006). It has also

become a source of neutral atmospheric delay that can

be directly applied in GNSS processing, including PPP

(Hobiger et al. 2008a). If from one side NWMs contain

a more realistic temporal representation of the delay

than prediction models, from the other side the extrac-

tion of this information requires ray-tracing through

the neutral atmosphere, a time consuming task if

done properly (Nievinski 2009). Fast and accurate

algorithms are of fundamental necessity (Hobiger

et al. 2008b). How can NWM be used in practice

Fig. 88.2 Simplified system architecture of the deformation

assessment component (after Lehmann et al. 2007)
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vis-à-vis computational cost “vs.” accuracy? Is it nec-

essary to extract all information contained in a NWM

to obtain a more accurate delay than that provided by

prediction models, especially at low elevation angles?

These still seem to be open questions.

There has been an increasing emphasis of neutral-

atmosphere delay monitoring by ground GNSS and

satellite missions, with radio occultation consolidating

itself as a solid technique (Wickert et al. 2009).

There is a continuing effort towards enhancements

in the spatial and temporal representation of the neu-

tral-atmosphere including its azimuthal asymmetry.

Several models incorporating gradients, spherical

harmonics, tomography, have been further tested

including information from NWMs (Urquhart et al.

2011; Ghoddousi-Fard et al. 2009; Rohm and Bosy

2009). The theory of turbulence seems to have

gained more attention recently in the modeling of

GNSS observations either at functional or stochastic

levels (Sch€on and Brunner 2008; Nilsson et al. 2009).

88.4 Applications of Satellite and
Airborne Imaging Systems

Synthetic Aperture Radar (SAR) and Light Detection

And Ranging (LiDAR) systems are very useful for

geodetic applications, such as monitoring local area

ground surface deformations due to volcanic and seis-

mic activities, and ground subsidence associated with

city development, mining activities (e.g. Ge et al.

2007; Ng et al. 2008), ground liquid withdrawal, and

land reclamation (e.g. Ding et al. 2004).

InSAR is a very active field of research in the geo-

detic research communities. The current research issues

include the development of more effective methods/

algorithms for InSAR solutions, the quality control

and assurance of InSAR measurements, the study and

mitigation of biases in InSAR measurements such as

the atmospheric effects (e.g. Li et al. 2006), integration

of InSAR and other geodetic technologies such as GPS,

and new and innovative applications of the technology

in geodetic studies (Fig. 88.3).

Fig. 88.3 Deformation observed with InSAR after earthquake in L’Aquila, Italy on 6 April 2009 with magnitude of 6.3
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88.5 GNSS Reflectometry

The signals of Global Navigation Satellite Systems

(GNSS), including US Global Positioning System

(GPS), Russia GLONASS, Europe Galileo and China

Compass, propagate the atmosphere with the delay

and reach users with the multipath error. For a long

time, such indirect GNSS signals are considered as a

nuisance, i.e. error sources, and now can be transferred

into useful products, e.g. the water vapor, temperature,

and pressure, electron density of the atmosphere and

surface characteristics of land and oceans (Jin and

Komjathy 2010).

Surface multipath delay from the GNSS signal

reflecting from the sea and land surface, could be

used as a new tool in ocean, coastal, wetlands, Crater

Lake, landslide, soil moisture, snow and ice remote

sensing (e.g. Komjathy et al. 2004). Together with

information on the receiving antenna position and the

medium, associating with the surface properties of the

reflecting surface, the delay measurement can be used

to determine such factors as wave height, wind speed,

wind direction, and even sea ice conditions. Martin-

Neira (1993) first proposed and described a bistatic

ocean altimetry system utilizing the signal of GPS.

Recently, a number of applications have been

implemented using GPS signals reflected from the

ocean surface, such as determining wave height,

wind speed and wind direction of ocean surface,

ocean eddy, and Sea surface conditions (Rius et al.

2002; Komjathy et al. 2004; Gleason et al. 2005). The

estimated wind speed using surface-reflected GPS data

is consistent with independent wind speedmeasurements

derived from the TOPEX/Poseidon altimetry satellite

and Balloon at the level of 2 m/s, and the estimated

wind direction using surface-reflected GPS data is

almost consistent with results obtained from a buoy

at the level of 10� (Garrison et al. 2002; Komjathy et al.

2004).
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