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Abstract

This paper includes the digital image processing (image enhancement and the
digital classification techniques) using ERDAS, ver.,8.7, package for Landsat 7
(ETM+), 3-visible bands with resolution (14.25m), acquired in March 2004 .

The fidd investigation indudes GPS surveying, which coincides with the
reports of the laboratory tests (physical tests), which include soil classification test
(according to the unified soil classification system (USCS), for certain locations),
and spectral measurements by using radiometer instrument.

The main results of this study show that the sdected visible bands in the
digital visua interpretation process are considered an optimum means to sense the
soil types. It is found that the study region soil has high content of the fine soil
texture (clay and silt). Therefore, the digital map of unsupervised classification
gives good presentation of some of the main landcover dasses and merges the
others, whereas the supervised dassification gives good presentation of the main
landcover dasses with overall accuracy equal to (99.7%).

Keywords: Studying Spectral Refl ectance M easurement and physical Sail
properties
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1 Introduction

Remotely sensed data refer to
data of the Earth collected from
sensors on satdlites or aircraft.

This paper includes three stages.
first, fidd survey, the purpose of
field survey was to observe what the
different interpretation units are in
redlity ¥l. By using GPS instrument
(twenty five) samples of soil were
obtained from different locations in
study region; Table (1) shows the
coordinate and states the position of
soil samples.

Second, the laboratory tests
for the study region soil and
analysis results. Many tests were
executed to determine some of the
physical properties regarding the
classification of soils and the effect
on the spectral propertties of the
soil by using multi bands
radiometer instrument, a the
laboratory of the Soil Mechanics
and Sanitary Lab in the University
of Technology, and radiometer test.

Third, digita image
processing to classify the study
region image and the visud

interpretation technique results.

Spectral  reflectance of soils is
determined by their  physico-
chemical properties, in particular
humus content, texture, sulphate,
eectrical conductivity and water-
soluble salts. Moisture content and
surface roughness aso play an
important role ¥,

2. TheStudy Area

Al-Hammar marsh sdected as
study area which is lies south of
Euphrates river and extends from
Nassriya in the west to Basrah
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suburbs at Shatt Alarab in the south
of Irag, aout (300)km south of
Baghdad. Its length is about 90 km
?%ith width is between (25-30) km
Locally study region extends
between latitude (31°00'-31°30")
north and longitude (46°24'-
47°18") east, as shown in the
fig.(2).

3. Physical Properties Tests
Following are some of the

important physical tests, regarding

soil classification:-

1.Moisture content

2.Grain Size Distribution
3. Liquid & Plastic Limits

Table (1) shows results of these
tests, and Fig.(2) shows seve &
hydrometer  curves for  some
samples and others in (Appendix A)

4, Spectral Reflectance
M easurement and Soil properties:
To determine the spectral

reflectance for different targets (soil
samples) by using multi  bands
radiometer, the wavelength with its
three bands is the same waveength
of the bands 1,2,3 of sadlite
images, which has the range (0.5-
0.6)um-(0.6-0.7) pum-(0.7-0.8) um.
Fig.(3(ab,)) shows that the
difference in soil properties has
gpparent effect on spectral reflection
curves, so we see in fig.(3.a) that
each type of soil has different
spectral curve, soil (ML) type has
the largest reflection. On the side
(CH)soil has the lowest reflection.
Fig. (3.b) shows that the increasing
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of soil moisture causes decreasing
of spectra reflectance curves.

5.Satdlite Images Analysis

Many digita processing
techniques were carried out to
process the satdlite image according
to the purpose of application.
ERDAS software, version 8.7,
rel ease 2003, was used to process the
digital images.

5.1 Gray Level Histogram

A histogram of gray level content
provides a good description of the
appearance of an image. The type
and degree of enhancement depend
on the nature of histogram. Fig (7)
shows three bands histogram of
merged resolution image of the
study area, while table (2) illustrates
the dtatistica parameters of the
scene intensity values (DNS). The
study of both, figure and table
together provides statistical
description of study area.

5.2 Image Enhancement

To increase the gppearance of the
resultant photo map for the image of
the sudy aea two separated
processes had be done, as follows :

5.2.1 Convolution Filtering
(Edge Enhancement):

The chosen of the suitable
kernd matrix filter depends on the
purpose of this filter, in this research
it was used kernd matrix (7x7) edge
enhance to detect the sudden change
in gray leve from one pixe to
another. fig.(5) refers to the edge
enhancement convolution filtering to
study region image. The fesatures in
this image are sharper than those in
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the original one, this will faclitate
the interpretation of the process
required. Fig.(6) shows the gray level
histogram for edge enhancements
image.

