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Abstract-- Robust segmentation of building roofs is desired in 
urban and regional planning and asset management. In this paper, 
we present a two-stage method for building roof region extracting 
using the cues of colour and edges. At the first stage, three layers 
are generated. The first and second layer locate initial building 
roof regions by the colour based segmentation processes at two 
different threshold values to obtain an under-segmentation and an 
over-segmentation result, respectively. The third layer divides the 
whole area of the aerial image into pieces by an edge detector. At 
the second stage, we refine the regions of located building roofs 
using a combination of regions found in the three layers. 
Experimental results show that the proposed approach yields 
intuitively correct as well as accurate extraction of the building 
roof regions in urban aerial images. 
 

Index Terms—Image processing, segmentation, building 
extraction  

I. INTRODUCTION 

 
He automatic boundary extraction of man made object in an 
aerial image will save huge amount of time and labours in 
GIS databases maintenance. Segmentation is critical for 

accurate describe the meaningful object region. Traditionally, 
the region-based segmentation often results in 
over-segmentation or under-segmentation [1] due to excessive 
reliance of local neighbourhood processing, and gradient-based 
boundary finding are often affected by undesired weak or 
strong intensity. Piroddi and Vlachos propose parallel methods 
[2] for video sequence segmentation. They perform 
single-feature spatial and temporal segmentations separately 
and then successively integrate the resulting partitions 
employing an appropriate set of rules. These methods manage 
to overcome the oversegmentation problems of hierarchical 
techniques, achieve good accuracy in the location of object 
boundaries and are simpler to implement. Chakraborty and 
Duncan [3] introduced an approach to refine an initialized 
boundary by methods based on game theory. Two modules, one 
representing region based segmentation, the other representing 
boundary based segmentation, work in a coordinated fashion 
towards the segmentation of an object of interest 

A high resolution colour aerial image contains homogeneous 
colours in each building roof area and the colours between 
building roofs and other objects are distinguishable. Therefore, 
segmentation based on colours can efficiently locate the 
targeting building roofs. However, the extracted object 
boundary may not follow the edges of the building roof because 
 

of the variation of illumination and object surface appearance. 
On the other hand, many edges clearly present in the high 
resolution images expect the boundaries between some roofs 
and ground. To find the precise building roof regions, we 
present a parallel architecture for building roof extraction in 
aerial images. This architecture comprises two stages. In the 
first stage building roof regions are initially segmented based 
on colour feature at two different threshold values to get 
under-segmented and over-segmented results as the first and 
second layer. On the third layer, the image is split into regions 
in terms of edges. In the second stage a region based approach 
is used to refine the building roof regions from the three layers. 
The proposed architecture takes advantage of global 
information from colour feature and local information of edge 
feature, thus is expected to be efficient, reliable and the 
accurate for object extraction.  

II. LAYER GENERATING 

A. First two layers-colour based building roof segmentation 
We apply nearest neighbour decision rule classification [4] 

to segment the targeting object from others. Two classes are 
specified. One is the object targeted. Another is the objects 
having similar colours with the targeting object. For each pixel 
in an image, if its nearest neighbour is in the targeting class and 
its distance to this nearest neighbour is less than a threshold 

thd in colour space, the classification assigns the pixel to the 
targeting class. 

The nearest neighbour decision rule classification has the 
advantages of accurately locate the object interested because of 
the distinguish colours between different objects. The 
segmentation results are, however, affected by the threshold 
value of thd . Small thd  may leads the under-segmentation and 
large thd may cause the over-segmentation problems. And this 
colour based method produces boundary perturbation because 
of the colour variation of the objects.  

The threshold thd  covers the variation of illumination and 
object surface appearance. A too small or large value of thd  
will lead the under-segmentation or over-segmentation of the 
object regions. 
      To measure the segmentation accuracy numerically, the 
completeness (cp) and correctness (ct) used in [5] were applied. 
cp here measures the ability to cover the object regions and ct 
measures the recall of the segmentation. Undersegmentation 
occurs when cp is small; oversegmentation yields small ct. 
Figure 1 shows the cp and ct of our method in terms of thd . 

As the small value of thd  (<6 for red roof and <10 for gray 
roof) can not locate all the targeting buildings, cp is less the 1. 
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When thd  increases, cp increases, all buildings are extracted 
but drive ways join two adjacent buildings and tree are also 
included, which leads the decreasing of ct. It can be seen from 
the figure that a fixed value of thd  can not yield optimal cp and 
ct simultaneously for gray roof segmentation, which causes the 
deviation of the boundary in the segmentation. 

 
 
 
 
 
 

 
 
 
 
 

 
 

Fig. 1  (a) cp and ct of gray roof extraction 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 (b) cp and ct of red roof extraction 
 

B. The third layer-region division by edge extracting 
The intensity at the pixel ( , )p x y is represented by its 

grayscale level ( , )i x y . Edges are found from the grayscale 
image using canny edge detector. The canny edge detection 
works in a multi-stage process: image smoothing by Gaussian 
convolution, 2-D first derivative operator and top ridge 
tracking. 

Edges will be extracted along the object boundaries where 
their intensities are discontinued. 

The detector uses a threshold to determine the weak edges 
that are connected to strong edges. 

