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Abstract 

 
Urban heat island has become a serious environment problem in nowadays. One of 

the reasons is the buildings block the wind blow. For planning a scientific urban 

geometry to reduce the influence of urban heat island, one of the solutions is finding 

the free wind paths. There many previous works based on GIS, this paper will offer 

a new method found on image processing in digital map. Using MATLAB instead of 

GIS device, the algorithm provides a simple and easy-using way to detect the free 

wind paths in the eight directions.   
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1 Introduction 

As a consequence of develop, cities get bigger in the world.  It gives dramatic changes 
to the climate. One of them is urban heat island. An urban heat island (UHI) is a 
metropolitan area which is warmer than its surroundings [9]. It means urban areas are 
generally warmer than nearby rural areas. The annual mean air temperature of a city in 
U.S.A. with one million or more people can be 1 to 3°C warmer than its surroundings 
[4]. In the Figure 1[6], we can see temperature at the surface of building is obviously 
higher than air temperature in the day time.  

 

Figure 1. Temperature of an urban heat island in different time 

As a result, the temperature of the surface will transfer the heat into the building 
and make the people in the building feeling hot. For reducing the temperature, people 
will use air-conditional or other device. This peak urban electric demand increases 1.5 
to 2 percent for every 0.6°C increase in summertime temperature in the United States 
[6]. Higher energy consumption means higher electricity production. Most electricity 
is produced from fossil fuel, for example coal, which generally cause air pollution and 
greenhouse gases include sulfur dioxide (SO2), nitrogen oxides (NOx), particulate 
matter (PM), carbon monoxide (CO), and mercury (Hg) [6]. Greenhouse gases affect 
the temperature of air, temperature affect the energy consumption. A vicious circle is 
the consequence and it will cause more environment problem.   
 There are many reasons for urban heat island; one of them is the urban geometry. 
Urban geometry influences the paths of winds. Wind is one of the most important 
factors to control on urban heat island [7].Winds increase atmospheric mixing, 
lowering the urban-rural temperature difference [6] and make people comfortable. But 
buildings will block wind from reaching a city or passing through a city. So, it is 
important to find free wind paths, which means no buildings will block the winds and 
the path is longer than a minimum length.  

1.1 Approach 

Many pervious approaches have been developed as a tool to detect urban heat island, 
such as using satellite image or some GIS device. Most of them need a professional 
knowledge and specialized skills.    
 Approach in the paper provides an easy method to detect free wind paths for 
referential use to detect urban heat island on Google map. In this methods, using color 
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information as attribute to classified objects in the map and transfer a RGB image to a 
binary one which only include white and black. Take the edges of buildings and 
blocks, and computing the free wind paths on the processed map. 

1.2 Question at issue 

 How to process the image from Google map? Since there are too many 
information in the map, it is necessary to classify the objects and isolate the 
targets.  

 How to compute the wind path?  How to make the judgments whether the 
wind path is a free wind path or not? 

1.3 Delimitation 

 To display buildings and blocks in the Google map, one centimeter to two hundred 
meters (1:20,000) is the minimum scale. But in this scale, the quality of image 
processing is not good enough. For a better result, the recommend scale is one point 
seven centimeters to two hundred meters (1.7:20,000).   
 In the Google map, the value of gray scale of water edge area is homogeneous to 
the value of building. It means the method cannot process map with water. 

2 Background  

2.1 Related work 

Weng Q. (2003) use Satellite-Detected to analyze the urban heat island [8]. The 
author use thermal infrared images to examine the spatial distribution of surface 
temperatures. Furthermore, ‘the fractals dimensions of these transect were 
computed using the divider method, so that the spatial variability of surface radiant 
temperatures caused by the thermal behavior of different land-cover types and 
landscape pattern characteristics can be better understood [8].’ This is a method based 
on Geography. 

