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Accuracy of Laser Scanners for Measuring Surfaces
made of Synthetic Materials
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permeability, which may vary depending on
the structure of the synthetic material. Exist-
ence of this phenomenon may be proved by
the following experiment. One can measure
a distance to a synthetic element, for exam-
ple 2 mm – 3 mm thick, consisting of white

1 Introduction

Synthetic materials (materials consisting of
synthetic polymers) are a group of materi-
als which, when observed using laser scan-
ners, may cause additional measurement er-
rors. These errors result from the optical

Summary: Synthetics are a group of materials
which, when observed using laser scanners, may
cause additional measurement errors. These errors
result from optical permeability, which may vary
depending on the structure of the synthetic materi-
al. A laser beam which penetrates the material can
be subject to numerous physical phenomena such as
absorption, dispersion, full or partial reflection, re-
fraction at the interface between two media, dif-
fraction and interference that change the measured
distance. As a result, additional measurement er-
rors occur, independent of the known errors, when
the beam is reflected from the outer surface of the
material. Their occurrence is influenced by light
transmission, density and internal structure of the
synthetic material, its colour and thickness. The
distance from the scanner, laser beam angle of inci-
dence, temperature, scanner type (carrier wave-
length), or even the distance between the synthetic
material and its background are important as well.
This study is devoted to examining these depend-
encies. Currently there are no studies distinguish-
ing and examining synthetic materials as a separate
group of materials that may interfere with distance
measurements due to the phenomena that occur in
their structure.

Zusammenfassung: Genauigkeit von Laser-Scan-
nern bei der Oberflächenmessung von syntheti-
schen Materialien. Synthetische Materialien kön-
nen bei der Erfassung von Oberflächen mit Laser-
scannern zu zusätzlichen Messfehlern führen.
Diese Fehler ergeben sich aus der optischen Durch-
lässigkeit, die in Abhängigkeit von der Struktur des
synthetischen Materials variieren kann. Ein Laser-
strahl, der in das Material eindringt, kann mehre-
ren physikalischen Phänomenen, z. B. Absorption,
Streuung, vollständige oder teilweise Reflexion,
Refraktion an Grenzflächen zwischen zwei Me
dien, Beugung oder Überlagerung, unterworfen
sein, welche die gemessene Distanz verändern. Als
Ergebnis erhält man zusätzliche und von bisher be-
kannten Fehlerursachen unabhängige Messfehler,
wenn der Strahl an einer aus synthetischem Mate-
rial bestehenden Oberfläche reflektiert wird. Diese
werden von der Lichtdurchlässigkeit, der Dichte
und der inneren Struktur des synthetischen Mate-
rials beeinflusst. Die Distanz vom Scanner, der
Auftreffwinkel des Laserstrahls, die Temperatur,
der Scannertyp (Trägerfrequenz des Lasers) oder
auch die Distanz der gescannten Oberfläche von
Objekten, die sich aus Sicht des Sensors im Hinter-
grund befinden, sind ebenfalls von Bedeutung.
Dieser Beitrag widmet sich der Untersuchung die-
ser Einflüsse. Bisher gibt es keine Studien, welche
synthetische Materialen als eigene Gruppe vonMa-
terialen unterscheiden, welche in spezifischer Wei-
se die Distanzmessung auf Grund ihrer inneren
Struktur beeinflussen.
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midity, temperature), and the properties of the
scanned surface.
Considering the properties of the materi-

al, which this article focuses on, the research
work carried out by BOEHLER et al. (2003) is
worth mentioning. Their paper includes a se-
ries of tests for checking the quantitative and
qualitative accuracy of points measured us-
ing nine laser scanners selected from differ-
ent manufacturers. Among other things, the
relation between surfaces of varying reflectiv-
ity and the accuracy of the acquired informa-
tion was tested. The following samples made
of various materials and in different colours
were used: white paint (90% and 80% reflec-
tive), grey paint (40% reflective), black paint
(8% reflective), metallic paint, various kinds
of films. Measurements of different colour
surfaces yielded good accuracy results. For
the white surfaces, a deviation of zero was
obtained. Also, the grey and black colours
brought zero errors for most scanners. The sit-
uation was much worse in the case of differ-
ent types of films, where errors from a few up
to tens of millimetres occurred. Contradictory
results were shown in BUCKSCH et al. (2007),
where the bright surfaces gave much greater
accuracy than the dark ones. The problem as-
sociated with material reflectance has been
analysed in CLARK & ROBSON (2004). The au-
thors selected materials of standardized col-
ours and textures, and scan them from vari-
ous distances (4 m – 24 m) at the angles of
20°, 40° and 60°. The experimental results
revealed systematic discrepancies in the re-
corded distances, depending on the type of
the scanned surface. Colours which exhibit
low reflectance, such as black or red, lead to
longer distance measurements than the refer-
ence distance. The authors proposed a correc-
tion factor, reducing these systematic errors.
A similar problem was presented in PFEIFER et
al. (2008), where the authors focused on the
signal energy returning to the receiver. It was
hypothesized that this energy can be deter-
mined based on the observed range and inten-
sity value. It was proven that it was possible
to reproduce the reflectance of a given surface
with the accuracy at the level of 6%. Surface
reflectance is also dealt with in Zámečníková
et al. (2014b). The authors used the standard
white colour (spectralon), which is the mate-

Plexiglas or polystyrene, using any type of re-
flectorless range finder, then measure it again
without changing the position of the element
but with an identical element adhered to its
back surface. The observed distance will be
greater due to laser beam penetration through
added layers of material. On the other hand,
covering the front surface with a sheet of pa-
per will prevent the laser beam from penetrat-
ing and result in a shorter measured distance.
A laser beam penetrating the material may ini-
tiate a number of physical phenomena, chang-
ing the measured distance. As a result, addi-
tional measurement errors occur, independent
of the already familiar errors that occur when
the beam is reflected from the outer surface
of the material. Even cursory tests of select-
ed materials demonstrate that in some cases
these errors can appear much bigger than the
assumed accuracy of the scanner. Due to the
growing use of synthetic elements in various
branches of technology and construction, as
well as the high prevalence of scanning tech-
niques for the measurements of all types of
structures (BERENYI et al. 2010, HIREMAGALUR
et al. 2007, HOLST et al. 2012, JOHNSON& JOHN-
SON 2012, MONSERRAT & CROSETTO 2008, SA-
LEMI et al. 2008), a need arises to investigate
the influence of these materials on errors of
measured distances.
In the literature on examining the accuracy

of laser scanners there have been no studies
that address measurements to synthetic mate-
rials, although some of them indicate poten-
tial problems associated with measuring ma-
terials having a certain degree of transparency
(EREN et al. 2009, SALEMI et al. 2008, VOEGTLE
et al. 2008). Generally, on the basis of sever-
al laser scanning studies (ABBAS et al. 2013,
EREN et al. 2009, GOTTWALD 2008, KAASALAI-
NEN et al. 2011, KERSTEN et al. 2009, LEE et al.
2010, LICHTI& JAMTSHO 2006, POLO et al. 2012,
SOUDARISSANANE et al. 2007) and those given
below, it is known that the measurement ac-
curacy is affected by several factors, includ-
ing: the type of a scanner (pulse-based, phase-
based), the precision of a scanning mechanism
(laser footprint, accuracy and resolution of the
horizontal and vertical angular encoders, the
eccentricity of the scanning system), scanning
geometry (beam angle of incidence, scanning
distance), external conditions (lighting, hu-
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dence on the resulting accuracy was analyzed.
Considering the values of the mean square
errors, the following relation was noted: for
the perpendicular direction of the beam inci-
dence the errors are significantly larger than
for smaller angles. A metal plate (aluminium,
high reflectance) also appears in Zámečníková
et al. (2014b). The authors noticed that small
changes in the scanning angle (0.1°) result in
20% changes in the signal strength, and thus
to changes in the recorded deviations. The re-
sults presented in that paper confirmed that a
higher reflectance results in larger errors for
short distances, and for the distances exceed-
ing 20 m their value decreases.
In conclusion, it can be said that the research

hitherto conducted mainly analyzed the errors
caused by the reflection of a laser beam from
the outer surface of a material. Synthetic ma-
terials were neither tested nor distinguished
as a separate group of materials which might
distort the measurements of a distance due to
their internal structure. Therefore, this work
presents error analysis for distance measure-
ments of the elements of this type.
The authors initially studied measurements

to synthetic materials in LENDA & MARMOL

(2010) by testing the distance measurement
deviations of reflectorless range finders for
a few selected materials. It enabled the first
conclusions on the factors influencing the dis-
tance measurement errors of synthetic materi-
als, as well as to plan appropriate methodolo-
gy for the implementation of research studies,
taking into account a wider range of materials
for laser scanners. The studies carried out in
this paper present a wide range of issues. From
the point of view of the users, this paper al-
lows for a sufficient assessment of the impact
of synthetic materials on the laser scanners’
distance measurements.

2 Research Methodology

A laser beam in the structure of a synthetic
material may be subject to a series of phe-
nomena, such as absorption, dispersion, full
or partial reflection, diffraction and interfer-
ence, and refraction at the interface between
two media (FEYNMAN et al. 2001, FOWLES 1989,
REES 1990, TRAGER 2007, WANDACHOWICZ

rial of almost perfect Lambertian reflectance,
as well as cardboard boxes in varied colours.
The materials were moved on a specially con-
structed trolley in the range of 1.1 m to 29.7 m
at every 7.5 cm. The authors found that the
obtained deviations depend not only on the
range, but also on the signal strength.
Another study of the properties of the

scanned objects was performed by VOEGTLE et
al. (2008). This study used materials common-
ly applied on the façades of buildings, hav-
ing different properties: colourful sheets and
shades of gray, different kinds of wood, metal
elements, plaster of various granularity, trans-
parent films and materials with varying de-
grees of moisture. The authors’ attention was
drawn to the tests of partly transparent materi-
als: errors ranged from 15 mm (for 35% trans-
parency) to 34 mm (for 5% transparency).
It is not possible to analyse properties of the

scanned material separately from the scan-
ning geometry. Both the angle of the beam
incidence and the distance have a significant
effect on the resulting accuracy. In SOUDARIS-
SANANE et al. (2007) it was found that the
measurement noise for a fibreboard and ply-
wood painted white increases with increas-
ing angles. The effect of the scanning angle
on the resulting accuracy was also analysed
in SOUDARISSANANE et al. (2009) and SOUDARIS-
SANANE et al. (2011). An increase in the meas-
urement noise with the increasing scanning
angle was identified. The authors proposed a
model which optimized the point position and
corrected the influence of the angle. There
was a significant improvement in the stand-
ard deviation, from the value of 3.25 mm to
2.55 mm. The influence of the scanning an-
gle on the final accuracy was also presented
in Zámečníková et al. (2014a). For the angles
100° – 65° and 50° – 45° the measured dis-
tances were longer than the reference dis-
tance, while in the range of 65° – 50° they
were shorter. The authors did not explain the
specific character of this phenomenon. Hav-
ing eliminated the systematic factor, using a
polynomial model, the values of standard de-
viations were significantly reduced.
From the point of view of the research re-

sults presented in our study, experiments with
a metal plate were interesting. In VOEGTLE et
al. (2008) the effect of the beam angle of inci-
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was favourable from the point of view of the
range and accuracy of the reflectorless meas-
urements. Plexiglas had a specified degree of
light transmission. This parameter was un-
known for the other materials. The tests as-
sociated with different thicknesses of the syn-
thetic materials were performed for two mate-
rials: with high density, i.e. for Plexiglas, and
with low density, i.e. for Styrofoam.
Temperature also influences the results of

the reflectorless distance measurements. All
materials were tested at two temperatures: at
about 15 °C and at about 40 °C. The tempera-
ture of 15 °C (cold) was ambient temperature,
and the temperature of 40 °C (warm) was
reached by heating the materials with a porta-
ble heater. The temperature measurement was
carried out using a Testo 830-T2 pyrometer.
The results of the reflectorless measure-

ments are also affected by the incidence angle
of the beam on the target. To assess the sig-
nificance of this factor, basic tests were per-
formed at the most favourable, normal inci-
dence of the laser beam on the target (90°). For
comparison, measurements were also carried
out for the beam incidence at an angle of 45°.
Materials with partial transparency placed at
an angle increase the distance which the beam
can travel within the structure of the materi-
al. Potentially, this could affect the increase in

2000). Depending on the type of the material,
the influence of each of these properties var-
ies with respect to the errors of the measured
distance. On the basis of the tests carried out
in LENDA & MARMOL (2010), it was observed
that the magnitude of these phenomena is af-
fected mainly by factors such as the degree of
light transmission, type of the synthetic ma-
terial (chemical composition), density, thick-
ness and the temperature of the material. The
colour of the material is of some importance
as well, which, however, was not included in
the previously conducted research. According
to these observations, a group of 16 materials
was selected for testing. The analysis of 13 of
these (Tab. 1), due to the similar properties of
the materials and obtained results, turned out
to be sufficient.
Plexiglas was the material with the big-

gest changes in measured distances during the
range finder tests. Therefore, for this particu-
lar synthetic material, the most detailed tests
were planned, taking into account its colour,
thickness and light transmission. Other high
density materials included: HIPS, Polysty-
rene and Polyolefin (rubber). Materials with
low density were represented by foam syn-
thetic materials: Styrofoam and Polyurethane
foam. All tested materials, except for the col-
oured Plexiglas, were white or gray, which

Tab. 1: The materials tested.

