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An imaging spectrometer in a laboratory rack was used to examine soil profiles. Images in the 400–1000 nm range with 4 nm spectral
resolution and less than 0.1 mm spatial resolution of the top 30 cm of the soil were acquired. These images can be used to analyse the
spatial distribution of chemical and physical soil characteristics and for discrimination and classification of horizons and inclusions.
Three-dimensional characterisations of soil properties are possible by recording images of series of parallel slices.
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Introduction
In remote sensing, imaging spectroscopy, also known as
hyperspectral imaging, is usually performed using air- or
spaceborne sensors.1,2 Laboratory and field spectroscopy on
the other hand is usually applied at few points only, but without
acquiring images. In this study we combine both techniques by
using an imaging spectrometer in the laboratory.
Imaging spectroscopy is a well-established technique for
studying the properties of soils.3 Soils are usually imaged from
above, showing only the soil surface, or homogenised samples
from different horizons are taken and spectrally measured
using a field or laboratory spectrometer. The vertical heterogeneity of soil profiles is usually not taken into account when
remote sensing techniques are used, except for photographs
of soil profiles. Many soil horizons are obviously heterogeneous and show clear patterns with widely varying physical
and chemical properties on small spatial scales, e.g. oxidised
and reduced areas in temporarily water-logged stagnic horizons. With an image of the soil profile the area size of different
domains can be assessed. Ben-Dor et al.4 introduce a method
for taking several spectral measurements of the soil profile in
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different depths of drilling holes in the field using a spectrometer, but it does not produce images of the profile. Viscarra
Rossel et al.5 also show spectral point measurements at
different profile depths. In geology, laboratory or field imaging
spectroscopy of vertical profiles has been used for the identification and mapping of minerals (Kruse),6 for the detection of
sulfide (Bolin and Moon)7 and for the ore identification in the
field (McHugh et al.).8
Spectroscopy has been successfully applied in soil
remote sensing for a long time. For example, Stoner and
Baumgardner9 studied the characteristic variations in soil
reflectance, showing the influence of organic matter, iron
content and texture, among others. Udelhoven et al.10 obtained
reliable estimations of Ca, Mg, Fe, Mn and K. Kemper and
Sommer11 used multiple linear regression and artificial neural
networks to predict the concentration of six heavy metals after
a mining accident using reflective spectroscopy. Vohland et
al.12 were able to assess trace heavy metal contents using soil
spectroscopy although they have no absorption bands in the
wavelengths considered.
© IM Publications LLP 2011
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Figures and Captions
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Figure 1: Laboratory imaging setup. The sample is illuminated by two diagonal light sources,
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the camera can be seen in between. The soil block in its metal case and the white reference
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panel are moved to the right by the translation stage.
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Material and methods
Study site and soil sampling
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Figure 1. Laboratory imaging setup. The sample is illuminated
by two diagonal light sources, the camera can be seen in
between. The soil block in its metal case and the white refer2ence Figure
A natural
depiction
of the
panel are 2:
moved
to the rightcolour
by the translation
stage.
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The sampling site was situated near Freising (South-East
Germany), approximately 35 km north-east of Munich. The
soil was classified as a stagnic Luvisol, siltic13 derived from
quaternary aeolian sediments (Loess) overlying tertiary clayic
sediments under a Norway spruce (Picea abies) monoculture.
The climate was classified as a moist continental climate (Cfb)
with mean annual temperature of 7.3°C and a mean annual
precipitation of 814 mm.
The soil profile was sampled with a custom-made stainless
steel box (100 × 100 × 300 mm; Figure 1). The steel box was
gently hammered vertically into the soil from the surface after
the litter was removed. The soil core was dried in the stainless
steel box at 30°C for 24 h.

soil profile with six pixel spectra. The displayed
Imaging setup
wavelengths are marked with red, green, and blue
lines in theimages
spectra.
Hyperspectral
of the soil core were taken at

In this study, we tested the potential of a laboratory hyperspectral scanner to assess soil properties of a complete soil
4
profile
with a spatial resolution on the aggregate scale.

the
Remote Sensing Department at the University of Trier. After
one image was taken, a layer of approximately 15 mm was
removed, the new surface carefully smoothed, the camera

