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Abstract— Monte Carlo methods are a class of computational algorithms that rely on repeated random 

sampling to compute their results. These methods implemented in varsity application, which is used for 

solving certain stochastic or deterministic problems. In practical application it is crucial to calculate the 

surface area for environmental objects such as lakes, Islands, and Oil slick. In this work we focus on 

computing the surface area for different shapes of lakes.  

Suppose we have an irregular region whose area can't be calculated with convectional mathematical 

methods. Such regions might be approximated using a Monte Carlo simulation. The idea behinds Monte 

Carlo simulation is to surround the irregular shape (lake) by a regular shape such as rectangle, triangle, or 

circle. The areas of these regular shapes are easily to be calculated.  

We started to shoot randomly K points (darts) in a surrounded regular area. Let N represents the number of 

points that ended up in the irregular region (lake); such that K ≤ N. We could estimate the lake area using 

the following formula:  

                                      
Surrounded Area*N)(K /   = Area Lake

         
The suggested proposal calculates any irregular shapes using an image processing techniques have been 

implemented using clusters algorithm. The simulated results have been compared with the regular shapes 

beside other available studies. The results appeared quite satisfactory results. 
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I. INTRODUCTION 

Nowadays, Monte Carlo methods are widely used to solve complex physical and mathematical problems 

particularly those involving multiple independent variables where more conventional numerical methods would 

demand challenging amounts of memory and computer time. Its core idea is to use random samples of 

parameters or inputs to explore the behavior of a complex system or process. Because of their reliance on 

repeated computation of random or pseudo-random numbers, these methods are most suited to calculation by a 

computer and tend to be used when it is unfeasible or impossible to compute an exact result with a deterministic 

algorithm, see [1-3]. 

In many applications a surface area and volume attribute have been used to calculate water loss, heat 

transfer in many environmental fields. The computing surface area is one of the most important factors in all 

these application fields. Research work has been done to determine the relationship between surface area and 

various attributes such as increasing desert land, water scarcity, and oil slick. Different mathematical models 

and numerical analysis methods have been to extract an irregular surface area [4, 5].  
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Calculating the size, or area, of a lake can be done in a couple of different ways. You can estimate the 

surface area (lake size) by treating the lake as a the closest geometric figure, such as a circle, rectangle or 

triangle, or you can try to directly count the square footage of the lake by using graph paper on a scaled area 

map. The latter method may be more precise and represent the only method when a lake doesn't practically fit 

any basic shape, for more details see [5, 6].  

Our proposal concentrates on the image processing technique that can be collected all the unified color 

spots of interested area. Clustering technique may be used. The cluster analysis or clustering is the task of 

grouping a set of objects in such a way that objects in the same group (called a cluster) are more similar (in 

some sense or another) to each other than to those in other groups (clusters). There are a countless number of 

examples in which clustering plays an important role [6].  

The method may be implemented to measure any colored area such as house, garden, and swimming pool 

on any shape of the image using Google Maps. A rough estimate to the surface area of the interest objects could 

be easily founded [7, 8].  

 

II. MONTE CARLO SIMULATION 

Monte Carlo simulation is a versatile method for analyzing the behavior of some activity, plan or process 

that involves uncertainty.  If you face a problem with uncertain or variable factors you can benefit from using 

Monte Carlo simulation in order to understand the impact of uncertainty, and develop plans to mitigate or 

otherwise cope with risk; for details see [2, 3]. Monte Carlo technique used of integration of a function by using 

sequences of random numbers. That is, Monte Carlo integration methods are algorithms for the approximate 

evaluation of definite integrals, usually multidimensional ones. 

We implemented this technique in present work to approximate the surface area of an irregular shape such 

as a lake; as the following: 

Step 1: we define a domain of inputs: surround the irregular region by a regular shape such as rectangle, triangle, 

or circle. So, the suitable shapes that will circumscribe the interested irregular shape (lake).  

Step 2:  we randomly generate scatter individual point's location within the shape. 

Step 3:  perform a computation on each input and test whether it falls within the irregular shape or not. 