No. Material type Colour Thickness
(mm)

Transparency
(%)

1 Plexiglas (Polymethyl methacrylate) red 5 30

2 Plexiglas green 5 30

3 Plexiglas blue 5 30

4 Plexiglas white 5 30

5 Plexiglas white 5 70

6 Plexiglas black 5 30

7 Plexiglas white 10 30

8 HIPS (High impact polystyrene) white 5 -

9 Polystyrene white 5 -

10 Styrofoam (Extruded polystyrene foam) white 5 -

11 Styrofoam white 10 -

12 Polyurethane foam grey 10 -

13 Rubber (Polyolefin) grey 5 -
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and then the distance between them was com-
pared, taking into account the thickness of the
cardboard. The compared planes were created
from two different point clouds, so they were
not exactly parallel. The determination of the
distance between them was carried out as fol-
lows: The regression planes have been fitted
in the reference cloud and the test cloud. The
dense point grid with a resolution of 1 point
per 3 mm² has been interpolated on the test
plane. Then the distances from all points of
the sample of the reference plane have been
determined, along the normal to that plane.
Then the average distance has been calculated
and taken as the distance between the planes.
Such a method of determining the distance
allowed eliminating inaccuracies associated
with a slight rotation of both planes. The dif-
ference was the distance measurement devia-
tion of the synthetic material with reference to
the white cardboard, and, consequently, to the
reflective tape. The deviation of the distance
measurement of synthetic materials observed
in this way (ΔD) is not an overall error of dis-
tance measurement. It is, however, an addi-
tional contribution, which should be added to
the standard errors of a laser scanner, assum-
ing reflection of a beam from the outer sur-
face of the material. In addition, the precision
(mp) of fitting the regression plane into a set
of points representing the synthetic material,
expressed by the RMSerror of the distances
of the points from the regression plane was de-
termined.
The tests were performed using two laser

scanners with similar accuracy, but with a
different carrier wavelength: Leica C10 and
Riegl VZ400. Basic data of these scanners
with reference to the subject in question were
presented in Tab. 2. The carrier wavelength is
important especially when measuring targets
of varying colours since spectral curves may
differ even in the case of very similar materi-
als (Toś 2014). The colour of the material may
influence the absorption of beams with differ-
ent wavelengths. It can also affect the meas-
urement accuracy of synthetic materials in a
varied manner, depending on the size of the
inhomogeneity in their structure.
In the production process it is not always

possible to obtain a uniform chemical compo-
sition and repetitive structure of synthetic ma-

the error values. On the other hand, due to the
partial reflection of the beam from the surface
of the material placed at an angle, the pene-
tration of the interior of the material can be
limited, which will reduce the value of the er-
rors. For these reasons, it is difficult to find an
analogy with other studies at varying angles
of the beam incidence, contained in the exist-
ing literature.
Since our previous studies of reflectorless

range finders presented the effect of a distance
on the obtained errors associated with greater
penetration of the material by the laser beam on
shorter distances, tests of the scanners were
carried out on the bases of three lengths: 5 m,
15 m and 50 m.
The procedure of determining the distance

measurement deviations for each of the mate-
rials requires an explanation. We built a tar-
get of 20 cm × 30 cm for each material. Those
targets were split into two halves of 20 cm ×
15 cm each (Fig. 1). For the cardboard, which
served as a reference, the distance deviation
in relation to the original Leica reflective tape
target had been predetermined – it equals
0.6 mm – taking into account the difference
in thickness of the cardboard and tape target
(LEICA 2015). It was decided not to stick the
tape target directly on the tested synthetic ma-
terials, due to a possibility of it being trans-
mitted by the laser beam, which would en-
able the penetration into the structure of the
synthetic material, distorting the results. The
tested synthetic materials adhered directly to
the opaque background. The planar target was
scanned at a high resolution (2 mm density).
Points near the boundaries of the two halves
of the targets were removed from the cloud of
points in order to obtain homogeneous sets of
points. Based on the filtered data, a regression
plane was determined for each of the fields,

Fig. 1: Experimental setup.
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3 Results of Test Measurements

The results obtained from the conducted tests
are shown in Tab. 3 (Leica C10 scanner) and
Tab. 4 (Riegl VZ400 scanner). Due to high-
ly ambiguous results (scattered data) of the
measurements performed at the angle of 45°
at the distances of 15 m and 50 m, they are
not presented here. The diagrams presented
in Figs. 2 and 3 were drawn based on these
Tables. The measurement results of different
samples of the same materials are included in

terials. For this reason, comparative tests were
performed for several materials (Plexiglas
white, 5 mm thickness and 30% transparen-
cy (hereinafter briefly stated with x mm/Y%),
Polystyrene 5 mm, and Styrofoam 10 mm),
taking into account the measurement of three
samples of the same production lot, as well
as the measurement to three samples of un-
known origin. The tests were performed using
the Leica C10 scanner, at the baseline of 5 m,
the distance between the laser scanner and the
test material.

Tab. 2: Selected parameters of the tested laser scanners.

Leica C10 Riegl VZ400

Type pulse-based pulse-based

Accuracy of length measurement 4 mm (up to 50 m) 5 mm (up to 100 m)

Range up to 350 m up to 600 m

Carrier wavelength 532 nm 1550 nm

Beam divergence 0.24 mrad 0.35 mrad

Tab. 3: Distance measurement deviations of the Leica C-10 scanner (ΔD = distance measurement
deviations relative to the comparative model, mp = precision of fitting the regression plane for a
synthetic material, tr. = transparency).
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Tab. 5. During the tests with the VZ400 scan-
ner, it was noticed that synthetic materials
were not directly adhering to the background,
but they stood out approximately 2 cm – 3 cm
behind it. This resulted in a significant deteri-
oration in the distance measurement deviation
for some materials. The measurements were
repeated and, for comparison, Tab. 6 shows
the results for the background adhering and
not adhering to the synthetic material.
The precision of fitting the regression plane

for the reference cardboard was similar for
both scanners and it was ±1.2 mm for 90°
beam incidence angles, and ±0.8 mm for the
45° incidence angles, with the scatter for these
values reaching a maximum of ±0.2 mm.

Tab. 4: Distance measurement deviations for the Riegl VZ-400 scanner.

Tab. 5: Distance measurement deviations of
the samples for selected materials: A1–A3 –
sample material from the same production lot,
B1–B3 – sample material from unknown pro-
duction lots, Leica C-10 scanner, distance 5 m.

Plexiglas
white, 5 mm,

30%
transparency

(mm)

Polystyrene,
5 mm

(mm)

Styrofoam
10 mm

(mm)
A 1 8.5 4.8 3.3
A 2 8.1 4.6 3.9
A 3 8.8 5.1 4.2
B 1 8.5 4.8 3.3
B 2 6.9 4.7 5.2
B 3 11.8 6.4 2.8
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Fig. 2: Distance measurement deviations for the materials 1–6, ΔD – distance measurement de-
viations relative to the comparative model.
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Fig. 3: Distance measurement deviations for the materials 7–13, ΔD – distance measurement
deviations relative to the comparative model.
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4 Analysis of the Results

The assessment of the results was divided into
several categories, resulting from the prop-
erties of the material itself, the conditions in
which it was found, and the tested instrument.
The analyses included the following catego-
ries: type of material (light transmission, den-
sity and internal structure, colour, thickness),
distance, angle of incidence, temperature, type
of scanner (carrier wavelength), and distance
of the synthetic material from the background.
Some phenomena were especially noticeable
for the shortest measurement distance (5 m), at
low temperature of the material (15 °C), which
is explained later in the text. Therefore, dur-
ing the comparisons, we will frequently refer
to the results obtained under such conditions
as the “basic” conditions.

4.1 Light Transmission

This is the primary factor affecting the dis-
tance measurement of synthetic materials. If
the laser beam is not able to penetrate into the
structure of the synthetic material, there are
no changes in the measured distance in com-
parison with the reference cardboard. Such a
situation can be observed only for one of the
tested materials, i.e. opaque rubber (Polyole-
fin). Regardless of the conditions, the distance
measurement error for this material did not
exceed the value of 2 mm, usually remaining
at the level of about 1 mm, unlike other mate-
rials, where a certain degree of transparency
allowed for the occurrence of additional phe-
nomena affecting the distance measurement.
The changes in the distance observed for them
ranged from about 2 mm to 15 mm. The influ-
ence of transmission was clearly visible when
comparing the two samples of Plexiglas white,
with a transmission of 30% and 70%. Mean
deviations for the material with lower trans-
mission were approximately 7 mm (C10) and
8 mm (VZ400), and 12 mm for larger trans-
mission (C10 and VZ400). For both scanners,
taking into account comparable materials
(5 mm thickness, white colour), the largest de-
viations occurred for Plexiglas, which had a
significant light transmission. Other materials
were measured with mean deviations within

Tab. 6: Comparison of the distance measure-
ment deviations of the VZ-400 scanner for
various locations of the synthetic material
background. Test 1: The background adhering
to the rear surface of the synthetic material.
Test 2: The background placed approximately
2 cm – 3 cm behind the synthetic material.
Comparison for the 5 m distance (tr. – trans-
parency).
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dex will be subject to changes. Comparing the
measurements results performed with the C10
scanner to various samples of materials from
the same production lot (Tab. 5), a stable level
of deviations for Plexiglas white 5 mm / 30%
– (8.1 mm – 8.8 mm) and Polystyrene 5 mm /
30% – (4.6 mm – 5.1 mm) is noticeable. For
the foamed material, 10 mm Styrofoam, the
relative differences are larger – (3.3 mm –
4.2 mm). When comparing samples of these
materials originating from different produc-
tion lots, possibly from different manufactur-
ers, the results look somewhat different. Dif-
ferences for 5 mm Polystyrene increased to
4.7 mm – 6.4 mm. For other materials, the rel-
ative differences were nearly doubled: 10 mm
Styrofoam: 2.8 mm – 5.2 mm, Plexiglas white
5 mm/30%: 6.9 mm – 11.8 mm. Therefore,
the type of a material and its internal structure
have a significant impact on the level of the
measurement deviations. At the same time,
this influence is difficult to determine accu-
rately due to variations in the production.

4.3 Colour

The colour of the synthetic material signifi-
cantly influences the measurement deviations.
A sample Plexiglas was tested under basic
conditions using the same parameters regard-
ing thickness and permeability. Then, the de-
viations resulting from the changing colour
of the material were within 4.2 mm – 9.1 mm
(C10) and 7.1 mm – 10.5 mm (VZ400). For
both scanners, the differences between the ex-
treme values of the deviations had a factor of
1.5 to 2. As only a few selected colours were
tested, a discrepancy may be even larger un-
der real conditions. The colour of the material
strongly influenced the absorption of beams
with different wavelengths. Due to the fact
that two scanners emitting laser radiation of
different carrier wavelengths, 532 nm (C 10)
and 1550 nm (VZ400), were selected for this
experiment, the differences in the values of
the deviations for the same colours were clear-
ly noticeable. Under basic conditions, for the
C10 scanner, the smallest deviations were ob-
served for the following colours: blue: 4.2 mm,
black: 4.4 mm, and red: 5.3 mm. It is interest-
ing that, at the same time, for those colours

the range of 1 mm – 3 mm (C10) and 1 mm –
5 mm (VZ400). For the C10 scanner, Plexiglas
with 70% transmission caused a slight dete-
rioration in the precision of fitting the regres-
sion plane relative to other materials (up to ca.
±2 mm). For the VZ400 scanner, the fitting
precision for this material decreased in some
cases to ca. ±3 mm.

4.2 Density and Internal Structure

The studies covered two groups of materials
with large differences in density and inter-
nal structure. The first one included materials
with a continuous structure (Plexiglas, HIPS,
Polystyrene, Polyolefin), and the second one
included foamed materials (Styrofoam, Poly-
urethane Foam). In the foamed materials the
beam was subject to changes, alternately in
fragments of the material and in air cham-
bers. Foamed materials were measured with
smaller deviations in relation to the thickness
of the material than their continuous counter-
parts. This could be assessed by comparing
the measurement deviations of Polystyrene
and Polystyrene Foam (Styrofoam) (5 mm) in
basic conditions: Polystyrene: 4.8 mm (C10),
6.3 mm (VZ400) and Styrofoam: 2.1 mm
(C10), 2.9 mm (VZ400). The foamed materi-
al achieved deviations of approximately half
that size. It is interesting that for some mate-
rials, especially for Plexiglas, the measure-
ment deviations were larger than the thickness
of the material itself. Examples under basic
conditions were Plexiglas white 5 mm / 30%
– 8.5 mm (C10), 9.4 mm (VZ400), Plexiglas
white 5 mm / 70% – 13.7 mm (C10), 15.2 mm
(VZ400). During the tests, the materials ad-
hered directly to the opaque background, so
that the beam, having passed through the ma-
terial, did not have a possibility of incidence
on other targets. The values of the deviations,
therefore, must have resulted from additional
phenomena associated with the beam propa-
gation in the structure of the material. They
might be related, among others, to the repeated
refraction or the reflection of a beam. In addi-
tion, the refractive index depends on the inter-
nal structure of materials. If it is not homoge-
neous, and the inhomogeneity has dimensions
greater than the wavelength, the refractive in-
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be recognized with other synthetic materials
measured with the VZ400 scanner, e.g. HIPS
and Polystyrene. The dependencies related
to the thickness of the synthetic material are
therefore significant, nonlinear, and for better
assessment it would be advisable to carry out
more extensive tests.

4.5 Distance

Dependencies resulting from the variable dis-
tance of the target are easiest to evaluate from
the diagrams in Figs. 2 and 3. For most materi-
als, the deviations are reduced with increasing
distance. The differences between the results
for the distances of 5 m and 15 m do not exhib-
it this phenomenon clearly, i.e. sometimes the
deviations even increase. However, the differ-
ences between the results at the distances of
5 m and 50 m exhibit a certain tendency and
reach the values of up to 3.5 mm. The increas-
ing tendency of the deviations was observed
for two foamed materials: Styrofoam (10 mm)
and Polyurethane Foam for the VZ400 scan-
ner. Deviations decreasing with distance are
contrary to current experiments for reflector-
less instruments. Moreover, the equipment
manufacturers themselves inform about in-
creasing deviations with increasing distance.
However, this phenomenon can be explained
by a reduced ability of radiation to penetrate
the material which, at the larger distance, has
a lower energy density at the surface of the
synthetic material. In this way, the scale of the
phenomena described above is limited. Due
to the fact that the largest deviations were ob-
served at short distances, the 5-meter baseline
was set as the “basic” condition. With the in-
creasing distance there was no significant in-
crease in the precision of fitting the regression
plane.

4.6 Incidence Angle

Studies related to the varying incidence angles
of the beam yielded inconclusive results. The
tests were carried out at the angle of 45° with-
out the materials being heated. The results for
the distances of 15 m and 50 m did not demon-
strate any systematic order, the measurement

the lowest precision of fitting a regression
plane were obtained: blue: ±2.8 mm, black:
±3.0 mm, red: ±3.9 mm. Larger deviations
were observed for white (8.5 mm) and green
(9.1 mm), with better precision of fitting the
plane: white ±1.2 mm, green ±1.4 mm. The
VZ400 scanner demonstrated the smallest de-
viations for red (7.1 mm) and green (7.5 mm),
and the largest for the blue (10.2 mm) and
black (10.5 mm) colours. Therefore, for green,
blue and black, the dependencies observed
for the C10 scanner were inverted. In basic
conditions, the precision of fitting the regres-
sion plane were at a low level for all colours
(±1.0 mm – ±1.6 mm). For the test configu-
rations other than the basic ones, the devia-
tions for red and blue increased. The colour of
the synthetic material in combination with its
light transmittance is therefore a very impor-
tant factor determining the value of the dis-
tance measurement deviations.

