
Eng. & Tech. Journal, Vol. 28, No. 1, 2010   

*Building and construction department, University of Technology/ Baghdad
164 

Using Remote Sensing and Gis Technique to Study Soil 
Physical Properties for Hour Al-Hammar (South of Iraq) 

Aseel Abbas* &  Dr. Abdul Razzak T.Ziboon* 

Received on:10/2/2009 
Accepted on:4/6/2009 

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 field investigation includes 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 selected visible bands in the 
digital visual 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 classes and merges the 
others, whereas the supervised classification gives good presentation of the main 
landcover classes with overall accuracy equal to (99.7%). 

 Keywords: Studying Spectral Reflectance Measurement and physical Soil 
properties 

توظيف تقنيات التحسس النائي ونظم المعلومات الجغرافيه لدراسة الخصائص 
  وتأثيرها على الانعكاسية الطيفية )جنوب العراق(لتربة هور الحمار  الفيزيائية

  الخلاصة
تم العمل في هذه الدراسة بثلاث مراحل، تضمنت المرحلة الاولى معالجة الصورة

 ,ERDASبأستخدام الحقيبة البرامجية ) التصنيف الرقمي تحسين الصورة ، و تقنيات( الرقمية 
Ver 8.7/2003    . ومن ثم التحريات الحقلية التي تضمنت عمليات مسح المنطقة بأستخدام جهاز

GPS  لاخذ احداثيات مواقع اخذ عينات من التربة ومن ثم اجراء الفحوصات المختبرية والتي
تصنيـف التربة تبعا الى نظام تصنيف التربة  فحـوصات( تتضمن  فحوصات فيزيائية للتربة

USCS( وبعد ذلك اجراء الفحوصات الطيفية بأستخدام جهاز الراديوميتروربط نتائج الفحص ،
  .بنتائج الفحوصات الفيزيائية

ان اهم الاستنتاجات التي توصلت اليها الدراسة توضح ان الحزم المختارة تعد الامثل
حسس نوع التربة ونسبة الرطوبة، حيث وجد ان تربة منطقة في عملية التفسير البصري لت

الدراسة يطغي عليها الغرين والطين، كذلك اعطت انطباع عن وجود نسب عالية من المواد 
  . العضوية وكذلك وجود نسب من الاملاح في التربة

ان عملية التصنيف غير الموجه اعطت تمثيل جيد لوصف منطقة الدراسة ووصف اصناف 
و دمج بعضها بالاخر بينما خارطة التصنيف الموجه اعطت تمثيل جيد لاصناف التربة و  التربة

%. 99.7=بدقة تصنيف 
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1. Introduction 

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

This paper includes three stages. 
first, field survey, the purpose of 
field survey was to observe what the 
different interpretation units are in 
reality [4]. 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 properties of the 
soil by using multi bands 
radiometer instrument, at the 
laboratory of the Soil Mechanics 
and Sanitary Lab in the University 
of Technology, and radiometer test. 

Third, digital image 
processing to classify the study 
region image and the visual 
interpretation technique results.   

Spectral reflectance of soils is 
determined by their physico-
chemical properties, in particular 
humus content, texture, sulphate, 
electrical conductivity and water-
soluble salts. Moisture content and 
surface roughness also play an 
important role [3].  

2. The Study Area 
        Al-Hammar marsh selected as 
study area which is lies south of 
Euphrates river and extends from 
Nassriya in the west to Basrah 

suburbs at Shatt Alarab in the south 
of Iraq, about (300)km south of 
Baghdad. Its length is about 90 km 
with width is between (25-30) km 
[4]. 
Locally study region extends 
between latitude (31o00'-31o30') 
north and longitude (46o24'-
47o18') east, as shown in the 
fig.(1). 

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 sieve & 
hydrometer curves for some 
samples and others in (Appendix A) 

4. Spectral Reflectance 
Measurement 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 wavelength 
of the bands 1,2,3 of satellite 
images, which has the range (0.5-
0.6)µm-(0.6-0.7) µm-(0.7-0.8) µm. 
Fig.(3(a,b,)) shows that the 
difference in soil properties has 
apparent 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 spectral reflectance curves. 

 

5.Satellite Images Analysis    

Many digital processing 
techniques were carried out to 
process the satellite image according 
to the purpose of application. 
ERDAS software, version 8.7, 
release 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 statistical 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 appearance of the 
resultant photo map for the image of 
the study area, two separated 
processes had  be done, as follows : 
 
5.2.1 Convolution Filtering 
(Edge Enhancement): 

      The chosen of the suitable 
kernel matrix filter depends on the 
purpose of this filter, in this research 
it was used kernel matrix (7x7) edge 
enhance to detect the sudden change 
in gray level from one pixel to 
another. fig.(5) refers to the edge 
enhancement convolution filtering to 
study region image. The features in 
this image are sharper than those in 

the original one, this will facilitate 
the interpretation of the process 
required. Fig.(6) shows the gray level 
histogram for edge enhancements 
image. 
 