2.2 Theoretical Background 

2.2.1 Color Model 

An image represented in RGB color models is consisting of three components, which 
are red, green and blue [2]. The three color light are added together to display current 
color. In Figure 2 [2], RGB values are at three coordinate axis; black is at the origin; 
and white is at the corner farther from the origin. And other different colors are points 
inside the cubes, and are defined by vectors [2]. It means a RGB color image using an 
X × Y × Z array to store the components values. All values can be represented in the 
range [0, 1] or [0,255]. 

 
Figure 2. Schematic of the RGB color cube 
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But RGB color model depends on the hardware device, values of the three 

components detected by different devices or even the same device over time may be 
different. It means the RGB color model is not suited for describing a color since it 
cannot provide an invariant values. 
 When people select the color from an object, they use HSV color model. HSV 
stands for hue, saturation and value. This color model is designed closer than the RGB 
system to the way in which human experience and describes color sensations [3].  In 
the Figure 3 [3], hue is mostly represented as an angle around the red axis which is 
treated as 0° axis, and it is possible to use other axis in the hexagon. Saturation is the 
distance from the V axis. Value is measured as the length of the axis of the cone, 
which means V =0 is black and V = 1 is white. 

 
Figure 3. The HSV hexagonal cone 

  

2.2.2 Gray scale image 

In digital image, gray scale means each pixel will be only taken a single simple as 
value. The simple usually is intensity or density. These kinds of image, known as 
Black-And-White, ‘are composed exclusively of shades of gray, varying from black at 
the weakest intensity to white at the strongest [5]’. A gray scale image is shown in 
Figure 4 (b). 

2.2.3 Binary image 

A binary image is an image that only contains two possible values for each pixel [1]. 
Commonly the two values are 0 and 1. The two colors usually are black and white. It 
can be defined as a foreground color if used for object in the image. And another one 
can be defined as a background color. A binary image is shown is Figure 4 (c) 
 

 
(a) Original  image  (b) gray scale image (c) binary image 

Figure 4. An image in different color model 
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2.2.4 Morphological Image Processing 

The word morphological means mathematical morphology as a tool for extracting 
image components to represent and descript the region shape, such as boundaries, 
skeletons, and the convex hull [3]. For a binary image, there are two fundamental 
operations, dilation and erosion.  

In the MATLAB, the set operations are defined in Table 1. They are OR (|), 
AND (&), and NOT (~). 

 
Table 1, Expression in MATLAB to represent logical set operations 

Set Operation Expression in MATLAB 

𝐴∩ 𝐵  A & B 

𝐴∪ 𝐵  A | B 

A
c
 ~A 

 
To process execution of the preceding fundamental operation, they require two 

more operators for those specific pixels.  
The reflection of set A, denoted as Â, is defined as 
 

Â = {w | w = -a, for 𝑎 ∈ 𝐴} 
 
The translation of set A by point z = (z1, z2), denoted (A) z, is defined as  
 

(A) Z = {c| c = a + z, for  𝑎 ∈ 𝐴 } 
 

Figure 5[3] illustrates these two operators. 

   
 

(a) Two sets A and B                         (b) Translation of A by z                 (c) Reflection of B 

Figure 5. Two operations of sets A and B 
  

 As the meaning of dilate, dilation is an operation that enlarge the object. The 

dilation of B by A, denoted B ⊕ A, is defined as 
 

B ⊕A = {z | (Â) z ∩ B ≠ Ø}  
 

The function in MATLAB for dilation is ‘imdilate’. Its syntax is  
 

IM = imdilate (B, A) 
 

 In Figure 6, if A is a rectangular object in the image, and B is the structuring 
element. The yellow area shows how much A have grown in size by the dilation 
process. 
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Figure 6. Operation of dilation 

 

As meaning of word, erosion is an operation that ’reduce’ or ’shorten’ the 
object.  

