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ABSTRACT 

Classification of satellite images is possible by the use of two scientific methods; the method of “basic pixel” which is 
based on classification of numerical values of images and the method “object oriented” which in addition to numerical 
values, uses data related to the content, texture and background in the classification process of images. The purpose of 
this study is to compare the classification algorithm of the maximum likelihood in the based pixel processing method 
with the closest neighbor algorithm in the object oriented processing for evaluation of classification performance of 
Landsat 8 satellite images. In order to compare the results, the land use map of Malayer city in Iran as an important 
place of the country for agricultural production and grape industry, was prepared by both methods of classification. The 
results indicate that with a 16% increase in precision of both overall accuracy and kappa for classification of satellite 
images, the object oriented method has a higher accuracy. 
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INTRODUCTION 
Land use consists of a variety of land utilization to meet different human’s needs. In other words, land use 
refers to the type of human’ use of land and this type of use is also related to the land value and their 
natural specification [1]. Man has always been looking for identification of surroundings and its natural 
resources to achieve comfort and meet their needs. Knowledge of the types of land cover and human 
activities, as the basic information required for regional planning, is of utmost importance. Optimum, 
systematic and sustainable operation of natural resources needs precise and up to date recognition of 
land use. Thus, one of the basic pre-requisites for desirable use of land is knowledge about land use 
patterns and its changes over time [2]. Land use and cover maps where the type and spatial pattern of 
land use is specified are important for planning at the local and regional levels. In this regard, using 
conventional methods like land survey for preparation of land use maps is generally time consuming and 
costly. For this reason, today, as a result of time saving, lower cost than the conventional method, data 
being up to data and increase of precision and speed, the use of remote sensing technology and applying 
satellite images can be efficient and useful for recognition and extraction of land uses for decision making 
and planning. Classification of satellite images is regarded as one of the most important methods for 
extraction of practical information. Classification of satellite images is possible by the use of two methods. 
The method of “basic pixel” which is based on classification of numerical values of images and the new 
method of “object oriented” which in addition to numerical values, uses data related to the content, 
texture and background in the classification process of images [3]. 
The history of the research indicates that classification of images by the use of the two mentioned 
methods demonstrates different outcomes. In a study, the methods of basic pixel and object oriented 
were investigated and compared in the process of coal minerals exploration and land use maps were 
prepared by processing ASTER satellite images [4]. Assessing the results, he came up with the fact that 
the object oriented method has a higher precision in comparison with the basic pixel classification 
methods. In another study, using high resolution satellite images and digital aerial photographs, the green 
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space of Baltimore and Maryland was studied and classified using the object oriented method in the 
eCognition software environment [5]. The results indicate the effectiveness of the object oriented method. 
In a study conducted in America, using temporal satellite images and the object oriented analysis, 
researchers investigated the changes in Colorado’s tree cover during the years 1938 to 1999. They 
prepared the variation trend of land use maps of each period using the object oriented method. The 
results showed that the region tree cover has increased 4% on average [6]. Using spot images, some 
researchers compared classification methods of basic pixel and object oriented in the extraction of 
information from satellite images. In the object oriented processing of satellite images, they used a digital 
elevation model and spatial information including texture and shape as a factor for increasing 
classification precision of the object oriented method, and having accomplished the classification by the 
two methods of basic pixel and object oriented, they concluded that the fuzzy classification algorithm of 
the object oriented method with the total accuracy of 96.42% in comparison with the maximum 
likelihood classification algorithm of the basic pixel classification method with a total precision of 77.79% 
has a higher accuracy [7]. In another study, the effect vegetation indices on the increase of the object 
oriented classification method were studied. They used MODIS satellite images and having extracted 
vegetation indices of the images and using them as a layer in the objected oriented classification, they 
succeeded in the increase of the object oriented classification accuracy by 5.2% [8]. Some researchers 
used ASTER satellite images in geology studies. In order to apply the data related to the spectral 
reflections and physical properties of grains of sand, they used the object oriented processing method of 
satellite images and insisted on the high capability of the object oriented processing in satellite images 
classification [9]. In Iran, using Landsat and HDR TM images of the Spot satellite, variation of the green 
space of the city of Tabriz was studied using the object oriented classification method [10,11]. Their study 
results showed that more than 46% of the green space of the city of Tabriz has been destroyed in a time 
period of 16 years. Using sensor HDR images of the Spot 5 satellite Lotfi et al. extracted land use maps of 
the city of Marand. Classification of object oriented type by the use of closest neighborhood algorithm in 
the eCognition basic knowledge software environment was implemented during different stages and the 
classification accuracy and the kia factor were respectively estimated as about 95%  and 0.95 [12]. 
Comparing land cover/use map by the basic pixel and object oriented method and investigating 
parameters affecting images classification, the present study assesses the increase in precision and how 
segmentation parameters are effective. For this purpose, the land use map of the city of Malayer (as one 
of the most important poles of gardening and grape industry of the country) was prepared and the results 
were compared using the basic pixel and object oriented methods and satellite images. 
 