4.4 Thickness

The effect of the thickness of the synthetic ma-
terial was assessed based on two samples of
materials (Plexiglas 30%, 5 mm and 10 mm,
and Styrofoam, 5 mmand 10 mm).Under basic
conditions, the measurement deviations using
the C10 scanner for Plexiglas ranged from
8.5 mm to 11.6 mm, and for the VZ400 scan-
ner from 9.4 mm to 13.3 mm. For Styrofoam,
the deviations for the C10 scanner ranged from
2.1 mm to 3.3 mm, and for the VZ400 scanner
from 2.9 to 5.2 mm. The deviations were dif-
ferent for each sample and scanner, and were
within the limits of 36% – 79%, at 100%
change in thickness of the material. Greater
differences were observed for the foamed ma-
terial of low density, i.e. for Styrofoam 57%
– 79%, while for Plexiglas they amounted to
36% – 41%. As Styrofoam in practice had a
thickness greater than 5 mm or 10 mm, this
could translate into relatively large measure-
ment deviations. In view of the fact that colour
has also a strong influence on the deviations of
the measurements on Plexiglas the deviations
could reach values higher than the thickness
of the material itself. This happened in more
than half of the cases for the C10 scanner and
all of the cases for the VZ400. This could also
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deviations of fitting the regression plane from
about ±1.2 mm to ±0.7 mm on an average.
Similar observations were made in VOEGT-
LE et al. (2008), where it was also found that
with a decreasing incidence angle, the devia-
tion decreased. However, in SOUDARISSANANE
et al. (2007), for some materials an opposite
tendency was observed. It was also confirmed
by the previous research of the authors associ-
ated with the tests of reflectorless range find-
ers (LENDA&MARMOL 2010). Similar relations
were observed for the instrument VZ400,
where the deviations decreased by more than
4 mm. However, for some materials (Plexiglas
green and blue, 10 mm Styrofoam), a slight,
about 1 mm increase in the deviations oc-
curred. The precision of fitting the regression
plane were also subject to a decrease an av-
erage of about ±1.2 mm to ±1.0 mm. In our
experiments, at the angle of incidence of 45°,
the materials Plexiglas red and black were im-
measurable for the Leica scanner. Based on
the obtained results and the results of other re-
searchers, it was apparent that the angles of
incidence affect the measured distance. The
tests exhibited a decrease in the deviations
at more acute angles of the beam incidence –
which may be the result of reduced penetra-
tion by laser beam due to partial reflection
from the surface of the sample at incidence
angle of 45°.

deviations just increased or decreased in a
random manner. This was associated with sig-
nificant decrease of precision of fitting the re-
gression planes with up to several millimetres.
The ambiguous test results at greater dis-

tances could have resulted from the variable
reaction of fragments of the materials to the
illumination at an angle. At a greater distance
where the density of the radiation energy at
the sample surface is smaller, the non-homo-
geneity of the material could have determined
the phenomenon of partial reflection from
the surface of the inclined sample, changing
the degree of the material penetration by the
beam. This is particularly visible for the blue
Plexiglas measured with the C10 scanner at a
distance of 15 m (Fig. 4). The left figure pre-
sents a sample scanned at the angle of 90°,
and the right one at the angle of 45°. Signifi-
cant losses in the point cloud (front view, right
side) together with highly scattered individual
points (top view, right side) are visible in the
latter case.
For this reason, only the results for the

distance of 5 m are presented, because they
seemed not to be subject to blunders. With the
decreasing angle of the beam incidence (from
the standard 90° to 45°), for the C10 scanner,
a decreasing measurement deviation of up to
about 3 mm in almost all the cases was ob-
served. This was related to the decrease in the

Fig. 4: Point clouds obtained from blue Plexiglas with the C10 laser scanner at 15 m distance.
Sample scanned at 90° incidence angle on the left and 45° incidence angle on the right; above:
front views of the materials, below: top views of the materials.
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transmitted through the material, can be re-
flected by the background, causing significant
changes to the obtained results, of up to sev-
eral centimetres. For some synthetic materi-
als it does not really matter (HIPS, Polysty-
rene, Styrofoam, Polyolefin), for others these
changes may be small (Polyurethane foam).
For some of the materials (Plexiglas, espe-
cially with small thickness) it may, however,
result in very significant discrepancies. The
observed increase in the deviations for dif-
ferent colours of 5 mm Plexiglas, under ba-
sic conditions, ranged from 71% (white) to as
much as 345% (red), reaching the values of
up to 32 mm. It was combined with a slight
increase in the plane fitting precision. The de-
pendencies associated with the colours were
quite different from the ones observed for the
background adhering to the synthetic materi-
al. The loss of accuracy related to a complete
passage of light through the synthetic mate-
rial may thus result in obtaining significant,
unpredictable values. Further studies, taking
into account various distances between the
synthetic material and the background, may
foster interesting results.

5 Summary

The paper analyses a number of factors affect-
ing the distance measurement of synthetic ma-
terials. The most important of these is optical
permeability, which induces other phenomena
occurring within the material structure. Some
of them may have a significant impact on the
obtained results, e.g. degree of permeability,
type of material, colour in combination with a
carrier wavelength of the laser radiation, and
thickness. The effects of other factors seem
to be less significant, but noticeable and sys-
tematic such as distance and temperature of
the material. The angle of the beam incidence
is also relevant. Synthetic elements may there-
fore exhibit shifts of several, sometimes over
a dozen millimetres in the point cloud relative
to other objects. Especially when they not ad-
here to the other materials, shifts in some cases
(Plexiglas) may increase to several centimetres.
In some cases, measurement deviation of the
synthetic material can affect the accuracy of
the entire scanned structure. This may happen

4.7 Temperature of the Material

The influence of the temperature is easiest to
assess from the diagrams contained in Figs.
2 and 3. A decrease in the deviations for the
non-foamed materials (except rubber) relat-
ed to the temperature growth is quite clear,
as well as its lack for the foamed materials.
Non-foamed synthetic materials, when heat-
ed, generate deviations that are smaller by
about 1 mm – 3 mm (C10) and by about 1 mm
– 4 mm (VZ400) than cold ones. Continu-
ous materials, having no air bubbles in their
structures, exhibited susceptibility to heat.
This phenomenon could be explained by the
thermal expansion of materials and the related
lower density of synthetic materials, reducing
the refractive index value. However, since the
change in the volume of the synthetic materi-
als when heated was negligible, other factors
related to temperature, unnoticed by the au-
thors, must have affected the reduction of the
measurement deviations. Due to the fact that
larger deviations were observed for cold tar-
gets, low temperature was adopted as another
“basic” conditions.

4.8 Scanner Type

In this category, the carrier wavelength of the
laser, different for the two scanners (532 nm
(C10) and 1550 nm (VZ400)) should be distin-
guished. The light of various wavelengths is
absorbed in a different manner by the colours
and materials of a different size and ordering
of the molecules. Taking into account all 13
tested materials, almost all of the tests demon-
strated slightly higher deviation values for the
VZ400 scanner. This dependency could have
been expected when comparing the precision
parameters of both instruments.

4.9 Distance between Synthetic
Material and the Background

The location of the background of the tested
material is of great importance to the meas-
ured distance of some synthetic materials.
If it is close, just a few centimetres from the
synthetic material, a laser beam, after being
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when spatial markers in the form of Styrofoam
balls are used to connect neighbouring scans.
As it was demonstrated by our experiments,
the error for Styrofoam increases significant-
ly with its thickness, and therefore covering
such balls with opaque lacquer should be con-
sidered. Some of the tests yielded inconclu-
sive or questionable results (incidence angle),
which may have resulted from the methodol-
ogy, dependent upon the occurrence of addi-
tional phenomena, which the authors had not
anticipated. The factors that interfere with the
results of the research studies may include for
example: additional lighting, reflections of the
beam from the surrounding elements, type
of the synthetic material background and the
manner of its adherence to the sample. The
deviations resulting from a complete passage
of light through the synthetic material and the
reflection of a beam from the background lo-
cated at a certain distance from the material
may reach significant values. In general, due
to a large number of factors affecting the dis-
tance measurements and their mutual con-
figurations, it is difficult to tabulate distance
measurement deviations for specific synthetic
materials. The situation is made worse by an
average repeatability of their production. This
study draws attention to the problem, allowing
estimating the scale of the existing dependen-
cies.

Acknowledgements

This work has been made within scien-
tific research program no. 11.11.150.005,
11.11.150.949.

References

aBBas, m.a., setan, h., maJid, Z., chong, a.k.,
idris, k.m. & asPuri, a., 2013: Calibration and
Accuracy Assessment of Leica ScanStation C10
Terrestrial Laser Scanner. Developments in
Multidimensional Spatial Data Models. – Lec-
ture Notes in Geoinformation and Cartography
10: 33–47.

Berenyi, a., lovas, t. & Barsi, a., 2010: Terres-
trial laser scanning – civil engineering applica-
tions. – International Archives of the Photo-
grammetry, Remote Sensing and Spatial Infor-



372 Photogrammetrie • Fernerkundung • Geoinformation 5/2015

Influencing factor on the quality of terrestrial
laser scanning points. – ISPRS Journal of Photo-
grammetry and Remote Sensing 66 (4): 389–399.

toś, c., 2014: The possibilities of using the terres-
tial scanning data for classification of rocks in
limestone mine ‘Czatkowice’. – Reports on Ge-
odesy and Geoinformatics 97: 80–90.

trager, F., 2007: Springer Handbook of Lasers and
Optics. – Springer.

voegtle, t., schWaB, i. & landes, t., 2008: Influ-
ence of different materials on the measurements
of terrestrial laser scanner. – The International
Archives of the Photogrammetry, Remote Sens-
ing and Spatial Information Sciences 37 (B5):
1061–1066.

WANDACHOWICZ, K., 2000: Wyznaczanie rozkładu
luminancji we wnętrzach z uwzględnieniem
kierunkowo-rozproszonych charakterystyk od-
biciowych materiałów (Determination of the lu-
minance distribution in the interiors taking into
account the characteristics of the directional-
diffuse reflectance materials). – doctoral disser-
tation, Poznań, Poland.

Zámečníková, m., neuner, h. & PegritZ, s., 2014a:
Influence of the Incidence Angle on the Reflec-
torless Distance Measurement in Close Range.
– INGEO 2014 – 6th International Conference
on Engineering Surveying: 257–262, Prague,
Czech Republic.

Zámečníková, m., Wieser, a., WoschitZ, h. &
ressl, c., 2014b: Influence of surface reflectivi-
ty on reflectorless electronic distance measure-
ment and terrestrial laser scanning. – Journal of
Applied Geodesy 8 (4): 311–325.

Addresses of the Authors

GRZEGORZ LENDA, Ph.D. & URSZULA MARMOL,
Ph.D., AGH University of Science and Technology,
Faculty of Mining Surveying and Environmental
Engineering, Cracow, Mickiewicza 30, Poland,
Tel.: +48-12-617-23-14, -26, Fax: +48-12-617-50-76,
e-mail: {grzenda}{entice}@agh.edu.pl

GRZEGORZ MIREK, Ph.D., Cracow University of
Technology, Faculty of Environmental Engineer-
ing, Cracow, Warszawska 24, Poland, Tel.: +4812
628-21-87, e-mail: gmirek@pk.edu.pl

Manuskript eingereicht: Februar 2015
Angenommen: Juli 2015

Scanning Systems. – PFG – Photogrammetrie,
Fernerkundung, Geoinformation 2009 (4): 301–
315.

lee, i.s., lee, J.o., Park, h.J. & Bae, k.h., 2010:
Investigations into the influence of object char-
acteristics on the quality of terrestrial laser scan-
ner data. – KSCE Journal of Civil Engineering
14 (6): 905–913.

LEICA, 2015: http://www.allenprecision.com/
survey/robotic-total-stations/accessories/
prisms/60x60mmreflectivetape20pack/
(19.7.2015).

lenda, g. &marmol, u., 2010: Accuracy of reflec-
torless range finders for the measurements of
objects made form synthetic materials (polish).
– Pomiary Automatyka Kontrola 11: 1280–1286.

lichti, d.d. & Jamtsho, s., 2006: Angular resolu-
tion of terrestrial laser scanners. – The Photo-
grammetric Record 21 (114): 141–160.

monserrat, o. & crosetto, m., 2008: Deformation
measurement using terrestrial laser scanning
data and least squares 3D surface matching. –
ISPRS Journal of Phtotogrammetry & Remote
Sensing 63: 142–154.

PFeiFer, n., höFle, B., Briese, c., rutZinger, m. &
HARING, A. 2008: Analysis of the backscattered
energy in terrestrial laser scanning data. – Inter-
national Archives of the Photogrammetry and
Remote Sensing and Spatial Information Sci-
ence (IAPRS) 37 (B5): 1045–1051.

Polo, m.e., Felicísimo, a.m., villanueva, a.g. &
martíneZ-del-PoZo, J.a., 2012: Estimating the
Uncertainty of Terrestrial Laser Scanner Meas-
urements. – IEEE Transactions on Geoscience
and Remote Sensing 50 (11): 4804–4808.

REES, W., 1990: Physical principles of remote sens-
ing. – Cambridge University Press, UK.

salemi, g., achilli, v. & Boatt, g., 2008: 3D vir-
tual modelling of a gothic stained-glass panel. –
The International Archives of the Photogram-
metry, Remote Sensing and Spatial Information
Sciences 37 (B5): 297–302.

soudarissanane, s., van ree, J., Bucksch, a. &
lindenBergh, r., 2007: Error budget of terres-
trial laser scanning: influence of the incidence
angle on the scan quality. – 3DNordOst, Berlin.

SOUDARISSANANE, S., LINDENBERGH, R., MENENTI, M.
& teunissen, P.J.g., 2009: Incidence angle influ-
ence on the quality of terrestrial laser scanning
points. – ISPRS International Archives of the
Photogrammetry, Remote Sensing and Spatial
Information Sciences 38-3/W8: 183–188.

SOUDARISSANANE, S., LINDENBERGH, R., MENENTI,
m., teunissen, P.J.g., 2011: Scanning geometry:



PFG 2015 / 5, 0373–0380 Article
Stuttgart, October 2015

© 2015 E. Schweizerbart'sche Verlagsbuchhandlung, Stuttgart, Germany www.schweizerbart.de
DOI: 10.1127/pfg/2015/0275 1432-8364/15/0275 $ 2.00

Local Prototype Space-based Band Selection for
Hyperspectral Subpixel Analysis

HAMED GHOLIZADEH, Bloomington, IN, USA, BARAT MOJARADI & MOHAMMAD JAVAD

VALADAN ZOEJ, Tehran, Iran

Keywords: Dimension reduction, prototype space, subpixel analysis, hyperspectral data

perspectral data is not a trivial task (MELGANI

& BRUZZONE 2004). One possible way to miti-
gate these problems is dimension reduction of
the hyperspectral data. Dimension reduction
methods can be grouped into two main cate-
gories: 1) feature selection, i.e. band selection,
and 2) feature extraction. The former identi-
fies a subset of the original bands without af-
fecting their physical meanings, whereas in
the latter case each feature is a combination
of the original data (KAEWPIJIT et al. 2003). In
target detection applications maintaining the
physical meaning of the bands is mandatory.

