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ABSTRACT: The results of initial laboratory investigation of spectral hemispherical
emissivity of several rocks (granite, sandstone, marble, gabbro, anorthosite, etc.) are
reported. A radiometric instrumentation was constructed and utilized to measure the
hemispherical radiation reflected by the observed object being irradiated by a parallel
infrared beam. Measurements were performed with resolution of about 0.2 mm in
thermal infrared (TIR) range (8–12 mm).

1 INTRODUCTION

Remote sensing in the infrared diapason of the spectrum is widely utilized for investi-
gation of Earth’s surface. Typically the surface of our planet emits electromagnetic
radiation in the spectral interval of 3–14 mm but due to the absorption of atmospheric
gasses only the intervals 3–5 mm and 8–14 mm (known as atmospheric windows) are
suitable for remote sensing purposes. The first window is particularly useful for
detection of hot targets as forest fires and geothermal activities, whilst the second one is
appropriate for investigation of vegetation, rock and water surfaces.
The energy conservation law for the radiation interacting with a body can be expressed
by the equation

a(l)þ r(l)þ t(l) ¼ 1; (1)

where a(l);r(l) and t(l) are correspondingly absorption, reflectance and transmittance
of the body under consideration. Most of the natural objects, including rocks, are opaque
and their transmittance satisfies

t(l) ¼ 0: (2)

Hence, for the opaque objects the Eq. (1) is simplified

a(l)þ r(l) ¼ 1: (3)
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This means that by measuring the hemispherical reflectance rðlÞ of an opaque surface
one can evaluate its absorption rðlÞ: The latter quantity equals the hemispherical
emissivity eðlÞ according to the Kirchoff’s law, i.e.

eðlÞ ¼ 1� rðlÞ: (4)

The aim of the present work is to elaborate a methodology for determination of the
spectral hemispherical emissivity of rocks. The methodology is based on the relation
(4). Here the hemispherical emissivity is determined by the hemispherical reflectance
that can be measured experimentally. An experimental set-up has been build for precise
measurement of the hemispherical reflectance of rocks. By means of the created set-up
hemispherical emissivities of rock samples of granite, sandstone, marble, gabbro and
anorthosite are determined. These rocks are typical for many geographic regions
including Bulgaria. Hence, the knowledge of their emissivity is of significant
importance for the development of the remote sensing of the forest, vegetations and
other natural objects because the mentioned rocks most frequently are situated close to
the investigated objects.

2 METHODOLOGY

The developed experimental set-up used for measurement of hemispherical emissivity
spectrum of different rocks is presented in Fig. 1. The emission of an infrared (IR)
source is collimated by a ZnSe lens. Afterwards it irradiates the investigated sample
which is situated in the first focus of the elliptical gold-coated mirror.

The IR radiation is reflected by the investigated sample into a solid angle of 2p
steradians, collected by the elliptical mirror (Thiebaud F. and F. K. Kneubuhl, 1983) and
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Figure 1. Experimental set-up.



focused onto its second focus where a pyroelectric detector type PLT22 is located. The
spectral resolution of the scattered by the sample emission is provided by set of narrow-
band transmission filters positioned in front of the detector. The advantage of the
developed experimental system is its simplicity.

The used filters are characterized by their maximal transmission Tmax, determined at
the center of the filter transmission profile. The width of the transmission profile at the
0.5Tmax and 0.1Tmax levels is also specified. All three parameters of the used filters are
presented in Table 1.

Taking into consideration the data presented in Table 1, the filter profiles are fitted as
it is illustrated in Fig. 2 and the transmission areas are determined by proper software.

As it can be seen from Fig. 3 the transmission areas of the different filters differ by
factor less than 2. In the presented measurements, the determined transmission area of
the filters is used for correction of their integral transmittance.
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Figure 2. Transmission profile of filter with lmax ¼ 8; 15 mm. Transmissions taken fromTable 1
are denoted by points.

Table 1



Another part of the experimental set-up that needs characterization is the IR source.
In Fig. 4 the spectral profile of the IR source emission is shown. For its measurement the
sample is removed and thus the detector registers the intensity of the collimated IR
beam. The obtained spectrum dependence is determined by the temperature of the
source, which is heated to over 11008C.