MATERIAL AND METHODS 
The area under study in this research is the city of Malayer, one of the affiliated cities of Hamedan 
province. The city is located in the 34◦,26◦◦ north latitude and 48◦,50◦◦ east longitude of prime meridian. 
The city of Malayer, with an area equal to 3326 km2 covers a span of more than 16.9% of the total 
province area (figure 1). 

 
Figure 1: Malayer City in West of Iran 

 
The data that are used include Landsat 8 satellite image with the pass number 166 and row number 33 in 
14 May 2013, topographical map of the region with a scale of 1/50000, land use map of the city of 
Malayer, the data obtained from GPS during field operations in Malayer land and the data obtained from 
Google Earth. Generally, various types of software were used in different stages of doing the research. The 
software used includes ENVI5, eCognition Developer, Arc GIS 10.1 and Google Earth. 
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The purpose of this study is to compare the classification algorithm of the maximum likelihood in the 
based pixel processing method with the closest neighbor algorithm in the object oriented processing for 
evaluation of classification performance of Landsat 8 satellite images. However, given that classification is 
just one of the stages of image processing, the necessary actions were performed on the images in the 
pre-processing stage. Of these stages are making satellite images as reference earth using 1/25000 maps 
and atmospheric modifications based on deduction of numerical value of dark pixels and description of 
each stage is as follows: 
A- Geometric correction 
In the first stage of ArcGIS10.1 software, 1/50000 topographic maps of the studied area (7 sheets), each 
sheet with six scattered point across the map, became the reference earth using affine first order equation 
which is a linear function and their value of root mean square error was obtained as 0.006. Due to 
estimation of four main components of their position, points scale, extension and rotation, the use of 
affine equation in spatial correction has a more desirable effectiveness [13]. In the next step, in order to 
perform geometric correction whose most common non-parametric method is the use of ground control 
points [14], control points on the image with appropriate transmittance of the studied region area were 
collected and implemented on the image surface in the environment of ENVI 4.7 software. Then, the 
closest neighbor method was used to sample the value of pixels again. In this regard, 13 control points 
were specified which were mostly in the intersection of roads and waterways and were scattered across 
the image and topographic maps and the geometrical correction was implemented on the image using 
resampling and the closest neighbor method. 
The calculated RMS value was 0.65 pixels. 
B- Radiometric correction 
Radiometric corrections include those modifications that are only implemented on grey steps and we can 
try to compensate some errors only by changing their values independently (pixel by pixel). Of these 
errors are atmospheric errors, striped disruption, missing lines and machine errors [12]. Some of the 
errors like missing lines must certainly be corrected while some common errors with no significant effect 
on the classification result (like some atmospheric errors) or with very low and insignificant value can be 
ignored. On atmospheric corrections, if single temporal images are used in the classification, there may be 
no need to make modification [15]. Since a single temporal image was used in this study and the image is 
related to 14 May (28th Ordibehesht) and also the desired area is relatively uniform from weather 
perspective and the sky was clear with no clouds, there is no need to perform atmospheric modifications 
and they were ignored. 
C- Object oriented classification of satellite images 
Classification is a decision making process where imagery data are carried to the space of specific classes 
[16]. Satellite images classification has some limitation based on spectral information. Therefore, other 
sources of information should be used to increase the classification accuracy [7]. Therefore the necessity 
of using object oriented classification by eCognition software is that in addition to spectral information, 
the data related to texture, shape and relations between phenomena (which are called interrogative 
information) are used in classification of images. Therefore the object oriented classification is a process 
that connects land cover classes to imagery objects and each of imagery objects is assigned to the 
considered classes with a definite membership degree [17]. The algorithm used for classification in the 
object oriented method is the closest neighbor one. In the classification process by the algorithm, pixels 
are assigned to various classes based on their weights. Therefore, in the classification method, the mixed 
pixel has a membership degree for each class and is classified in a special class based on fuzzy logic and 
proportionate with the highest membership degree [11]. The conditions suitable for classification of 
classes in this study are defined for classes as follows: 

