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Abstract: Together with the developments in satellite technology, it is considered that high resolution satellite data 

may be used as an alternative source of information to aerial photos in delineation of stand types. The study aims to 

reveal how detailed one could work to generate the map of stand types which form the basis of forest management 

plans using IKONOS satellite data. For this purpose, object based classification was applied to satellite image. Firstly, 

image segments which represent target objects were generated applying image segmentation algorithm to the satellite 

image. The image segments generated at three different levels according to different scale parameters and homogeneity 

criteria were classified according to standard nearest-neighbor approach. Classification accuracy was determined using 

both the stand maps of study area and ground control points. Overall accuracy was calculated as 58% (Kappa=0.54). 

Accordingly, it was understood that it was not possible to generate a stand map with sufficient accuracy from the 

IKONOS satellite image using automatic classification. 
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Ikonos görüntüsü ve obje bazlı görüntü analizi kullanılarak meşcere 

tiplerinin ayrılması  
 

Özet: Uydu teknolojisindeki gelişmelerle birlikte yüksek çözünürlüklü uydu verilerinin, meşcere tipleri ayrımında hava 

fotoğraflarının yerine alternatif bir bilgi kaynağı olarak kullanılabileceği düşünülmektedir. Çalışmada, IKONOS uydu 

verisinden amenajman planlarının temelini oluşturan meşcere tipleri haritasını düzenlemek için ne kadar ayrıntıya 

gidilebileceğinin ortaya konulması amaçlanmıştır. Bunun için uydu görüntüsüne obje bazlı sınıflandırma işlemi 

uygulanmıştır. Uydu görüntüsüne öncelikle görüntü dilimleme işlemi uygulanarak, hedef objeleri temsil edecek 

görüntü dilimleri oluşturulmuştur. Farklı ölçek parametreleri ve homojenlik kriterlerine göre üç farklı seviyede 

oluşturulan görüntü dilimleri, standart en yakın komşu yaklaşımına göre sınıflandırılmıştır. Sınıflandırma sonuçlarının 

doğruluk değerlendirmesi çalışma alanına ait meşcere tipleri haritasından ve arazi çalışmaları sırasında alınan denetim 

noktalarından faydalanılarak yapılmıştır. Meşcere tipleri düzeyinde yapılan sınıflandırma sonuçlarının toplam doğruluk 

değeri %55 (Kappa=0.52) olarak hesaplanmıştır. Buna göre, IKONOS uydu görüntüsünden otomatik sınıflandırma ile 

yeterli doğrulukta meşcere tipleri haritasının üretilmesinin mümkün olmadığı anlaşılmıştır. 
 

Anahtar Kelimeler: Ikonos, orman envanteri, görüntü dilimleme, obje bazlı sınıflandırma, meşcere haritası 

 
1. INTRODUCTION 
 

People's views of forests and mentality to utilize such resources vary depending on differences in their 

socio-cultural life styles within society. It is required to operate the forests in accordance with sustainable 

forest management (SFM) principles in order to meet such different requirements of different parts of 

society in a continuous manner. Updated and reliable information is needed with respect to current situation 

of forest resources in order to carry out sustainable forest management. Such information is provided using 

Forest Inventory system (Asan and Yeşil, 2005; Günlü et al., 2008; Stoffels et al., 2012). 
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Various sources of information such as terrestrial measurements, maps, aerial photos and satellite data are 

used to identify forest ecosystems and their sub-communities (Köhl, 1993; Leboeuf and Fournier, 2013; 

Huang and Lin, 2015). Terrestrial measurements and observations are the most common source of 

information used in forest inventory. It is possible to perform an inventory study based completely on 

terrestrial measurements in order to identify stand borders and determine wood volume. However, 

terrestrial measurements and observations are time-consuming and expensive methods. Moreover, forest 

inventory based on terrestrial measurements and observations often fail at obtaining spatial data, updating 

at frequent intervals and supporting visualization (Corona et al., 2003; Holopainen and Kalliovirta, 2006; 

Ozdemir and Karnieli, 2011; Arockiaraj et al., 2015). Therefore, combined inventory method combining 

aerial photos and terrestrial measurements has been used in Turkey since 1963 in order to reduce terrestrial 

studies in forest management planning and obtaining spatial data in a more accurate and easier way (Eler, 

2001). 