5
Figure 2. A natural colour depiction of the soil profile with six pixel spectra. The displayed wavelengths are marked with red, green, and
blue lines in the spectra.
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height was adjusted to its focal plane and the next image was
taken. The dry soil had a non-sticky, silty texture that could
easily be worked with using a long knife. In total seven images
of the soil profile were acquired, so that a three-dimensional
characterisation of the soil was possible.
The images were recorded using a HySpex VNIR-1600
hyperspectral camera (Norsk Elektro Optikk, Norway), a
push-broom sensor covering the visible and near infrared
spectral regions. The camera was equipped with a 30 cm
focal lens for laboratory use and set up in a frame with two
tungsten halogen light sources illuminating the sample
from about 45° in front of and behind the camera. The
light sources were mounted about 35 cm from the sample,
casting light on a narrow strip on the sample under the
camera aperture. The reflected light passes through a
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transmission grating that separates the different wavelengths. The camera uses a two-dimensional CCD sensor
array of 1600 × 1200 silicon detectors. One dimension is used
for spectral separation and the second dimension is used for
imaging in one spatial direction. The second spatial dimension is covered by movement of either the sensor or the
sample. In our case, the sample was placed on a translation
stage (Figure 1) moving the sample under the camera. The
camera records 1600 pixels across track with a total field of
view of 17°. The pixel instantaneous field of view is 0.18 mrad
across track and 0.36 mrad along track. The speed was
adapted so that an image with square pixels is formed out
of the single lines the camera recorded. The area recorded
from the 30 cm distance was 10 cm wide, so that a single
pixel is about 62.5 µm wide. A soil profile of 30 cm length

Figure 3. Left: a false colour depiction of the profile shown in Figure 2, with a centimetre scale. Centre: 2nd, 4th and 5th principal components. Right: classification result of a spectral angle mapper classification.
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consists of 4800 image lines. By binning of the 1200 sensor
pixels in the spectral direction, 160 spectral bands were
recorded in the spectral range of 410–990 nm with a spectral sampling distance of 3.7 nm. Data was recorded in 12 bit
radiometric resolution.14
Comparable hyperspectral laboratory imaging systems
have also been used to show bruised skin15 and to examine
fish fillet quality.16

Image processing
Because the hyperspectral camera was used in the laboratory, radiometric processing is fairly easy. A Spectralon™
certified reflectance standard white reference panel of known
reflectivity was recorded with each image. Because the illumination was not perfectly uniform, the object reflectance robj
was calculated for each image line (along track) separately
following Equation (1):
robj =

Lobj
Lref

´rref

(1)

where Lobj is the measured radiance from the object in camera
units, Lref is the measured radiance from the white reference
and rref is the reflectance of the white reference panel.17 No
geometric correction was applied to the images.

Results
Using the setup described we were able to obtain high-quality
hyperspectral images of soil profiles. Remaining surface
roughness after smoothing was negligible (<3 mm) so that
all resulting images were acceptably sharp. Figure 2 shows
the first image of the stagnic luvisol profile in a real-colour
composite (RGB: 608, 557 and 451 nm). Six spectra of typical
regions in the image are shown next to the image. The soil
horizons, Oe at the top, Ah below and Eg in the lower parts,
can be well recognised. In the top and left regions of the image
parts of the metal frame are visible. No distinct absorption
bands are present in the soil at the considered wavelengths
except for iron oxide features in the blue and green region of
the spectrum around 500 nm.
A supervised spectral angle mapper18 classification based
on visually selected training areas was conducted on the
images. We selected training areas representative of the
classes we wanted to detect and some background areas
on the Spectralon and the metal frame. The spectral angle
mapper is insensitive to shadow in the image and was thus
deemed an adequate simple classification algorithm. Figure 3
shows a false-colour composite (RGB: 819, 608 and 557 nm), a
composite of principal components (PC) (RGB: 2nd, 4th and 5th
PC, chosen for best visual impression), and the classification
result with centimetre scales. The different horizons, particulate organic matter (POM), iron and manganese inclusions
and oxidised and reduced areas could be well discriminated.
A detailed accuracy assessment was not conducted, but the
results coincide well with the visual impression of the spatial

class distribution. All seven layers were classified using the
same training areas, with comparable results.

Discussion
The proposed method of laboratory imaging spectroscopy of
soil profiles is a novel approach of mapping the heterogeneity
of soils. Instead of imaging the soil surface or of taking only a
limited number of samples from different depths, complete
profiles are imaged hyperspectrally. By removing thin layers of
the soil body, three-dimensional information can be collected.
The hyperspectral images of the profile can be used for
various characterisations of the soil like horizon classification,
mapping the chemical composition or analysing the smallscale heterogeneity.

Acknowledgements
Hans and Florian Steffens are gratefully acknowledged for
technical assistance. We thank Joachim Hill for providing the
imaging spectrometer.