- definition of shape and ratio of length to width as an effective factor on the isolation of riverbed 
- definition of the shape factor as an effective factor on the isolation of agriculturally fallowed land 

from arid land class 
- definition of texture factor as an effective factor on the isolation of classes 
- the use of the closest neighbor algorithm in the object oriented classification for all classes 
- the use of sigmoid, J form and linear functions in the definition of classification conditions for 

classes 
D- Segmentation 
Basic processing units of object oriented analyses are imagery objects (segments) not pixels [18]. 
Segment means a group of neighboring pixels in an area that similarity (like numerical value and texture) 
is their most important common criterion. In this process, segments fragment and separate areas of the 
image surface with specific and uniform shape, texture and scale as neighboring regions. The size of 
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segments is determined based on parameters such as scale, color, shape, image softness modulus and 
compression factor and these parameters are selected based on the level and goal of the study and the 
interpreter’s opinion. In this study, given that orbit 7 sample method was used for classification, 
parameters of scale and color uniformity was used for segmentation. The first stage in the object oriented 
classification process is segmentation. The results indicated that choosing parameters of scale 5, color 
homogeneity of 0.65 for separation and diagnosis of image objects at level one in classification process 
will have acceptable result. 
E- Classification 
In the object oriented classification, the main unit of image processing is the shape of objects or segments. 
In this image method, proportionate with the interpreter’s opinion based on determination of specific 
parameters for segments in the form of separated imagery objects and specific parts, the image is 
classified. In this study, considering appropriate parameters such as scale and color in the segmentation 
stage, the classification process was accomplished. The results showed that the desired applications in the 
classification are distinct and separable. 
F- Educational sample objects 
The object oriented classification, like supervised classification, needs educational samples too. In 
eCognition software, the range of educational samples is specified in the image surface using sample 
objects which suggest the existing complications in the desired area. The use of the closest neighbor 
algorithm for classification by the object oriented method needs less educational samples than the basic 
pixel method.  
G- The best classification result 
In the eCognition software, the imagery objects get the membership degree for each class as class 
hierarchy. As long as the highest membership degree is not created for each of the image objects, the 
result of classification can be corrected by changing equations for classification and attain the highest 
membership degree. Using the closest neighbor classification, the highest membership degree shows the 
closest distance from a definite sample. For each of imagery objects, the increase of the slope of the 
closest neighbor function can lead to the increase of the best classification result. 
H- Samples classification error matrix 
Using the error matrix based on the introduced samples for various application, eCognition software 
presents the evaluation of accuracy and precision. Thus, the software automatically forms the error 
matrix and calculates Kappa factor (table 2). Overall accuracy based on the registered samples was 
obtained as 0.88 for applications and Kappa factor was also obtained as 0.85. 
I-Supervised classification by the maximum likelihood method 
In the basic pixel processing method, pixel is considered as the main unit and numerical values of images 
are regarded as the basis for classification. This method of classification is conducted based on statistical 
methods as supervised and unsupervised, where a single pixel is only put in one class. The classical view 
is based on binary theory. Based on this theory, a pixel is put in one of the classes or is not assessed to be 
put in one of the classes and is remained unclassified. Based on binary theory, pixels are classified in one 
class in the overlapping range of duties, while the pixels have correlation with other classes and the 
correlation is one of the important factors of reduction of accuracy of the basic pixel classification [3, 4]. 
In the classification, spectral signatures are used to rank pixels, such that classification in the form of 
considered classes is done by determination of specific pixels of the image. For this purpose, using the 
software ENVI 4.7, fifteen spectral signatures, as pure and scattered pixels across the image, were 
introduced to the software for each class. Then, given the observation of the spectral curve and their 
histogram, samples of each class were combined with each other and were considered as the final class 
(class spectral signatures related to man-made regions were extracted as mixed up pixels because they 
are a combination of various phenomena and their spectral reflection is different). Therefore, in this step, 
having extracted appropriate spectral signatures, the supervised classification was performed by the 
maximum likelihood method and the land use map was extracted for seven classes of water, irrigated 
agriculture, grassland, dry farm land, saline lands, man-made regions class and mountainous areas for the 
image (figure 3). 
Saline land is one of the difficulties of land breakdown because the lands have various applications such 
as dry farming and pasture and also due to the fact that they are very similar to mountainous regions 
from spectral reflection perspective. In rural areas with low extent, the two applications interfere with 
each other and are selected as saline land. However the action doesn’t come to sight in urban residential 
areas. For this reason, one of the error causes in estimation of accuracy and precision of classification is 
saline land. 
J- Educational (training) samples 
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In order to perform the supervised classification, given recognition of the studied region (after the field 
visit) and the ground samplings (using GPS) and also numerous samplings using Google Earth and the 
results obtained from unsupervised classification, determination of educational (training) samples was 
performed randomly and systematically for various classes of the desired land use. For this purpose, 
firstly the studied area was carried to Google Earth and a network of 5*5 km was created. In the 
intersection of each network the ground fact point was registered. Thus, a number of 1070 samples of the 
existing applications were picked up in the area, which was used for assessment of accuracy and 
precision of classification in the next stages (table 3). 
 

