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ABSTRACT 

 

This paper deals with the detection of roads partially obscured by shadows that are 
cast by neighbouring buildings. The processing is based on Mathematical Morphology. As 
study areas two portions of a QuickBird panchromatic image were considered. Shadows in 
study areas were enhanced and then subtracted in an algebraic operation. After that, roads 
markers were obtained by morphological closing and finally the roads were recovered by 
dilations. Filtering and dilation succeed due to the use of directional structuring elements to 
exploit the fact that in urban areas streets and avenues form a quadrangular network with a 
rigid geometry. Thus, line structuring elements with the same orientation as the roads were 
used and the targets were detected successfully. 

Keywords: Mathematical Morphology, Road detection, Shadows. 
 
 
1. INTRODUCTION 
 

With the advent of geometric high resolution sensors a wider range of activities has 
been making use of orbital remote sensing. Sensors such as QuickBird are capable of 
producing images in a spatial resolution up to 60 cm, creating new possibilities of 
applications for high-resolution images. However, increased spatial resolution has increased 
the problem caused by the presence of shadows, especially in urban areas where the resolving 
power allows small details of buildings, trees, vehicles, etc., to be seen.  
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According to Rosin and Ellis (1994), shaded areas can be modeled as semi-transparent 
regions in the image, where the texture and brightness levels of the underlying surface are 
attenuated. Also, shadow regions have particular characteristics: they have a gain less than 
one (1) (i.e., contrast reduction) with respect to the image background, and this gain remains 
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approximately constant over the shaded region, except at the edges, where the effect of a 
small light coming from the neighborhood improves contrast and brightness. 

Although shadows are useful for images qualitative interpretation, they can reduce or 
disable the identification of targets. A good example is the partial shading of streets and 
avenues which confuses the detection of these targets by automatic and semi-automatic 
methods. This fact is confirmed in the literature on road detection in urban areas (Zhang, 
Murai and Baltsavias, 1999; Valero et al., 2010; Sui, Li and Gong, 2003). In such situations, 
houses, buildings and trees cast their shadows over the roads, leading to mistakes in 
detection. 

Looking for solving 

The question is rarely addressed and most often the effect is neglected (Valero et 
al., 2010), a post-processing is done to link gaps and fill any holes in the resulting features 
(Zhang, Murai and Baltsavias, 1999) or the images chosen as study areas show only a few 
buildings, sparse vegetation and have no presence of cast shadows over roads (Mokhtarzade 
and Zoej, 2007).  

this problem this paper has concentrated efforts in the detection of 
shaded roads in urban environments. In its development the theory of Mathematical 
Morphology was used so that both spectral and geometric properties of targets were 
concerned. Regarding geometrical properties, roads in urban areas are usually linear features 
longer than the other targets and have fairly constant width. When it comes to radiometric 
properties, those targets have dark gray levels in monochromatic images due to a low spectral 
response caused by the strong absorption of electromagnetic radiation by asphalt, the main 
material used in construction of urban roads in Brazil. As study areas, two regions of a 
panchromatic QuickBird image were selected. The images depict the urban area of Cuiabá 
(Mato Grosso, Brazil). Shadows in these scenes were enhanced and subsequently subtracted 
in a simple image manipulation. Then, markers for the roads were generated by opening 
operators and, finally, the targets of interest were recovered with directional dilations. The 
success in filtering and dilation was achieved by using directional structuring elements to 
exploit the fact that urban roads form a square net with a fairly rigid geometry. Thus, line 
structuring elements were used and its orientations were chosen to coincide with the 
directions of the main streets and avenues.
 

  

 
2. MATHEMATICAL MORPHOLOGY 
 

Mathematical Morphology (MM) is a theory and a tool for extracting image connected 
components which are useful for representing and describing the shape of a region, like edges, 
skeletons, convex hulls, etc., and it is also a tool for pre and post-processing, like filtering, 
thinning and pruning (Gonzalez and Woods, 2000). The MM is based on two main 
transformations called erosion and dilation. 
 
Definition 1: Let B be a subset from 2 . The erosion of a binary or gray scale image f by B is 
the minimum of the translation of f by the vectors –b of B. B is called Structuring Element 
(SE). 
 
                                                           ( ) _B b

b B

f fε
∈

=∧                                                              (1) 

 
Definition 2: The dilation of f by a SE B is the maximum of the translation of f by the vectors 
b of B.  
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                                                           ( )B b
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∈
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In definitions 1 and 2 ,∨ ∧  are called supremum and infimum operators, respectively.   

Details about the properties and application examples of erosion and dilation can be 
found in Banon and Barrerra (1998), Serra (1986), Barrera (1987), Haralick et al. (1987) and 
Facon (1996).  The structuring element B is a completely defined and known (size and shape) 
set which is compared, in a transformation, to the image unknown set. The result of this 
transformation allows us to evaluate the unknown set (Facon, 1996). 