Step 4:  At the end, we aggregate the results into our final result, the approximation of the irregular shape area. 

 

Let us consider a colored image of an irregular shape (lake) as shown in the Figure (1).  The colored area A 

is surrounded by a white rectangle R. The idea is to shoot randomly N dart (cannonball) in a square with a 

known area (H×W), where H is the image height, W (= b - a) represent the width of the image. Let K represents 

the number of darts that ended up in the lake. In this work, we consider that we sent one dart in each pixel, so.  

 Lake Area   R           … (1) 

Where K represents the number of colored pixels, N is the total pixels of the image, R the size of the image.  

 
Figure (1): Irregular area (A), surrounded by rectangular area (R) 

 

III. SCANNED IMAGE ANALYSIS  

Image segmentation is the first step of the most critical tasks of image analysis. It is used either to 

distinguish objects from their background or to partition an image onto the related regions [6, 9]. The 

performance of color segmentation may significantly affect the quality of an image understanding system. The 

most common features used in image segmentation include texture, shape and irregular shape, grey level 

intensity, and color. 
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Predicting the area of the scanned image may pose a challenge unless you take note of a scanning parameter 

called DPI or PPI (dots or pixels per inch) that is often referred to as the scanner resolution. This parameter 

determines how much detail from the original image is stored in the scanned, digital image. The higher the DPI 

value, the larger and more detailed the scanned image will be, for more details see [9, 10]. 

1. Use a ruler to measure the physical dimensions (width and height), in inches, of the original image on the 

paper. 

2. Read the DPI or PPI resolution setting for the scanner from the scanner console or scanner properties 

window in your image scanner software. Note that some scanner software may use the word "resolution" 

instead of DPI or PPI to refer to the scanner resolution. 

3. Multiply the physical dimensions by the scanner resolution to obtain the digital dimensions in pixels. For 

example, a physical 8.5-by-11-inch image scanned at a resolution of 300 DPI or PPI would produce a 

digital image 2550 pixels by 3300 pixels. 

4. Multiply the width in pixels by the height in pixels to obtain the area of the digital image. For example, an 

8.5-by-11-inch image scanned at 300 PPI would produce a 2550 pixels x 3300 pixels image, which covers 

an area of 8,415,000, or 8.4 mega square pixels. 

According to the assumptions above, the proposed algorithm will be as follows: 

 

 
 

IV. RESULTS AND DISCUSSION 

Visual Basic program have been designed for input / output interfacing as shown in Figure (2). For 

computing a surface area of a required lake an image file name may be entered in the textbox once click on the 

"Browse" tab.  The interface application includes a quiet simple input textboxes that consist of three windows. 

The interface application contents many windows.  

The first window enable us to loads the required image file name. This window includes some additional 

information such as "Number of Iteration" and "Number of Clusters". Output group controls include "Elapse 

Time" and "Total Points" textboxes and other control tab as "Exit" and "Clear Data" controls.  

The second window shows the details of each cluster beside two control tabs as "Calculate Area" and 

"Clear Data". Once click "Calculate Area" the number of points (pixels) for each cluster will appear in third 

window entitle "The Number of Pixel in each Cluster".  

Input:  

1. Read an image and convert into matrix. 

2. Input Threshold (T) 

Output: Area of the lake 

Algorithm: 

1. Extract the RGB values from each pixel 

and save it into a new matrix 

2. Compute the size of new matrix 

3. Compute the blue color from the new 

matrix using a threshold of the depth of 

blue color.   

end 

end     

              end         

end             

1+totalBlue=otalBlue                     

T>P(3) if             

0)=(P(3) if         

j)i,, imagein pixel(Orig image[P]         

matrix new ofheight   to1j for     

matrix new of width  to1i for 

0; totalBlue
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In order to be quiet satisfactory of the output results, we already loaded many images files of different lakes 

to calculate the surface area of those lakes. The result shown all information concerned each lake such as the 

number of pixels for each cluster that represent specific segments of the image. However, the area may be 

calculated using Eqn. (1).  