The erosion of A by B, denoted A Θ B, is defined as 
 
A Θ B = {z | (B) z ∩ A

c
 ≠ Ø}  

 
The function in MATLAB for erosion is ‘imerode’. Its syntax is  

 
IM = imerode (origin_image, SE) 

 
The argument SE is a structuring element. 
In Figure 7, if A is some rectangular object in the image, and B is the structuring 

element. The yellow area shows how much A have shrunk in size by the erosion 
process. 

 

 
Figure 7. Operation of erosion 

3 Method 

In this section the methods used to process the image will be described. And the 
method to detect the free wind paths in the binary image will be represented. 
 

3.1 Data Collect 

I take a screenshot at Google Map (map.google.com) from upper left corner which is 
at the coordinates (60.66090, 17.12623) to lower right corner which is at the 
coordinates (60.64299, 17.17240). And the scale is one point seven centimetres to two 
hundred meters (1.7: 20,000). This is an image with 1072 × 612 pixels and 24 bits 
deep as shown in Figure 8. 
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Figure 8. Original image of city map 

 

3.2 Image Pre-process 

In this section, the method which converts a map with different objects to a binary 
image only contains the edges of building will be described. 

3.2.1 Color 

Since the original image is in the RGB color model, as pervious said it is not a suitable 
model to describe a color object. Converting the image to HSV domain is necessary.  
The transform functions are: 
 

𝐻 =  
𝑐𝑜𝑠−1  

1/2  𝑅−𝐺 +(𝑅−𝐵) 

 (𝑅−𝐺)2+ 𝑅−𝐵 (𝐺−𝐵)
 , 𝑜𝑚𝐵 ≤ 𝐺

360 − 𝐻, 𝑜𝑚𝐵 > 𝐺

   Equation 1 

 

 𝑆 = 1 −
3

𝑅+𝐺+𝐵
 min(𝑅,𝐺,𝐵)  Equation 2 

 

𝑉 =
𝑅+𝐺+𝐺

3
     Equation 3 

 
In MATLAB, it provides a function for converting from RGB to HSV which 

syntax is 
 

HSV_image = rgb2hsv (RGB_image) 
 

The objects in the map have different gray level: road is lighter; text of road 
names is darker; buildings and blocks is between them. Buildings and blocks are the 
only things that are needed in the application since they are the stuffs that will block 
the paths of wind blow. So map can be classified into three parts: road, text of road 
name and buildings or blocks. Road and text can be treated as disturbances and 
ignored. The targets are buildings and blocks. 

3.2.2 Classifiction 

There is an obvious attribute of buildings and blocks which is gray scale in the value 
channel, so it is effective and efficient to process in that. In order to isolate the objects 
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that are only wanted in the map, which are buildings and blocks, the gray scale values 
can be used as a mark. To read the information, the function ’impixelinfo’ provided in 
MATLAB can be used. In this case, the range (0.77, 0.79) is considered as a suitable 
value. Use a loop to find those points whose pixel values are in the range, and make 
their value equal to 1. The other point’s values are made equal to 0.  It means all the 
target objects are white now and others are black. After the filter, the image has been 
converted to a binary image and most of disturbance has disappeared. 

    

3.2.3 Morphological Image Processing 

After pervious processing, the image is shown as Figure 9. 
 

 
Figure 9. Map after processed 

 
But the gray level values of buildings and blocks are not unique in the image of 

value channel. There are some edges of road and texts of name have equal pixel values 
to the target objects. Furthermore, some pixels values of the points in the target objects 
are out of the range. Due to that, the image is presented as constitute of dots. The 
buildings seem like spread.  

The buildings cannot be spread. If they do, the problem of free wind path is no 
more a problem since the wind can go though the buildings. On the other hand, the 
pixels in the building are not mind since winds will stop if they hit on the wall of the 
buildings. It means what we care about is the region shape or boundaries.  

In the following steps, we will use NOT image (~origin image) as origin image 
to process.  