 

Two basic shapes of SE 
are given below (SEs cross and line oriented at 0°. The bold position is the origin of the SE): 
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 =  
  

1 , 0

0 0 0
0 1
0 0 0

lineB °

 
 =  
  

1 .                                          (3) 

 
The choice of SE is based on the geometry of the features to be studied. Regarding 

roads the most appropriate type of SE is a line. The direction of the SE is then changed 
according to the direction of the roads in the scene: 0° and 180° (horizontal), 45°, 90° and 
270° (vertical), etc. 

Based on erosion and dilation operators it is possible to define an increasing and 
idempotent transformation: the opening filter. 

The angles considered here have origin at east direction and are counted 
positively clockwise. 

 
Definition 3: The opening γ of f by a structuring element B, denoted by ( )B fγ , is the erosion 
of f by B followed by a dilation by B transposed (Soille, 2003). 
 
                                                      [ ]( ) ( )B BBf fγ δ ε=  .                                                          (4) 
 
Where { | }B b b B= − ∈


. 

Properties of openings can be found in Banon and Barrerra (1998). According to Soille 
(2003), a transformation having the same properties of the opening, but that cannot be written 
as a unique erosion followed by a dilation with the transposed SE, is called an algebraic 
opening. Its dual transformation is the algebraic closing.

                                 

 Matheron (1975) has shown that any 
algebraic opening can be defined as the supremum of a family of morphological openings. A 
powerful tool for filtering connected components is an algebraic opening called surface area 
opening. 

Definition 4: The surface area opening γλ 

 

is equivalent to the union of all openings with the 
connected SEs B whose size in number of pixels equals λ (Soille, 2003): 

                                  { }|   and ( )Bi i i

i

B connected Area Bλγ γ λ= =∨                                     (5) 

 
In a few applications one is interested in extracting image pixels not only concerning 

the configuration of the relevant structures but also concerning the configuration of 
background pixels in the structure neighborhood. In such cases two SEs are used: one for 
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testing relevant pixels and other for testing the neighborhood of relevant pixels. That is the 
idea of the hit-miss transformation. 
 
Definition 5: The hit-miss transformation of a set X by a composite SE B = (B1, B2) is the set 
of points x so that when the origin of B lies on x, B1 is contained in X and B2 is contained in 
XC

 
: 

                                                1 2( ) ( ) ( )C
B B BHMT X X Xε ε= ∩ .                                           (6) 

 
Where ∩ is the intersection operation. Based on hit-miss transformation one can define the 
thinning transformation:  

 
Definition 6: The thinning of a set X by a composite SE is the difference between X and its 
hit-miss transformation: 

                                                     
                                                        ( ) / ( )B BTHI X X HMT X= .                                              (7) 

 
Where / is the set difference.  

T

 

hinning transformations can be used to get generic lines that represent the structures 
in an image, but they also generate a few segments of small size, linked to the main structures 
of the image, which are the result of the transformation on the ends of the objects. When the 
objects are thick enough it is possible to eliminate those small segments by an opening 
without affecting the main thinned lines. Otherwise, it is more appropriate to use a pruning 
operator. 

Definition 7: The pruning of size n is achieved by iterating a thinning transformation n times, 
considering a specific composite SE to detect ending points: 
 
                                                       ( ) [ ( )]n n

B BPRU X THI X= .                                                  (8) 
 

As an example, in the detection of ending points the SEs B1 and B2

 

 given below can 
be used for testing, respectively, relevant and background pixels:  

                                                1

0 0 0
0 0
0 0 0

B
 
 =  
  

1  , 2

1 1 1
0 0 0
0 0 0

B
 
 =  
  

.                                         (9) 

 
 
3. STUDY AREAS AND METHOD 
 

The study areas are shown in Figure 1. They are two portions of a QuickBird 
panchromatic image depicting the urban area of Cuiabá (Mato Grosso, Brazil). The images 
will be referenced in the text for study area 1 and study area 2.

The method consists in using an initial processing for shadow enhancing and 
suppression and then in the application of directional openings and dilations to detect roads 
despite its shadows. Figure 2 shows the flowchart of the processing done to achieve that. In 
the flowchart T is a thresholding. The thresholding of a gray scale image consists in mapping 
its gray levels to the interval [0, 1], where 0 (zero) is black and 1 (one) is white. This mapping 
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is based on a threshold t, generally defined from histogram analysis. Transformations γdir and 
δdir

 

 are directional openings and dilations, respectively, whose SEs were adapted according to 
the directions of the roads. 

 

  
                                                  (a)                                            (b)                                            

Figure 1 – Portions of the QuickBird image used as study areas. 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 

Figure 2 – Flowchart of processing done to detect roads. 
 
 

4. RESULTS AND DISCUSSION 
 

In Figure 1, it can be seen some buildings in urban areas whose shadows are cast on 
the surrounding streets and avenues, partially obscuring such targets and making it difficult to 
detect them by considering only their gray levels. The method shown in Figure 2 is then 
applied to the study areas to detect the roads. 

