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GRANITE AND RELEVANT SOILS SPECTRAL REFLECTANCE
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Denitsa Borisova, llko lliev

Solar-Terrestrial Influences Laboratory, Bulgarian Academy of Sciences, Sofia 1113; dborisova@stil.bas.bg; ilko@stil.acad.bg

ABSTRACT. Monitoring in risk areas (mines, landslides, etc.) is associated with rock appearance detection. The actual usefulness of the remote sensing methods,
applied for this purpose, depends on their accuracy and reliability. Colorimetrical analysis provides means for rock and soil evaluation. The objective of this paper is to
study the granite, corresponding soils and their mixture in relation to color features. Experimental data was used to model reflectance and color characteristics of
granite and respective soils mixtures. The results provide further confirmation of the potential of spectral mixtures analysis for risk areas monitoring.

CNEKTPAITHA XAPAKTEPUCTWUKW HA TPAHUTU N CLOTBETHUTE MNOYBM BbB BPB3KA C LIBETOBUTE UM
OCOBEHOCTH
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PE3IOME. MOHMTOPWHIBT Ha PUCKOBM palioHu (MMHM, CBMAYMLLa) Ce CBbP3Ba C HAOMIOAEHWETO Ha U3HACSHE Ha MNOAOPOAHWUS MOYBEH CMON W PasKPUBAHETO Ha
ckanHata Moamnoxka. /3nonssaHeTo Ha AWCTaHLMOHHM MeTOau 3a Taan Lien ce obycnass OT TsAXHaTa TOYHOCT W HapeXaHocT. LiBeToBuaT aHanus e egHa ot
Bb3MOXHOCTUTE 3a OLiEHsBaHe Ha pasKpUTUATa Ha CKanu W pasnpoCTpaHeHMeTo Ha noyBeHaTa nokpueka. Lienta Ha HacToswarta pabota e Aa pasrneda rpaHUTUTe,
CbOTBETCTBALLMTE MOYBM W TEXHUTE CMECU BbB Bpb3ka C LBETOBUTE MM ocobeHocTw. EkcnepumeHnTanhute AaHHM 6sxa M3nonseaHW 3a MogenvpaHe Ha
CneKTpanH1Te CMEecu W LBETOBUTE XapakTepucTuku. Momnyyenute obellasaly pesynTaTi MOTBbPXAABAT MOTEHUMANa Ha aHanu3a Ha CreKTpanHu CMecu mpu
MOHUTOPUPAHETO Ha PUCKOBI PANOHM.

Introduction spectrometers with channel width less than 1 nm (Petkov et al.,
2005; lliev, 2000). The illumination source was a halogen lamp

Risk areas monitoring by remote sensing is closely with power P=2000 W. Barium sulphate was used as a

connected to vegetation, soil and rock amount estimation. The reference standard.

actual usefulness of the applied methods depends on their .

accuracy and reliability. A basic problem in data processing The spectral reflectance curves of granite, brown and red

and interpretation is spectral mixture decomposition and land soils are given in Fig.1a illustrating the large range of soil

cover classification. The objective of this paper is to study the reflectance signatures.

granite, corresponding soils and their mixture in relation to

color features. Laboratory and in-situ measurements of the The variety of soil and rock fraction cover was modelled from

spectral reflectance the granite and soil samples were bare soil and rock reflectance using the additive theory

performed in the visible and near infrared ranges of the  (Mishev, 1991):

electromagnetic spectrum by means of precise multi-channel

spectrometers with channel width less than 1 nm. Experimental z p,r(A)

data was used to model reflectance and color characteristics of Is (/1) =i (1)
mixtures of the granite samples and their respective soils.

where 'z (4) are the resulting spectral reflectance signatures

Materials and methods r. (1)

of the mixed class, - the reflectance of the components

Ground-based in-situ  and  laboratory  reflectance (classes) composing the mixture, P components’ relative
measurements of the granites (10 samples) and relevant soils amounts (fraction cover).

(brown and red) were performed in the 04-0.8 range of the
electromagnetic  spectrum using precise multi-channel
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Fig. 1a. Reflectance spectra of granite, brown and red soils

The spectral reflectance curves of modelled rock-soil
mixtures are shown in Fig.1b where the impact of the soil type:
red (dashed line) and brown soil (solid line) is seen.
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Fig. 1b. Reflectance spectra of rock-soil mixtures with different fraction
cover (0.2,, 0.4, 0.6, 0.8) of granite

From each spectral reflectance signature the colorimetric
characteristics ~ (tristimulus ~ values  X)Y,Z, chromaticity
coefficients x,y,z and dominant wavelength As) of the
measured objects and modelled mixtures were computed in
the spectral range 450-750 nm according to the CIE 1964
methods and Des light source (Agoston, 1979).

In the wide-spread case of soil and green vegetation, for

Z Pi :l.

instance, considering that

=01+ (1_ oY )rs ()

(3)

In correspondence with the additive theory (the same being
true for Y, Z and W=X+Y+Z) (Mishev, 1992; Kancheva, 2003):
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st = z DGS[pV(rv - rs)+ rs])_(A/fi
A

st = pv(Xv - Xs)+ Xs

_ pv(xv B Xs)+ Xs
" pv(Wv _Ws)+Ws

X
(6)

As seen from (6), the chromaticity coefficients defining the
position of soil-vegetation mixtures on the color diagram
depend on the relative amounts of the pure classes.

The presented example of “soil-vegetation system” is applied
for rock-soil mixture in this paper.

Results and discussion

There are only three important groups of colors from natural
objects (Mishev, 1986). Rocks, soils and dry vegetation are
within the region of yellow to red-orange (575-590 nm). The
color coordinates (x,y) of the granite samples, brown and red
soils falled into this region. In Fig. 2 is clearly seen the wider
band of bare soils location. The wider Aqs range of the soil
cluster within the color locus and the narrower one of light-
colored granites suppose bigger errors in assessment of rock
fraction cover if the soil type are not taken into account.
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Fig. 2. Dominant wavelengths A4 of two soil types and granites

In Fig.3 the position on the color locus of two-component
mixtures of granite, red and brown soils are presented. The
position of chromaticity coefficients of modelled mixtures fall on
line connecting pure granites and relevant soils.
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Fig. 3. Dominant wavelengths of 2-component mixtures
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Conclusions

The advantage in using color features is that the visible
spectral range is closely related to physical and biophysical
parameters of the objects and that the whole reflectance curve
is used normalized on the spectral distribution of the incident
radiation. Besides, Ad allows the comparison of slightly
differing color stimuli. As a whole the obtained results are an
encouraging confirmation of the potential of mixture analysis

Recommended for publication by Department of
Applied Geophysics, Faculty of Geology and Prospecting

215

for risk areas monitoring. Future work is intended in precising
the dependences of Ad on rock and soil fraction cover by
larger experimental data sets as well as their verifying and
effective accuracy testing using low-height airborne spectral
data.
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