5.2.2 Histogram equalization:

Histogram equdizationis a
nonlinear stretch, which is one of
the radi ometric enhancement
methods. Fig. (7) shows the
histogram equalization results. It
devd ops many features that do not
gppear to the observer in the
original image, it gives useful
information for performing image
dassification successfully, which
produces a uniform population
density of pixels dong the
horizontal DN axis that is shown in
new gray leve histogram after this
processinfig. (8).

5.3.2 Supervised Classification.

Following  represent
results of supervised classification:

(1) Training Stage:

Six classes are sdlected in the
training stage that represent three
land covers classes (water, vegetation
and soil) and subclasses of sail types
incdluded (CL,SC/SM,CH, and ML)
in research region, and the satistical
measurements of these classes are
computed depending on reflectance
value of pixels corresponding to each
class versus each of three sdected
TM bands shown intable (3).

Fig.(10) illustrates  the
reationship between mean reative
reflectance of different classes and
Thematic Mapper bands in terms of
the spectral response curves.

The  spectra response
patterns are considered one of the
most important results, which give
good information and indications
about physicd aid geometric

the
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properties of land cover classes in the
research region by means of detailed
study, and anadlysis of spectra
response curves of training classes
shown in fig.(10) and determination
of the factors affecting it by aid of
field observation and laboratory and
analysis results for the soil samples.

(2) Classification Stages :

The result of classification stage
is represented by the map shown in
fig.(11). This map is produced by
maximum likdihood classifier. Each
class is given specific color as well
as a number beside this color with
summarized explanation. This map
includes six classes, which represent
the land cover classes in the
research region.

5.3.3 Accuracy Assessment

The classification process is not
complete until its accuracy is
assessed.

The most common means of
expressing classification accuracy is
a classification  error  matrix
(sometimes called confusion matrix
or contingency table). Error matrix
compares, on a category-by-category
basis, the reationship between
known reference data (ground truth)
and the corresponding results of an
automated classification.

The overdl accuracy of supervised
classification is (99.7%). The lowest
producer’s accuracy is (99.22% for”
soil (CH)”), it represents a light gray
color in supervised classification and
the lowest user’s accuracy is
(96.84% for “soil (CL)”) among
others due to many interferences
which occur between the (CL) soil
and other classes, whereas the water
class represents the highest accuracy
within both accuracies due to clear
reflectance which gives  its
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individuality than other classes. It is
important to avoid considering a
confusion matrix based on training
sa values as a measure of overall
classification accuracy. The
confusion matrix simply tels how
well the classifier can classify the
training areas and nothing more.
6.Conclusions

1 Differences in  surface
compasition (grain size distribution
of soils) and moisture content will
effect on the spectral reflectance of
soil. So, the amount of moisture hdd
in the surficial soil layer is afunction
of the soil texture. The finer the soil
texture, the greater the soil's ahility to
mai ntain high moisture content in the
presence of precipitation. The greater
the soil moisture, the more incident
radiant energy absorbed and the less
reflected energy. Therefore, the soil
appears darker when wet than when
it'sdry, in satdliteimages.

2. Unsupervised classification
method is a useful technique to
prepare a primitive map for
reconnaissance, soil survey, to
collect the soil samples and to reduce
the effort time and cost.

3. Using high pass filtering

convolution  enhancement  (edge
enhancement) is very useful for
visual interpretation.

4. Thematic map of sail
classification (unsupervised
classification) gives good

presentation of some classes and

merges the others, whereas the

supervised dassification gives good

presentation of the classes with an

overall accuracy equal 99.7 %.

5.Using globa position system
(GPS) in fidd survey is very
essentiadl and important  for
positioning purposes, and
collecting soil samples.
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Radiometer is very important for
studying the spectra
reflectance characteristics for
soil. So, its spectral channds
are compatible with the same
wavelengths that are utilized
inthe

6. multispectral  sensors(TM),
(MSS), and (SPOT) to detect
the difference in spectrd
characteristics of soil with
respect to the difference of
soil types and properties.

7. References

[1]ASTM,(2002),D422-63,”Standerd
Test Method for Partidesize
Anaysis of sail”.
[2]AL-AHBABY,0O.,A.,(2005),"The
Use of Remote Sensing and GIS
Techniques in Sdecting the Best
Highway L ocation for Mosul City".
Ph.D, Thesis, University of
Technology, Irag.
[3].KerleN.,etc,(2004),
of Remote  Sensing",
Educational Textbook series.
[4].Jensen, J. R., (2000), "Remote
Sensing of the Environmental & an

"Principle
ITC

168

earth sources perspective",
university of South Cardlina

[5].Boweles, (1984), "Physical and
Geotechnicd Properties of Sails’,
Mc Graw-Hill, Inc

[6]. Chirico and Epstein, (2000),
"Geographic  Information  System
Analysis of Topographic Change in
Philadeliphia, Pennsylvania During
the last Century ", U.S. Geological
Survey open File Report, 00-224.