1 Introduction

Algorithms used in hyperspectral applications
can be divided into four categories (MANO-
LAKIS et al. 2001): target/anomaly detection,
change detection, classification, and spectral
unmixing. Very high spectral resolution of hy-
perspectral data increases discrimination be-
tween materials with similar spectral respons-
es (MELGANI & BRUZZONE 2004). There are,
however, several challenges in hyperspectral
data analysis including the curse of dimen-
sionality. Therefore, automatic analysis of hy-

Summary: In this paper, two unsupervised local
band selection (BS) methods in the prototype space
(PS) for improving subpixel analysis performance
are proposed. Here, the PS is a two dimensional
space which is constituted of the target spectrum
and that of the local background. The proposed
methods benefit from local background characteri-
zation through image clustering. These BS meth-
ods select the discriminative bands in two ways:
1) selecting the bands which form a convex hull in
the PS, and 2) using a cluster-based approach in the
PS to select bands. An experiment applied to real-
world hyperspectral data showed that the proposed
BS methods improve the performance of con-
strained energy minimization (CEM) and adaptive
matched filter (AMF) subpixel detection methods
in terms of the number of false alarms.

Zusammenfassung: Verbesserung der Subpixel-
analyse von Hyperspektraldaten durch Verwen-
dung des so genannten „Prototyp-Raumes“. Mit
dem Ziel einer verbesserten Subpixel-Analyse wer-
den in diesem Artikel zwei unüberwachte Metho-
den zur Auswahl spektraler Bänder im so genann-
ten „Prototype-Raum“ (PS) untersucht. In dieser
Studie ist der PS ein zweidimensionaler Raum, der
aus den Signalen des Targets sowie des lokalen
Hintergrunds aufgebaut ist. Dabei erweist sich die
Ableitung des lokalen Hintergrunds mittels Clus-
teranalyse als geeignet. Zwei Methoden werden
vorgeschlagen, die geeigneten Bänder abzuleiten:
1) Auswahl der Bänder, die im PS das Gerüst der
konvexen Hülle bilden, und 2) Auswahl der Bänder
aus den Ergebnissen einer Clusteranalyse im PS.
Die Anwendung anhand eines Hyperspektraldaten-
satzes zeigt, dass die beiden vorgeschlagenen Me-
thoden zur Auswahl spektraler Bänder die Ergeb-
nisse der Constrained Energy Minimization (CEM)
und des Adaptive Matched Filter (AMF), zweier
Detektionsmethoden von Targets auf Subpixelebe-
ne, hinsichtlich ihrer Falsch-Positiv-Rate verbes-
sern.
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2.1 Pre-Processing

1) Image partitioning: The image is parti-
tioned into eight equal sub-images (Fig. 1a).
The justification for partitioning the image
is due to two operational considerations: (1)
to avoid memory shortage in the process-
ing systems, and (2) to make the implemen-
tation of the proposed methods in parallel
processing systems feasible.

2) Data clustering in each partition: The pro-
posed methods are applied locally. Each
image partition is made up of several end-
members. So, each partition is clustered
using the fuzzy c-means (FCM) method
(BEZDEK et al. 1984) (Fig. 1b). The number
of clusters in each partition is determined
by the signal subspace dimension using the
HySime method (BIOUCAS-DIAS & NASCI-
MENTO 2008).

3) PS formation: In this paper, we propose the
use of the PS for band representation. Each
point in the PS corresponds to one band in
the spectral space. Moreover, target detec-
tion is a binary hypothesis testing problem
in which we choose between two possible
cases: (1) target is present, or (2) target is
absent, i.e. the pixel under test is consid-
ered as background. Therefore, the dimen-
sion of the PS can be set to two. Target
spectrum forms the first dimension of the
PS. To represent the second dimension of
the PS, i.e. background, the mean spectrum
of each cluster in a given image partition is
used (Fig. 1c). In sum, the PS can be formed
using the spectra of target and background
(Fig. 1d).
To illustrate the idea behind PS, assume

that the spectral signatures of target and back-
ground are shown as column vectors t and m,
respectively. To form the PS, we use the con-
catenation of t and m which is expressed as E.

[ ]T 1

1

...

...
l

l

t tE m m
⎡ ⎤= = ⎢ ⎥⎣ ⎦

t m , (1)

where l is the number of bands. Each column
of E corresponds to one point in the PS.
Since we follow a partition-based approach

for BS, the PS is formed for each cluster in a
given partition. For instance, if a partition is
made up of five clusters, then five separate PSs
for each target will be formed.

Therefore, in this paper, we focus on band se-
lection (BS) methods. Because spectral signa-
tures of targets are affected by the materials in
their neighbourhood rather than by the glob-
ally extracted endmembers (MATTEOLI et al.
2009), the proposed methods aim at applying
BS in a local background. We refer the inter-
ested reader to JAIN & ZONGKER (1997), BRUZ-
ZONE & SERPICO (2000),MITRA et al. (2002), and
CHANG & WANG (2006) for more details on BS
methods.
In this paper, we present two unsupervised

local BS methods to improve target detection
performance. To this end, we first project the
data into the prototype space (PS) (MOJARADI

et al. 2009). To select informative bands in
the PS, two solutions are proposed: 1) choos-
ing the bands which form a convex hull, and
2) choosing the bands by band clustering in
the PS. After dimension reduction, the con-
strained energy minimization (CEM) (HAR-
SANYI 1993), adaptive cosine/coherent esti-
mate (ACE) (KRAUT et al. 2005) and adaptive
matched filter (AMF) (ROBEY et al. 1992) tar-
get detectors are used. The ultimate goal of
the proposed BS methods is improving tar-
get/background discrimination via minimiz-
ing the redundancy in the hyperspectral im-
age (HSI) data. Experiments were conducted
on a hyperspectral image acquired by the Hy-
Map sensor and the results confirmed the va-
lidity of the proposed methods. This paper is
outlined as follows. The proposed methods are
described in section 2. Dataset description and
final results are discussed in section 3. In sec-
tion 4, we present the conclusions and final re-
marks.

2 PS-based Band Selection

Conventional target detectors, e.g. CEM, ACE,
and AMF, characterize the background global-
ly in full dimension, i.e. using all bands. How-
ever, by using the proposed BS algorithms,
target detection methods can be applied local-
ly to data with reduced dimension. In fact, the
idea behind these algorithms is that for a given
target and a local background, a set of bands
can be selected. The main processing steps of
the proposed methods are shown in Fig. 1 and
described in the following subsections.
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the shortest Euclidean distance to the clus-
ter centroid is chosen as the representative
of that band cluster. The issue that needs to
be addressed is the number of band clus-
ters. To estimate the number of band clus-
ters, a cluster validity index (CVI) is used.
CVIs estimate the number of clusters by
comparing the clustering performance for
different number of clusters. To estimate
the number of band clusters in the PS, the
Calinski-Harabasz (CH) index (Caliński &
HARABASZ 1974) is employed. The CH in-
dex can be written as

( )
( 1)

B n kCH
W k

−=
−

, (2)

where B andW are the between-cluster and
within-cluster sum of squares, respective-
ly, n is the number of points, and k is the
number of clusters (Caliński & Harabasz
1974). Maximum value of the CH index
determines the optimal number of clus-
ters. In other words, one possible approach

2.2 Band Selection

Two BS methods in the PS are proposed: 1)
convex-based method, and 2) cluster-based
method (Fig. 1e).
1) Convex-based BS: “A set S is convex if for
every pair of points p, q ∈ S, the line seg-
ment pq is contained in S” (LATECKI et al.
1995), and the smallest convex set con-
taining S is called a convex hull. Inspired
by this definition, we select discrimina-
tive bands in the PS, which are the points
forming the convex hull. In the convex-
based BS, non-boundary points of the con-
vex region in the PS, i.e. bands inside the
convex hull, can be considered as combi-
nations of the points which form the con-
vex hull. We refer the interested reader to
ANDREW (1979) for a more detailed intro-
duction to convex hulls in two dimensions.

2) Cluster-based BS: In this method, the bands
in the PS are clustered by the FCMmethod.
Having clustered the bands, the band with

Fig. 1: Block diagram of the proposed local band selection approaches in the PS: (a) image parti-
tioning, (b) data clustering, (c) determining the background spectra, (d) prototype space formation,
and (e) band selection.
Note: only one instance of the background spectra, target spectra, and PS are shown here.
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3 metres is used (SNYDER et al. 2008). The im-
age size is 280 pixels × 800 pixels and the
number of bands in the original dataset is 126
(before pre-processing) covering the 0.45 μm
– 2.5 μm region with 15 nm – 20 nm-wide
bands. It should be noted that in this study
noisy bands were removed from the original
data. Several fabric panels, i.e. targets, were
placed in the study area during data acquisi-
tion (see Fig. 2). Target characteristics are re-
ported in Tab. 1. As can be seen, the size of
some of these fabric panels is less than the
spatial resolution of the data. The dataset also
includes the spectral library of the target pan-
els in the study area.

3.2 Band Selection

As an illustration of BS in the PS, selected
bands for target F3 (1 m × 1 m) are shown in
Fig. 3 (these bands correspond to one of the
image clusters). The spectrum of the pixel
containing target F3 (1 m × 1 m) as well as the
mean spectrum of its eight neighbouring pix-
els are shown in Fig. 4. As can be seen, the
high degree of similarity between the spec-
trum of the pixel containing target F3 and that
of the neighbouring pixels can hamper robust
detection, so selecting optimal bands is of vi-
tal importance.

to determine the number of band clusters
(k) is to find a k, 1 > k ≤M, with the largest
CH value. For our experiment, the upper
bound (M) was set equal to the estimated
signal subspace dimension in each image
partition. It is also noteworthy that the CH
index is used when the number of bands is
not pre-determined. The cluster-based BS
method can also be straightforwardly used
for application with pre-determined num-
ber of bands by simply skipping the appli-
cation of the CH index.

The ultimate goal of the proposed BS meth-
ods is to characterize a local background
which guarantees discrimination of all targets
from their surroundings. So, the union of the
selected bands for all targets in each cluster is
taken as the final set of bands for that cluster.
The merit of the proposed BS methods is their
unsupervised nature, i.e. they do not need any
prior knowledge except the target spectrum.

3 Experimental Results

3.1 Dataset Description

To test the proposed BS methods, a HyMap
reflectance data of Cooke City, MT, USA ac-
quired in 2006 with the spatial resolution of

Fig. 2: True colour representation of the HyMap dataset. The red box represents the target area.

Tab. 1: Target characteristics in the HyMap image.

Target name Fabric Number of fabric panels Size

F1 Red cotton 1 3 m × 3 m
F2 Yellow nylon 1 3 m × 3 m

F3 Blue cotton 2 2 m × 2 m, 1 m × 1 m
F4 Red nylon 2 2 m × 2 m, 1 m × 1 m
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Fig. 3: An illustration of the selected bands in the PS: (a) convex-based band selection, and (b)
cluster-based band selection. Red dots show the selected bands.

Fig. 4: Representing selected bands in the spectral space: (a) convex-based band selection, and
(b) cluster-based band selection. Red dots show the selected bands.
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CEM, ACE, and AMF algorithms are em-
ployed. These algorithms are developed for
the case that the only available knowledge is
the signature of the targets.
The performance of target detectors can be

evaluated using the receiver operating char-
acteristic (ROC) curve. The number of target
pixels in the dataset used in this study is lim-
ited; therefore, results obtained from the ROC
curve are not reliable. Consequently, to eval-
uate the detection performance, we use the
approach proposed by MATTEOLI et al. (2011),
which counts the number of false alarms
(#FAs) for each target. Target detection results
obtained from the CEM, ACE, and AMF de-
tectors using the proposed BS methods and
without BS, i.e. full dimension, are reported
in Tab. 2. In this table, the #FAs for three sce-
narios are given: 1) no dimension reduction,
i.e. using all bands, 2) using the convex-based
method, and 3) using the cluster-based meth-
od. Due to random behaviour of the FCM al-
gorithm at its first iteration, it may behave dif-
ferently from run to run. Consequently, the
median of 30 runs of the cluster-based method
is presented here.
As is evident from Tab. 2, dimension reduc-

tion improves the detection performance of
CEM and AMF detectors. In all experiments,
the cluster-based method achieves lower or the
same #FAs compared to the convex-based BS.
This may be due to the fact that the cluster-
based BS selects the discriminative bands in

The results from the convex-based method
(Fig. 4a) show that all 34 selected bands fall
within the bands 1 to 63 even though there are
bands in other regions of the spectrum which
may support more target/background separa-
tion. To alleviate this problem, a cluster analy-
sis of the bands in the PS is applied and cor-
related bands are represented by clusters in
the PS. Having clustered the bands by FCM,
a band with minimum Euclidean distance to
each cluster centre is selected. In FCM, the
number of iterations and the weighting ex-
ponent are set to 100 and 2, respectively. In
total, 58 bands are selected (see Fig. 4b). Dis-
tribution of the selected bands in the spectral
space indicates that unlike the convex-based
method, the cluster-based method finds a set
of bands which maximize the overall discrim-
ination between the target and background in
all regions of the spectrum and thus the physi-
cal structure of the spectrum is preserved. The
run time of the convex-based method and the
cluster-based method on an Intel Core2 Duo
2.53 GHz processor with 4 GB of RAM is 9
and 172 seconds, respectively. This indicates
high computational cost of the cluter-based
method.

3.3 Detection Evaluation

To investigate the impact of the proposed BS
methods on target detection performance, the

Tab. 2: Detection results in terms of #FAs for CEM, ACE, and AMF methods (#FA = number of
false alarms, CEM = constrained energy minimization, ACE = adaptive cosine / coherent estimate,
AMF = adaptive matched filter).

Target BS method
#FAs of each detection method

CEM ACE AMF

F1

Full dimension 14 0 13

Convex-based 0 0 13

Cluster-based 0 0 3

F2

Full dimension 0 0 0

Convex-based 0 1 0

Cluster-based 0 0 0

F3

Full dimension 29 0 100

Convex-based 3 0 13

Cluster-based 0 0 2

F4

Full dimension 20 0 20

Convex-based 8 1 12

Cluster-based 0 0 1
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all regions of the spectrum. The cluster-based
method shows the best performance by reduc-
ing the total #FAs from 63 to 0 for CEM, and
133 to 6 for AMF. It should be noted that the
#FAs of the ACE detector is 0 without dimen-
sion reduction. Regarding the size of the tar-
gets, they can be divided into two groups: 1)
easy targets, i.e. targets F1 and F2, and 2) dif-
ficult targets, i.e. targets F3 and F4. In case of
easy targets, two BS methods yield perfect de-
tection results with low #FAs. For difficult tar-
gets, higher #FAs is obtained, especially after
applying the convex-based BS. In sum, by ex-
amining the obtained results we can conclude
that: 1) the cluster-based method is more ro-
bust than the convex-based method and results
in lower #FAs; however, its computational
cost is higher, and 2) compared to the convex-
based method, the cluster-based method iden-
tifies more discriminative bands.