 
Figure 2: Comparison of classification of classes with the same spectral patterns (a) and the space of 

overlapping effects or mixed pixels (b) 
Pixels related to the overlapping space (for example the space between classes A and B in figure 2 (b)) 
have information that is common with the information of other classes. In most cases, pixels of this type 
are known as mixed pixels and are not put correctly in one of the grades of land cover classes. The factor 
causes the pixels situated in the overlapped regions not to be classified correctly and classification 
accuracy to reduce [19]. In the present study, for the basic pixel classification of Landsat 8 satellite 
images, the educational samples picked up for each class (table 4) were implemented on the image 
surface. Then, calculating the resolution of the classes and making sure of appropriate resolution for each 
class, having analyzed the statistical specifications of classes and educational samples and evaluating the 
spectral reflection curves of each class, which were drawn based on picked up educational samples for 
each class, the band composition 3-4-5 was selected as the best band combination for the classification. 
Classes had a completely suitable resolution except for saline land class that has errors due to having a 
spectral reflection similar to the residential area and is negligible because this happens in very small 
sized residential regions. 
K- Evaluation of accuracy and precision 
None of the various classification methods are complete. Therefore their accuracy and precision is 
evaluated [19]. Evaluation of accuracy and precision of classification is an important and general issue for 
the comparison of classification result with the ground reality [20]. In this study, evaluation of accuracy 
and precision was estimated based on the two results of the best classification and the samples 
classification error matrix. Having implemented the educational samples on the image surface and 
forming the error matrix, the overall precision of the classification with the maximum likelihood 
algorithm and Kappa factor were respectively obtained as 75% and 0.67. Table 5 shows the error value 
and applications precision. According to the obtained results in the table, the class related to water and 
application of regions with rock cover (mountainous) have respectively had the highest and lowest error 
values of 100% and 50%. 
 
RESULTS 
This section consists of presentation of the research results and the related issues. Evaluation of various 
land uses of the city of Malayer using the results of the best classification, the classification error matrix, 
number of educational samples for each of the land use classes, number of educational samples picked up 
for each of the land use classes and evaluation of accuracy and precision of various land classes have 
respectively been presented in tables 1, 2, 3, 4 and 5. 
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Table 1: Evaluation by the use of the best classification results 
class object mean standard deviation minimum maximum 

