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ABSTRACT: 

 
This paper first generalizes the significance and present research situation of the building shadow extraction and elimination method. 
Then, an approach of automatic extracting shadows of building from remote sensing image is proposed, which based on the method 
that grey level statistics is done in one side of the structure lines. The approach, which combines constraints of grey level, geometry 
and context, and others assistant information, realizes the shadow extraction of buildings. Finally the IKONOS images are 
experimented to extract shadows of building. Results of the experiment show that this approach is effective and robust. 
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1. INTRODUCTION 

Shadow in remote sensing image is conflict information in 
computer image processing. On the one hand, it can reduce the 
successful rate of edge extraction, object recognition, image 
matching, change detection and other processing for the 
corresponding ground objects in the shadow (Wang et al, 2002; 
Yan li et al,2004). On the other hand, it can produce a great 
deal of useful information about shape, relative position, 
surface character and other characters of the object generating 
shadow (Barnes et al, 1999; Ortega et al,1998; Yang et 
al,2002). It is a necessary step to eliminate shadow and restore 
the scenes in the shadow area before performing object 
recognition and image matching tasks for the shadow area. 
Therefore, it is of vital importance and keen interest to discuss 
and investigate the shadow extraction and elimination 
technique. 
 
Research on the shadow extraction is few in remote sensing 
field. Only the research on the tall object recognition (Lin et 
al,1998) shadow elimination and shadow compensation (Wang 
et al,2002; Yan li et al,2004; Amani et al,2004) are carried out. 
One kind of shadow extraction methods is carried through 
detection of histogram peak value at present because the grey 
value of shadow is very low in all visible wave bands (Nagao 
et al,1979). But this method can not deal with some complex 
situations. Statistics of pixel grey values along the structure 
line is the second kind of shadow extraction methods. But the 
extraction result of this method depends on the credibility of 
shadow edge extraction result. When the credibility of shadow 
edge extraction result is low, shadow extraction will not 
achieve an accurate result. The building shadow extraction 
under the multi-constraints is another class of method (Amani 
et al,2004; Rau et al,2000; Babu et al, 2004 ). These 
constraints consist of the grey condition, the geometrical 
condition, context condition and other auxiliary information 
condition. But this method is difficult to carry out and its 
algorithm is very complex. 

Shadow elimination or shadow compensation is often carried 
out after shadow extraction. The methods of shadow 
elimination or shadow compensation mainly conclude 
adjusting light and contrast (Rau et al.2000), using illuminating 
model  and contextual texture consistency analysis (Amani et 
al,2004). Simply adjust the brightness and contrast of the 
image can approve the image quality, but shadow elimination 
effect usually is not very good. There are methods restoring the 
shadows in satellite images using illuminating model. However 
it can not be copied to aerial images, because camera height for 
aerial imagery is much lower than satellite imagery, the 
material feature of the ground object affects to its intensity in 
the image. When the texture information of shadow area is not 
consistent with that of its neighborhood, the method contextual 
texture consistency analysis can not deal with. 
 
In the paper, a comprehensive analysis and discussion is 
carried out on the present commonly used building shadow 
extraction methods. Then based on the statistics shadow 
detection method that detects the shadow area through the 
statistical analysis and calculation of pixel grey values along 
the structure line, a new building shadow extraction method 
under the multilateral constraints is put forward. The new 
method realizes the shadow extraction by combining the grey 
constraint, the geometrical constraint, the context constraint 
and other auxiliary information.  
 
Shadow elimination method is also studied in the paper. First, 
the pixel grey value of the interior area of the shadow and that 
of the surrounding region along the shadow edge are 
statistically calculated and analyzed (Yan li et al,2004). And 
then the transform parameter between the interior region and 
the surrounding area are reckoned through gamma transform. 
Finally the shadow is eliminated through gamma transform 
method and the scenes in the shadow are restored. 
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2. THE BUILDING SHADOW EXTRACTION UNDER 
MULTI-CONSTRAINTS 

2.1 Two Directions Determination 

Two directions determination means deciding the direction of 
the building vertical edges and that of the shadow edges of 
vertical buildings by the auxiliary information.  
 