4 Conclusion

In this paper, two local BS methods for im-
proving detection performance were pro-
posed. Conventional target detection algo-
rithms have two main shortcomings: 1) they
characterize the background globally, and
2) they use all bands of the HSI data. To re-
solve the first issue, the image was partitioned,
and then each partition was clustered using
FCM. These image clusters were used to char-
acterize the background locally. To overcome
the second shortcoming, two new BS methods
in the PS were proposed. The first BS method
forms a convex hull in the PS to select dis-
criminative bands, whereas the second meth-
od clusters the bands in the PS to reduce the
dimensionality of the data. Detection results
revealed that both methods were able to select
discriminative bands to improve the perfor-
mance of CEM and AMF detection methods.
In particular, the cluster-based method yielded
the best detection results in terms of the num-
ber of false alarms.

Acknowledgement

The authors express their deepest gratitude
to Dr. JOHN KEREKES (Rochester Institute of
Technology) for providing the HyMap dataset.



380 Photogrammetrie • Fernerkundung • Geoinformation 5/2015

Addresses of the Authors:

HAMED GHOLIZADEH, Department of Geography, In-
diana University, 701 E. Kirkwood Ave., Bloom-
ington, IN 47405, USA, Phone: 812-855-6303, Fax:
812-855-1661, e-mail: hgholiza@indiana.edu

BARAT MOJARADI, School of Civil Engineering, Iran
University of Science and Technology, Tehran,
Iran, P.O. Box: 16765-163, Phone: +98-21-77240399,
Fax: +98-21-77240398, e-mail: mojaradi@iust.ac.ir

MOHAMMAD JAVAD VALADAN ZOEJ, Faculty of Geod-
esy and Geomatics Engineering, K.N. Toosi Uni-
versity of Technology, Tehran, Iran, P.O. Box:
15875-4416, Phone: +98-21-88786212, Fax: +98-21-
88786213, e-mail: valadanzouj@kntu.ac.ir

Manuskript eingereicht: March 2015
Angenommen: Juli 2015

MATTEOLI, S., IENTILUCCI, E.J. & KEREKES, J.P.,
2011: Operational and performance consider-
ations of radiative-transfer modeling in hyper-
spectral target detection. – IEEE Transactions
on Geosciences and Remote Sensing 49 (4):
1343–1355.

MELGANI, F. & BRUZZONE, L., 2004: Classification
of hyperspectral remote sensing images with
support vector machines. – IEEE Transactions
on Geoscience and Remote Sensing 42 (8):
1778–1790.

MITRA, P., MURTHY, C.A. & PAL, S.K., 2002: Un-
supervised feature selection using feature simi-
larity. – IEEE Transactions on Pattern Analysis
and Machine Intelligence 24 (3): 301–312.

MOJARADI, B., ABRISHAMI-MOGHADDAM, H., ZOEJ,
M.J.V. & DUIN, R.P., 2009: Dimensionality re-
duction of hyperspectral data via spectral fea-
ture extraction. – IEEE Transactions on Geo-
science and Remote Sensing 47 (7): 2091–2105.

ROBEY, F.C., FUHRMANN, D.R., KELLY, E.J. &
NITZBERG, R., 1992: A Cfar adaptive matched
filter detector. – IEEE Transactions on Aero-
space and Electronic Systems 28 (1): 208–216.

SNYDER, D., KEREKES, J., FAIRWEATHER, I., CRAB-
TREE, R., SHIVE, J. & HAGER, S., 2008:Develop-
ment of a web-based application to evaluate tar-
get finding algorithms. – IEEE International
Geoscience and Remote Sensing Symposium
(IGARSS), Vol. 2: II-915–II-918.



PFG 2015 / 5, 0381 –0393
Stuttgart, October 2015

Report

Generation of TIR-attributed 3D Point Clouds from
UAV-based Thermal Imagery

PATRICK WESTFELD, DAVID MADER & HANS-GERD MAAS,

Keywords:

Summary:

15,000

× ×

Zusammenfassung Generierung von ther-
malen 3D-Punktwolken aus UAV-gestützten
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Fig. 1: (a) CAD model of an octocopter UAV sensor platform equipped with a thermal imaging camera
FLIR A65. (b) Colour-coded thermal image of 640 pixel 512 pixel.

2 Sensor Systems
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3.2 Geometric Calibration
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Fig. 2: (a) True colour image and (b) colour-coded thermal image of a 3D target field.

Tab. 1: Thermal camera calibration parameters x̂i with their standard deviations ŝx̂i
. The image

coordinate system is defined in section 3. The camera’s pixel size is 17μm, the camera’s sensor size
is 640 pixel × 512 pixel.

cu cv u0 v0 k1 k2 k3 p1 p2 s1( )

x̂i 774.65 774.46 315.75 259.57 −4.51e−2 0.36 0 7.82e−4 −1.13e−3 6.37e−2

ŝx̂i 0.197 0.202 0.267 0.254 1.36e−3 9.80e−3 1.04e−4 1.28e−4 3.52e−2

�

k3

5)

4 Data Acquisition
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(a) (b) (c)

Fig. 3: (a) Aerial image of the subject of investigation. (b) Flying robot collecting data in front of a
building façade. (c) Some of the thermal images.

6)

5 Data Processing and Results
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Fig. 4: 3D point cloud reconstructed from thermal images only: (a) Top view of the entire 3D model.
(b) Temperature coded submodel of one façade.
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Fig. 5: TIR-attributed ortho-image of a part of one façade.

6 Accuracy Analyses

6.1
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6.2 6.3

Y Z
X

6.1 SfM Internal Precision

Tab. 2: A-posteriori standard deviations ŝx̂i and
mean point error ŝX̂Ŷ Ẑ of a 3D object point coor-
dinates from a sparse point cloud in (mm). Row
1 and 3 are the mean, row 2 and 4 the median.

ŝxy

ŝxy

Fig. 6: 3D mesh of a part of the TLS refer-
ence façade, overlaid with colour-coded, logarith-
mically scaled mean point error of all 3D object
points from sparse point cloud ranging from 20
mm to 1.8 m
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Tab. 3: Mean a-posteriori standard deviations ŝx̂i
of camera’s projection centres in (mm) and rotation

angles in (◦).

ŝX̂0
ŝŶ0

ŝẐ0
ŝX̂0Ŷ0Ẑ0

ŝω̂ ŝϕ̂ ŝκ̂

46.25 132.04 139.12 197.30 1.495 0.151 1.501

Tab. 4: Single 3D point precision in mm.

RMSEX RMSEY RMSEZ RMSEXY Z

18.28 4.45 4.92 19.45

17.13 15.59 17.97 29.32

X

6.2
6.3

ŝi

X0

1.0◦ ωϕκ

ω κ

6.2 External 3D Point Accuracy

X

X

6.3 Comparison of SfM and TLS
Point Clouds
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Fig. 7: Colour-coded, logarithmically scaled differences between SfM and TLS point clouds.
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Summary: Land use, land cover, and their dynam-
ics are of high relevance for geographic research
and increasingly interesting for many administra-
tive, economic and environmental institutions.
During the past four decades remote sensing from
satellite images has been an emerging technology
which allowed for the observation of the Earth’s
surface even in remote parts of the world. Starting
in the field of global meteorological and climatic
dynamics, observations expanded to vegetation
monitoring, which in turn can specifically support
research and development in the field of food pro-
duction. This report from science and technology
highlights the methodological challenge for ex-
tracting land use classes from land cover types, the
technological progress since the 1970s and recent
applications on European and global levels.
The report introduces two different publicly

available regional and global land cover maps as
well as land cover monitoring datasets. It reports on
their significance of class definition, spatial resolu-
tion and thematic focus. Recent high resolution
global datasets are evaluated according to their
methodological progress and their potential for fur-
ther applications. Finally, the upcoming trends in
high resolution global mapping and monitoring are
presented.
The focus is not only on scientific progress but

also on changing information demand, as needs
from different fields of application will help to
generate the necessary funds for the improvement
of methods. The overall benefit will be a better
knowledge of the actual dynamic of the world re-
garding food resources and environment.

Zusammenfassung:Hochauflösende großräumige
Kartierung von Bodenbedeckung und Bodennut-
zung – Aktueller Status und sich abzeichnende
Trends. Bodenbedeckung und Landnutzung und
ihre Veränderung sind nicht nur für die geographi-
sche Forschung von großem Interesse sondern auch
für den wachsenden Informationsbedarf vieler ad-
ministrativer, wirtschaftlicher und umweltrelevan-
ter Institutionen. Seit vier Jahrzehnten hat sich die
Fernerkundung mit Satellitenbildern als Technolo-
gie etabliert, um auch die entferntesten Regionen
der Welt zu beobachten. Beginnend mit der Beob-
achtung globaler meteorologischer und klimati-
scher Veränderungen entwickelte sich die Vegeta-
tionsbeobachtung mit ihren präzisen Beiträgen zur
Nahrungsmittelproduktion als Forschungs- und
Entwicklungsfeld. Der Beitrag beleuchtet die
methodische Herausforderung, unterschiedliche
Landnutzungen aus Klassen der Bodenbedeckung
abzuleiten, sowie die technologischen Fortschritte
seit den 1970er Jahren und die aktuellen Anwen-
dungen auf europäischer und globaler Ebene.
Der Beitrag stellt verschiedene regionale und

globale öffentlich zugängliche Datensätze der Bo-
denbedeckungskartierung und Landnutzungsver-
änderungsentwicklung vor. Er untersucht die Sig-
nifikanz der Klasseneinteilung, der räumlichen
Auflösung und der thematischen Ausrichtung so-
weit zutreffend. Aktuelle Ergebnisse hochauflösen-
der regionaler und globaler Datensätze werden hin-
sichtlich ihres methodischen Fortschritts und ihres
Potenzials für zukünftige Anwendungen evaluiert.
Schließlich werden die sich abzeichnenden Trends
regionaler und globaler Kartierung und Verände-
rungsbeobachtung vorgestellt. Der Fokus liegt da-
bei nicht nur auf dem wissenschaftlichen Fort-
schritt, sondern auch auf dem sich wandelnden In-
formationsbedarf, weil die Anforderungen ver-
schiedener Anwendungsfelder dazu beitragen wer-
den, die notwendigen Mittel für den methodischen
Fortschritt zu generieren. Der Gesamtnutzen wird
sich durch eine bessere Kenntniss der Weltdyna-
mik hinsichtlich Resourcen und Umwelt darstellen.
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port”. These problems have been tackled
either by local validation or by attempts of
automatic semantic and geometric interoper-
ability. In those approaches, the difficulty of
applying regional mapping solutions to large
area applications became evident. In addition,
the variety of ecological, hydrological and sub
surface conditions demand regional adaptions
of classification methods for mapping exten-
sive areas.
In this paper, the forthcoming trends will be

examined not only on the basis of their sci-
entific and technical aspects, but also with re-
spect to their societal, administrative and eco-
nomic aspects.

2 Large Area Land Cover

To understand the different approaches, it is
worth looking at large scale land cover map-
ping projects. There, study areas cover entire
countries or continents and remote sensing
has to be performed without or with only re-
duced access to ground truth information for
training and validation. From 1974 until 1977,
the United States Department of Agriculture
(USDA), NASA and NOAA conducted the
first phase of the Large Area Crop Inventory
Experiment (LACIE). The experiment was
designed to develop a monitoring method tar-
geted on wheat production in important agri-
cultural regions throughout the world (U.S.,
Canada, USSR, and Brazil). The technologi-
cal basis was the image data received since
1972 by the Earth Resource Technology Satel-
lite (ERTS), later renamed Landsat-1. The pro-
ject achieved proving the usefulness of multi-
spectral image data to extract timely crop in-
formation with a strong focus on wheat (ERB
& MOORE 1979). This initial concentration on
a single-class classification of multispectral
data as well as the political support and sig-
nificance contributed to its success: As a re-
sult it became possible for the United States to
predict the wheat harvest for extensive wheat
production regions in the Soviet Union sever-
al weeks prior to harvest within a relatively
small margin of error. Yield predictions rely
not merely on the determination of crop ex-
tend and acreage, but also on crop conditions,
which are highly influenced by the spatio-tem-

1 Introduction

Beginning with the start of the first Earth Re-
source Satellite missions in the early 1970s
there have been many attempts to obtain glo-
bal overviews on land use and land cover, veg-
etation, settlements and natural resources.
While the first satellite capacities could not
easily provide a real global data coverage in
short time periods among others due to revisit
limitations, several modern satellite systems
today offer such opportunities like more fre-
quent observations at high geometric resolu-
tions. The readily available image data now
allows for more precise evaluation of limits
and potentials of thematic land mapping and
the respective maps showing the land use, the
land cover, or the vegetation status and de-
velopment.
There is a very strong demand for determin-

ing and monitoring the land use on all scales.
Remote sensing has been perceived as a solu-
tion to overcome the unbalanced updating of
cartographic maps (KONECNY 2013). Not only
for scientific but especially for environmental
and economic reasons information on land use
and land use development are required. For in-
stance, the actual land use and the potential
for land use development together with crucial
questions of land ownership are amongst the
prime determining factors in socio-economic
and investment decisions.
However, satellite images predominantly

offer information on land cover and can hardly
supply such specific information demand. In
the early global and continental remote sens-
ing products of low and medium resolution,
this challenge was not obvious. Some investi-
gations show that this gap between potentials
and demands was already recognized early
(ANDERSON et al. 1976), but the new potential
of remote mapping was frequently overesti-
mated. With improved data resolutions and a
more detailed differentiation of land use class-
es, the problem of ambiguities between land
cover and land use has become more apparent.
For instance, the land cover “grassland” may
result from different land use types, such as a
meadow within the land use “agriculture”, a
lawn within the land use “public recreation”,
a soccer turf within the land use “sport field”
or even a grass field within the land use “air-
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hagen, tasks within the Directorate General
Environment were assigned step by step to the
EEA, including the CLC 2000 update. Later
on the CLC time series were embedded in the
structural context of the programme “Global
Monitoring for Environment and Security”
(GMES). From 2012 onwards, after GMES
had been renamed to Copernicus, the CLC
time series became part of this programme,
too. Where member states are using national
digital landscape models updated with satel-
lite image data such as the DLM-DE (Basic
Digital Landscape Model for Germany, see
section 4.2), the CLC updates will no longer
be performed separately, but will be derived
from these landscape models.
Working experiences through more than

two decades of CLC mapping have shown
the specific challenges of large area cover ap-
proaches. There are several land cover classes
which do not occur in certain regions or which
will have different ecological relevance e.g.
according to site-specific edaphic conditions.
Comparing the different European member-
states discloses a certain variability of ecolog-
ical zones and agro-climatic conditions. For
accurate mapping within these zones different
seasonal windows for acquiring satellite im-
age data are useful. As the national land cover
classes have developed independently in most
cases, the CLC approach has to be recognised
as a successful attempt to harmonise the Eu-
ropean land cover map on an unbiased basis of
Earth observation methodology.

poral variability of temperature and precipita-
tion. This explains why the researchers of the
LACIE project used additional meteorological
data to refine their results (NASA 1978).

