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Abstract
With the development of mining industry, people have obtained profits from it, but they are fa-

cing environmental damages. In order to monitor these environmental changes, a spectral library is

set up for the spectrum data organization and management of mine typical objects. Most of the spec-

trum data come from the long-term field measuring in mining area and other spectral libraries. For

the data quality control and error detection in the measuring data, an inner precision calculation

method is presented and a series of interactive graphical controls are developed for the spectrum vi-

sualization and analysis. Through extracting and saving spectrum characters for the mine typical ob-

jects, realizs spectrum matching and classification for new measured spectrum samples are realized

by using Euclidean distance, Aitchison distance, Pearson correlation coefficient and vector angular

cosine methods. Based on the matching result, this work is able to gather dynamically physicochemi-

cal environment parameters from the library and gives an early warning for the mine environmental

changes.
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0 Introduction

Mining is the basic industry of national economy.
For several decades disorder mining in some areas, ge-
ological disasters and environmental damage have be-
come the obstacle to the sustainable development of the
mining industry. Scholars and some government de-
partments began using RS ( Remote Sensing), GPS,
and GIS technologies to monitor and measure those en-
vironmental damages or changes. By using spatial data-
base, researchers can save objects’ measured spectrum
data and their physicochemical parameters into these li-
braries and can extract them for spectrum analyzing of
the next step. For this reason, mine spectral libraries
have become an important part for monitoring mine en-
vironmental changes.

Many institutions and departments have estab-
lished a variety of typical spectral libraries for different
purposes, such as the JPL library, the USGS library,
the ASTER library, and so on. The JPL library is the

first geological spectral library which was built by the
U.S. Jet Propulsion Laboratory (JPL) in 1981. This
library has saved amount of rocks and minerals’ spec-
tra and their related auxiliary information, and its latest
version is 2.0""". Combined with the JPL library, the
United States Geological Survey (USGS) also estab-
lished a mineral resources spectral library. Its newest
version splibO6a contains over 1300 spectra including
mid-infrared data as well as spectra from splibO5a and

additional visible and near-infrared spectra'”>’. Coming

from the JPL and USGS libraries, the ASTER ( Ad-
vanced Spaceborne Thermal Emission Reflection Radi-
ometer) library also provides a comprehensive collec-
tion of over 2300 spectra of natural and man-made ma-
terials"*'. In China, from the late of 1980s, the Insti-
tute of Remote Sensing Applications of China Academy
of Science and other institutes also established more

) These libraries are the

than 10 spectral libraries "
foundation of remote sensing research, and can give a
strong support for the application of remote sensing in

different research fields.
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In order to dynamically monitor and analyze envi-
ronmental changes in mining areas, supported by sev-
eral national foundations, we began to measure typical
objects’ spectra at several coal mine areas from 2009.
And based on the study of those upper libraries, we al-
so established a mine typical object spectral librar-

[7.8]

y
mine typical object spectral library management system

. For the organization of the measured spectra, a

is developed which can be used for the spectral data
quality control, spectrum visualization, spectra classifi-
cation, spectrum features extracting, and spectral anal-
ysis.

1 Data resources

In the proposed library, there are three data re-
sources: historical data from official publications,
download data from the ASTER library, and measuring
data from the mining research areas.

From 1980 to 1982, the Institute of Remote Sens-
ing Applications of China Academy of Science and sev-
eral other organizations measured the spectra of vegeta-
tion, soils, rocks, and water at Beijing, Tianjin, He-
bei, and Anhui provinces. Tong and Tian published
those data at Ref. [9]. There were 277 pieces of spec-
tra which were collected at various phenological pha-
ses, under different polluted conditions, and with dif-
ferent geochemical effects. The spectral ranges were
from 400nm to 1100nm. These data were officially
published, had a higher authority and imported into
our library as the basis for the next data analysis.

The ASTER library provides a comprehensive col-
lection of over 2300 spectra of wide variety of materials

covering the wavelength range of 0. 4 ~ 15. 4pm"’.
For further spectral feature analyzing and contrasting,
the spectra of minerals, vegetation, rocks, soils, and
manmade materials were downloaded, and imported in-
to our mine spectral library.

From June 2009 to June 2013, spectra of nature
water, sinking water, tailings, soils, crops, vegeta-
tions, rocks, and manmade materials were measured at
the coal mining areas in Beijing, Shandong, Shanxi,
and Xinjiang provinces. Almost 500 spectra samples
were collected which were under a variety of environ-
mental conditions. The auxiliary information for each
sample includes basic measuring information, meteoro-
logical condition, physicochemical parameters, and
some special parameters for different types of objects,
such as management, construction, and soil parameters
for crops. According to the sample types, all of these
data were organized in their sub-databases in the librar-
y. Because the proposed library has collected more in-
formation than other libraries, these new measured data
would be the basis for the further mine typical object
spectrum analysis.