In projective geometry, parallel lines in real scene converge to 
one point in image, which is called vanishing-point. Since all 
vertical edges of the building are parallel, they must have the 
intersection point in the image. In the frame image, the 
direction of the building vertical edge can be decided through 
the image nadir, whose coordinates can be calculated through 
the image’s exterior elements. For the other types of images, 
the determination of the building vertical edge is relatively 
more complex. Take the IKONOS image for example, while 
approximately vertical photography is done, the direction of 
the vertical edge can be approximately decided by the center 
point of each scan line. Other conditions, the direction of the 
vertical edge can be approximately decided by the angle 
elements of exterior orientation. 
 
Major buildings’ shadows, especially the vertical building’s 
shadows have the same direction in the image, which is also 
just the direction of sunlight. In other words, the direction of 
the shadow edges of vertical buildings accord with the sunlight 
direction. So the edge of shadow at the sunlight direction can 
be extracted first, and then building shadow can be extracted 
by calculating grey pixels along the structure line statically. 
Most satellite remote sensing data provide sun azimuth and 
zenith angle in the header file. For the aero remote sensing 
image, the direction of sunlight can be decided by the imaging 
time and the position of the imaged area. 
 
2.2 Edge Detection by Canny Operation 

After the direction of the building vertical edges and that of the 
shadow edges of vertical buildings are decided, useful edge 
detectors can be utilized to detect edges along these two 
directions. 
 
The canny operator is set up upon the optimal detection rule, 
the optimal detection rule and the mono-response rule. It can 
achieve good balance between noise restrain and edge 
detection and is the optimal choice for step edge under white 
noise contamination (J F Canny,1986). 
 
To avoid interruption from unnecessary edges and facilitate the 
subsequent edge extraction, the Canny operator is applied at 
not the all direction but only the direction of the building 
vertical edges and that of the shadow edges of vertical 
buildings. 
  
2.3 Straight Edge Track under Constraints 

Since the Canny operator has detected edges along these two 
critical directions, the subsequent work is to track and extract 
these detected edges using the straight edge track algorithm. 
For example, if the edge has “ θ ” angle to the positive 
direction of the “x” axis, the slanting ratio of the edge line can 
be deduced from “ θ ”. Supposing the line equation is 

“ ”, then “ ”. For any given 

image, the range of “b” is easily drawn, “

bxky += 0 xkyb 0−=

maxmin bbb ≤≤ ”, 
but “b” is treated as an integer during real track. The detailed 
track procedures are listed as follows. 
 
(1) For a given “ ” and slanting ratio “ ”, a “ ” value can 

be calculated from the equation “ ”. During the 

first iteration, “ b ” is set to be “ ”. Make ajudgement on 
the calculated value “(x,y)” to see whether the point “(x,y)” is 
the feature point. If it is the feature point, note the value as the 
first value and the current tracking point, else abandon it and 
increase the number of “x” by one, until find the first feature 
point. 

b 0k y
bxky += 0

minb

 
(2) Increase the “x” by one, you can get another point “(x,y)”. 
Under if the circumstance that the newly tracking point is 
known, the distance “D1” between point “(x,y)” and the newly 
tracking point is larger than the threshold value “d1” and the 
distance “D2” between the first tracking point and the newly 
tracking point is larger than the threshold value “d2”, the line 
between the first tracking point and the current tracking point is 
traced out and is saved. If “D2” is no larger than threshold “d2”, 
abandon the line. As long as “D1” is larger than the threshold 
value “d1”, set the marking “flag=1” and be prepared to trace 
another line. Make adjudgment on the point (x,y) and its eight 
neighbourhood points to see if they are feature points. As long 
as one of these nine points is the feature point, take it as the 
current tracking point. Moreover, if “flag=1” is satisfied at the 
same time, set this new feature point as the starting point of the 
new line and make “flag=0”. 
 

x 
O 

 
 

Figure 1.  Straight edge track under constraints 
 
(3) Continue step (2) until the value of “x” equals to the width 
of the image. Trace out all the lines (“ ,0kk = bb = ”) 
whose length are greater than the threshold value “d2”. 
 