Create a 3×3 matrix as: 

 
 
Use the matrix as structuring element. Output for a point will be one if the 

structuring element fits overall in the foreground. Or it will be zero if the structuring 
element overlaps the background. Use the origin image minus the image after erosion. 
After the operation, it will get a generally image of the shape in the image e1. 
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As pervious said there are some disturbances remain in the image. According to 
observing, most of them are square with white around and black inside as Figure 10.  

 

 
Figure 10. Disturbances in square shape 

 
Create a 3×3 matrix as: 

 
 
Use the matrix as structuring element and execute the erosion. After the 

operation, objects will be smaller. Use dilation to enlarge the objects.  
Use the same matrix for enlarge object and execute the dilation. The structuring 

element will translate to those points do not overlap any pixel value equal to 1 in the 
original image [3]. Use the image e1 minus the image after erosion and dilation. We 
can get an image sh1 with fewer disturbances. 

According to observing, some other disturbances are in the shape of rectangle 
with white edges around and black inside as Figure 11. 

 

 
Figure 11. Disturbance in rectangle shape 

 
Create a 4×3 matrix as: 

 
Follow the previous works which are erosion and dilation, it will get an image of 

better performance. 

3.3 Free wind paths detect 

An image is consisting of pixels. For a pixel P in Figure 12, there are eight 
neighbors which are in red color around it.  
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Figure 12. A pixel and its neighbors 

 
The neighbors can be treated as the eight directions from the point. Each of the 

directions is north, northwest, west, southwest, south, southeast, east and northeast as 
shown in Figure 13.  

 

 
Figure 13. Eight directions 

 
After previous processing, the image becomes a binary image that white pixels 

stand for building boundaries. According to definition of free wind paths, which mean 
the wind will be blocked by nothing. Therefore wind paths will stop when they reach 
the points which their pixel values equal to 1. On the other hand, the wind will also 
stop when it reach the boundaries of the map, otherwise it will be out of the range and 
cause some errors for the application.  

When the wind paths stop, we can calculate the distances between the starting 
point and the terminal points. The distance formula is defined as: 

 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  (𝑥 − 𝑠)2 + (𝑦− 𝑡)2 Equation 4 

 
  
In the formula, (x, y) is the coordinates of the terminal points and (s, t) is the 

coordinates of the starting point. 
To ignore the paths which are not longer than the minimum values, a threshold 

can be use. The value of threshold depends on the environment situation and can be 
defined by the user. In this work, the threshold is defined as 25.  

Finally, we can display the free wind paths on the image. 
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4 Results 

As previous said there are two questions at issue: the problem of ‘cleaning’ and 
free wind paths judgment. 

As Figure 8, the map has the basic information on it. After color transform, we 
will use image of value channel as the gray scale. The image is shown in Figure 14. 

 

   Figure 14. Image of value channel 
 

After classification, the image will be transformed like Figure 9. 
After the first erosion filter, the image is looked like Figure 15. 

 
Figure 15. Image after first morphological image processing 

 
After the second erosion filter and the first dilation, the image is looked like 

Figure 16. 
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Figure 16. Image after second morphological image processing 

 
After the third erosion filter and the second dilation, the image is looked like 

Figure 17. 
 

 
Figure 17. Image after third morphological processing 

 
The result of free wind paths detect from the original point (400, 430) is shown in 

Figure 18. 
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Figure18. Result of free wind paths detecting 1 

 
In the Figure 18, it is easy to find the paths of southwest is longest and it can be 

defined as a free wind path. There are 2 paths have been ignored in the image since 
they do not reach the minimum length. According to those, the effect of urban heat 
island is not such serious. 

The result of free wind paths detect from the original point (1048, 183) is shown 
in Figure 19. 

 
Figure 19. Result of free wind paths detecting 2 

 
In this situation, there 6 directions do not have enough length of wind paths or we 

can say they will block the wind blow. According to those, the effect of urban heat 
island will be negative. 
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5 Discussion and conclusion 

5.1 Result discussion 

5.11 Image result 

In the very beginning, the method that using edge detecting is considered since the 
main purpose is the building boundaries. But the result is really bad, because it is hard 
to find a good threshold. It is impossible to get an image only contains the skeleton. So 
the morphological filters are a good choice.  