 

Classical approach in distinguishing between stand types is based on visual interpretation of 3D aerial 

photos. However, the success of this method depends on experience of interpreters. Some studies indicate 

that there might be substantial differences between the results of aerial photo interpretations from different 

interpreters (Gong et al., 1999; Tuominen and Pekkarinen, 2005). Once the first satellite of LANDSAT 

programme was launched in 1972, it was considered that satellite image might be an alternative source of 

information to aerial photo.  It was thought that reliable results can be obtained with respect to land features 

with less cost and in a shorter time by analyzing reflectance values obtained through different spectral 

channels in lands too vast to interpret visually in the computer environment (Asan, 1999; Asan et al., 2001, 

Köse et al., 2002).  

 

With the developments in remote sensing technology, production of new sensors providing high resolution 

image, significant decreases in price of satellite data and developments in digital image processing 

techniques increased the researches which claimed satellite images could be alternative to aerial photos 

(Plattier et al., 2006; Hajek, 2006; Rego et al. 2007; Ozdemir, 2008; Kim et al., 2011; Immitzer et al., 2012; 

Dalponte et al., 2014; Kamal et al., 2015; Arockiaraj et al., 2015). Obtaining high resolution satellite data 

and participation of them in forest inventory brought together some issues causing difficulty in image 

analysis such as mixed pixels. Mixed pixels are defined as pixels containing multiple groups of plant cover 

or land usage classes (Hung, 2002). Indeed, a single tree may comprise of spectral values of many pixels 

in high resolution satellite images. Therefore, there might be big changes in reflectance within stands and 

classification accuracy might decrease due to spectral irregularity of species while obtaining map of stand 

types from satellite image using pixel based classification method. Such problems were partially overcome 

with object based classification approach developed as an alternative to pixel based classification (Antunes 

et al., 2003; Özdemir, 2004; Drǎguţ et al., 2010)  

 

The study aimed to reveal how detailed one could work to arrange the map of stand types which form the 

basis of forest management plans using Ikonos satellite data considered as alternative source of information 

in place of aerial photos. For this purpose, Ikonos satellite images were classified automatically according 

to object based classification method and results were compared to the stand maps obtained using aerial 

photo.  

 

2. MATERIAL AND METHODS 

 

2.1 Study Area 

 

The study are located between 29° 04' 25" - 29° 57' 32" east longitudes; 40° 48' 12" - 41° 14' 10" north 

latitudes according to Greenwich cover borders of Sahilköy, Şile, Ağva, Yeşilvadi, Beykoz, Kanlıca, 

Ömerli, Alemdağ, Sultanbeyli, Kartal Forest Sub-District Directorates (Figure / Şekil 1). 99867 ha of study 

area with a land of 180155 ha is forest land. Such forest lands comprise of stands with many species as pure 

or mixed such as Fagus orientalis, Carpinus betulus, Quercuss sp., Castanea sativa, Pinus pinaster, Pinus 

radiata, Pinus nigra, Arbutus unedo, Phillyrea latifolia, Erica arborea, Pyrus sp.  
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Figure 1. Geographical location of study area 

Şekil 1. Çalışma alanının coğrafi konumu 

2.2 Satellite Data 

 

Ikonos satellite image with a spatial resolution of 4x4 m dated June 2006 was used in this study. Ikonos 

satellite image has 2 detectors, PAN and Multispectral.  In multispectral detector with 4 bands, the first 

three bands receives image on visible section and the 4th band receives image on infra-red (NIR) section 

(0.45-0.53, 0.52-0.61, 0.64-0.72, 0.77-0.88 µm).  It has 4 m geometric, 11-bit radiometric and 3.5-5 days 

temporal resolution and is capable of three dimensional (stereo) receiving (Yener, 2005).  