(4) Increment b by one, and repeat step (1), (2) and (3) to trace 
out all the lines with “ 0kk = ” whose length are greater than 
the threshold “d2”. 
 
(5) Repeat step (4) until “ maxbb = ”. Trace out all the lines 

with “ 0kk = ” whose length are greater than the threshold 
“d2”. 
 
All the edges can be successfully traced out, whose length are 
great the threshold value along the direction of the building 

y 

a 

b 
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vertical edges and that of the shadow edges of vertical 
buildings. 
 
2.4 Assessment on the Shadow Division Threshold 

After tracking out the shadow edge of the vertical buildings 
using the operator of “the straight edge track under constraints”, 
the shadow division threshold is assessed. This procedure is 
composed of two steps which are eliminated the pseudo 
shadow edges and statistically calculating the grey pixels along 
the shadow edge. 
 
(1) Elimination of the pseudo shadow edge.  
 
The line edges at the vertical building extracted out in the 
above procedure are not all the shadow edges in fact which 
maybe roads at this direction, or the building edge. To assess 
the shadow separation threshold accurately, pseudo shadow 
edges must be eliminated out. Four constraints are combined to 
eliminate pseudo shadow edges and keep real ones. 
 
The first constraint is that great difference should exist between 
grey values of pixels at two sides along the shadow edges. In 
the experiment the threshold for the pixel grey value difference 
is set to be one half the image grey variance. The edges with 
similar grey pixel at two sides will be eliminated out using the 
constraint, for example, the linear road.  
 
The second constraint deems that the length of the shadow 
edge should not be too large whose threshold value is set to be 
the ratio between the real distance in the field and size of 
image pixel. Through this constraint too long linear roads and 
railroads will be excluded out.  
 
The third constraint supposes that the shadow edges, especially 
that of tall buildings will not be too over-dense. In the 
experiment it is deemed that there will not exist more than two 
edges in the certain distance at the direction right to the shadow 
direction. Over dense edges, such as roads and railroads in the 
high resolution image can be excluded out through this 
approach.  
 
The fourth constraint is the context information, which assumes 
the building vertical edges exist near the anti-sun side of the 
shadow edges, especially for the tall buildings. This constraint 
can be used as auxiliary rule to exclude pseudo shadow edge 
which is most advantageous for tall buildings. Moreover the 
grey constraint that the grey pixel value near the shadow edge 
at the anti-sun side is generally larger than that of the shadow 
can also be used to exclude pseudo shadow edge.  
 
These four constraints mainly consider the grey constraint, the 
geometrical constraint and context constraint. 
 
(2) Statistical calculation of pixel grey values at one side of the 
shadow edge.  
 
After exclusion of pseudo shadow edges, the remained edges 
are mostly that of shadow, which are called the supposed edges. 
Statistical calculation is reformed on the pixels with smaller 
grey values in the certain width along the supposed edge. The 
width is related to the size of the pixel. Try to find out the peak 
grey level  in the histogram, and calculate the total grey 

variance

maxg

0σ . Then treat the pixels whose grey values are 

smaller than 01max σkg +  (  in the experiment) as 
samples and do further calculation of the average value 

5.11 =k
μ  and 

the variance σ  on these samples. In this approach, the false 
shadow pixels along the edge will be excluded out and only the 
true shadow pixels are remained for statistical calculation. 
Finally the grey threshold for the shadow separation is decided 
as σμ k+ ( 6.11 =k  in the experiment). 
 
