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Abstract:  

This paper presents a new approach for rapid automat ic building ext raction from very h igh resolution (VHR) optical satellite imagery.  

proposed Building ext raction based on distinctive image primitives such as lines and line intersections are conducted in this proposed 

method. The optimized framework consists of three stages: First, a developed edge-preserving bilateral filter is USED to reduce noise 

and enhance building edge contrast for pre-processing. Second, a state-of-the-art line segment detector called Ed line’s is developed 

for the real-time accurate extraction of building line Segments.  Finally, we present a graph search-based perceptual grouping 

approach to hierarchically g roup previously detected line segments into candidate rectangular buildings. The recursive p roces s was 

improved through the efficient examination of geometrical information with line linking and closed contour search, in  order to  obtain 

more reasonable omission and commission rate in building contour grouping. 

 

I. INTRODUCTION 

 Bu ild ing extraction based on very high resolution (VHR) 

satellite images is one of the most challenging topics in the 

fields of remote sensing image understanding and computer 

vision. Indeed, with the advent of new-generation sensors such 

as IKONOS, EROS, Orb View, Quick Bird, SPOT5, 

Worldview, Gooey, and Pleiades, the automatic detection of 

geospatial objects is throughout an important research subject in 

geospatial object-based image analysis. Due to the complicated 

background interference, shooting angle, shadows, and 

illumination condition, it is hard to extract buildings from VHR 

satellite imageries. The accurate and reliable ext raction of 

buildings remains a daunting challenge for urban-area 

segmentation and classification, automat ic map generation, 

military simulation, d isaster management, and urban planning 

applications. 

 

1.1 Problem Defini tion 

With the development of automatic-target-recognition 

techniques, various kinds of methods for building extraction 

from VHR optical imagery have been proposed over the past 

decades. To the best of our knowledge, because of different 

materials of building roofs, it is not easy to distinguish buildings 

from backgrounds using spectral-based classification. In this 

case, regular shape and line segments of man-made buildings 

have been confirmed to be the most consistent and 

distinguishable features for recognition. Taking building 

boundaries as the primary clue, literature review has been 

conducted focused on building extraction from VHR imagery. 

Related previous works always encounter the main weakness 

arising from the low time efficiency of traditional line detection 

algorithms. Pre-processing of joint bilateral filter with Non 

Local Means image denoising enhances the preserved edges of 

building from histogram equalized image. Edge line algorithm is 

used for efficient and real time accurate extraction of building 

line segment which improves the low t ime efficiency of 

traditional line detection methods. The segmentation techniques 

usually rely on reg ions or edges extracted from the image. 

Region based techniques construct closed curves that often do 

not correspond to the objects of interest. Simple edge based 

technique, such as contour tracing usually faces the problem of 

fast growing search space. A more robust edge based technique 

is the perceptual grouping technique. 

 

II.PROPOS ED METHOD 

The extraction strategy starts from low-level image primit ives 

(e.g., linear structures), to middle-level boundary polygon sets, 

and, finally, to high-level geographical semantic objects such as 

buildings  

 

  
Fig 1. Proposed block diagram 

 

The proposed approach consists of three stages: 1) The VHR 

satellite imagery is pre-processed by histogram equalizat ion and 

bilateral filter to enhance image contrast and decrease noises 

simultaneously; 2) the real-time line segment detector called 

Edline’s is used to extract the line segments from the pre-
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processed image; 3) the perceptual grouping is applied to 

reorganize the relat ionship of detected line segments and to gain 

complete contours of buildings, which are converted to ESRI 

Shape file (SHP) format for further applications.Considering 

both noise reduction and edge preserving, histogram 

equalization and bilateral filter are chosen to pre-process the 

input image. Histogram equalization is a powerful tool for 

enhancing global and local contrast. It is used to maintain  local 

detail and stretch the gay levels of targets. In addit ion, 

inevitably, the Gaussian smoothing filter would weaken edges; 