References
1. G. Vane and A.F.H. Goetz, “Terrestrial imaging spectroscopy”, Remote Sens. Environ. 24, 1–29 (1988). doi:
10.1016/0034-4257(88)90003-X
2. A.F.H. Goetz, “Three decades of hyperspectral remote
sensing of the Earth: A personal view”, Remote Sens.
Environ. 113, S5–S16 (2009). doi: 10.1016/j.rse.2007.12.014
3. E. Ben-Dor, S. Chabrillat, J.A.M. Demattê, G.R. Taylor, J.
Hill, M.L. Whiting and S. Sommer, “Using imaging spectroscopy to study soil properties”, Remote Sens. Environ.
113, S38–S55 (2009). doi: 10.1016/j.rse.2008.09.019
4. E. Ben-Dor, D. Heller and A. Chudnovsky, “A novel
method of classifying soil proﬁles in the field using optical means”, Soil Sci. Soc. Am. J. 72, 1113–1123 (2008). doi:
10.2136/sssaj2006.0059
5.	R.A. Viscarra Rossel, S.R. Cattle, A. Ortega and Y. Fouad,
“In situ measurements of soil colour, mineral composition
and clay content by vis–NIR spectroscopy”, Geoderma
150, 253–266 (2009). doi: 10.1016/j.geoderma.2009.01.025
6.	F.A. Kruse, “Identification and mapping of minerals in
drill core using hyperspectral image analysis of infrared
reflectance spectra”, Int. J. Remote Sens. 17, 1623–1632
(1996). doi: 10.1080/01431169608948728
7. B.J. Bolin and T.S. Moon, “Sulfide detection in drill core
from the Stillwater Complex using visible/near-infrared
imaging spectroscopy”, Geophysics 68, 1561–1568 (2003).
doi: 10.1190/1.1620630
8. E.L. McHugh, J.M. Girard and L.J. Denes, “Simplified
hyperspectral imaging for improved geologic mapping of mine slopes”, Intelligence in a Materials World:

H. Buddenbaum and M. Steffens, J. Spectral Imaging 2, a2 (2011)

Selected Papers from IPMM-2001, the Third International
Conference on Intelligent Processing and Manufacturing
of Materials, Ed by J.A. Meech, M.M. Viega, Y. Kawazoe
and S.R. LeClair. CRC Press, Boca Raton, FL, USA, pp.
143–152 (2002).
9. E.R. Stoner and M.F. Baumgardner, “Characteristic
variations in reflectance of surface soils”, Soil
Sci. Soc. Am. J. 45, 1161−1165 (1981). doi: 10.2136/
sssaj1981.03615995004500060031x
10. T. Udelhoven, C. Emmerling and T. Jarmer, “Quantitative
analysis of soil chemical properties with diffuse
reﬂectance spectrometry and partial least-square
regression: A feasibility study”, Plant Soil 251, 319–329
(2003). doi: 10.1023/A:1023008322682
11. T. Kemper and S. Sommer, “Estimate of heavy metal
contamination in soils after a mining accident using
reflectance spectroscopy”, Environ. Sci. Technol. 36,
2742–2747 (2002). doi: 10.1021/es015747j
12. M. Vohland, C. Bossung and H.-C. Fründ, “A spectroscopic approach to assess trace heavy metal contents
in contaminated floodplain soils via spectrally active soil
components”, J. Plant Nutr. Soil Sci. 172, 201–209 (2009).
doi: 10.1002/jpln.200700087

5

13. IUSS Working Group WRB, World Reference Base for Soil

Resources 2006. FAO, Rome (2006).
14. NEO (2010): www.hyspex.no, accessed 2010-12-15.
15. L.L. Randeberg, E. Larsen and L.O. Svaasand,
“Characterisation of vascular structures and skin bruises
using hyperspectral imaging, image analysis and diffusion theory”, J. Biophotonics 3, 53–65 (2010). doi: 10.1002/
jbio.200910059
16. A.H. Sivertsen, C.-K. Chu, L.-C. Wang, F. Godtliebsen, K.
Heia and H. Nilsen, “Ridge detection with application to
automatic fish fillet inspection”, J. Food Eng. 90, 317–324
(2008). doi: 10.1016/j.jfoodeng.2008.06.035
17. D.R. Peddle, H.P. White, R.J. Soffer, J.R. Miller and E.F.
LeDrew, “Reflectance processing of remote sensing
spectroradiometer data”, Comput. Geosci. 27, 203–213
(2001). doi: 10.1016/S0098-3004(00)00096-0
18.	F.A. Kruse, A.B. Lefkoff, J.W. Boardman, K.B.
Heidebrecht, A.T. Shapiro, P.J. Barloon and A.F.H.
Goetz, “The Spectral Image-processing System (SIPS)—
interactive visualization and analysis of imaging spectrometer data”, Remote Sens. Environ. 44, 145–163 (1993).
doi: 10.1016/0034-4257(93)90013-N