2.5 Verification of Shadow Extraction Results 

Binary separation is performed area based on the above 
assessed grey threshold. But perhaps the separated interested 
area is composed of not only the shadows but also the water 
areas and vegetations with smaller grey. Therefore false 
shadow areas need to be further excluded out through the 
verification of the extraction results. After validation, only real 
shadow areas will be kept. Before validation, speckle reduction 
and region division will be carried out firstly in the AOI (Area 
of interesting). Theoretically, region division can be carried out 
from any point in the adjacent area to the shadow and towards 
any direction. But it is difficult to realize in algorithm. In the 
experiment, region division mainly starts from the direction of 
sunlight (in Figure 2). Then region marking is done to find the 
belonging of the pixels and give the peculiar sign of the region. 
The 8-neighbourhood region marking algorithm is taken. 
Finally the contour of the region is extracted out. 
 
There are three rules for judging whether the region belongs to 
the shadow area. The first rule is that the area of the region is 
not too large and the length of the region along the sunlit 
direction is too long. The threshold of the area is decided upon 
the image resolution. The threshold of the length takes the 
pixels length corresponding to room in the field. The second 
rule is that certain boundaries of the region accord with the 
sunlit direction and there exists extracted building vertical 
edges in the anti-sunlit side near the region. The 3rd rule is that 
the average grey value of certain pixels in the anti-sunlit side 
near the region is obviously larger than the average grey value 
of the shadow. 
 
 

 

Division line 

 Direction of sunlight 

Shadow area 

Figure 2. Division for the adjacent areas of shadow 
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3. ELIMINATION OF BUILDING SHADOW  

The building shadow elimination method studied in the paper is 
based upon the Companion Area Intensity Mapping Method 
(CAIM)(Yan Li etal,2001). The first step of the CAIM method 
is to make sure the companion area of the shadow, which is 
usually taken as the frontal area of the shadow area. This area 
lies before the shadow projection direction, such as picture (a) 
in Figure 3. The writer observes that the two lines of shadow 
lateral sides are usually parallel to the sunlit direction. So in the 
paper the companion area is chosen upon this characteristic, 
such as picture (b) in Figure 3. As more regions adjacent to the 
shadow area are taken as companion area, the grey property 
will be more close to that of the area not overlaid by the 
shadow. 
 

 
 

 
 
Figure 3. Comparison of method deciding companion area 
 
Where     A is shadow area 

B  is companion area of the shadow area 
is shadow projection direction 

 
After deciding the area, grey properties of region A and B 
should be calculated out for gamma transform, which will 
adjust grey values of shadow. The gamma transform 
parameters can be computed by putting the average grey values 
of A and B into the gamma transform equation. 
 
 

mInpixelOutpixel )2047(*2047=                             (1) 
 
 
Where   Outpixel = the grey value after shadow elimination 
             Inpixel = the grey value before shadow elimination 

m = parameter 
 
Parameter m can be calculated by putting the average grey 
value of A and B into equation (1). 
Then the whole shadow region can be restored by calculating 
the grey value after elimination from that before elimination. 
 
 

4. EXPERIMENT AND CONCLUSION 

In Experiment, the building shadow extraction is done with 
several IKONOS images and high resolution aerial images. The 
shadow extraction results of one IKONOS image are shown in 
figure 4. The shadow extraction results of the other IKONOS 
image are shown in figure 5. Picture (a) in Figure 4 and 5 is 

original IKONOS image. Picture (b) is the shadow extraction 
results. Picture (c) is the shadow elimination results. 
Results of the experiment show that this approach is effective 
and robust. 