5.2.2 Histogram equalization: 

Histogram equalization is a 
nonlinear stretch, which is one of 
the radiometric enhancement 
methods. Fig. (7) shows the 
histogram equalization results. It 
develops many features that do not 
appear to the observer in the 
original image, it gives useful 
information for performing image 
classification successfully, which 
produces a uniform population 
density of pixels along the 
horizontal DN axis that is shown in 
new gray level histogram after this 
process in fig.  (8). 

5.3.2 Supervised Classification.  
Following represent the 

results of supervised classification: 
(1) Training Stage: 

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

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

The spectral response 
patterns are considered one of the 
most important results, which give 
good information and indications 
about physical and geometric 
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properties of land cover classes in the 
research region by means of detailed 
study, and analysis of spectral 
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 likelihood 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 relationship between 
known reference data (ground truth) 
and the corresponding results of an 
automated classification. 
The overall 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 

individuality than other classes. It is 
important to avoid considering a 
confusion matrix based on training 
set values as a measure of overall 
classification accuracy. The 
confusion matrix simply tells how 
well the classifier can classify the 
training areas and nothing more. 
6.Conclusions 

1. Differences in surface 
composition (grain size distribution 
of soils) and moisture content will 
effect on the spectral reflectance of 
soil. So, the amount of moisture held 
in the surficial soil layer is a function 
of the soil texture. The finer the soil 
texture, the greater the soil's ability to 
maintain 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's dry, in satellite images. 
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 soil 
classification (unsupervised 
classification) gives good 
presentation of some classes and 
merges the others, whereas the 
supervised classification gives good 
presentation of the classes with an 
overall accuracy equal 99.7 %. 

5. 5.Using global position system 
(GPS) in field survey is very 
essential and important for 
positioning purposes, and 
collecting soil samples. 
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Radiometer is very important for 

studying the spectral 
reflectance characteristics for 
soil. So, its spectral channels 
are compatible with the same 
wavelengths that are utilized 
in the 

6. multispectral sensors(TM), 
(MSS), and (SPOT) to detect 
the difference in spectral 
characteristics of soil with 
respect to the difference of 
soil types and properties. 
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Table (1) Physical Properties of Soil Sample 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

 Band 1 Band 2 Band 3 

Mimum 
(DN) 00 

00 00 

Maximum 255 255 255 

Mean 775.90 771.489 771.634 

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  

are used in supervised classification. 
 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Class 
No. 

Band 1 

Min. Max. Mean. S.D 
Water 55.00 186.000 96.468 25.625 

Vegetation 6.000 32.000 14.663 4.820 

Soil(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 
No. 

Band 2 

Min. Max. Mean. S.D 
Water 65.000 199.000 105.972 27.345 

Vegetation 30.000 56.000 40.482 5.005 

Soil(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 
No. 

Band 3 

Min. Max. Mean. S.D 
Water 84.000 217.000 124.872 28.149 

Vegetation 8.000 41.000 17.819 6.266 

Soil(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 
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Figure (1) ETM Landsat satellite image show   Study Region  

with points represent soil samples type 
   
 
 
 

 

(a)Sample No.(3)                      (b)Sample .(10) 
 
 
 

 
 
 
 
 
 

 
(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 
 
 

 
 
 
 
 
 
 
 
 

Figure (3.b) Spectral Reflectance curve depend on W.C% 
 

Figure (3,a,b)  Difference in Spectral Reflectance due to difference in soil  
Properties 

 
 
 
 

 
 
 
 
 

 
A-Band _1 (0.45-0.52) µm    B- Band_2 (0.52-0.69) µm        C-Band_3 (0.63-0.69) µm 
 

 
Figure (4) Three bands histogram of a raw image. 
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Figure (5) Edge Enhancement for the Study Region Image 

 

 
 
 
 
 
A-Band _1 (0.45-0.52) µm         B- Band_2 (0.52-0.69) µm  C-Band_3 (0.63-0.69) µm 
 

Figure (6) Gray  Level Histogram for edge enhancements image 
 

 

 
 

 
Figure (7) Histogram Equalization process of Study Region 

 
 
 
 
 
 
A-Band _1 (0.45-0.52) µm B- Band_2 (0.52-0.69) µm  C-Band_3 (0.63-0.69) µm 
 

Figure (8) Gray level Histogram after histogram equalization 
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             Figure (9) Unsupervised classification image of the study region 
 
 

 
  

Figure (10) the spectral response curves of land cover classes 
 
 

    
 

 
 

Figure (11) Supervised classification of study region 
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Appendix ( A ) shows sieve & hydrometer curves for some samples 
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Appendix ( A ) shows sieve & hydrometer curves for some samples 
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Appendix ( A ) shows sieve & hydrometer curves for some samples 
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Appendix B   
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