therefore, this letter introduced a bilateral filter, an edge 

preserving and noise-reducing smoothing filter for pre-

processing, and more importantly, it is no iterative and efficient 

especially. The bilateral filter considers the spatial distribution 

of image intensities to balance closeness and similarity to 

neighbour pixels. It can enhance contrast and pres erve contours 

in a way tuned to human perception.  State-of-the-art line 

segment detector called Edline is adopted for automat ic 

extraction of building boundary lines. Edline was the optimal 

line detection algorithm at d ifferent scales, viewpoint degree, 

and illumination. It is an automat ic algorithm without requiring 

any parameter tuning and runs faster than other existing line 

detection algorithms. Edline made an improvement on the Burns 

algorithm using a false positive control criterion named the 

Helmholtz p rinciple. Perceptual grouping is proved to be a vital 

tool for establishing structural buildings from line segments. It is 

demonstrated to be effective in dealing with the issue of gaps 

and missing segments existing among the fragmented building 

boundaries. In order to establish a relationship between the low 

level image primitives such as intersections and closed 

boundaries the processing step includes collinear line linking 

and line intersection detection. Based on proximity and co 

linearity constraints, each pair of nearby line segments is 

evaluated using the aforementioned criteria. Moreover, only the 

lines jointly satisfying these criteria are left  for fu rther grouping. 

All linked lines at this stage are saved for future use in the 

following building contour establishment. After the line linking 

process, we examine their relationships using a graph search to 

establish a set of building rooftop hypotheses. Considering that 

most building roofs in VHR images appear as rectilinear and 

rectangular shapes, a path completion for rectangular buildings 

is designed. The distinctive right-angle structure consisting of 

two perpendicular edges and a corresponding vertex is formed as 

a basic structure. The searching process will continue until a 

building contour loop is found. 

However, due to image quality and background interference, 

some inconspicuous boundary lines failed to be detected in the 

previous line detection section. Although not all the boundary 

lines exist in the line sets, according to the prior knowledge 

regarding building boundary shape. Additionally, since shadows 

usually appear quite dark in images, false alarm structures 

generated from shadow boundaries could be excluded using a 

gray threshold method in  the process of path completion and the 

structure with an inner grey  level ≤50 is considered as shadow. 

The path completion procedure has the potential to reduce 

omission errors to some extent compared with some prev iously 

described approaches. Sometimes, multip le rectangles would be 

produced within a roof due to different materials and structures, 

and in order to conduct the rectangle merg ing, each intersecting 

rectangle was considered as a node. 

 

Bilateral filter  

Compared with the traditional Gaussian filter, the bilateral filter 

considers the spatial distribution of image intensities to balance 

closeness and similarity to neighbour pixels. It can enhance 

contrast and preserve contours in a way tuned to human 

perception. The bilateral filter operation can be represented by 

the following equation: 

    

 h(x= k(x) ωf(w)c(x,w)s (f(x), f(w)) dw……..   (4.1)  

 

Where f(x) and h(x) represent the input image and output image, 

respectively. X represents the coordinates of the neighbour 

centre. The convolution kernels c() and s() are associated with 

the spatial and intensity domain, respectively. The calculation is 

computed over a nearby point ω which is a neighbourhood of 

centre pixel x. The normalization factor k(x) is computed as 

 

 k(x) = ωc(x,w)s (f(x), f(w)) dw. ……..(4.2)                               

 

Here, Gaussian kernels for c() and s() are used to implement the 

closeness and similarity functions, respectively. The c kernel 

and s kernel can be calculated as  

 c(x,w) =e x−w 2σ2c…………(4.3)                              

              s(f(x), f(w)) =e (f(x)−f(w))2σ2s ………(4.4) 

                           

Here, σc in eq.(4.3) is to define the closeness of neighbour 

pixels, while σs in  eq.(4.4)is to describe the intensity of 

neighbouring pixels. In  this letter, σc and σs were fixed  to 5 and 

10, respectively. 

 

Joint bilateral based Non local means image noising  

Using the proposed joint bilateral, we are ab le to denoise smooth 

regions using the NLM approach and efficient edge 

reconstruction is obtained from the b ilateral filter. Non-local 

means (NLM) is one of the widely used denoising techniques 

and improve the edge content in denoising by formulating a joint 

bilateral filter. An image can get contaminated due to various 

reasons like sensor noise and environmental conditions. Image 

denoising is one of the fundamental steps in the area of image 

processing and computer vision. The denoising algorithm 

consists of main ly two steps. First step is to denoise the image. 

A joint bilateral filtering is done to improve the edge content in 

the NLM filtered image using non-local means. 

 

Non local means bilateral filter 

A basic non-local means algorithm performs  denoising by 

finding the similar patches within a limited search window and 

then averaging it. We brought the non-local means framework 

by computing approximate nearest neighbor for all the patches 

in noisy image from within the same image. Patch Match 

algorithm is used to find the approximate nearest neighbors. 