 

Firstly, geometric correction was applied to satellite image using 1/25000 scaled topographical maps and 

1/5000 scaled present maps. Geometric conversion error was calculated as less than 5 m. Vegetation indices 

were developed using original bands to provide detailed data with respect to areas covered with vegetation 

in multispectral images (Jensen, 1996). The most common of them is the normalised difference vegetation 

index (NDVI) (Ozdemir, 2014). In addition to NDVI, Band Ratio Index (RVI) and Transformed Vegetation 

Index (TVI) were generated in the study (Table / Tablo 1). Such new data groups generated were used both 

while generating image segments and classifying images. 

 
Table 1. Vegetation indexes obtained from the satellite image 

Tablo 1. Uydu görüntüsünden üretilen vejetasyon indeksleri 

RapidEye Equation Author 

NDVI 
NIR − RED

NIR + RED
 Rouse et al., 1974 

RVI 
NIR

RED
 Birth and McVey, 1968 

TVI 100 𝑥 (
NIR−RED

NIR+RED+0,5
)0,5 Deering and Rouse, 1975 
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2.3 Classification of Satellite Image 

 

Object based classification approach was employed in classification of satellite images in the study. Object 

based classification was developed as an alternative to pixel based classification in order to increase 

accuracy of classification in classification of high resolution satellite views such as Ikonos. Conversion of 

view into meaningful objects is the basis of object based classification. Classification is performed based 

on image objects instead of pixels (Antunes et al., 2003; Drǎguţ et al., 2010). Therefore, object based 

classification firstly starts with an image segmentation by grouping the neighbour pixels within 

homogeneous areas (Figure / Şekil 2). Grouping starts with a pixel shaping an image object and continues 

until reaching the criteria set by the user (Antunes et al., 2003; Blaschke et al., 2004; Marcal et al., 2005; 

Definiens, 2006). 

 

 
Figure 2. Image segmentation on a hierarchical order 

Şekil 2. Hiyerarşik olarak görüntü dilimleme 

 

In image segmentation, firstly the spectral bands to use must be selected and weights of such bands in the 

segmentation must be defined. Then, the scale parameter defining the average size of image objects to be 

generated and colour and shape criteria, being the homogeneity criteria must be identified (Rego, 2003; 

Ozdemir et al., 2008). Four bands of Ikonos satellite images (Blue, Green, Red and Near Infra-red) and 

NDVI Vegetation index were used for image segmentation in study. Weights of such bands in the 

segmentation were taken at an equal level. Scale parameters and homogeneity criteria were identified to 

enable generating the image segments to represent target objects.  It was determined with many systemic 

trial-and-error actions which were repeated until representation rate of target objects of image objects 

obtained reached an acceptable level.  

 

Classification of images follows image segmentation in object based classification. In additional spectral 

features of objects, shape and texture features are also utilized in the classification (Definiens, 2006). Object 

based classification can be performed with two different classification methods, standard nearest neighbour 

and fuzzy logic. It is suggested that fuzzy logic does not work well since use of many features is required 

for classification algorithm where the number of classes is too big and thus classification can be performed 

more easily with the nearest neighbour approach (Maxwell, 2005). Standard nearest neighbour approach 

which provides a faster and simplified classification process for the user was chosen in the study since there 

were many subclasses in classification to be performed at stand level. Classification process contains a 

hierarchical order performed at 3 different levels according to different scale parameters. This hierarchical 

order contains classification studies starting with classification of study area to 3 general land usage classes 

and ending with subclasses corresponding to types of stand in management plans. General procedure in 

hierarchical classification covers defining the classes easier to deduct first and then using such classes as 

additional information while creating the other classes (Rego et al., 2007). 