III. BUILDING ROOF REGION REFINEMENT 
 

As already stated, the first stage produces rather inaccurate 
boundaries which need improvement. This is accomplished at 
the second stage, where the object regions are updated with the 
restriction of regions in the layers by a region-merging 
rule-based approach described as below:  

Let L1 corresponds to the points in the targeting class and 
1L  the points outside the class in layer 1;  2L  corresponds to 

the points in the targeting class and 2L  the points outside the 
class in layer 2. 3L  contains the points out of the edges and 3L  
the points on the edges in layer 3. The whole image of layer 1 
consists of L1 and 1L ; layer 2 consists of L2 and 2L , and layer 3 
consists of L3 and 3L .We have 

32 LLE ∩=                                                                    (1) 
From equation (1), we obtain all the refined targeting object 

regions constrained by both colours and edges in E . E  also 
contains some non-targeting object regions that are formed 
from oversegmentation.  

Denote },...,,...,,{ 21 mj EEEEE = , jE  (j=1, 2,…m) is a 
connected region in E . We judge if jE is a targeting object 
region by the following rule: 
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where X  is the total number of pixels in jE  and 
jCEN  counts 

the number of pixels shared by jE  and 1L .  
If thj rR > , and  thnX > , jE  is  a building roof region.  

With this rule, any jE with a small region size or a small 
number of pixels in targeting object colours is excluded as a 
target roof region.   

IV. THE EXPERIMENT AND DISCUSSION 

A. Data used in the experiment 
A true colour digital orthophoto with a resolution of 15 cm 

from Fairfield in Australia was used for evaluation. The 
threshold value of thd  for colour based segmentation needs to 
be specified.  In the first layer, the value of thd  is chosen in 
such a way that the extracted pixels within one roof region are 
joined. The value of thd  for the second layer is set less than the 
closest distance between the targeting building roofs to other 
objects in colour space. In the experiment, 7thd = for the first 
layer, 12thd = for the second layer were adopted. The 
threshold for canny filter is 0.1. With this value, most edges 
along building roofs are extracted, while little of the redundant 
edges in tree shadows and roof surfaces appear. The exclusive 
is the edges between grass and building roofs, where intensity 
contrast is very poor.  

 A procedure of gray roof extraction using the test data are 
illustrated in Figure 2. From the figures, we see that in layer 1, 
all gray roofs are located but the found regions are not cut along 
the edges of the roofs. In layer 2, some non-gray roof regions 
are also extracted and some found regions exceed the desired 
object regions. In layer 3, most roof regions are separated from 
other objects along roof edges. Some of the roof regions merge 
with ground. In the final stage, gray roof regions are extracted 
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along the roof edges, except some roof areas covered by trees.   
 
 
 
 
 
 
 
 
 
 
 

(a) Original image                   (b) Layer 1 and Layer 2 
 
 
 
 
 
 
 
 
 
 
 

                 (c) Layer 3                             (d) Final region refinement 
 

Fig. 2 The procedure of gray roof extraction  
 

B. Comparison 
The deviation error rate ε  is used to quantitatively 

measure the preciseness of the extraction. It is defined 

as
,( , ) , c( )

1
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i i a j j m

M

i i j j a x y B x y B
i

a x y c x y
N ∈ ∈

=

ε = −∑ , 

where aB  is the set of boundary points traced manually, mB  is 
the set of points extracted by the proposed method.  

Comparisons were made among region-based segmentation, 
K-means [6]; gradient-based boundary extraction, active 
contour [7] and our proposed method. For k-means, the 
clustering number k was set to 6. For active contour, the initial 
contours were extracted from our colour based segmentation in 
layer 1 and the number of iterations is 100.  

 
Table 1 The deviation error rate ε  

 Red roof Gray roof 

Our 
method 1.2 2.1 

K-means 2.5 18.4 

Active 
contour 5.3 6.2 

 
The values of ε  for the three methods are listed in Table 1. 

K-means and our method showed good boundary tracing for 
chromatic red roof, as the result of colour elements of 

chromatic red roofs well clustered and separated in colour 
space.  ε  was affected by soil, driveways paved with red 
bricks, and trees. K-means had higher ε than our method did as 
more soil areas were extracted by K-means than by our method. 
For chromatic gray roofs, k-means misclassified more pixels in 
gray roof regions than our method, which yielded the serve 
deviations of the roof boundaries. 

The result of active contour was affected by the intensity 
variation, initial contours and the times of iterations. The errors 
were caused by the shadows and the poor intensity contrast 
between some building roofs and ground. 

 

V. CONCLUSION 
When the nearest neighbour decision rule classification is 

used for building roof segmentation from the high resolution 
colour aerial images, the accurate locations are found. However, 
this colour based method produces boundary perturbation 
because of the colour variation of the objects. When the canny 
edge based method is employed for building segmentation, 
precise regions of roofs are extracted, but poor intensity 
contrast affects the results.     

The parallel architecture we present for object 
identification combines both global information from colour 
feature and local information of edge feature, thus 
demonstrates the efficiency and the accuracy for building roof 
extraction.  

Experiments were performed on real image datasets to 
evaluate the new approach and it is shown that the integrated 
method typically performs better than conventional 
region-based or edge based boundary finding. 
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