2 Designs of database architecture and sys-
tem functions

2.1 Design ofdatabase architecture

According to the types of mine typical objects, our
spectral library is divided into seven sub-databases:
vegetation, manmade material, soil, mineral, rock,
water, and tailing sub-libraries. The designed database
architecture is shown as Fig. 1.
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In mining areas, the growth status of vegetation
can reflect the degree of environmental pollution direct-
ly. By measuring the spectrum of crops, grasses, and
other plants, more than 300 pieces of data were got,
and all the data were saved in the vegetation sub-librar-
y. In order to organize the spectral data more clearly,
the data were sorted in tree shaped structures such as
crops including wheat and rice, where the wheat in-
cludes fall wheat and spring wheat, the rice includes
single-cropping rice and double-cropping rice, and so
on. At the same time, the auxiliary attributes and pa-
rameters were also saved into the databases. Auxiliary
attributes include temperature, wind direction, wind
speed, weather conditions, surveyors, and surveying
instrument. And parameters include crops management
data, physicochemical data, and phenological data.

In rock, mineral, and soil sub-libraries, almost
2000 pieces of object spectrum data and their auxiliary
data were saved. According to the tree shaped struc-
ture, minerals were divided into oxide, silicate, car-
bonate, hydroxide, sulfide, borate, phosphate, hal-
ide, arsenate, chloride, and tungstate. Rocks were di-

vided into igneous, metamorphic and sedimentary
rocks. And soils were divided into cambisols, soft soil,
dry soil, alfisols, ultisols, entisols, and etc.

In the coal mine area, water includes nature water
and sink water. In order to study the pollution degree
of water, about 150 water samples were collected and
their quality parameters were also measured, such as
the pH, conductivity, water temperature, total phos-
phorus, total nitrogen, chemical oxygen demand, and
so on. All of these parameters were saved into the wa-

ter sub-library.

2.2 Design of system functions

In order to manage and analyze typical objects’
spectral data and their attribute data more efficiently,
the spectrum data management system is designed as
four modules; spectrum data management module,
spectrum data analysis module, system parameter set-
ting module, and spectrum mapping and visualization
module. The system function architecture is shown as

Fig. 2.
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Fig.2 Data management system function design

The spectrum management module is used to im-
port typical objects’ spectral data and their auxiliary
data into different sub-libraries, and manage these data
in different related dialogs. The spectrum data analysis
module includes system’ s core functions, such as data
quality control and evaluation, spectral data matching,
and spectral features extracting. The spectrum mapping
and visualization module can draw spectral curves and
analyze spectral features interactively.

3 Key techniques researched in the system
development

3.1 Development of graphical interactive controls

based on GDI +

In recent years, Microsoft has presented a series
of new characters in the GDI + ( Graphics Device In-
terface Plus) techniques'®'. The managed interface of
GDI + includes almost 60 classes, 50 enumeration
types, and 8 data structures. It brings forward many
new functions, such as the gradient brushes, cardinal
spline functions, persistent path objects, transform ma-

trix objects, and various image data formats support-
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ing. Based on these new characters of GDI + , several
graphical controls are developed which can be used for
drawing spectral curves, derivative spectra, spectrum
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matching results, and box-whisker diagrams interac-
tively. Fig. 3 shows the mapping result of these con-

trols.
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Fig.3 Spectral data visualization diagrams achieved by GDI +

3.2 Data quality control for measured data

The accuracy of field spectrum measurement is af-
fected by a variety of factors, such as measuring time,
spectrometer FOV ( Field of View) size, observation
angles, solar azimuth and elevation angles, atmospher-
ic environmental factors, operation procedures of sur-
veyor, etc. For this reason, measured data must be
detected before they are imported into the library. An
inner precision formula is put forward which can be
used for the quality evolution of the measured data. It
is shown as

’(jzl,z"..’m) (1)

As it is known, the curve features of one group

&
1
H+

measured spectra should have almost the same charac-
ters under the same measuring conditions. If a set of
data has great volatility, it shows that the measuring
condition is unstable. The inner precision can be used
to evaluate volatility. First, the average reflectance

curve of those data should be calculated, and then
each curve’s inner precision by using Eq. (1). In the
equation, §; is the difference between the j-th meas-
ured curve and the average curve at the i-th common
wavelength , m is the measured curve number, n is the
common wavelength point. This equation reflects the
standard deviation of a single spectral curve which must
contain accident errors or systematic errors. In order to
eliminate the affection of accident errors, another for-

mula is presented as

m

> (Y8

j=1 =1
m Xn

(2)

& 1s named as the total inner precision for one group
measured spectra. If the value of £ meets the required
tolerance, the measured data can be imported into the
library, otherwise the original data should be checked
again. Fig.4 shows an example for data quality control
in the proposed system by using these two equations.