2.1 Pan-European Approach of
CORINE

In 1985, the European Commission initiated
the project “Coordination of Information on
Environment” (CORINE), a very ambitious
programme to monitor a great number of en-
vironmental features and their spatial distri-
bution and development. In the end, the only
feature which was successfully realised was
land cover, because the methods by remote
sensing from orbital platforms available at
this time could not resolve high levels of de-
tail required for more specific land use map-
ping. Most of the other important environ-
mental features could not be implemented
due to unresolved scientific and administra-
tive discussions about definitions and obser-
vation techniques on a European scale. When
the first CORINE Land Cover (CLC) started,
it was based on the reference year 1990 and on
Landsat 5 data. Initially the inventory was de-
signed with a minimum mapping unit (MMU)
of 25 ha and 44 land cover classes. For the sub-
sequent updates, the Landsat 7 and SPOT data
were included, and the MMU of changes was
reduced to 5 ha (Figs. 1 and 2).
After the European Environment Agency

(EEA) became operational in 1994 in Copen-

Fig. 1: Monitoring stages of CORINE Land Cover (COPERNICUS 2014).
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Fig. 2: CORINE Land Cover 2006 main classes (COPERNICUS 2014).

Fig. 3: LUCAS 2012 survey results: Overview of land cover sample points main classes (left);
Example LUCAS terrain sample survey and photos (right) (COPERNICUS 2014).
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As a general rule it can be stated that the need
for regional adaption is growing with the re-
duction of the MMU.

3.1 Copernicus Global

In 1988, the European Commission initiated
a joint programme with the European Space
Agency (ESA) called “Global Monitoring of
Environment and Security”, better known
under its acronym GMES. Under this um-
brella a great number of initiatives, projects,
and service elements were developed. Three
examples of this programme’s output are A)
the service element of “Global Monitoring for
Food Security” (GMFS) with regional com-
ponents directed towards Africa (BROCKMANN
et al. 2011, KOMP & HAUB 2012, HAUB et al.
2013), B) the Fast Track Service “Land” un-
der the Framework Programme FP7 of the Eu-
ropean Commission within the GMES initia-
tive, and C) a bundle of Geoland 2 projects,
like the African Area Frame Sampling in the
course of the SATChMo projects. Parallel to
those R&D projects, the European Commis-
sion initiated direct global monitoring themes,
predominantly focussing on biophysical pa-
rameters like climate and vegetation. Coper-
nicus, previously known as GMES, is the Eu-
ropean Programme for the establishment of a
European capacity for Earth observation. The
different projects, results and reports are now
accessible through the Copernicus Land Mon-
itoring Services of the European Commission
(COPERNICUS 2014).
One attempt at global monitoring within

this framework was the Global Land Cover
Project initiated by the Joint Research Cen-
tre (JRC) of the European Commission. This
venture started under the umbrella of a proj-
ect entitled as Global Environment Informa-
tion System (GEIS). The task was to “provide
information on changes in the world’s vegeta-
tion cover for EU policy in the area of envi-
ronment, development and external affairs”
(BARTHOLOMÉ et al. 2002). The Vegetation in-
strument on board of the SPOT 4 satellite of-
fered a quick but coarse coverage. A cooper-
ation of about 30 research groups developed
a common legend for the GLC 2000 product,
using the “Land Cover Classification System”

2.2 LUCAS – the European Sample
Monitoring Approach

In 2001 surveys throughout the European
member states were started which have been
conducted approximately every three years.
The latest update (2015) consists of another
270,000 points observed in a sample survey of
land cover classes, actual land use, soil condi-
tions, and ecological features including a pho-
to documentation of about 1.5 million terrain
witness photos. Based on a stratified sampling
in a 2 km by 2 km grid, the database of EU-
ROSTAT (2015) offers a unique pool of land
use/land cover samplings on the ground. Fig. 3
shows an overview of the 2012 survey results
depicting the main land cover classes.
The right part of Fig. 3 shows an example of

the terrain photos. The first image in the se-
ries shows the sample point itself and the other
four depict the neighbourhood of the sample
point in cardinal directions. Over the last 15
years, the LUCAS database has been a unique
source of information on the spatial develop-
ment of land cover change throughout Europe,
a big dataset showing the relation between
land cover and land use, as well as an on-site
view collection which could provide a valu-
able calibration source for further refinement
of remote sensing classifications.

3 Global Approaches

The early approaches for a global coverage
were often limited by capacity constraints
of the few existing satellites and by frequent
cloud cover in many parts of the world. There-
fore, the first global satellite maps often need-
ed more than five years to achieve a complete
coverage. More recently several satellite con-
stellations are providing image data with a
ground sampling distance (GSD) between
30 m and 5 m at short repeat cycles. Method-
ologically, the global view has highlighted ad-
ditional problems arising from the different
climatic zones and the different seasonal char-
acteristics between the tropic zone, the North-
ern and the Southern hemispheres. Hence the
global approaches of Earth observation had to
incorporate various ecological patterns and a
regional adapted scheme of object catalogues.
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Cover Meta Language” (LCML), which is
able to specify any land cover type around the
world according to detailedness and scale. By
using LCML, the researchers were able to cre-
ate 11 global land cover classes in accordance
with to the System of Environmental Econom-
ic Accounting (SEEA).
The database is geometrically compiled

within a pixel resolution of 30 arc-seconds,
corresponding to ~ 1 km × ~ 1 km. The area
south of latitude 60° S was not included in
the data base. While Northern America, Eu-

(LCCS) terminology concerted between JRC
and United Nations Food and Agriculture Or-
ganisation (FAO) (Fig. 4).
Simultaneously, similar attempts were con-

ducted by the FAO. The current product is
called “Global Land Cover – SHARE” (GLC-
SHARE) and was launched as a beta release
in March 2014. The database utilises the ISO
standard LCCS to harmonize various land
cover databases of land cover products from
all over the world (Fig. 5). The improved
LCCS has been used as basis for the “Land

Fig. 4: Global Land Cover2000 Product (BARTHOLOMÉ et al. 2002).

Fig. 5: GLC SHARE Land Cover Data Base Map (LATHAM et al. 2014).
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scenes. For the update 2010, they included
2,640 scenes from the Chinese HJ-1 satel-
lite together with 9,907 Landsat TM datasets.
For four years, around 500 scientists worked
on the geo-coding and thematic processing
of this data and developed a variety of sam-
pling techniques, classification and change
detection procedures, e.g. the spectral gradi-
ent difference (SGD) based approach for land
cover change detection (CHEN et al. 2013). The
GLC30 product comprises 10 land cover class-
es (Fig. 6).
For the scientific user community it is very

important that the complete data base for both
reference years including sample areas and
reference data like CORINE are available as
a web service (GLC30 2015). About 139 map
sheets have been independently validated in
sample areas by five international research
groups, confirming a disagreement generally
lower than 5%.

3.3 Need for Validation

All of the aforementioned land cover prod-
ucts face the same fundamental problem: The
lower the number of ground samples, the more
the automated classification approaches have
to extrapolate land cover characteristics into

rope, the Eastern half of Africa, Russia, Chi-
na, some Southern Asian states, and Austra-
lia were covered by high resolution datasets,
Southern America, the Western half of Africa,
the Arabian Peninsula, India, and the Indone-
sian Archipelago were only covered by global
datasets of coarse resolution.
Nearly 1,000 sampling sites were includ-

ed using a stratified random design in or-
der to perform a validation of CLC-SHARE
2014. The result of the accuracy assessment
is shown in Tab. 1. The overall accuracy has
been calculated to be 80.2 %. FAO is expect-
ing that the reliability will increase with up-
dates which may use improved databases.

3.2 GLC Global Land 30

Between 2010 and 2013, the Chinese Nation-
al Geomatics Center (NASG) prepared two
global land cover maps with a resolution of
30 m for the reference years 2000 and 2010
from freely available Landsat scenes. The ini-
tiative was launched as a national 30 m GLC
mapping project. It was listed as a GEO sub-
task SB-02 C1 (CHEN 2013).
To obtain a dataset for the reference year

2000, the National Geomatics Centre of Chi-
na in Beijing processed 10,270 Landsat TM

Tab. 1: CLC-SHARE 2014 Quality Assessment (own compilation from LATHAM et al. 2014).

GLC-SHARE
Land Cover Types

Label Global
fraction

User’s
accuracy

Producer’s
accuracy

Artificial Surfaces 01 0,6 % 70,0 % 100,0 %

Cropland 02 12,6 % 94,9 % 88,8 %

Grassland 03 13,0 % 75,4 % 65,6 %

Tree covered Areas 04 27,7 % 94,9 % 91,8 %

Shrub covered Areas 05 9,5 % 50,0 % 67,9 %

Herbaceus vegetation 06 1,3 % 56,0 % 53,8 %

Mangroves 07 0,1 % 80,0 % 100,0 %

Sparse vegetation 08 7,7 % 50,0 % 44,3 %

Baresoil 09 15,2 % 57,3 % 89,6 %

Snow and glaciers 10 9,7 % 96,3 % 72,2 %

Water bodies 11 2,6 % 100,0 % 66,7%

Total 100,0 %
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Fig. 6: GLC Global Land 30 result for 2010 (GLC30 2015).

Fig. 7: Validation of GLC Global Land 30 (2010) against CORINE (CLC) at the example of North-
West Schleswig-Holstein in Northern Germany (GLC30 2015).
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mation of grassland cover to the benefit of the
cultivated land ratio. Some other differences
in the tidal flats along the North Sea coast are
not of great importance as in the global view,
these tidal amphibious lands are in the range
of Mangrove coasts extensions, which also
are not subject of GLC30. This example may
underline the potentials for further improve-
ments of the reference database as part of the
next update of GLC30, which has already
been announced in CHEN (2013).
In order to cross-check the assumption of

the CLC map being a valid data base, the re-
sults from the Copernicus project, funded un-
der the FP7 scheme, were consulted. There are
results available from a temporal analysis of
a representative part of Schleswig-Holstein,
which are shown in Fig. 8 in the development
from 1990 to 2001 to 2013. The source for the

unsampled regions, which in turn increases
the risk of misclassification. However, world
coverage will hardly be completed without a
certain margin of uncertainty inherent to time
saving automation.
Fig. 7 shows the comparative view of an ex-

tract from the GLC30 and the corresponding
CLC 2006 of a small part of Northern Ger-
many between the city of Hamburg in the low-
er right corner and the German-Danish border
of about 16,500 km2, separating the North Sea
(West) from the Baltic Sea (East). Artificial
surface, water bodies, and forest show a very
good compliance. However, the GLC30 maps
differ from the CLC map in a strip of 40 km
width and 120 km length parallel to the West-
ern coast, where the CLC maps shows pre-
dominantly grassland (CLC code 231). At least
in this area, this will result to an underesti-

Fig. 8: Dynamics of agricultural changes in the validation area for Schleswig-Holstein in Northern
Germany through conversion of grassland into bio-fuel production area with maize (adapted from
BUCK et al. 2013, BUCK et al. 2015, and MS.MONINA 2013).
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world population on a limited Earth surface.
This also applies to militant annexation of for-
eign land as well as the present globalisation
of trade and exchange. Many stakeholders, re-
gional planners and investors require to know
about the land use more or less worldwide.
The principal gap between required land

use and observed land cover manifests in dif-
ferent parameters and their values. General-
ly spoken, the size of the gap grows with re-
duced pixel size and with increasing number
of land use classes. In the initial ERTS-1 pixel
size of 80 m × 80 m most natural or urban sur-
faces appeared rather interpolated and there-
fore appropriate to pixel based classification
techniques of that time. Today’s high-resolu-
tion satellite data, ranging from 10 m to 5 m
is more difficult to classify due to many small
differentiations, height differences, shadows
and variations in illumination. In high reso-
lution images there are less areas of homoge-
neous appearance than in image data of medi-
um resolution. The problem naturally increas-
es when using very high resolution image data
(<5 m).
The second reason for a gap between re-

quired land use and observed land cover is
the number of land use classes. The CORINE
Land Cover describes land cover and land use
according to a nomenclature of 44 classes or-
ganised hierarchically in three levels. The first
level comprises four classes, the second level
15 classes, and the third level 44 classes. Es-
pecially in the latter case spectral confusion
occurs in particular when one land cover type
can refer to several land use classes. As a con-
sequence, there have been a series of differ-
ent approaches tested during the last decades
to refine automatic land cover classification by
introducing algorithms for calibration, inter-
pretation keys gained from field observation,
libraries of spectral characteristics (reference
signatures), knowledge based training parcels
and object based class similarities.

4.2 Methodological Advances in
DeCOVER

In the course of a R&D project for space-based
services for German land cover, the DLR ini-
tiated the development of approaches to over-

map of 2013 was satellite data from Landsat
8, acquired on 2013-05-02, 2013-06-03 and
2013-07-21. The base classification from 1990
and 2001 were used from the state BNTK data
base (Survey of Biotope and Land Use Types),
which has also used SPOT5 data. Using re-
cent satellite image data from 2013, agricul-
tural changes were classified. A conversion of
grassland to arable land (cultivated cropland)
could be identified and compared to exist-
ing previous classifications (BUCK et al. 2013,
BUCK et al. 2015). Due to its edaphic condi-
tions grassland habitats dominate the region.
In 1990, there had still been a predominant
exploitation of grassland. The statistical dis-
tribution diagram below the three maps shows
about 81% of grassland for 1990 and only few
maize cropping. Around 2001, a considerable
conversion of grassland began for the biomass
production through planting maize. In 2013,
the proportion of grassland was found reduced
(55%) at the expense of maize area (35%). This
shows that different from the GLC30 in 2010
with mainly cropland in this area, there was
still about 55% of grassland left even in 2013
(Figs. 7 and 8). The latter is being monitored
by the regional Ministry of Agriculture as
these biofuel production areas are in the vicin-
ity of Natura 2000 sites.

