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Airborne laser scanning has proven to be a suitable tool to provide highly accurate ele-

vation data quickly and at a relatively low cost. The technique is used for the determi-

nation of digital surface models and digital terrain models. Several countries in Europe

have adopted this technology either to update or to create nation-wide elevation mod-

els,  thus replacing (at least partly) the classical photogrammetric procedures. The

growing number of applications where laser-derived elevation data is used, underlines

the important role of accurate and up-to-date elevation data in our modern society.  

By Ir. Jan Willem van der Vegt and Dr. Andrea Hoffmann

Compared to traditional survey methods,
airborne laser scanning offers a number of
advantages. It is the only technology
capable of determining the "bare" ground
elevation model in forested areas. Besides
which, surveys can be performed during
day and night. Furthermore the weather
constraints are far less strict than with
aerial photography. The fast data acquisi-
tion, the high accuracy, the lower field
operation costs and the automated data
processing make the costs of producing
elevation data with laser scanning signifi-
cantly less when compared with those
associated with other more traditional
forms of data collection. The last years
have shown a remarkable diversification
and advancement of sensor systems, pro-
cessing strategies and applications.
Millions of hectares have been scanned -
without even leaving footprints!

Mature Technology

If conferences are a measure for the adop-
tion of technologies, the ASPRS Conference
held in late April 2001 in St. Louis, USA,
clearly showed that laser scanning can be
considered as a mature technology. The
Conference showed an impressive presence
of LIDAR, both in the Conference topics
and in the presentations (with 10 technical
sessions), as well as in the exhibition hall.
This article focuses on the current status of
the technology and its applications. New
tendencies and developments in both hard-
ware and software are highlighted and
some future perspectives are given.

Current Status

Airborne laser scanning for mapping activi-
ties became possible with the availability
of accurate airborne GPS and the develop-
ment of economic solutions for INS/IMU
systems. Also the software to compute the
elevations and discriminate between
ground and non-ground reflections is rela-
tively new and is based partly on work
done at the University of Stuttgart by peo-
ple like Joachim Lindenberger and Peter
Friess (since 1992). After a period of proto-
type systems, it is only since 1995 that
commercial instruments have become avail-
able for purchase. Currently there are three
major suppliers of instruments - Optech
Inc. in Canada, Azimuth Corporation in the
USA and TopEye AB in Sweden. In addition,
there are a number of proprietary instru-
ments, which have been developed specifi-
cally for in-house use and are not available
for purchase by a third party. Examples are
the FLI-MAP systems from Fugro/John E
Chance, TerraPoint’s ALTMS systems and
the TopoSys system from Germany.

Year Number of systems

1995 3
1996 9
1997 11
1998 20
1999 38
2000 53

Table 1: The number of commercial sys-
tems in operation world-wide 
(Flood 2001)
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In a recent study by Martin Flood (2001)
the number of commercial instruments in
use world-wide and their growth since 1995
was tabulated (Table 1).

These figures show clearly the rapid yearly
growth in the total number of systems.
They also indicate the marked increase in
this growth over the last two years. 

If we analyse the distribution of these sys-
tems over the globe, it can be concluded
that more than 75% of these systems have
been purchased by companies based in
North America and Europe. Although a
number of these companies operate global-
ly, this corresponds with the fact that the
majority of airborne laser scanning projects
have been carried out in North America and
Europe. However the Asia/Pacific market is
growing very rapidly. An example of this is
the recent announcement from the
Australian based company, AAMGeoScan

ments necessary to exploit the technology
form barriers in applying it in specific parts
of the world. However the need for accu-
rate and up-to-date 3D geo-information will
further increase its adoption. Major "driv-
ing" forces will be environmental issues

Pty. Ltd., to have started the largest LIDAR
contract in that region covering more than
20,000 km2 of southern Australia. A further
rapid growth of this market can be expect-
ed. However a more detailed analysis of
the market shows large differences in the
adoption of the technology per country. For
instance, in Europe, we see that a large
concentration of the projects occur within
just a few countries in the western part,
whereas in the more central, eastern and
south-eastern countries, hardly any projects
using airborne laser scanning technology
have been carried out so far. 

Current Applications 

This geographic concentration indicates
that, at this moment, looking at the situa-
tion from a global perspective, we are part-
ly still in the "awareness" phase of the life
cycle. It is also clear that the large invest-

Airborne Laser Scanning /LIDAR:
the Principles

The basic components of a LIDAR sys-
tem are the laser scanner, the Global
Positioning System (GPS) receiver and
an Inertial Navigation System (INS/IMU).
The laser scanner is mounted in an air-
craft and emits infrared laser pulses at a
high frequency. The scanner records the
difference in time between the emission
of the laser pulses and the reception of
the reflected signal or signals.