[7]. Ddiback, et... (2004),
"Reflection values of Saline Soils of
Great Mander Basin in Landsat TM
images and  ther  datistica
Relationships®, Agricultural Faculty
of Edge University, soil science
Dept., Bornova ,35100, Izmir-Turkey
[8].ERDAS, 8.7, fiedd Guide, 2003.
[9].KerleN.,etc,(2004),"Principle  of
Remote Sensing”, ITC Educationd
Textbook series.

[10]. Rdlf. A.de,(2004),"Principle
of GIS", ITC Educational Textbook
series.

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng. & Tech. Journal, Vol. 28, No. 1, 2 Using Remote Sensing and Gis Technique
To Study Soil Physical Properties
For Hour Al-Hammar (South Of Iraq)

Table (1) Physical Properties of Soil Sample
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14 GAR070 | 3410662 124 1] 1] HFP 17 22 3] 1] SCIEM | Dark gray silty
sand
15 642025 [ 3410479 [ 2543 | 3521897 [ 2557437 | DAd4da04 | 19 56 25 0 WL Brown clayey
sandy silt
16 647257 | 3412647 [ 1254 [ 4000211 [ 2256581 | 124263 | 52 37 11 1] CH Brown sandwy gilty
clay
17 647420 [ 3412800 | 3548 | 5759888 [ 3302051 | 2347837 | 50 40 10 0 CH Brown high plastic
silfsr clay with little
sand
15 642273 | 3411661 | 4387 | 4467115 [ 2456058 | 2011078 | 15 6 9 0 CL Doark gray lean clay
19 642406 [ 3412158 | 2468 | 435777 2423671 | 1934098 | 38 42 14 [0 WL Brown Sandy
clayey silt with
shells
0 658011 | 3412050 [ 3305 [ 5238568 | 2743788 [ 24947701 10 3] E i} WL Light brown silt
with little clay &
sand
21 a5 | 34209 | 3716 [ 4679158 | 2423469 | 2250459 | 44 42 12 1] CL Dark gray sandy
gilty clay
42 657460 | 3411935 28 [3768759 | 206951 | 1600248 | 44 30 26 0 CL Brown lean clay
43 G3E02T | 3411914 | 1388 | 4345056 | 26 66294 | 16.TE762 | 56 35 9 0 CL Light gray lean clay
with little sand
4 655758 | 3412273 | 1044 | 4192062 | 234248 [ 1220582 [ 30 55 [ 0 CL Brown lean clay
25 654154 [ 3413615 | 2235 | 37363 [2112116 | 1624184 | 41 £ 13 0 CL Light gray sandy
lean clay

Table (2) Statistical Parameters of the satellite Scene of study are

Band1 | Band 2 | Band 3
Mimum 00 00
(DN) w
Maximum | 255 255 255
Mean 775.90 771489 | 771.634
Median 669 661 662
Mode 770 554 557
Std.Dev. 442.796 | 440.464 | 442.758
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Table (3) Statistical measurements of training classes that
areused in supervised classification.

Class Band 1
No. -

Min. Max. Mean. SD
Water 55.00 186.000 | 96.468 | 25.625

Vegetation 6.000 32.000 | 14.663 | 4.820
Sail(CL) 7.000 46.000 | 21.620 | 9.454
Soil (SC/SM) | 74.000 | 105.000 | 88.942 | 5.645
Soil (CH) 33.000 | 151.000 | 94.152 | 18.440
Soil(ML) 124.000 | 225.000 | 179.625 | 16.896

Class Band 2
No. -

Min. M ax. Mean. SD
Water 65.000 | 199.000 | 105.972 | 27.345

Vegetation 30.000 | 56.000 | 40.482 | 5.005
Sail(CL) 12.000 | 37.000 | 21.359 | 4.333
Soil(SC/SM) | 52.000 | 81.000 | 66.489 | 5.149
Soil (CH) 17.000 | 137.000 | 78.171 | 19.280
Soil(ML) 124.000 | 223.000 | 177.887 | 17.020

Class Band 3
No. -

Min. M ax. Mean. SD
Water 84.000 | 217.000 | 124.872 | 28.149

Vegetation 8.000 41.000 | 17.819 | 6.266
Sail(CL) 12.000 | 43.000 | 22.440 | 7.072
Soil (SC/SM) | 54.000 | 79.000 | 66.547 | 4.729
Soil (CH) 29.000 | 151.000 | 90.603 | 19.074
Soil(ML) 127.000 | 228.000 | 180.793 | 16.938