 

 

 

 

Level 3 

Level 2 

Pixel Level 

  Level 1 
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2.4 Accuracy Assessment of Classification Results 

 

The final step of image classification includes accuracy assessment of thematic map generated as a result 

of classification. Accuracy of classification results in remote detection is described as the conformity 

between selected reference data and classified satellite data. Therefore, accuracy assessment is performed 

by comparing the reference data of study area, accuracy of which is known certainly (stand maps, ground 

control points based on GPS measurements) with classified satellite image. For this purpose, an error matrix 

is obtained by comparing the image objects selected over classified satellite data with the reference data 

corresponding to the same. Columns of error matrix represent reference data while lines represent classified 

image. This error matrix is analyzed statistically with Kappa coefficient. Kappa coefficient is calculated 

using sums of lines and columns in error matrix and the items on diagonal of error matrix and gets values 

between 0 and 1 (Jensen, 1996).  
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Where; K is Kappa coefficient, r is number of lines in matrix, xii is diagonal value at line i and column i, 

x+i  is total value of column i, xi+ is total value of line i, N is total number of samples. 

 

 

3. RESULTS AND DISCUSSIONS 

 

The appropriate image segments of 3 hierarchical levels generated in study were revealed using trial-and-

error method which was repeated multiple times (Figure / Şekil 3). The most appropriate scale parameters 

and homogeneity criteria determined as a result of such repetitions are given in Table / Tablo 2.  

 

When obtained image segments are evaluated, it is observed that appropriate image objects representing 

target objects can be obtained when rate of colour criteria is employed higher than shape criteria (0.9/0.1, 

0.8/0.2) as homogeneity criteria. The results obtained are in line with the similar studies carried out earlier. 

In majority of such studies, it is found that colour criteria is employed higher than shape criteria while 

creating image segments representing target objects according to objective of study. (Herold et al., 2002; 

Laliberte et al., 2004; Mathieu and Aryal, 2005; Hajek, 2006; Asan et al., 2007; Furuya et al., 2007; Mathieu 

et al., 2007; Renaud et al., 2007; Chen et al., 2009) 

 

 
Table 2. Scale parameters and homogeneity criteria determined 

Tablo 2. Kararlaştırılan ölçek parametreleri ve homojenlik kriterleri 

Satellite 

Image 
Level 

Scale 

Parameter 

Homogeneity Criteria 

Colour/Shape Smoothness/Compactness 

Ikonos 

I 100 0.8/0.2 0.5/0.5 

II 125 0.8/0.2 0.5/0.5 

III 150 0.9/0.1 0.5/0.5 
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Figure 3: Image segments according to different scale parameters and colour/shape factors (A: scale parameter B: 

colour factor C: shape factor) 

Şekil 3. Farklı ölçek parametreleri ve renk/şekil faktörlerine göre görüntü dilimleri (A: ölçek parametresi B: renk 

faktörü C: şekil faktörü) 
 

 

Classification process was performed at 3 different levels according to different scale parameters after 

image segmentation processes. Firstly, satellite image was classified to separate study area into 3 general 

land usage classes, namely “forest - non forest - water” (Figure / Şekil 4). 4 bands of Ikonos satellite image 

(red, green, blue, near infra-red) and NDVI were used in classification. Classification was performed only 

based on spectral features of objects since spectral features of “forest - non forest - water” classes were 

highly different from one another in general. Given the circumstances of Turkey, it is observed that "forest 

- non forest - water" classes can be distinguished easily in satellite images such as Landsat and Spot which 

have rougher spatial resolution compared to Ikonos satellite image in the studies carried out by Yeşil et al. 

(1999), Musaoğlu (1999), Özkan (2006), Koç and Yener (2006), Asan et al. (2007), Gunlu et al. (2009). 

Therefore, accuracy assessment was not performed on the classification results obtained initially and only 

visual evaluation was employed. During visual observations, it was observed that regeneration areas, 

clearance in forest, degraded forest and non-forest areas were mixed with each other to a high extent, 

however classification result was insufficient.  
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Figure 4. Classified satellite image (I. Stage) 

Şekil 4. Sınıflandırılmış uydu görüntüsü (I. Aşama) 

 
Following the first level classification, forest lands were divided into 5 sub-classes which were more 

homogeneous using the nearest neighbour method again, namely broadleaved, conifer, mixed broadleaved 

mixed, unproductive. Variables concerning spectral and shape features of objects were used for the second 

level classification. 18 out 74 variables were defined as the most appropriate combination using Feature 

Space Optimization algorithm of Definiens software (Figure / Şekil 5). Second level classification results 

are given in Figure / Şekil 6. The stand maps and ground control points (GCPs) received during fieldwork 

were utilized as reference data in accuracy assessment performed to decide whether classified satellite 

image reflects the truth. An error matrix was created using such GCPs (Table / Tablo 3). Classification 

accuracies are 81% (Kappa=0.75) according to result of accuracy evaluation given in Table / Tablo 3. 