Overall previous pre-processing have been execution, most of edge of road and 
text of name have gone. Due to the properties of Google map, which is the similar 
gray level value for different objects, there are still some disturbances remain on the 
image. Most of them become irregular figures after morphological filters. Although 
the image has been taken two extra erosion and dilation processing to clean the 
disturbances, it is not perfect in preference. It is difficult to clean all of them off since 
there might be same structures between the targets and the disturbances.  

However we can try to improve the preference by other sides. Find another data 
source with good deal with gray level presented. It means the objects in the map 
provide a sharp contrast.  As a consequence, it is more accurate to find the targets in 
the map. 

If the user cannot accept any error objects and have not limit about time, create 
the entire structuring element of the disturbances in the especial area. Although it will 
be effect the whole map, it is acceptable in a small area. Execute the erosion and 
dilation operations with those structuring element, the image will be in a better 
performance. 

5.12 Detecting result 

Although the result of the detecting is correct, a factor can be discussed is the 
execution time. Both image pre-processing and detecting speed are slow. The 
calculation is only for eight directions, but it will spend several   seconds. In further 
work, more directions shall be taken in consideration. In that moment, the execution 
time will be another problem. I think one of the reasons is that the method execute 
until it hit the building or the boundaries of the map. It can be designed that stop when 
the wind path is longer than the threshold. But in this way, the user cannot find the 
longest path. 

Another issue can be discussed is when the wind path reach the boundaries of the 
map, the line of the path will determine before a pixel.  Due to some reasons in 
MATLAB, the X and Y coordinates are upside down in the software. It means the 
software treats X coordinate in the map as Y in the calculation. It might cause an 
illegal index error when the point hitting the boundaries. So the algorithm is designed 
to avoid the error by determining when the point is at the closest pixel to the 
boundaries.    

How to evaluate the result of a point? It might be two situations can be thought as 
free wind paths. One is that the point contains almost eight directions with free wind 
paths, this situation is certainly less effect of urban heat island; the other situation is 
that the point does not contain many directions with paths, but there is a long path 
composed by two directions in the straight orientation. In this condition, the strong 
wind along the long path can be a contribution to reduce the urban heat island as 
situation one. 
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5.2 Conclusion 

The application is consisting of two parts. The first part is image pre-processing. The 
other part is free wind detecting.  

The first part is about the image processing. In this part, the aim is to transfer the 
image to a clean situation. It means nothing will remain except the building. In the 
following of the plan, the first processing is about the color due to morphological 
filters work on binary image. In this statement, it is satisfied to remove the street and 
text as possible. In addition, the processing is about edge obtaining. The first part can 
be not only a tool for the map processing, it can also be used as an edge detecting in 
some complex image, case of fingerprint recognition for instance. It has a common 
used when the skeleton is the target object. 

The detecting of free wind paths can give an intuitive impression to those people 
who aim at urban heat island analysis. Although it is not a special tool for environment, 
it can help people to make a judgment at the very beginning. If a place has several free 
wind paths, it is not necessary to be concreted at the area. It can help people to save 
the time in the quick way.  

The work can also used to calculate the distance and path between two points in 
the map. It can be developed as two groups coordinate input, drawing the path in the 
free land by considering the relation between the two points. 

5.3 Further work 

 Find some other attributes to mark the target objects in the map instead of 
gray scale. According to that, the application will be effective to process to 
map with water. 

 To calculate more directions in the map. In the algorithm is using a 2D 
Cartesian coordinate system. For more directions, it is more suitable to use 
a 2D Polar coordinate system. The polar coordinate system use angle value 
to control the point. It is more efficient to change direction by increasing the 
angle. 

 Add another property to free wind paths. When the wind blow between the 
buildings, the distance between of them could be considered. If the distance 
is under a threshold, the path will not be considered as a free wind path. 
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