100

HIGH TECHNOLOGY LETTERSIVol.21 No.1[Mar. 2015

Data ID Instrument Start End Precision of
No. Wavelength Wavelength Inner Coincidence

20020822s3n1_A001 B-001 350 2500 +0.01022099
20020822s3n2_A002 B-001 350 2500 +0.00960834
20020822s3n2_A001 B-001 350 2500 +0.00338414
20020822s3n1_A002 B-001 350 2500 +0.01008541
20020822s3n1_A003 B-001 350 2500 +0.02883308
Total Inner Precision +0.53910589

Fig.4 The result of the inner precision calculating

3.3 Spectrum matching

The degree of environment changing in mine area
can be reflected by the vegetation’ s degradation level ,
the contaminants of pollution in nature or sinking wa-
Through the

long-term field spectrum measurements and laboratory

ter, and atmospheric aerosol content.

analysis in the demonstration mine areas, a lot of mine
typical objects spectral data and their corresponding
environmental parameters, biochemical parameters and
physiochemical parameters have been collected. By the
spectrum matching algorithm, the consistency for the
sample spectra with the standard spectra in the library
can be checked, and those parameters can be retrieved
from the database. The parameters can show the pollu-
tion degree of the mine environment and will give an
early warning. In order to achieve this purpose, this
work provides four methods in the system for the spec-
tra similarity measuring in the data matching proce-
dure, which are the Euclidean distance'"”, Aitchison
distance, Pearson correlation coefficient and vector an-
gular cosine methods.

Aitchison distance is used to calculate the dis-
tance between two objects defined in the simplex

[12]

space In the spectrum matching procedure, if

there are p band sampling positions in the selected

wavelength range, the similarity of two spectral data u
and v in the simplex space can be measured by the dis-
tance of two vector points in the p-dimensional space.
The calculation is

q, - / S
j=2

The

measure the degree of correlation between two samples

Jj-1

> [In(*) ~ In(*5) )?

i=1

(3)

Pearson correlation coefficient is used to
based on the covariance theory. The formula is just
shown as Eq. (4). The value of r is between —1 and
1. If the r value is closer to 1, then the two spectral
data have greater correlations, and they will have more
similarity. In the spectrum matching procedure, this e-
quation can be used to retrieve data, and list the top
ten spectra ordered by the r value. Fig.5 shows a data
matching example by using this method. From the list,
the largest one or the top several ones can be selected

for the next analyzing.

P 1 P P
D Xy =D Xyt 2,
a=1 P a=1 a=1

1S - Sarise -LSam
(4)

O;ier Data ID Correlation Coefficient Calculation Info rmation
1 20021003s1nl 0.931 Using samples 1. 2. 3; Calculate...
2 20021003s1n2 0.862 Using samples 1. 2. 4; Calculate...
3 20020822s3n1 0.321 Using samples 1. 2, 5; Calculate...
4 20020822s3n2 0.245 Using samples 1. 2. 6; Calculate...
5 200104030000 0.226 Using samples 1. 2. 7; Calculate...
6 200104030001 0.197 Using samples 1. 2, 8; Calculate...

Fig.5 Spectrum matching result based on Pearson correlation coefficient

3.4 Spectral features visualized analyzing and ex-
tracting

The reflection and absorption features in the spec-

tral reflectance curve, not only describe the different

characters between different objects, but also reflect

the spectra volatility of the same objects which were

under different background conditions. In order to ana-

lyze the spectral features at the microscopic level for
the mine typical object, visualized analysis tools were
developed for characteristic parameters extraction. The
principle is shown as Fig. 6. The parameters include
the value of absorption valley (p, ), the absorption
depth (h), the absorption width (W), the absorption
area (A), the absorption band (A, ), the variable
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drive angle (@), the symmetry of absorption area
(T), the symmetry of absorption bands (JI). In that,
absorption area A is generated by subsection integration
just as the shaded area in Fig. 6. The symmetry of ab-
sorption area is as T =A,/A. The symmetry of absorp-

&

Reflectance
B fesemmemasfcacas
P A
Py 2
<
2 P [ A -

tion bands is as T = (A, -A,;) / (A, —A;). By u-
sing these parameters, the researchers can make a step
for the library’ s application in different areas.

Ay

Az Wave]engﬂ;

Fig.6 Extracting of spectral characteristic parameters

4 Conclusions

The measurement of spectral data in the field has

. . ol 13]
an important role in remote sensing

, and the spec-
tral library has become one of the important supports
for remote sensing applications. Through filed measure-
ment and experimental analysis at mine areas, the pre-
liminary frame architecture of the mine typical object
spectral library and its management system has been
set up. Based on the GDI + technique, a series of
graphical controls for drawing spectral curves and box-
and-whisker diagrams, and extracting spectral charac-
teristic parameters interactively are realized. Spectrum
matching and classification are achieved by four spec-
tral similarity measurement methods. By using the
spectral information extracting and analyzing functions,
the system can realize dynamic warning for the mine
environment changes, and will provide a strong techni-
cal support for the mine environment protecting and the

mine sustainable development.
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