  
(a)Original IKONOS image 

 

 

(a)Common method 
deciding  

i

(b)Method deciding companion 
area in this paper 

(b)Shadow extraction result 
 

 
(c) Shadow elimination result 

 
Figure 4. The shadow extraction and elimination results of one 

IKONOS image 
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(a)Original IKONOS image 
 

  
 

(b)Shadow extraction result 
 

 
 

(c)Shadow elimination result 
 

Figure 5. The shadow extraction and elimination results of the 
other IKONOS image 

 

ACKNOWLEDGEMENTS 

This paper is financed by the item of Institute of Surveying and 
Mapping Zhengzhou  
 
 

REFERENCES 

Amani Massalabi, Dong-Chen He, 2004. Restitution of 
Information under Shadow in Remote Sensing High Space 
Resolution Images: Application to Ikonos Data of Sherbrooke 
City. ISPRS, COMMISSION Ⅲ,ISTANBUL. 

Barnes N.and Liu Z.Q,1999. Knowledge-based shape from 
shading. Int. J. of Pattern Recognition and Artificial 
Intelligence, 13(1), pp.1-23. 

B. Babu MADHAVAN, Kikuo TACHIBANA, et al, 2004. 
Automatic Extraction of Shadow Regoins in High-resolution 
ADS40 Images - by Robust Approach of Feature Spaces 
Analysis. ISPRS,COMMISSION Ⅲ,ISTANBUL. 

Irvin R B, Mckeown D M, 1989. Methods for Exploiting the 
Relationship between Building and Their Shadows in Aerial-
imagery. IEEE,SMC.,19(6),pp.1564-1575. 

J F Canny,1986. A computational approach to edge detection. 
IEEE Transactions on Pattern Analysis and Machine 
Intelligence,8(6). 

Lin, Chungan and Nevatia R,1998. Building Detection and 
Description from a single Intensity Image. Computer Vision 
and Image Understanding,72(2),pp.102-121. 

Nagao M.et al, 1979. Region Extraction and Shape Analysis to 
Aerial Photographs. CGIP, 10(3),pp.195-223. 

Nevatia H, 1988. Detecting Building in Aerial Images. CVGIP, 
(41) ,pp.131-152. 

Ortega A.and Shah M, 1998. From shape from shading to 
object recognition. Int. J. of Pattern Recognition and Artificial 
Intelligence, 12(2), pp.191-208. 

Rau, J. Y., Nai-Yu Chen and Liang-Chien Chen, 2000. Hidden 
Compensation and Shadow Enhancement for True Orthophoto 
Generation. Proc. Asian Conference on RemoteSensing. 
http://www.gisdevelopment.net/aars/acrs/2000/ts4/digi0003pf.h
tm. 

V.K.Shettigara and G.M.Sumerling. Height Determination of 
Extended Objects Using Shadows in SPOT Images, 1998. 
Photogrammetric Engineering & Remote Sensing, 
64(1) ,pp.35-44. 

Wang Junli ,Wang Shugen, 2002.  A method of image shadow 
detection based RGB colour space. Information Technology, 
26(12), pp.7-9. 

Yan Li,Tadashi Sasagawa and Peng Gong,2004. A System of 
the Shadow Detection and Shadow Removal for High 
Resolution City Aerial Photo. ISPRS, COMMISSION Ⅲ, 
ISTANBUL. 

Yang Yijun, Zhao Rongchun and Jiang Wenbing, 2002. 
Detection of shadow areas from aerial imagery. Signal 
Processing,18(3),pp.228-232. 

573

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences. Vol. XXXVII. Part B3b. Beijing 2008 

 



 

574

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences. Vol. XXXVII. Part B3b. Beijing 2008 

 


	1. INTRODUCTION
	2. THE BUILDING SHADOW EXTRACTION UNDER MULTI-CONSTRAINTS
	2.1 Two Directions Determination
	2.2 Edge Detection by Canny Operation
	2.3 Straight Edge Track under Constraints
	2.4 Assessment on the Shadow Division Threshold
	2.5 Verification of Shadow Extraction Results

	3. ELIMINATION OF BUILDING SHADOW 
	4. EXPERIMENT AND CONCLUSION