The first step is to enhance shadows by a subtraction between the input image and its 
negative (Figures 3(a) and 4(a)). The negative of a gray scale image whit a radiometric 
resolution of 8 bits is the transformation: neg( f ) = 255-f. Following, thresholding 
transformations T are applied to the original image and to the result of the subtraction 
operation. This last one is filtered by a surface area opening so only shadow area components 
are left (Figures 3(b) and 4(b)).  
 

f (x) 255 – f (x) 

T T 

γλ 

γλ γdir δdir THI 

PRU δ 
Detected 

roads 
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               (a)                                   (b)                                  (c)                                (d) 

    
               (e)                                   (f)                                  (g)                                (h) 

    
                (i)                                   (j)                                  (k)                                (l) 

Figure 3 – Study area 1 processing. (a) original image negated; (b) enhanced shadow 
thresholding; (c) subtraction between the thresholded original image and shadow image; (d) 

surface area opening; (e) directional opening (-135°); (f) directional dilation (-135°); (g) 
thinning and pruning; (h) dilation to thicken the feature; (i) directional opening (-45°); (j) 

directional dilation (-45°); (k) thinning and pruning; (l) dilation to thicken the feature. 
 

Then it is subtracted from the thresholded original image (Figures 3(c) and 4(c)), 
according to the flowchart shown in Figure 2. The aim is to get only subsets of the roads and, 
for doing so, the result is filtered again by a surface area opening (Figures 3(d) and 4(d)) and 
openings by directional SEs are applied.  

As the directional openings use SEs aligned with the roads, only those subsets aligned 
with the SEs directions are left in the study areas (Figures 3(e), 3(i), 4(e) and 4(i)). The choice 
of the directional openings was made in a previous analysis to define the main directions of 
the roads.  

The subsets shown in Figures 3(e), 3(i), 4(e) and 4(i) are often disconnected due to 
shadows. This problem is solved by applying directional dilations (in the same directions of 
the openings) to link any disconnected subset (Figures 3(f), 3(j), 4(f) and 4(j)). Then, a 
thinning followed by a pruning is carried out to get the axis of the roads (Figures 3(k) and 
4(k)).  

Figure 5 shows the roads detected (in white) superimposed on study areas 1 and 2. As 
it can be seen, the method works not only for shadowed roads but also for the roads whit no 
presence of shadow. This is due to the fact that the method uses directional transformations 
which are based on radiometric and geometric attributes. The drawback is the fact that roads 
directions and thresholds t have to be informed manually. Future researches are concerned in 
developing a way to make the method fully automatic.      

Finally, a dilation by the SE cross is applied to recover the width of the roads and the 
results are shown in Figures 3(l) and 4(l).  
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               (a)                                   (b)                                  (c)                                (d) 

    
               (e)                                   (f)                                  (g)                                (h) 

    
                (i)                                   (j)                                  (k)                                (l) 
Figure 4 – Study area 2 processing. (a) original image negated; (b) enhanced shadow 
thresholded; (c) subtraction between thresholded original image and shadow image; (d) 
surface area opening; (e) directional opening (-60°); (f) directional dilation (-60°); (g) 
thinning and pruning; (h) dilation to thicken the feature; (i) directional opening (-150°); (j) 
directional dilation (-150°); (k) thinning and pruning; (l) dilation to thicken the feature. 

 

  
                                               (a)                                                       (b) 
Figure 5 – Resulting detected roads superimposed on original images. (a) study area 1; (b) 
study area 2. 
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5. CONCLUSION 
 

The paper goal was to detect partially shaded roads in urban areas in high-resolution 
images. The biggest problem, besides the presence of a much greater diversity of targets in 
scenes compared to images of medium and low resolution, is the fact that houses, trees, 
buildings, etc., cast their shadows on the roads, causing a failure in most methods for 
automatic or semi-automatic features detection. Another common problem is the existence of 
targets with the same spectral properties of streets and avenues, causing confusion in methods 
that are based only on the gray levels of the targets. Even those methods that use some kind of 
geometric parameter, similar to that made by Zhang, Baltsavias and Murai (1999), are 
affected by the presence of shadows. 

 

Others, like Sui, Li and Gong (2003), take advantage of 
prior information about roads in geographic information systems to improve detection, but the 
method is dependent on the existence of a database with such information. The processing 
applied in this paper was strongly based on Mathematical Morphology and therefore 
considers radiometric and geometric properties of the targets. Results show that the chosen 
morphological transformations succeed in detecting streets and avenues partially obscured by 
shadows of neighboring buildings. The approach is semi-automatic since the analysis of roads 
main directions must be done beforehand and informed manually as well as the threshold for 
image segmentation. The automatic determination of these parameters is the goal of future 
research. Anyway, the results are very promising and the methodology can be applied in other 
areas of interest. 
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