water 59 0.94 0.13 0.6 1 
saline lands 7108 0.97 0.03 0.53 1 

man-made areas 1026 0.95 0.07 0.2 0.99 

dry farms 14813 0.98 0.01 0.61 0.99 

pasture 4152 0.98 0.01 0.89 1 

mountainous regions 16989 0.98 0.01 0.74 1 

irrigated agriculture 6090 0.96 0.05 0.39 0.99 

 
Table 2: Classification error matrix of various land uses 

samples producer precision user precision 
water 1 1 

saline lands 0.92 0.96 
man-made areas 0.94 0.95 

dry farms 0.93 0.93 
pasture 0.91 0.77 

mountainous regions 0.85 0.83 
irrigated agriculture 0.91 0.91 

 
Table 3: The number of educational samples for each of the land use classes 

lands use number of educational samples for each 
class 

pasture 305 

dry farms 270 
water (watery areas) 55 

irrigated agriculture 95 
mountainous regions 160 

saline lands 155 
man-made areas 30 

total sum of picked up points 1070 

 
Table 4: Number of picked up educational samples for each of land use classes 

class number of samples 
water (watery regions) 20 
mountainous regions 45 

saline lands 55 
residential regions 33 

irrigated agriculture 42 
pasture 27 

dry farms 37 
 

Table 5: Evaluation of accuracy and precision of various land classes 
class producer 

precision 
user 

precision 
water (watery regions) 100 100 

mountainous regions 50.00 21.88 
saline lands 90.00 58.06 

residential regions 58.71 100 
irrigated agriculture 44.19 100 

pasture 73.77 73.77 

dry farms 67.24 72.22 

 
The performed classification process is reversible and continues until the highest membership degree for 
each class is achieved. In this study, having selected the educational sample objects for the specified 
classes, the object oriented classification is performed, whose obtained results are shown in figures 3 and 
4. 
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Figure 3: The use map extracted by the maximum likelihood algorithm in the basic pixel classification 

method 

 
Figure 4: The use map extracted by the closest neighbor algorithm in the basic object classification 

method 
The results show that the closest neighbor algorithm of the object oriented method makes it possible to 
achieve higher precision than the maximum likelihood algorithm of the basic pixel method in the digital 
satellite images classification. One of the most important reasons for achieving the higher precision in the 
classification method by the closest neighbor algorithm is that in addition to the spectral information, the 
data related to texture, shape, situation and content are also used in the classification process of the 
method. Therefore the classification precision enhances increasingly. In the classification with the 
maximum likelihood basic pixel algorithm, pixels situated on the separator line of classes should 
ultimately assigned to one of classes of water, soil or plant (hard classification), but in the object oriented 
classification, pixels are assigned to various classes according to their weights (soft classification). In this 
method of classification, mixed pixels have a membership degree for each class and are classified in a 
special class based on fuzzy logic and proportionate with the highest membership degree. 
Having classified by the two methods of basic pixel and object oriented, the parameters of accuracy 
evaluation of both methods were computed and presented in table (6). 

 
Table 6: Comparison of basic pixel and object oriented classification methods in the city of Malayer 

Kappa factor of 
classification 

overall accuracy of 
classification in percent 

classification algorithm classification method 

0.67 72 maximum likelihood basic pixel 
0.85 88 closest neighbor object oriented 

 
Thus, the results indicate that the object oriented classification method with the overall accuracy of 88% 
versus the overall accuracy of 72% for the basic pixel classification of satellite images has a higher 
precision.  

 
CONCLUSION 
In this study, the basic pixel and object oriented methods of land classification using Landsat 8 satellite 
images were compared in Malayer city in west of Iran. The results indicate that segmentation quality and 
determination of segments scales have a direct relationship with the spatial resolution of satellite images. 
In order to compare the results, the most important accuracy evaluation methods including the overall 
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precision and Kappa factor of the classification were computed. The closest neighbor algorithm of the 
object oriented classification method results in a higher precision of about 16% (for both indices of 
overall precision and Kappa factor) than the maximum likelihood algorithm of the basic pixel in the 
classification of images. The important issue has also been approved in other researchers’ studies which 
were mentioned in the research background. Achieving the overall precision of 88% by the objected 
oriented classification against 72% by the basic pixel classification shows that the closest neighbor 
algorithm of the object oriented method makes it possible to achieve higher precision than the maximum 
likelihood algorithm of the basic pixel method in the digital satellite images classification.  
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