The round trip travel times of the laser
pulses from the aircraft to the ground
are measured and recorded along with
the position and orientation of the air-
craft at the time of the transmission of
each pulse. After the flight, the vectors
from the aircraft to the ground are com-
bined with the aircraft position at the
time of each measurement and the three
dimensional X, Y, Z coordinates of each
ground point are computed.

The system can be operated at various
scan frequencies and at different alti-
tudes depending on the desired mea-
surement accuracy. The post-flight pro-
cessing combines precise aircraft
trajectories developed from differential
GPS solutions with the corrected laser
ranging data and aircraft roll, pitch and
heading information. Integration of this
data produces a precise horizontal posi-
tion and vertical elevation for each laser
pulse. Each pulse of light is later classi-
fied as ground, vegetation, structure,
etc. ... After post-processing, these
points make up the Digital Terrain
Model.
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A 3D river model derived from laser scanning (Courtesy: TerraImaging)
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Monitoring beach
erosion with air-
borne laser scanning

ing Reaches Maturity 



like flooding and sea level rise, but also
urban modeling for telecommunications
and the wireless industry. The current com-
mercial applications are mainly in the topo-
graphic and environmental fields. They
include the following:

-DTM Generation
Airborne laser scanning is a fast, cost-effec-
tive and highly accurate method for the
production of Digital Terrain Models (DTMs)
The classification of the LIDAR data has
been focused on the distinction between
ground and non-ground points, thus result-
ing in digital terrain models and digital sur-
face models as basic products.
Sophisticated software has been developed
to achieve this automatically. In a number
of countries, the technology has been
applied to obtain highly accurate DTMs of
large areas (several tens of thousands of
km2) quickly and at a reduced cost. 

-Water Management
Accurate elevation data is crucial for Flood
Plain Mapping. The elevation information
that is delivered by the laser scanning is
used as the basic topographic information
for modeling programs. In the case of
flooding, there is a need for the timely pre-
diction of potential problems and for disas-
ter management. These prediction models
need to be based on the ground elevation
data. So for river modeling, the possibility
of being able to remove vegetation and of
computing both the DTM and DSM proves
to be a big advantage of laser scanning
compared to other techniques. The model-
ing of rivers with traditional survey tech-
niques was a difficult and expensive task
due to the expense incurred in data acqui-
sition. The information about the river
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flood plains was generally collected by
field surveys or by photogrammetric mea-
surements. Generally profiles were taken
with a spacing of 100 m or more, leading
to a fragmentary knowledge about the
river structure. Laser scanning supplies
the models with complete information
about the river flood plains, the distribu-
tion of the vegetation and the soil-rough-
ness and improves their outcome consid-
erably. Laser scanning has been used for
flood plain mapping in the U.S.A. by the
US Federal Emergency Management
Agency (FEMA) and, in Europe, in the
Netherlands, Germany, the UK, Ireland,
Belgium and France.

-Coastal Zone Monitoring
Coastal Zone mapping is another area in
which airborne laser scanning has proven to
have clear advantages over other survey
techniques. Mapping these areas using aeri-
al photogrammetry is mostly difficult or
impossible due to lack of contrast (on sandy
beaches) or dense vegetation (e.g. man-
groves). The vulnerability and frequently the
remoteness of these areas make traditional
land surveying a non-option. Several coun-
tries, e.g. the Netherlands and Belgium, are
using laser scanning as part of their pro-
gramme of coastal zone monitoring.

-Forestry 
Mapping the terrain in forested areas was
probably the very first application that air-
borne laser scanning was aimed at. In
Europe, the research group at the University
of Stuttgart carried out its first test with a
profiling laser aimed specifically at estab-
lishing the degree of penetration of the
laser signal in different types of forests. Of
course, the main reason was that, with the
advent of laser scanning, it became possi-
ble for the first time to map the terrain
topography in forested areas in an accurate,
fast and reliable manner. Apart from deter-
mining the terrain topography under the
trees, nowadays, other forest parameters
are determined from the laser data. In par-
ticular, information on the tree heights and
densities is obtained in order to model,
monitor and predict the forest development.
Furthermore, information on the forest

stands (species and
crown structure) is
derived from the
detailed analysis of the
reflected pulses and
intensity readings.

-Telecommunications 
During the last few
years, the telecomms
market has gone
through a period of
impressive expansion.
For the rapid "roll-out"
of their networks, up-
to-date, reliable and
precise 3D information
about the elevation of
buildings, the terrain
and the land cover
was needed to provide
a planning base for
the antenna sites.
LIDAR data can supply
the required base
information. In the

Airborne laser scanning: terrain topography and forest parameters

3D City models help telecomms organizations to plan their wireless networks
(Example Courtesy: AAMGeoscan Pty. Ltd.).



competitive environment of providing
broadband wireless communication ser-
vices, the use of this data acquisition
method proved to be of great help. 