Classification result was reliable since classification accuracies were higher than 80%. 

 

 
Table 3. Accuracy assessment of the classified satellite image (Level 2) 

Tablo 3. Sınıflandırılmış uydu görüntüsünün doğruluk değerlendirmesi (Seviye 2) 

IKONOS 

CLASSES 

REFERENCE DATA 

Conifer Broadl. 
Mixed 

broadl. 
Mixed Unpro. 

Non 

forest 
Total 

Conifer 45   2   47 

Broadl  69 14  1  84 

Mixed broadl.  12 100  5  117 

Mixed 2   4 1  7 

Unproductive  2 7  9 6 24 

Non forest  4   5 32 41 

Total 47 87 121 6 21 38  

Total Accuracy = % 81    Kappa = 0.75 

 

 

http://tureng.com/tr/turkce-ingilizce/unproductive
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Figure 5. Determining the variables to use in classification 

Şekil 5. Sınıflandırmada kullanılacak değişkenlerin kararlaştırılması 

 
 

 
Figure 6. Classified satellite image (II. Stage) 

Şekil 6. Sınıflandırılmış uydu görüntüsü (II. Aşama) 

 

Each of broadleaved, conifer, mixed broadleaved, mixed classes were divided into subclasses according to 

present types of stand in study area. All bands of Ikonos satellite image and vegetation indices were used 

in classification. Classification was performed based on variables to spectral, shape and texture features of 

image objects. The most appropriate combination for classification out of such variables were determined 

using Feature Space Optimization algorithm again.  Third stage classification results are given in Figure / 

Şekil 7 and accuracy assessment of classification results is given in Table / Tablo 4. Total accuracy value 

calculated as 58% (Kappa=0.54) with respect to classification results was below the acceptable level. Since 

the image objects of stands at a and ab development stage, which needed to be divided as separate stands 

due to difference of development stage in study area had similar features, it was not possible to distinguish 
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them as separate classes with automatic classification. Similarly, stands at b and bc, c and cd stage were 

not distinguished. Therefore, such stands were combined under the same class during classification. Even 

if classes comprising of pure broadleaved and pure conifer species were classified relatively with a high 

accuracy, it was not possible to distinguish the classes comprising of mixed species with the expected 

accuracy using automatic classification. Mixed stands are also mixed with pure stands depending on rate 

of mixture. All of such negativities caused calculation of classification accuracy low, as obtained at stand 

level from Ikonos satellite image using automatic classification.  
 

 
Figure 7: Classified satellite image (III. Stage) 

Şekil 7. Sınıflandırılmış uydu görüntüsü (III. Aşama) 

 

Similar results were obtained in distinguishing plant cover classes using high resolution satellite images in 

former studies performed. In their study conducted using object based classification technique on 

QuickBird image, Bock et al. (2005) suggested that classification results with the desired accuracy could 

not be achieved as the number of classes increased. Hajek (2006) evaluated the classification results of 

original IKONOS satellite image with 4x4 m spatial resolution and Ikonos Pan-Sharpened satellite images 

with 1x1 m spatial resolution. The average accuracy of classification results with respect to classes at stand 

level comprising of few species such as Alder, Oak, Spruce, Birch and Larix is calculated as 83% 

(Kappa=0.80) for Ikonos and 83% (Kappa=0.81) for Ikonos Pan-Sharpened. In the study conducted by 

Renaud et al. (2007) total accuracy of classification was calculated as 64% (Kappa=0.52) for 15 classes 

extracted from Ikonos satellite image. Total accuracy of classification performed by reducing to 10 classes 

was calculated as 77% (Kappa=0.74). It is concluded that it is not possible to obtain maps from Ikonos 

satellite image as detailed as plant cover maps generated using aerial photos. Kim et al. (2011) classified 

the forest cover by using Ikonos and overall accuracy of classification performed by using object based 

classification was calculated as 77% (Kappa=0.73) for 9 classes. In the study conducted by Immetzer et al. 