Emissivity spectra determination consists of two stages. The first stage is related to
radiometric calibration of the measuring system. For this purpose the sample is replaced
by a Lambertian ideal reflection standard–a gold-coated sandpaper of 600 grits per
square millimeter. (Stuhlinger et al. 1981)
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Figure 3. Variation of the transmission area of the filters.
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Figure 4. Spectral intensity of the IR source.
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For comparison another standard is prepared from 400-grit sandpaper. To asses the
difference of the standards, the ratio between their reflectance values is presented in
Fig. 5. The magnitude of the reflected signal is determined by the optical properties of
the experimental setup and the spectral response of the PLT22 detector. From Fig. 5 it
can be seen that the reflectance of the samples can be measured with the accuracy
of �0:02.

The second stage is the assessment of the reflectance spectrum of different rock
samples. The emissivity of the samples is then evaluated by the following ratio:

e(l) ¼ Us(l)=UR(l); (5)

where Us(l) and UR(l) are the detector output voltages registered when measuring
sample or etalon, respectively.

In order to enhance the signal-to-noise ratio, the IR source radiation was amplitude
modulated by chopper at frequency of 8 Hz.

The detector’s signal was amplified by a selective amplifier at the same frequency.
Thus the influence of the background IR radiation was diminished whilst the signal-to-
noise ratio was enhanced. The data registered by the detector were transformed by an
analogue-to-digital converter and then processed by a PC.

3 RESULTS AND DISCUSSION

By means of the described methodology the spectral emissivities of samples of some
rock and mineral types are determined.

As an example the measured emissivity of granite is presented in Fig. 6. It should
be mentioned that the investigated surface of the samples is smooth cut and not
treated additionally. The dimensions of the observed side are 2 cm � 4 cm and the
average values of the spectra of five different measurements per sample are obtained.
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Figure 5. Ratio between the two standards values.
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It can be seen that two well pronounce minima in the emissivity can be distinguished
around 8.6 and 9.8 mm. The other features of the measured rock spectrum are below
the sensitivity of our measurements. Because of that at this stage of our work we
discuss only the two mentioned minima. The reasons for their observation can be
related to the mineral structure of granite illustrated in Fig. 7. Granite is a coarse-
grained intrusive igneous rock compound of quartz, plagioclase feldspar and
potassium feldspar. The emissivity spectra of the forming granite minerals have
been found from the literature. Analysis and comparison of the spectra of the forming
minerals (Christensen et al. 2000, Wendy et al. 2005, Johnson et al. 2003) with that
measured in our experiment show that the typical minima observed in our
measurement is caused by the two types of feldspar. During our measurements we
have observed similar spectra of anorthosite. Based on the literature study we believe
that this similarity is caused by the presence of feldspar in both rocks.

The measured spectrum of limestone emissivity is shown in Fig. 8. A well
pronounced minimum around 11, 4 mm can be seen. The limestone is a sedimentary rock
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Figure 6. Emissivity of granite.
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Figure 7. Rock-forming minerals of granite.
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composed largely of the mineral calcite (calcium carbonate: CaCO3). Limestones often
contain also variable amounts of silica. From the Ref. (Christensen et al. 2000) it can be
seen that the carbonates exhibit typical minima at 11, 4 mm. Hence, the observed in our
measurements reduction in limestone emissivity around 11, 4 mm can be attributed to the
calcite.

As a third example, the emissivity spectrum of hematite is illustrated in Fig. 9. It can
be seen that the emissivity variations of hematite are less than those observed for the two
previous rocks. This can be supported by the Ref.(Glotch et al. 2005) where it has been
shown that in the 7–14 mm diapason hematite does not show significant variation of its
emissivity.
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Figure 8. Emissivity of limestone.
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Figure 9. Emissivity of hematite.
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5 CONCLUSIONS

A simple experimental set up is built for absolute measurement of the emissivity of
objects in the thermal infrared range (8–12 mm) of the spectrum. Based on this set up a
methodology is developed for emissivity measurement based on the comparison of the
values of reflected by the sample and Lambertian ideal reflection standard radiations.
The proposed methodology is illustrated measuring emissivity of rock samples of
granite, sandstone, marble, gabbro and anorthosite.

The obtained spectral emissivities will be used for rock identification, when
analyzing satellite data and also for evaluation of the atmospheric influence on the
remote sensing results.
Another potential application is improvement of algorithms for retrieval of volcanic gas
composition based on the absorption spectra registered by Fourier transform IR
spectrometers using hot volcanic rocks as source of IR radiation.
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