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ABSTRACT 
 
Extracting roads network data, from satellite images, is important for urban planning, 
infrastructure development, navigation applications, military purposes and updating 
topographic GIS databases. Very high spatial resolution remote sensing images are 
useful source for extracting roads information. In this paper a novel algorithm for 
roads feature extraction of sub-urban and rural areas from high resolution images is 
developed. The developed algorithm is based on Decision Tree classifier (DTC). The 
developed DTC models are trained and applied on corrected Multispectral images 
acquired by Worldview – II (WV-2) satellite. The experimental work is performed 
using MATLAB with Graphic User Interface (GUI) for designing and managing the 
training data .The result of DTC model were evaluated using three of quality 
measures. The results are compared with a digitized reference roads layer. The 
obtained results show the possibility of using the developed algorithm for automatic 
roads feature extraction from high resolution images. The results provide about 82% 
accuracy of roads extraction. 
KEY WORDS 
Indices, Reflectance, Roads extraction, Assessment. 
 
1. Introduction 
 
The roads extraction from RS images is a challenging but important research topic. 
Roads are essential objects of transportation; and give many different supports for 
human civilization. The research of road extraction is of great significance for traffic 
management, city planning, road monitoring, GPS navigation and map updating [1]. 
Different techniques such as Knowledge-based methods, Mathematical morphology 
methods, Active contour model, Classification-based methods are used to  extract  
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roads from satellite images [2]. Satellite remote sensing images provides qualitative 
and quantitative information which reduces time for development and complexity of 
field work [3]. In addition remote sensing Satellites collect data/images at regular 
intervals. Therefore the amount of received data is huge and it is growing 
exponentially as the technology is growing at rapid speed as timely and data volumes 
have been growing at exponential rate [4]. In practice, the RS image quality can be 
affected by different factors such as the sensor type, spectral and spatial resolution, 
weather conditions, light variation, and ground characteristic so interference factors 
must be considered [5]. Using corrected high resolution sensor such as that of WV-2 
allows greater automated classification with reduced manual editing. Different road 
features in an image have different properties for road extraction. Geometric features 
have the direct relationships with the road shapes. Photometric features are close to 
the road gray levels or colors. Topological features and functional features [6] are 
relatively simple but hard to apply in real applications.. Satellite image classification 
plays a vital role in interpretation and extract of valuable information from volumes 
satellite images. DTC algorithm with fixed thresholds against multi-temporal high 
resolution satellite imagery is one of the most important techniques for monitoring 
place at different times .the training data from one time and place are applied to 
classifying remotely sensed data in other place and time. It is needed obtaining  
available information of sensor and good study for  spectral profile of classes in 
different bands to provide automated and robust algorithm [7]. 
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2. Concept of the proposed roads extraction algorithm 
 
A feature extraction from an image simply means the search of the presence of this 
feature. Generally mathematical operations that combine the pixels digital values 
(DN) of two or more bands (layers) in MS images can be measures of the presence 
of specific feature. For example, the calculation of: (DN) IR – (DN) R gives a simple, 
yet very useful measure of the presence of vegetation [8]. Such mathematical 
combinations of the DN values of different bands create output images. More 
complex combinations can be for examples: 
 
                    and  
                     
 
 
These indices are ratios of X and Y bands DN values. These ratio images are derived 
from the absorption/reflection spectra of the material of interest. The 
absorption/reflection is based on the molecular bonds in the material surface. Thus, 
the ratio often gives information on the chemical composition of the feature. In this 
paper, the feature extraction process is performed using new proposed bands ratios. 
The proposed ratios are based on careful study of spectral profiles of the five classes 
(features), as given in details in section 5.2, present in the study area (water, 
vegetation, roads, shadows and buildings). These ratios are: 
 
         (R − NIR1)/(R + NIR1)       (For water and vegetation)                             (1)       

        
                                      
 
 
 
      (CB − NIR2)/(CB − NIR2)   (For shadow, roads and building)                     (2)        
 
 
Where R, NIR1, CB and NIR2 are operating spectral bands of the satellite WV-2 
 
 
3. Study area 
 
The study area is a subset of Rio de Janeiro state in the southeast of Brazil, fig (1). It 
is approximate 4 km2. It is bounded on the east and south by the South Atlantic 
Ocean .Rio de Janeiro has an area of 43,653 km2. The ground features in the 
selected area are: water, vegetation, roads, shadows and buildings. 
 