170

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng. & Tech. Journal, Vol. 28, No. 1, 2010 Using Remote Sensing and Gis Technique
To Study Soil Physical Properties
For Hour Al-Hammar (South Of Iraq)

i) ) i ) wimi mimi Himl

aam [LE) Bam P-Bgn Rimi wimi Hmi

3ind i 3060 BO00 Meters

Figure (1) ETM Landsat satdliteimage show Study Region
with pointsrepresent soil samplestype
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(@)Sample No.(3) (b)Sample .(10)
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(c) Sample No.(15) (d)SampleNo.(20)

Figure.(2) Results of sieve & hydrometer curves for some samples.
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Figure (3.a) Spectral Reflectance curve depend on Soil Type
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Figure (3.b) Spectral Reflectance curve depend on W.C%

Figure (3,a,b) Differencein Spectral Reflectance dueto differencein soil

Properties
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Figure (4) Three bands histogram of araw image.
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Figure (5) Edge Enhancement for the Study Region I mage
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Figure (6) Gray Level Histogram for edge enhancementsimage
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C-Band_3 (0.63-0.69) um
Figure (8) Gray levd Histogram after histogram equalization
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Figure (9) Unsupervised classification image of the study region
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Figure (11) Supervised classification of study region
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Appendix (A) showssieve & hydrometer curvesfor some samples

A -
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Appendix ( A) showssieve & hydrometer curvesfor some samples
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Appendix ( A) showssieve & hydrometer curvesfor some samples
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Appendix B

Refer to "Appendix A: Math Topics” for information on the mean vector and covariance

ratrix.

Divergence
The formula for computing Divergence (Di)) is as follows:

D. =

i

-1 -1 1 ~1 ~1 T
H([CJ-—CJ.]{CT- —C’_,- ]}_§tf{[cz' —CJ,- }[H:_HJ-]{-LH'_M} )

Fd] =

Jeffries-Matusita Distance
The formula for computing Jetfries-Matusita Distance (JM) is as follows:

1 T C+C; —1{ e {|[c‘.+ci1/2}
o = (M —H; ( ) L — L =N ———
gr I 2 P2 |"C,-|><|CJ,-|

IM, = J2(1-¢"%)
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Where:

iand j = the two signatures (classes) being compared
C= the covariance matrix of signature i
1; = the mean vector of signature i
In = the natural logarithm function
C; | = the determinant of C; (matrix algebra)

Source: Swain and Davis 1978

According to Jensen, “The JM distance has a saturating behavior with increasing class
separation like transformed divergence. However, itis not as computationally efficient
as transformed divergence” (Jensen 1996).

Separability

Both transformed divergence and Jeffries-Matusita distance have upper and lower
bounds. If the calculated divergence is equal to the appropriate upper bound, then the
signatures can be said to be totally separable in the bands being studied. A calculated
divergence of zero means that the signatures are inseparable.

* TDis between 0 and 2000.
+  JMis between 0 and 1414.

A separability listing is a report of the computed divergence for every class pair and
one band combination. The listing contains every divergence value for the bands
studied for every possible pair of signatures.

The separability listing also contains the average divergence and the minimum
divergence for the band set. These numbers can be compared to other separability
listings (for other band combinations), to determine which set of bands is the most
useful for classification.

Weight Factors

As with the Bayesian classifier (explained below with maximum likelihood), weight
factors may be specified for each signature. These weight factors are based on a priori
probabilities that any given pixel is assigned to each class. For example, if you know
that twice as many pixels should be assigned to Class A as to Class B, then Class A
should receive a weight factor that is twice that of Class B.

NOTE: The weight factors do not influence the divergence equations (for TD or JM), but they
do influence the report of the best average and best minimim separability.

The weight factors for each signature are used to compute a weighted divergence with
the following calculation:
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Where:

iand j = the two signatures (classes) being compared
Uy = the unweighted divergence betweensand j

iy = the weighted divergence between i and j

c= the number of signatures (classes)

Ji = the weight factor for signature i

Probability of Error

The Jeftries-Matusita distance is related to the pairwise probability of error, which is
the probability that a pixel assigned to class i is actually in class ;. Within a range, this
probability can be estimated according to the expression below:

1
]

(2-JM*) 2P <1- 1[1 —%JM:;.]

if e 2 i
Where:
iandj = the signatures (classes) being compared

JMj= the Jeffries-Matusita distance between 7 and ;
F, = the probability that a pixel is misclassified from i toj

Source: Swain and Daovis 1978
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