-Noise Modeling
In a similar manner to the use of the data
by the telecomms industry, 3D City models
are also necessary for noise modeling.
These models are a tool for the analysis of
the noise stress generated from traffic and
other sources, and help in the planning of
noise suppression measures. TerraImaging
and dBvision have developed a method to
derive the input for these models from
high-resolution digital elevation data com-
bined with other digital geo-information.
The method meets the standards of the
sound policy MIG and the standards set by
European regulations. Again laser derived
elevation data can replace time-consuming
and expensive fieldwork.  

-3D-Visualization
The use of the third dimension for visual-
ization gets more and more emphasis and
goes beyond that of simply having "nice
imagery". On the Internet, 3D imagery and
videos give new insights into fields as dif-
ferent as tourism, architecture, education,
real estate, etc. Planning authorities use 3D

Tendencies and Developments

In his study, Martin Flood (2001) con-
cludes that a preliminary estimate of the
number of laser altimeter instruments that
need to be installed to fulfil the world-
wide demand is 200. With these figures in
mind, it is interesting to note the develop-
ments at the major instrument manufac-
turers. The Azimuth Corporation was in
the headlines in late April, when LH
Systems announced that it had finalized
its acquisition of the Corporation and the
distribution of its AeroScan LIDAR sensor.
The AeroScan product line, enhanced and
re-branded as the LH Systems ALS40
Airborne Laser Scanner, will join the LH
Systems product palette of systems for
the acquisition, processing and mainte-
nance of precise information from imagery.
ALS40 systems will be available either as
stand-alone sensors or in a joint configu-
ration with the RC30 aerial film camera or
the ADS40 Airborne Digital Sensor. Within
the laser community, this development is
valued as a complement to the laser tech-
nology. Undoubtedly this will have its pos-
itive influence in creating a further aware-
ness and an increase in the credibility of
the airborne laser scanning industry.

(continued at page 38)

models to improve the communication of
their plans and make them accessible to a
bigger audience, thus enabling a more
democratic approach to the complicated
planning procedure. The first steps towards
3D topographic maps derived from the
integration of laser elevation data and 2D
topographic data sets have been presented
in the Netherlands (Simonse 2001). It can
be expected that the future will show still
more real 3-dimensional topographic data
sets.

-Corridor Mapping
The high point density and accuracy of
elevation data collected with airborne
laser scanning makes it a very suitable
tool for the planning, maintenance and
management of infrastructure features
such as dikes, roads, railways, pipelines
and power-lines. The laser data can be
so detailed that individual power-lines
can be observed. Using multiple pulses
and high density data, the positions of
these wires relative to the vegetation
underneath the cables can be moni-
tored. This feature makes it an efficient
technique in monitoring programmes
aimed at the prevention of bush fires
caused by vegetation coming too close
to the wires.

1/2 ad
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tion capturing. This option helps further in
discriminating and classifying between
ground and non-ground reflections and
within the non-ground reflections. It is
anticipated that, as a next step over the
next five years, new signal analysis tech-
niques will offer the possibility to store
and analyze the full waveform instead of
only discrete pulses.

The latest generation of laser scanners
supplies the user with an additional
observable: the intensity information of the
reflected signal. This gives the advantage
of having a "real" intensity image as an
additional information source. Since most
laser scanners operate in the 1,040 to
1,060 nm wavelength, the intensity of the
reflected signal is related to the surface
from which the laser pulse is reflected. So
the availability of the intensity information
could help users to perform a further the-
matic interpretation of the terrain mapped,
offering the advantage of a digital image
together with the highly accurate co-ordi-
nates in X, Y and Z for every image ele-
ment.

This new technology still awaits the devel-
opment of further analytical techniques. So
far, the intensity data has been used as an
additional source for quality and accuracy
assessment and to get further and more
detailed information about the acquired
area. Until now, this information has been
used purely visually. For further investiga-
tions, the data sets need some additional
pre-processing such as mosaicing and his-
togram adjustment of the different flight
lines - as is done with "normal" spectral
image data sets - in order to have a homo-
geneous base for interpretation. A limita-

tion in the interpretation is the fact that
the measurement of the return signal is rel-
ative. The actual return intensity is based
on several factors such as flying height,
atmospheric conditions, directional
reflectance properties and the reflectivity of
the return target.

-Sensor Fusion
Most laser scanners are equipped with a
video camera or, in some cases, with a dig-
ital frame camera. The supporting imagery
is mostly used for quality control only.
There is a trend in sensor fusion to utilize
imagery acquired using accurate digital
cameras or multi-spectral sensors. This
fusion appears to offer some interesting
possibilities - for example, the derivation of
digital orthophotos from the simultaneous
acquisition of LIDAR and optical imagery.
However it remains questionable whether
such an integration is interesting from an
operational point of view. 