 
4. Remote sensing data of study area 
 
Data from WV-2 satellite is selected because it provides four new spectral bands: 
Coastal blue, Yellow, Red edge and NIR-2. These bands  give additional information 
for different features which can lead to better feature extraction results [9]. The 
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available data of the study area are three WV-2 satellite multispectral images (8 
bands), Fig.2, Fig.3 and Fig.4. The images are acquired on January 19th, 2010. The 
projection of each image is UTM, with datum of WGS84 zone 23N. The upper left 
corner and lower right corner coordinates of each image are (lat 22o 54\ 7.79\\   S, lon 
43o 10\ 38.09\\ W) and (lat 22o 55\ 11\\ S, lon 43o 9\ 28.2471\\ W) respectively. The 
images are acquired at the conditions givens in Table (1).  

 
                                   Table 1. Meta data of input images 
 

 
5. Experiment steps 
 
The purpose of this experiment is road features extractions for a given study area. 
The experiment steps are given in Fig. (5). 
 
5.1 Conversion of image pixels digital numbers (DN) to reflectance values 
      Before feature extraction a conversion process of pixel digital numbers (DN) to 
reflectance values is performed to obtain accurate quantitative information from 
multispectral data of WV-2 satellite. It is executed using MATLAB R2015A, [11]. The 
conversion from radiometrically corrected image pixels to spectral radiance is done 
using equation (3), [10],for each band of the image data.  
 
 

                                   𝐿𝜆𝑝𝑖𝑥𝑒𝑙,𝑏𝑎𝑛𝑑
=

𝑘𝑏𝑎𝑛𝑑.𝑞𝑝𝑖𝑥𝑒𝑙,𝑏𝑎𝑛𝑑

∆𝜆𝑏𝑎𝑛𝑑
                                          (3) 

Where 
𝑳𝜆𝑝𝑖𝑥𝑒𝑙,𝑏𝑎𝑛𝑑

     The top of atmosphere spectral radiance image pixels, 

𝑲band            the absolute radiometric calibration factor for a given band, 
𝒒𝑝𝑖𝑥𝑒𝑙,𝑏𝑎𝑛𝑑     The given radiometrically corrected image pixels [counts] , 

𝚫𝝀band                the effective bandwidth for a given band, 

 
5.2 Construction of the spectral profile 
       To construct the spectral profiles of the different classes the values of random 
points in study area for the five classes, are taken. Then the reflectance spectrum of 
each point in each class for the 8 bands is plotted against the wavelength, from Fig. 
(6) to Fig. (10), using ENVI 4.5. 

Specifications 

 
Image I 

 
Image II 

 
Image III 

time of imaging 13:09:53.5 13:10:43.76 13:11:58.76 

Mean sun elevation 
angle 

63.5o 63.7o 64o 

Mean of nadir 29.8o 7.5o 26.7o 

Mean track angle 29.8o 7.6o 26.7o 

Mean cross angle 1.6o 0.0o -2.3o 
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  5.3 Applying the proposed new band ratio  
 
       The proposed band ratios (1) and (2) are applied on the 4 bands (R, NIR1, CB 
and NIR2) of the satellite images of the study area. The output images are 
normalized images with pixel values from (-1: 1). 