Approximate nearest neighbor algorithm finds out the matches 

for all the patches in source image from the patches in target 

image. In order to perform NLM using approximate nearest 

neighbor, given noisy image is first divided top^2overlapping 

patches. Using the Patch Match algorithm, nearest patches to 

these patches are obtained from the pool of overlapping noisy 

image patches. If we consider a pixel in the noisy image, that 

pixel will belong top^2image patches, since we are taking 

overlapping patches. Hence by finding approximate nearest 

neighbors we will getp^2pixel value estimates corresponding to 
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each pixel in the noisy image. The denoised value at pixel 

location is obtained by taking the mean of those p^2 values. 

 

Joint bilateral filter  

Noisy image and denoised image from the first NLM step is 

considered for jo int bilateral filtering. The output obtained from 

the first step is the denoised image with over smoothening in 

edge regions. This is the typical drawback of non-local kind of 

approaches. In order to recover those details, some kind of 

processing needs to be carried out. It may not be possible to do 

further processing of this image using Normal bilateral filter as 

the details are already missing. Because of this reason we made 

use of joint bilateral kind of filtering where we can utilize 

informat ion from two images. 

 

 

 

 
 

Fig 4.4 First column: original image, second column: noise 

image, third column: filtered output 

 

B. Efficient Line Segment Detection    

Our detector makes use of the clean, contiguous (connected) 

chain of edge pixels produced by our novel edge detector, the 

Edge Drawing (ED) algorithm; hence the name EDLines. With 

its accurate results and blazing speed, EDLines will be very 

suitable for the next generation real-time computer vision 

applications. Line segment detection is an important problem in 

image processing and computer vision with many applications 

including image compression, crack detection in materials, 

stereo-matching, robot-navigation, roadbed detection, among 

many others. The proposed line detector is comprised of 3 steps: 

(1) Given  a gray  scale image, we first run our fast, novel edge 

detector, the Edge Drawing (ED) algorithm , which  produces a 

set of clean, contiguous chains of pixels, which we call edge 

segments. Edge segments intuitively correspond to object 

boundaries. (2) Next, we extract  line segments from the 

generated pixel chains by means of a straightness criterion, i.e., 

by the least squares line fitting method. (3) Finally, a line 

validation step due to the Helmholtz principle is used to 

eliminate false line segment detections. Given a gray  scale 

image, ED performs edge detection in 4 steps: (1) the image is 

first passed through a filter, e .g., Gauss, to suppress noise and 

smooth out the image. (2) The next step is to 

Compute the gradient magnitude and direction at each pixel of 

the smoothed image. Any of the known gradient operators, e.g., 

Prewitt, Sobel, Scharr, etc., can be used at this step. (3) In the 

third step, we compute a set of pixels, called the anchors, which 

are pixels with a very high probability of being edges. 

Intuitively, these points correspond to pixels where the gradient 

operator produces maximal values, i.e., the peaks of the gradient 

map. (4) Finally, we connect the anchors computed in the third 

step by drawing edges between them; hence the name Edge 

Drawing (ED). The whole process is similar to children ’s 

boundary complet ion puzzles, where a ch ild  is g iven a dotted 

boundary of an object, and s/he is asked to complete boundary 

by connecting the dots. Starting from an anchor (dot), ED makes 

use of the neighbouring pixels’ gradient magnitudes and 

directions, and walks to the next anchor by going over the 

gradient maxima. If you visualize the gradient map as a 

mountain in 3D, this is very much like walking over the 

mountain top from one peak to the other.  

 
Fig 4.5 Edge line mapping (a) A gray scale image containing 4 

rectangles(b) gradient map (c) anchor points (d) final edge map 

 

III. LINE S EGMENT EXTRACTION 

Given an edge segment comprised of a contiguous chain of edge 

pixels, the goal of th is step is to split this chain  into one or more 

straight line segments. Here, we see the pixels of the edge 

segment corresponding to the boundary of top-left rectangle . 

Starting from the first pixel of the chain, we take a certain 

number of pixels, e.g., 10, and fit a line to these pixels by the 

least squares line fitting method. This init ial line determines the 

current direction of the line segment. We then walk over the 

remain ing pixels of the chain and compute the distance of each 

pixel to the currently fitted line. We would add pixels to the 

current line as long as the mean square error stays within  a 

certain bound, e.g., 1 pixel. Intuitively, we would  continue 

adding pixels to the current line segment until we turn a corner 

and the direction of the line changes. At that point, we output the 

current line segment and start a new one. With this simple 

algorithm, 4 line segments would be extracted from the given 

chain of pixels. 