4 Monitoring Land Cover / Land
Use Changes

4.1 Methodological Challenge to
bridge the Gap between Land
Cover and Land Use

Spatial patterns on the surface of the Earth are
of special socio-economic interest in terms of
their actual use or the potential to change the
actual use by different actors. The value of us-
able parts of the Earth’s surface is determined
by natural properties of the land or by access
to the land and increases with competing hu-
man interests. Land offers potential for food
production, cattle husbandry, settlement, eco-
nomic production, circulation, recreation and
extraction of Earth resources. Therefore, the
knowledge of the land use is an important pa-
rameter in decisions concerning most human
activities, especially with regard to a growing
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in order to derive object classes from different
cadastre objects, comparable based on a com-
mon vocabulary as shown in Fig. 9 (CHRIST &
LESSING 2012, DECOVER 2013). A method
was developed that allows semantic transla-
tions for many classes. For some classes even
a geometric translation between the remote
sensing derived land cover and the adminis-
trative and legal land use became possible. For
now, these are R&D results achieved within
the realm of knowledge-based regional con-
text. To further develop this method into a
reliable service element, i.e. a method trans-
ferable to other areas, additional experience-
based case applications are still required. The
fast spread satellite based monitoring of large
areas at high resolution will be limited by not
enough regional knowledge bases of the same
standards. Potentially, the 15 years of recur-
rent LUCAS surveys can help to extend the
knowledge base of land use and land cover, at
least in Europe.
These recent developments of methodologi-

cal advances combined with repeatedly updat-
ed sample surveys give a very good perspec-
tive on improving the possibilities for large
area land cover/land use monitoring based on
ubiquitously available high-resolution satellite
data.

come the gap between land cover and land
use. The project DeCOVER focussed on the
existing international and national land cov-
er models like CORINE land cover, ATKIS
Basis-DLM (Authorative Topographic-Carto-
graphic Information System – Basic Digital
LandscapeModel), and DLM-DEwith the aim
of also supporting the future of the European
land service components within Copernicus.
Methodologically, different services had to be
addressed: The automatic detection and clas-
sification of land cover changes, agricultural
monitoring, environmental monitoring, and
the crucial question of overcoming the partial
discrepancies between the different existing
national and international land cover models.
This special research field needs to be ex-

plained in detail. Satellite based land cover
data is supposed to have an area fully cov-
ered by a number of land cover classes, with-
out overlaps and without any unclassified gaps
between adjacent areas. Contrary to this, the
ATKIS Basis DLM provides information on
land cover and land use, normally with several
layers of information (cadastre, legal require-
ments, land use, built-up structures, public
limitations on real estate use, economic zon-
ing, etc). The project has improved approach-
es to semantic and geometric interoperability

Fig. 9: Knowledge based semantic and geometric interoperability (DECOVER 2013).
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odological and technical progress (MORA et al.
2014).
Fortunately, there is another trend with a

growing driving force, though sometimes not
in the focus of the scientific communities.
This support comes from an emerging group
of users of global land cover information. The
first global information of coarse resolution
has created rising interest for information of
better geometric and temporal resolution. The
traditional user group has different adminis-
trative interests, like disaster mitigation, sup-
port to regional planning and zoning, monitor-
ing of water resource regions, desertification,
climate, biodiversity, ecosystem conserva-
tion and vegetation characteristics and change
(MORA et al. 2014). Additionally, there is a
special demand among the governmental user
group to apply Earth observation for support-
ing information collection and mapping in de-
veloping countries and less-favoured regions
(KOMP et al. 2010, VÖLKER et al. 2011). The on-
going globalization of all social and economic
relations has created a third important support
group: the private sector, meaning the society
as a whole. Besides the scientific interest of all
Earth-related disciplines, there is increasing
interest in free access to global land cover in-
formation from private persons for travel, for-
eign investments, social engagement of NGOs

5 Upcoming Trends in Large
Area Monitoring

Several trends that can be observed of late
will strengthen further advances in high-reso-
lution large scale land cover products. One im-
portant issue is the continuation of high-res-
olution satellite programmes, even as a com-
bination of satellite resources from different
providers. It is very promising that there is not
only the Landsat continuity. Also the upcom-
ing Sentinel series, the RapidEye constella-
tion, Spot 7, ResourceSat-2 of India and the
Chinese HJ-1 have already been enlarging the
observation capacity (Tab. 2). Further follow-
up satellites are either already under construc-
tion or planned.
A second supporting field emerges from

various projects and international initiatives:
Originated as a project only, the “Global Ob-
servation of Forest Cover – Global Observa-
tion of Land Dynamics” (GOFC_GOLD) has
now become an initiative working actively for
several years to promote and improve global
Earth observation. The Committee on Earth
Observation Satellites (CEOS), the Group of
Earth Observation (GEO), the United Nations
(often through FAO), and many regional or na-
tional governmental institutions are pushing
Earth observation into a confluence of meth-

Tab. 2: Specification of existing and upcoming satellites for high resolution EO mapping (selection
compiled from information of the different satellite operators).

Satellite GSD Bands Repeat Cycle Operation

RapidEye
constellation 5 m 5 MS 1 day

(5 satellites) since 2.2009

HJ-1A/HJ-1B 30 m 4 MS 4 days
(2 satellites) since 1.4.2009

Resource Sat-2 6 m LISS-4 / 30 m LISS-3 3 MS / 4 MS 24 days since 28.4.2011

Landsat 8 30 m MS / 15 m pan 9 MS / 1 pan / 2 mw 16 days since 11.2.2013

Sentinel 1A 5 m x 5 m strip map mode 1 C-SAR 12 days since 3.4.2014

Spot 7 6 m / 1.5 m 4 MS /1 pan 26 days since 30.6.2014

Sentinel 2A 10 m / 20 m / 60 m 4 MS / 6 MS / 3 mw 10 days since 22.6.2015

Sentinel 1B 5 m x 5 m strip map mode 1 C-SAR 6 days
(2 satellites) planned for 2016

Sentinel 2B 10 m / 20 m / 60 m 4 MS / 6 MS / 3 mw 5 days
(2 satellites) planned for 2016

EnMAP 30 m 250 hyperspectral 21 days planned for 2018
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The developments above will be the basis
for the scientific-technical trends in high-res-
olution global land cover mapping. The ongo-
ing changes are evident in user-oriented alter-
ations of monitoring cycles, monitoring scales
and monitoring subjects. In regions like the
upper Amazonian forest or the North Siberian
tundra, in the absence of governmental pro-
grammes, large scale mapping will only occur
on demand.
Simultaneously, another trend is the in-

creasing online access to all geographic data.
The Chinese GLC30 data base already offers
an online validation tool which may in future
serve to broaden the sources for local input
of knowledge (“crowd sourcing validation”).
Furthermore, the number of people travelling
for private or work related reasons will in-
crease further and require more specific infor-
mation on their destination via online access.
Undoubtedly, this will produce new forms of
displaying tailored land cover mapping with
individual focus on specific user needs. This
means that areas of economic, touristic or po-
litical interest will enjoy more frequent map-
ping and updates than other regions. Those re-
gions with low or no interest will be left to the
possibilities of public cartographic updates.

and various economic activities. It has to be
pointed out, that apparently free Internet ac-
cess to data for navigation, maps, aerial views
and street views does not mean that this data
has been created and provided free of charge.
Those charges are covered by a global, power-
ful advertising industry which will refinance
these costs through increasing sales and profit,
which in turn will result in tax income of the
concerned states. Globally these applications
of “free” spatial information for the purpose
of navigation, travelling, and other social ac-
tivities not only create a rising demand for ac-
tualized spatial data but also contribute via tax
income to public research budgets.
Initially, the main profiting sectors are ag-

riculture, forestry, mineral resources extrac-
tion, and the energy sector. All of these de-
pend on knowing the spatial patterns in up-
to-date, precise terms and often benefit sig-
nificantly from land cover information. These
stakeholders are prepared to finance projects
that go beyond the free access of information,
and generate information that is more specific.
Such growing demand driven by globalisation
will provide funding for scientific progress in
Earth observation, even in times of declining
budget resources.

Fig. 10: Upcoming trends in Earth observation and their interaction.
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● Globalised users of global land cover moni-
toring who are discovering the social and
economic return of EO,

● a global society (private sector) demand-
ing free access to global land cover infor-
mation,

● navigation and travel,
● social engagement of NGOs,
● the resource sector (Agriculture, Forestry,
Minerals, Water) etc.
Growing demand will create user-oriented

alterations of monitoring cycles, monitoring
scales and monitoring subjects: Return from
EO utilisation will finance and drive future
R&D projects and monitoring demand.

6 Conclusion

Since the first satellite images have been avail-
able, global land cover mapping data has been
the key source for researchers, governments
and private users. At selected examples this re-
port demonstrated the scientific developments
and technological progress since the Large
Area Crop Inventory Experiment through
which the United States predicted wheat yield
in the Soviet Union. Furthermore, different
land cover datasets were discussed to high-
light regional and global developments of land
cover and land use mapping. In terms of high
resolution and actuality, the Chinese Global
Land Cover change detection dataset present-
ly appears to have the highest standard. The
GLC30 product shows a high quality of infor-
mation content and web based functionalities,
but also indicates potential for local improve-
ment. The existing challenge of mapping land
use within one land cover class remains a field
for further research. The approaches of object-
based classifications like the R&D results of
the DeCOVER project have shown promis-
ing results. The semantic and geometric in-
teroperability will need more regional sample
definitions in order to allow the application in
large scale Earth observation products.
The demand for ongoing large area land

cover observation is expressed by different
user communities. Upcoming trends com-
prise more data continuity with higher reso-
lution, harmonisation and standardisation of
mapping procedures, but also emerging user

The interaction of different upcoming
trends in Earth observation is illustrated in
Fig. 10. Based on the described developments,
three major trends emerge, effectively shaping
the next decade of Earth observation. The first
trend may be labelled as “Trend EO-Dat”.
We observe that the data continuity is grow-
ing because of a rising number of satellite sys-
tems in orbit. As projects and global initiatives
are stabilising in growth, they form the driv-
ing force which we label as “Trend EO-Pro”.
The GOFC-GOLD Initiative, CEOS, GEO, the
United Nations, and the FAO are pushing EO
into a confluence of methodological & techni-
cal progress. The third major development can
be summarized as “Trend EO-Return”. As
pointed out above, we find many global appli-
cation fields where products of Earth observa-
tion already produce an important economic
and technical return on investments.
Economic sector studies have predicted

solely for the European downstream market
induced by the Copernicus EO programme
additional 63,000 jobs until 2030, connected
to a downstream market potential of 1.8 bil-
lion € (SPACE-TEC PARTNERS 2012). 25 years ago
the activities of Earth observation remained
still in the shadow between photogrammet-
ric mapping and scientific research depending
only on public budget allocations. The exam-
ple of car navigation systems may stand for the
bigger investments done by the industrial sec-
tor to produce in a few years image and map
coverages. Nobody did expect that Earth ob-
servation including the geo-information sec-
tor would become subject to merger and ac-
quisition activities of global importance. The
US company Planet Labs, founded 2010 in San
Francisco, operates 28 small satellites and has
acquired BlackBridge’s RapidEye and geospa-
tial businesses in mid 2015. The acquisition of
SPOT Image by Astrium or the acquisition
of HERE by the automotive industry are just
two other examples. Once those EO products
have reached a certain level of acceptance and
distribution, user requirements will generate
the need for further updates, better accuracy,
and new product developments. However, the
return of EO products has begun to drive the
growth of the other trends EO-Dat and EO-
Pro. The global trend “EO-Return” enjoys
support by different user fields:
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Land Cover Products and Services, 14.1.2013,
Geneva, Switzerland.

COPERNICUS, 2014: Copernicus Land Monitoring
Services. – www.land.copernicus.eu/pan-
european/corine-land-cover (4.3.2015).

DECOVER, 2013: DeCOVER 2 – Space based ser-
vices for German land cover. – 12 p., www.
decover.info (10.7.2013).

ERB, R.B. & MOORE, B.H., 1979: The Large Area
Crop Inventory Experiment /LACIE/ – A sum-
mary of three years experience. – 5th Canadian
Symposium on Remote Sensing, August 1978:
542–554, A79-36486 15-43,Victoria, BC, Canada.

EUROSTAT, 2015: LUCAS online viewer. – http://
ec.europa.eu/eurostat/statistical-atlas/gis/
viewer/?myConfig=LUCAS-2012.xml
(2.3.2015).

GLC30, 2015: http://globallandcover.com/
GLC30Download/index.aspx (14.8.2015).

HAUB, C., KLEINEWILLINGHÖFER, L., BROCKMANN, J.,
KOMP, K. & GILLIAMS, S., 2013: Monitoring Ser-
vices for Food Security – Successful Transfer of
Technology to the Sudanese Government. – PFG
– Photogrammetrie, Fernerkundung, Geoinfor-
mation 2013 (5): 459–472.

KOMP, K., DIENST, H. & HAUB, C., 2010: Anwen-
dungspotenziale der Erdfernerkundung für Ent-
wicklungsländer. Erkenntnisse aus dem Techno-
logietransfer – politische und gesellschaftliche
Bedingungen für den Einsatz der Fernerkun-
dung in Entwicklungsländern. – Gutachten im
Auftrag des TAB (Büro für Technikfolgenab-
schätzung beim Deutschen Bundestag), Müns-
ter, verarbeitet in Fernerkundung: Anwendungs-
potenziale in Afrika 2012: 57 p.

KOMP, K. & HAUB, C., 2012: Global Monitoring for
Food Security and Sustainable Land Manage-
ment – Recent Advances of Remote Sensing Ap-
plications to African and Siberian Show Cases.
– International Archives of Photogrammetry,
Remote Sensing and Spatial Information Scien-
ces XXXIX-B8, 2012: 265–270, Melbourne,
Australia.

KONECNY, G., 2013. The International Society for
Photogrammetry and Remote Sensing (ISPRS)
study on the status of mapping in the world.
Global Geospatial Information. – International
workshop of the Siberian State Academy of Ge-
odesy and ISPRS: 4–24, Novosibirsk, Russia.

LATHAM, J., CUMANI, R., ROSATI, I. & BLOISE, M.,
2014: Global Land Cover SHARE (GLC-
SHARE) database. – Beta-Release Version 1.0.,
FAO, Rome, Italy.