 

We tested our proposal with the familiar examples such as calculating the area of a circle surrounded by a 

square.  Figure (3), shows a circle with radius r = 1 inscribed within a square. The area of the circle is r
2
 = 1

2
 

= ,  and the area of the square is 2
2
 = 4.  The ratio () of the area of the circle to the area of the square is    

 

       

 
 

Our proposal gives 3224 pixels of the colored region (circle) and 4090 pixels of the total image (rectangle 64 

x 64), so, the ratio () of the areas is 

 

    =    

 

Our second comparison the green portions of Wachovia Bank Logo [11], to its entire area as given in 

Figure (4). Paul Hale was computed the green portion using the mathematical computations and the 

approximated result was 1:7.89, so, the area will be calculated according equation 1, as:   

                                     =    

 

Our proposal gives 490 pixels of the green region and 4096 pixels of the entire image, so the area will be as: 

                 =    

The result are in good agreements for both above examples so, the differences between the mathematical 

solution and our proposal are 0.171% and 1.2% , respectively.   

 

According to the suggested proposal, we selected four lake samples for performing our calculations for the 

images given in Figure (5). The results of the algorithm with threshold = 64 is shown in Table (1). Table (2) 

shows the result of the algorithm with threshold = 128. 

 

 From Table (1) and Table (2), we can see the effect of threshold value on the result of calculating the blue 

color of a given lake. In Table (1) we used threshold = 64, therefore the number of blue color was a little bit 

large according of each image. This is because of the nature and the color depth of a given image. Image No.2 

has (66992) pixels as a total number of pixels and (38332) pixels of blue color. Let us take a look to image No. 2, 

we can see the blue color gradates from the sky to the lake.  So, there is no guarantee to calculate the exact 

number of blue color which belongs to the lake boundary. To solve this problem we need enlarge the threshold 

value as shown in Table (2). 

V. CONCLUSION 

The surface area is one of the most important factors in many environmental application fields. Analysis to 

estimate lake volume, water surface area and perimeter as lake decreased during the summer because water 

volume is crucial to human being and the living creatures.  To determine changes in water availability required 

to calculate the surface area of the lake besides the depth of the lake.  

There are several ways to calculate and /or estimate the volume of a lake. In recent years, computer programs 

can compute area such as Arcview, and volume (such as Tecplot). Our method gives satisfactory result 

compared with other works and easy to use. 
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Figure (2): The Interface Application 

          

 

Figure (3): A circle with radius r = 1 

 

Figure (4): Wachovia Bank Logo [11] 
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No. 1 

 
No. 3 

 
No. 2 

 
No. 4 

Figure (5): Selected Samples 

 

TABLE (1) 

RESULTS OF SUGGESTED ALGORITHM (THRESHOLD=64). 

Image 

# 
Image fmt 

Image size # 

Pixels 
DPI 

Area of Image /inch2 # 

Blue 

Area of Blue 

/inch2 

% 

Blue/Image Width Height Width Height Area 

No.1 JPG 160 120 19200 96 1.667 1.250 2.084 4484 0.4865 23.3445 

No.2 BMP 316 212 66992 108 2.926 1.963 5.744 38332 3.2864 57.2188 

No.3 JPG 162 122 19764 96 1.687 1.271 2.144 7719 0.8376 39.0559 

No.4 TIFF 300 200 60000 96 3.125 2.083 6.509 39614 4.2984 66.0233 

 

TABLE (2) 

RESULTS OF SUGGESTED ALGORITHM (THRESHOLD=128). 

Image 

# 

Image 

fmt 

Image size # 

Pixels 
DPI 

Area of Image /inch
2
 # 

Blue 

Area of 

Blue/ inch
2
 

% 

Blue/Image Width Height Width Height Area 

No.1 JPG 160 120 19200 96 1.667 1.250 2.084 310 0.0336 0.1823 

No.2 BMP 316 212 66992 108 2.926 1.963 5.744 28777 2.4672 42.9558 

No.3 JPG 162 122 19764 96 1.687 1.271 2.144 5052 0.5482 25.5690 

No.4 TIFF 300 200 60000 96 3.125 2.083 6.509 20145 2.1859 33.5827 
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