 

IV.LINE VALIDATION 

Line validation method is based on the Helmholtz principle, 

which basically  states that for a structure to be perceptually 

meaningful, the expectation of this structure (grouping) by 

chance must be very low. This is an “a contrario” approach, 

where the objects are detected as outliers of the background 

model. As shown by Desolneux, a suitable background model is 

one in which all p ixels (thus the gradient angles) are 

independent. They show that the simplest such model is the 

Gaussian white noise. 

C. Perceptual Grouping  

Perceptual grouping is proved to be a vital tool for establishing 

structural build ings from line segments. In order to establish a 

relationship between the low level image primitives such as line 

segments and the higher level geospatial objects   the processing 

step includes collinear line linking and line intersection 

detection. 
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Fig 4.6 Collinear line linking criteria  

 
Fig 4.7:  Right angle linking criteria Search d irection and right 

angle linking criteria o f path completion 

 
Fig 4.8: Path complet ion of build ing 

 

 

V.RES ULTS  

To assess the performance of the proposed method, experiments 

were conducted on four 512 × 512 p ixel and a 806 ×806 pixel 

pan-sharpened Quick Bird satellite imageries with0.6-m 

resolution. The proposed method was run on a PC with an Intel 

Core2 2.8-GHz CPU and 2-GB RAM, implemented in 

MATLAB  Fig.below shows  the original input images, and the 

detection results of Ed line and the line linking results of 

previous detected lines, overlaid on pre-processed images. 

Fig5.7 illustrates the final building ext raction results.Fig5.8 

shows3D image. Image  with 806 × 806 pixels is zoomed to the 

same size of other images for demonstration. Obviously, the 

experimental data sets contain most of the sizes and materials of 

buildings to guarantee the experiment’s validity and stringency. 

The accuracy assessment is demonstrated in Table I. To quantify 

the accuracy of the building extraction results, we follow the 

frequently used metric which is the detection rate (DR), i.e., 

correctness. It measures the degree to which  detected buildings 

indeed are real buildings.  

 
Table 5.1 

 

 

 

 
Fig 5.8 3D Image 
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Table 5.2 

Table 5.2 summarizes the total processing time and detection 

results of ED Lines for all test images. The ED Lines -based line 

segment detection only took 0.07, 0.08, 0.03, 0.08, and0.09 s for 

images (a), (b), (c), (d), and (e), respectively. Then early real-

time procedure laid a solid foundation for efficient building 

extraction. Meanwhile, we obtained 330, 679, 439,1054, and 

1256 lines for each scene in turn, and collinear line segments 

were merged based on linking criteria. Finally, the whole 

extraction procedure cost 13, 15, 11, 12, and 16s for images (a), 

(b), (c), (d), and (e), respectively. Thus, the performance 

evaluation shows that the proposed method offers a slight 

performance improvement with an average processing time of 

approximately 13 s for images with the number of pixels 

between 262 144 (512 ×512) and 649 636 (806 ×806). 

 

VI. CONCLUS ION AND FUTURE WORKS  

This letter concerns the problem of time complexity in practical 

applications. In this letter, an efficient approach is proposed for 

automatic rectangular build ing ext raction from VHR satellite 

imagery using the state-of-the-art line segment detector coupled 

with developed perceptual grouping strategy. The experiment 

results reveal that the proposed procedure can remarkab ly 

improve building ext raction efficiency. Furthermore, through the 

combination of collinear line linking, path completion, and 

perceptual contour search, we have obtained promising building 

extraction results with an  overall accuracy of 80.9%. Thus, the 

proposed approach leads to a notable reduction of computation 

cost with similar performance compared with traditional 

solutions. Moreover, user intervention is not required in our 

method, which makes it automatic enough for further image 

understanding, target detection, and scene classification tasks. In 

particular, it can  be introduced to online applications and 

industrial usage in the near future. Future works are required on 

the following issues. First, an integration of corner detection 

with line segment detection is required  for more accurate 

extraction of arbit rarily  shaped buildings on larger data sets. In 

addition, with the development of segmentation algorithms, 

modelling for the combination of boundary and partitioned 

region should be our future work. As a final future work, a really 

synthetic approach with fusion of spatial relationship, shadow, 

spectral, and texture features may improve the overall ext raction 

accuracy. 
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