MORA, B., TSENDBAZAR, N.-E., HEROLD, M. & ARINO,
O., 2014: Global land cover mapping: current
status and future trends. Land use and land over
mapping in Europe: practices & trends. – Re-

demands and new user communities based
around web services. In conclusion, these
prospects will broaden a user community who
perceives the Societal Benefit Areas (SBA)
of Earth observation. In turn, this provides a
common mandate for all researchers and ex-
perts involved to support the advancement of
this field, as their engagement in EO and high-
resolution land cover monitoring will contrib-
ute to a responsible and sustainable develop-
ment of our planet Earth.
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3rd International Workshop on
Compressive Sensing Theory and
its Applications to Radar, Sonar, and
Remote Sensing (CoSeRa), 16. – 19.
Juni 2015, Pisa, Italien

Der dritte internationale Workshop zu Com-
pressive Sensing Theory and its Applications
to Radar, Sonar, and Remote Sensing fand
vom 16. bis zum 19. Juni 2015 in Pisa, Italien,
statt. Die Hauptverantwortlichen für die Ver-
anstaltung waren FULVIO GINI (Università di
Pisa), JOACHIM ENDER (Fraunhofer FHR),
MARIA SABRINA GRECO (Università di Pisa)
undMATTHIAS WEISS (Fraunhofer FHR).
Insgesamt umfasste der Workshop ein Tuto-

rial, drei Keynote-Vorträge, vier thematisch
unterschiedlich ausgerichtete Oral Sessions
und vier Poster Sessions. Die individuellen
Blöcke fanden sequentiell statt, so dass alle

Teilnehmer am gesamten Programm teilneh-
men konnten. Der Workshop hatte das Ziel,
Mathematiker und Ingenieure zusammenzu-
bringen, die im Bereich Radar, Sonar und Re-
mote Sensing arbeiten und in ihrer Arbeit Me-
thoden des Compressive Sensing nutzen.
Zu den Keynote-Vorträgen waren namhafte

Gastredner eingeladen.MOENESS AMIN (Villa-
nova University, USA) referierte über A Spar-
sity-Perspective to Time-Frequency Signal
Representations, HOLGER RAUHUT (RWTH
Aachen) gab in seinem Vortrag Compressive
Sensing in Radar – A Mathematical Overview
zunächst einen Überblick über die mathemati-
schen Grundlagen von Compressive Sensing
und ging im Folgenden auf die Anwendung
des Schätzverfahrens im Bereich der Radar-
Technik ein.MÜJDAT CETIN (Sabanci Universi-
ty, Türkei) ging in seinem Vortrag zu Sparsi-
ty-Driven SAR Imaging: History, Computatio-

Berichte von Veranstaltungen

Abb.: Kathedrale und Schiefer Turm von Pisa.



412 Photogrammetrie • Fernerkundung • Geoinformation 5/2015

komprimierte Beobachtungen und hob die
Unterschiede zu klassischen Compressive
Sensing Anwendungen hervor. Denn in vielen
ingenieurwissenschaftlichen Anwendungen
ist nicht die Rekonstruktion eines kompletten
Signals, sondern oft nur die Schätzung von
Statistiken zweiter Ordnung nötig.
Von insgesamt 70 eingereichten vollständi-

gen Beiträgen (Full Paper, 5 Seiten) wurden
58 (83%) angenommen und in Form von Vor-
trägen oder Postern präsentiert. Sie sollen in
IEEEXplore veröffentlicht werden. Drei stu-
dentische Beiträge wurden mit dem Best Stu-
dent Paper Award der CoSeRa ausgezeichnet.
Zusammenfassend ist festzuhalten, dass die

Veranstaltung hervorragend organisiert war,
wofür den Verantwortlichen und Helfern
herzlich zu danken ist. Ebenso werden das an-
sprechende Ambiente während des Social
Events rund um den Schiefen Turm von Pisa
sowie die eindrucksvolle Luminara di San Ra-
nieri vielen Teilnehmern sicher noch lange in
guter Erinnerung bleiben.

MARION HEUBLEIN, Karlsruhe

nal Advances, Learning, Other Forms of Sim-
plicity unter anderem darauf ein, wie spärliche
Signale zur Analyse von SAR-Szenen mit be-
wegten Objekten genutzt werden können.
Im Rahmen der Oral Sessions wurden ins-

gesamt 25 Beiträge zu den Themen Sparse
sensing in synthetic aperture imaging sys-
tems, Signal recovery and detection, Sparse
sensing application in radar und Compressive
acquisition techniques vorgestellt. Die vier
Poster Sessions deckten die Themengebiete
Signal recovery and detection, Sparse sensing
applications in radar, Compressive sensing in
SAR, ISAR and Tomography und DoA estima-
tion and array processing ab. Die Poster wa-
ren strategisch günstig in der Nähe des Kaf-
feebuffets angebracht, so dass viele Teilneh-
mer die Zeit zum wissenschaftlichen Aus-
tausch und für intensive Diskussionen mit den
jeweiligen Autoren nutzten.
Im Tutorial zum Thema Compressive Co-

variance Sensing for Radar Applications gab
GEERT LEUS (TU Delft) einen Überblick über
die Schätzung spektraler Leistungsdichten,
z.B. Winkel- und Frequenzspektrum, über

Hochschulnachrichten

First Joint PhD Colloquium on
Geoinformatics of DGK and DGPF

From February 16 to 17, 2015, the first joint
PhD colloquium of the DGPF working group
on geoinformatics and the DGK section for
geoinformatics was held at the University of
Osnabrück. The colloquium aimed at strength-
ening algorithmic and methodological compe-
tencies, stipulating exchange between PhD
candidates, and enhancing presentation and
discussion skills. The program was thus set up
to include presentations by PhD candidates,
intensive discussions, which were chaired by
the young scientists, as well as focused discus-
sions in small working groups. An overview
of bibliometrics was given by RALF BILL, Uni-
versity of Rostock. The PhD colloquium was
followed by a tutorial on mathematical pro-
gramming, which was held by JAN-HENRIK

HAUNERT, University of Osnabrück. LARS BER-
NARD, University of Dresden, completed the
organization team.
As the result of an abstract-based review

process, seven PhD students had been invited
to give an in-depth (full) presentation of their
work. Those PhD students presented their
work in three sessions, which were dedicated
to automated cartography, augmented reality,
and algorithmic foundations of geoinformat-
ics and photogrammetry. Participants without
a full presentation had the opportunity to in-
troduce themselves with a short talk.
Considering the very positive feedback

from the participants, the colloquium, in the
chosen format, was a full success. The Boh-
nenkamphaus in the botanical garden of the
University of Osnabrück turned out to be the
ideal location for the event, not least because it
allowed for a relaxing walk to the historical
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an annual event. For 2016, the colloquium is
planned to be held at the University of Bonn.
Invitations will be forwarded via the subscrip-
tion lists of DGPF and DGK.

JAN-HENRICK HAUNERT, Osnabrück

centre of Osnabrück, where the first day of the
colloquium ended with conversations over
pizzas and drinks.
The geoinformatics groups of DGK and

DGPF aim to establish the PhD colloquium as

Mitteilung der ISPRS

Neue ISPRS Kommissionsstruktur

Die ISPRS hat nach intensiven Diskussionen
eine neue interne Struktur mit nunmehr fünf
Kommissionen etabliert. Die neuen Kommis-
sionen haben folgende Titel:

• Kommission I „Sensorsysteme“
• Kommission II „Photogrammetrie“
• Kommission III „Fernerkundung“
• Kommission IV „Geoinformatik“
• Kommission V „Ausbildung und

Öffentlichkeit“

Beim ISPRS Kongress im Juli 2016 in Prag
werden diese Kommissionen neu besetzt.

Weitere Informationen zu der Neustrukturie-
rung der ISPRS Kommissionen sind unter
http://www.isprs.org/news/
announcements/150503-New_commission_
structure.pdf zu finden.

CHRISTIAN HEIPKE, Generalsekretär der ISPRS
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Thema betreuenden Professorinnen und Pro-
fessoren. Nach den bisherigen Statuten waren
derartige Artikel von einer Preisverleihung
ausgeschlossen.
Die neuen Statuten fordern den Nach-

wuchswissenschaftler nur bei der Erstautorin
oder dem Erstautor und erlauben so eine ange-
messene Berücksichtigung einer Vielzahl
weiterer Artikel.
Der volle Wortlaut der Statuten ist auf der

Homepage der DGPF verfügbar.

WOLFGANG KRESSE, Neubrandenburg

Hansa-Luftbild-Preis:
Neufassung der Statuten

Die Firma Hansa-Luftbild AG hat anläss-
lich ihres 50-jährigen Bestehens 1973 den
Hansa-Luftbild-Preis gestiftet. Der Preis soll
an Nachwuchswissenschaftlerinnen und
Nachwuchswissenschaftler verliehen werden,
die den besten Artikel eines Jahrgangs in der
PFG veröffentlicht haben, vor allem in Hin-
blick auf praktische Anwendungen.
Die meisten Artikel der PFG haben heute

mehrere Autoren, unter ihnen oft auch die das

In eigener Sache
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2016

3. – 4. Februar: Oldenburger 3D Tage in Ol-
denburg. jade-hs.de/fachbereiche/bauwesen-
und-geoinformation/geoinformation/
oldenburger-3d-tage

10. – 15. Juli: IGARSS 2016 – International
Geoscience and Remote Sensing Sympo-
sium 2015 in Peking, China. igarss2016.org

12. – 19. Juli: ISPRS Congress 2016 in Prag,
Tschechien. www.isprs2016-prague.com

10. – 16. Oktober: ECCV 2016 – European
Conference on Computer Vision 2016 in
Amsterdam, Niederlande. eccv2016.org

8. – 11. November: ICPR 2016 – Internation-
al Conference on Pattern Recognition 2016
in Cancun, Mexiko.

Weitere Konferenzen und Workshops finden
sich beispielsweise unter:
isprs.org/calendar/Default.aspx
conferences.visionbib.com

2015

28. – 30. Oktober: Joint International Geo-
information Conference 2015: 3DGeoInfo
–GeoAdvances – ISPRSWGII/2 Workshop
– Geomatic & Geospatial Technology in
Kuala Lumpur, Malaysia. www.geoinfo.utm.
my/jointgeoinfo2015/

3. – 4. November: Workshop 3D-Stadtmo-
delle in Bonn, 3d-stadtmodelle.org

3. – 4. Dezember: 3D-NordOst 2015 in Ber-
lin. 3d-NordOst.de

7. – 13. Dezember: ICCV 2015 – Internation-
al Conference for Computer Vision 2015 in
Santiago, Chile. pamitc.org/iccv15/

9. – 11. Dezember: MMT 2015: 9th Interna-
tional Symposium on Mobile Mapping
Technology in Sydney, Australien. mmt2015.
org

Veranstaltungskalender
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LA für Vermessung und Geoinformation, Schleswig-
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LB Geoinformation und Vermessung, Hamburg
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Landesvermessung und Geobasisinformation Nieder-
sachsen
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Regierungspräsident Tübingen, Abt. 8 Forstdirektion
Regionalverband Ruhr
Staatsbetrieb Sachsenforst
Stadt Köln, Amt für Liegenschaften, Vermessung und
Kataster
Stadt Wuppertal, Vermessung, Katasteramt und Geodaten
Thüringer LA für Vermessung und Geoinformation
Zentrum für Geoinformationswesen der Bundeswehr

Hochschulen
BTU Cottbus, Lehrstuhl für Vermessungskunde
FH Frankfurt a.M., FB 1, Studiengang Geoinformation
FH Mainz, Institut für Raumbezogene Informations- und
Messtechnik
HCU HafenCity Universität Hamburg, Geomatik
HfT Stuttgart, Vermessung und Geoinformatik
HS Bochum, FB Vermessung und Geoinformatik
HS Karlsruhe, Fakultät für Geomatik
HTW Dresden, FB Vermessungswesen/Kartographie
Jade Hochschule, Institut für Angewandte Photogramme-
trie und Geoinformatik
LUH Hannover, Institut für Kartographie und Geoinfor-
matik
LUH Hannover, Institut für Photogrammetrie und Geoin-
formation
MLU Halle, FG Geofernerkundung
Rhein Ahr Campus, Anwendungszentrum für multimo-
dale und luftgestützte Sensorik
Ruhr-Uni Bochum, Geographisches Institut
RWTH Aachen, Geodätisches Institut
TU Bergakademie Freiberg, Institut für Markscheidewe-
sen und Geodäsie
TU Berlin, Computer Vision & Remote Sensing
TU Berlin, Institut für Geodäsie und Geoinformations-
technik
TU Braunschweig, Institut für Geodäsie und Photogr.
TU Clausthal, Institut für Geotechnik und Markscheide-
wesen
TU Darmstadt, Institut für Geodäsie, FG Fernerkundung
und Bildanalyse
TU Dresden, Institut für Photogrammetrie und Fern-
erkundung
TU München, FG Photogrammetrie und Fernerkundung
TU München, Lehrstuhl für Geoinformatik
TU Wien, FG Photogrammetrie und Fernerkundung
Uni Bonn, Institut für Photogrammetrie
Uni Göttingen, Abt. Waldinventur und Fernerkundung
Uni Heidelberg, IWR Interdisziplinäres Zentrum für
Wissenschaftliches Rechnen
Uni Kassel, FG Grünlandwissenschaften und Rohstoffe
Uni Kiel, Geographisches Institut
Uni Stuttgart, Institut für Photogrammetrie
Uni Trier, Institut für Umweltfernerkundung und Geoin-
formatik
Uni Würzburg, Geographisches Institut
Uni zu Köln, Geographisches Institut

Firmen

AEROWEST GmbH
AICON 3D Systems GmbH
aphos Leipzig AG
ASTEC GEODATA GmbH
Bernhard Harzer Verlag GmbH
Black Bridge AG
Blom Deutschland GmbH
Brockmann Consult GmbH
bsf swissphoto GmbH
Büro Immekus
DB Netz AG
DELPHI IMM GmbH
Deutsches Bergbau-Museum
EFTAS Fernerkundung Technologietransfer GmbH
ESG Elektroniksystem- und Logistik-GmbH
Esri Deutschland GmbH
EUROPEAN SPACE IMAGING
Eurosense GmbH
Exelis Visual Information Solutions GmbH
fokus GmbH
GAF GmbH
GeoCart Herten GmbH
Geoinform. & Photogr. Engin. Dr. Kruck & Co. GbR
geoplana Ingenieurgesellschaft mbH
GEOSYSTEMS GmbH
GGS - Büro für Geotechnik, Geoinformatik, Service
Hansa Luftbild AG
Herbert Wichmann, VDE Verlag GmbH
IAGB mbH
IGI - Ingenieur-Gesellschaft für Interfaces mbH
ILV-Fernerkundungs GmbH
Infoterra GmbH
INVERS - Industrievermessung & Systeme
Leica Geosystems GmbH
Linsinger ZT GmbH
Luftbilddatenbank Dr. Carls GmbH
map/x/tek
Messbildstelle GmbH
Microsoft Photogrammetry
MILAN Geoservice GmbH
M.O.S.S. Computer Grafik Systeme GmbH
PHOENICS GmbH
PMS – Photo Mess Systeme AG
RIEGL Laser Measurement Systems GmbH
RWE Power AG, Geobasisdaten/Markscheidewesen
technet GmbH
Terra-Messflug GmbH
topometric GmbH
TRIGIS GmbH
Trimble Germany GmbH
trimetric 3D Service GmbH
Z/I Imaging Ltd.
Behörden
Bayerische Landesanstalt für Wald und Forstwirtschaft
Bundesamt für Kartographie und Geodäsie
Bundesmininisterium für Ernährung, Landwirtschaft
und Verbraucherschutz
Hessisches LA für Bodenmanagement und Geoinforma-
tion
Innenministerium NRW, Gruppe Vermessungswesen
Institut für Umwelt- und Zukunftsforschung
LA für Geoinformation und Landentwicklung, BW
LA für Vermessung und Geoinformation, Bayern

Korporative Mitglieder