 
5.4 Classification of output normalized images 
     R1 bands ratio is first applied to separate the image into vegetation and water 
within lower and upper thresholds, where water is detected above certain threshold. 
R2 bands ratio is then applied to detect shadow above certain threshold. Finally the 
roads and buildings are detected above certain threshold. Fig. 11 summarizes this 
step, indicating the calculated threshold values. The threshold values are calculated 
according to minimum and maximum value in the normalized image for every feature. 
The results of feature extraction are given in Fig. 12 to Fig. 14. 
 
5.5 Roads extraction 
   Attribute selection is more commonly applied to vector analysis. DTC aggregates 
spatial information into groups or classes. The result of selection of class number 5 
(roads) from classified images is given in Fig. 15 
 
6. Result and Assessment 
The automatically extracted roads are compared with manually digitized reference 
roads, Fig.16 to perform accuracy assessment. Because roads are linear features, it 
is possible to use all the data rather than just sample points to conduct the accuracy 
assessment in a GIS data. There are several metrics to evaluate the quality of 
extracted roads. In this paper the following three measures for accuracy assessment 
of road extraction results are applied [11]: 
 
 
 
 
 

     Completeness = 
𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑚𝑎𝑡𝑐ℎ𝑒𝑑 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 

𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒
                                                      (1 ) 

 

 

   Correctness   =   
𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑚𝑎𝑡𝑐ℎ𝑒𝑑 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 

𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛
                                                   (2) 

 

 

 Quality = 
𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑚𝑎𝑡𝑐ℎ𝑒𝑑 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 

𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛+𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑢𝑛𝑚𝑎𝑡𝑐ℎ𝑒𝑑𝑟𝑒𝑓𝑟𝑒𝑛𝑐𝑒
                                 (3) 

 
Completeness represents the percentage of reference data being correctly extracted. 
Correctness indicates the percentage of correctly extracted roads. Therefore, 
completeness is producer’s accuracy and Correctness is users’ accuracy. The 
quality represents the overall accuracy[12]. 
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Table (2) Assessment results of the feature extraction techniques 

 

 
Extracted Road 

 
Reference 

 

Matched  20155.274            21024.574 

Unmatched  2701.135            1485.899 

Total length (m)  22856.409            22510.473 

Completeness  0.895 

Correctness  0.882 

Quality  0.827 

 
Assessment results of the road extraction from WV-2 images show that the 
completeness is 89% and correctness is 88%. This means that 89% of the roads 
were successfully extracted and 88% of extracted road were correct. Shadows and 
bad contrast contribute to un-extracted roads and lead to low completeness. Building 
roofs or other objects with similar reflective values cause low correctness. 
 
7. Conclusion 
    There are still some problems with the automatic extraction of overclouded roads, 
which is the main reason for errors in road extraction results. It is possible to use a 
DTC technique to separate the intersection of different objects from roads. Driveways 
are useful detailed information for some agencies the accuracy assessments for 
these three tested images show that the proposed algorithm gives good result for 
rural and suburban areas; the completeness is greater than 85%. The proposed 
algorithm can give better accuracy when extracting roads from images with good 
contrast. It has great potential for updating GIS data and commercial value.  
 
 
Figures  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
            Fig. 1: Location of the selected area of Rio de Janeiro city in Brazil. 
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                                         Fig. 2: Selected area, image (I). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
                                      Fig. 3: Selected area, image (II). 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
                                         Fig. 4: Selected area, image (III) 
. 
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                                                Fig. 5: Experiment steps. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                  Fig. 6: Spectral reflectance of vegetation class. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                            Fig. 7: Spectral reflectance of water class 
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                        Fig. 8: Spectral reflectance of shadow class 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                          Fig. 9: Spectral reflectance of building class 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                          Fig. 10: Spectral reflectance of roads class 
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                            Fig. 11: Feature extraction according to threshold value 
 
 
 
 
 
 
 
 
 
 
 
 
 
                             Fig. 12: DTC output for image (I) 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                       Fig. 13: DTC output for image (II) 
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                                     Fig. 14: DTC output for image (III) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                        Fig. 15: roads vector layer 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                         Fig. 16: digitized reference roads 
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