-Software Tools
The software tools that are available for
processing the raw LIDAR data are propri-
etary items, developed by the system man-
ufacturers (or their partners) and available
only for the system owners. No commercial
software tools are available as yet. The
software developments during the last 2 to
3 years have mainly been focussed on a
further automation of the data reduction,
on improvements of the classification, and
on the inclusion of quality control and
accuracy assessment tools. With the exist-
ing tools, it is possible to process the data
acquired directly in the field into classified
X,Y,Z point co-ordinates, resulting in
"overnight" processing and delivery within
24 hours. However, for large projects with

3D representation for noise stress modeling (Courtesy: TerraImaging)

Optech Inc. from Canada recently
announced the opening of its US office.
The company is also expanding and
strengthening its organization to cope with
the increasing demand for its ALTM instru-
ments and the necessary customer support.
The various developments taking place at
these manufacturers underline the strategic
importance of this technology and the
growth expectations of the business.

-LIDAR Instrumentation
As with all new technologies, the laser
scanner instruments have shown significant
changes within a relatively short time peri-
od. Whereas the first commercial system
delivered by Optech in 1993 was capable
of transmitting 2,000 pulses per second (2
kHz), the current systems from this manu-
facturer can go as far as 33 kHz. It is
expected that this rate will increase further
and could reach up to 100 kHz by 2005.
This increase in the pulse repetition rate
determines directly the point densities that
can be achieved with the instruments.
There is a demand in the market for higher
point densities (up to 1 point per 2 to 4
m2 for large areas). However, in some
cases, one can query the sense behind
increasing the point density. As with other
technologies, one sometimes gets the feel-
ing that the technical possibilities drive the
demands instead of the application itself.
This trend once made a service provider
enquire desperately whether his customer
really wanted him to "burn the earth"
behind the plane. In current practice, for
most applications, the data sets are signifi-
cantly reduced in size before being used.

The maximum operating altitudes have
increased from 500 metres for the earlier
systems to up to 2,000 metres as a stan-
dard for the current systems with options
to go as high as 6,000 metres. At these
higher altitudes, the accuracies that can be
achieved will consequently be less. With
the current commercial systems and the
standard processing software, the standard
accuracy for the elevation values derived
from a flying height of 1,000 metres is 15
cm; while the planimetric accuracy is at the
10 to 50 cm level. With more elaborate
software and more stringent data-acquisi-
tion conditions, elevation accuracies at the
sub 10 cm level can be achieved.
Improvements in the IMU part of the sys-
tem and improved processing algorithms
form the basis for these improvements.

The state-of-the-art systems use multiple 
(2 to 5) pulses resulting in multiple eleva-
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huge amounts of data
acquired during multiple
sessions and high accura-
cy requirements, longer
processing times are
unavoidable to assure
good quality and to orga-
nize the acquired data in
a proper way. 

The classification of the
LIDAR data has been
focused on the distinction
between ground and non-
ground points, thus
resulting in terrain models and surface
models as basic products. Sophisticated
software has been developed to achieve
this automatically. Further thematic inter-
pretation of LIDAR data sets has been
shown to be difficult due to the lack of
(multi-spectral) image information. With the
availability of the intensity information, the
multiple pulses and, in some cases, the
integration with the imagery from frame
cameras, additional information is available
for an improved interpretation.

To extract thematic information from these
data sets, new developments in the field of
image interpretation can be used. Object-
oriented approaches like the eCognition
software package developed by Definiens
allow a more straightforward extended and
analysis of the data. Especially for high-res-
olution data, the object-based approach
shows advantages compared with pixel-
based analysis. Results published by
Andrea Hoffmann et al. (2000, 2001)
showed that the automatic classification of
houses (as objects) from combined intensi-
ty-elevation data sets and a further auto-
matic classification of the non-ground-
points into vegetation and buildings can be
achieved, thus leading to a more stable
interpretation of LIDAR data. The results
can be considered as the first exchange
between the raster (image) and the point
data "worlds" and will open further appli-
cation opportunities. 

Conclusion

It can be concluded that laser scanning has
grown into a mature technology. Current
developments will further increase the
potentials of this technology. Adding more
"intelligence" via additional observables,
new classification techniques and integra-
tion with other sensors will make airborne
laser scanning more than "just" an efficient
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and effective method for deriving elevation
data. Based on this, it can be expected
that the number of applications will further
increase beyond what can be foreseen at
this present stage. It is the opinion of the
authors that this exciting technology,
together with the advent of digital high-res-
olution stereo-imagers, will change the
mapping market and its position in modern
society drastically. That these changes will
have a major impact on existing mapping
products, their production processes and
the mapping companies is unavoidable. 
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Intensity image and elevation "image" of a same area (Courtesy: TerraImaging)