(2012), they examined the suitability of WorldView-2 satellite data for the identification of 10 tree species 

and the overall accuracy for object-based classification was calculated as 82%. In another study conducted 

by Kamal et al. (2015), they emphasized that there is a need high image spatial resolution, larger object 

size, and fewer land-cover classes result for a high-accuracy mapping.  
 

As a result of literature review and this study, it is understood that the results obtained with automatic 

classification of Ikonos satellite image do no render good results as stand maps obtained with traditional 

visual interpretation of aerial photos. Although image segmentation which forms the first step of object 

based classification was performed relatively successfully, the success of classification results at stand level 

was not as high. 
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Table 4. Accuracy assessment of the classified satellite image (Level 1) 

Tablo 4. Sınıflandırılmış uydu görüntüsünün doğruluk değerlendirmesi (Seviye 1) 

IKONOS 

CLASSES 

REFERENCE DATA 

T
o

ta
l 

Ç
m

a
b

3
 

Ç
m

b
-b

c3
 

Ç
m

c-
cd

3
 

Ç
k

a
b

3
 

Ç
k

b
-b

c3
 

Ç
k

M
b

-b
c3

 

M
D

y
a

b
3
 

G
n

K
sa

b
3
 

M
G

n
a

b
3
 

M
K

n
a

b
3
 

K
n

M
a

b
3
 

M
D

y
b

-b
c3

 

M
a

b
3
 

M
b

-b
c3

 

K
sa

b
3
 

B
D

y
-D

i 

N
o

n
-f

o
re

st
 

Çmab3 4   1  1            6 

Çmb-bc3 1 8 2     3        1  15 

Çmc-cd3  3 8   1            12 

Çkab3   1  2 1             4 

Çkb-bc3   2 1 1 5 1            10 

ÇkMb-bc3      2 4          1  7 

MDyab3        10 1 2 2 2  2 1 1   21 

GnKsab3        8 16 4 8 1  3   2  42 

MGnab3         1 2 4 2  1    1  11 

MKnab3        1 4 2 11 2 1 2   2  25 

KnMab3        1   1 4       6 

MDyb-bc3        1 1    7  2 1   12 

Ma-ab3        1 4 1 6   38 3 2 1  56 

Mb-bc3              2 13    15 

Ksab3            2    11   13 

BDy-Di        1 4 1 1   1  1 9 6 24 

Non-forest              4   5 32 41 

Total 5 14 11 4 11 7 24 32 14 31 11 9 52 19 16 22 38  

Total Acuuracy = % 58    Kappa = 0.54 

 

 

4. CONCLUSION 
 

This study evaluated usage potentials of Ikonos satellite image in generating detailed forest maps as a high 

resolution remote sensing data. For this purpose, object based classification was applied to image segments 

generated at three hierarchical levels using different scale parameters and homogeneity criteria. 

Classification was performed based on variables to spectral, shape and texture features of image objects. 

Classification process started with distinguishing three general land usage classes hierarchically and ended 

with classification at level of stand types. Although image objects representing target objects were obtained 

in a relatively successful way with image segmentation, the accuracy of classification results at level of 

stand types was lower than expected. Therefore, it was understood that it was not possible to delineate stand 

types with sufficient accuracy from Ikonos satellite image using automatic classification.  Considering the 

success achieved in image segmentation, the possibility to use the borders of image objects obtained 

automatically with image segmentation in place of draft maps obtained with visual interpretation of aerial 

photos and manual digitalization should be researched. It is important to compare the real map of stand 

types generated from draft maps to be obtained automatically with map of stand types obtained using 

traditional methods and to evaluate the success rates. This method should be tested on digital aerial photos 

and the possibility to improve accuracy of map of stand types should be further investigated.  
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