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1. Introduction 

Image processing plays an increasingly important role in 

a wide range of disciplines and fields, in many areas of our 

daily lives, in science and technology, with applications 

such as television, photography, robotics, remote sensing, 

medical diagnostics and industrial inspection. Furthermore, 

one of the most important areas where image processing is 

commonly used is autonomous vehicles. The object identi-

fication from the images obtained with autonomous vehicle 

cameras is basically done by the edge detection algorithms. 

Determining the edges of the objects in the images is an 

important step for image processing applications. The goal 

of edge detection algorithms is to find transitions that show 

the edges in the images. Sobel [1], Prewitt [2] and Canny [3] 

are basic edge detection algorithms used in the literature. 

There are many studies on images using these popular algo-

rithms [4-16].  

 

Problems such as environment, transmission channels, 

and imperfections in the image acquisition system, especial-

ly cheap cameras, cause poor quality of the images taken 

from the camera [17-18]. Thus, the edges in edge images 

obtained as a result of edge detection algorithms may not 

continue on a single line as shown in Fig. 1. 

 

 

 

 

a) Horizontal edge line 

 

 

 

 

 

 

 

 

 

 

 

b) Vertical edge line 

 

Fig. 1. Edges in edge images are not on a single line 
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The problem shown in Fig.1 is the spatial deviation of the 

edge pixels indicated by "1". If the real figure is a straight 

line, the edge must be obtained on a single line. If the real 

figure is curved, the edge is expected to be the pattern to 

give the curved shape. Deviations in the ideal edge image 

cause errors in operations such as area calculation. 

Another problem as a result of edge detection algorithms 

is the formation of parallel line in the edge image obtained 

as shown in Fig. 2. In this study, the parallel line formed in 

the edge image was named as fake edge. 

 

 

 
 

Fig. 2. The parallel line formed in the edge image 
 

Deviations and fake edges in the edge images of Fig. 1 

and Fig. 2 are undesirable. The large number of fake edges 

in the edge image causes low performance of image pro-

cessing applications. In addition, the fake edges may cause 

the images to be misinterpreted. 

In this study, the images of two different objects were ob-

tained with the camera under three different environmental 

conditions which are dark, light dark and bright, and then 

the edges were detected with above mentioned edge detec-

tion methods. The performances of the fake edge and area 

calculation of the methods were compared based the ob-

tained edge images. 

 

2. Material and Method  

As the first order derivative methods, Sobel, Prewitt and 

Canny filters are popular methods used to detection of the 

edges in the image. The Canny filter uses a multi-step algo-

rithm for detection of the edges. In this method, the image 

is first smoothed using a Gaussian filter. After applying the 

gradient operator on the smoothed image, the two thresh-

olds are used to detect the edges in the image. Sobel and 

Prewitt filters usually use the 3x3 matrices shown in Fig. 3 

and Fig. 4 for detection of edges as respectively. The differ-

ence of the Sobel filter from the Prewitt filter is that it has a 

value of 2 in the window. 
 
 
 
 
 
 
 

Fig. 3. Sobel filter 
 
 
 
 
 
 
 

Fig. 4. Prewitt filter 

 

To detect the edges in the image, the edge detection fil-

ters can be applied directly to the image or to the pre-

processed image. In this study, MT and BGT algorithms 

were used as pre-processing. The difference between the 

two algorithms is the method of calculating the threshold 

value. In the MT algorithm, the threshold value is calculat-

ed by dividing the total pixel value in the image by the 

number of pixels in the image [19]. In BGT algorithm, the 

threshold value is calculated as a result of a multi-step algo-

rithm. In this algorithm, the procedure used to calculate the 

threshold value (T) is defined as follows [20]: 

1- Initial T value is determined. 

2- The image is divided into two groups according to 

whether each pixel value in the image is bigger or smaller 

than T value. 

3- Average gray level values (µ1 and µ2) of the pixel val-

ues in each group are calculated. 

4- New T value is calculated using the formula T=0.5 

(µ1+µ2). 

5- Steps 2-3-4 are repeated with iterations until the dif-

ference in T is small enough. 

In both algorithms, the aim is to convert the gray level 

image into a black-white image according to the calculated 

threshold value. In this study, Sobel, Prewitt and Canny 

filters were applied to both directly and pre-processed im-

ages to detect the edges in the images. The applied nine 

methods and the abbreviation for each method are given in 

Table 1. 

 
Table 1. The methods and abbreviations 

 

Method Pre-processing Abbreviation 

Sobel - S 

Prewitt - P 

Canny - C 

Sobel BGT SBGT 

Prewitt BGT PBGT 

Canny BGT CBGT 

Sobel MT SMT 

Prewitt MT PMT 

Canny MT CMT 

 

 

After obtaining edge images using the any of nine meth-

ods shown in Table 1, we determined the fake edges in 

these images before calculating the area of the geometric 

shape. In this paper, the following procedure was applied to 

determine the fake edges: 

•One edge pixel of the corresponding geometric shape in 

the edge image of the object is selected as the starting pixel. 

•Each pixel is connected to one pixel after it. 

•The boundary determination for the corresponding geo-

metric shape ends when the starting pixel is reached. 

•Thus, each pixel that form the edges of the geometric 
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shape has two connections. 

The fake edges of a sample image are indicated in Fig. 5.  

 

 

  

 

 

 

 

 

      a)                  b)                c) 

 

Fig. 5. Fake edges of a sample image. a) Sample image, b) Edge 

image, c) Edge image after eliminating the fake edges 

 

Fig. 5-a shows a sample gray level image. Fig. 5-b is the 

edge image of the image shown in Fig.5-a. As mentioned in 

Fig. 2, there are fake edges on the upper line of the geomet-

ric shape shown in Fig. 5-b. After determining and eliminat-

ing the fake edges using the procedure mentioned above, 

Fig. 5-c is obtained. For any geometric shape which has 

many fake edges or invisible fake edges, above-mentioned 

procedure can be used to detect the fake edges.     

After the fake edges were eliminated and the boundaries 

of the geometric shape were determined, the area of the 

geometric shape was calculated. Pixel-based method was 

applied for the area calculation. In this method, the number 

of pixels of the geometric shape with certain boundaries is 

determined. Then, the area of the corresponding geometric 

shape is calculated by multiplying the area occupied by a 

pixel by the determined number of pixels.  

While the nine methods shown in Table 1 directly cause 

fake edges, they do not calculate the area. The area is calcu-

lated based on the outputs of these methods. These methods 

cause the deviations in the edge image as shown in Fig. 1. 

These deviations cause errors in operations such as area 

calculation. Thus, we compared these methods according to 

both the fake edge and area calculation performances. 

 

3. Results and Discussion  

In this study, one camera, platform and two objects were 

used as shown in Fig. 6. 

The first object shown in Fig. 6-a consists of eight differ-

ent geometric shapes. The nine area calculations were made 

for this object, including the object itself.   The second 

object has a larger area than first object shown in Fig. 6-b. 

Thus, the performances of the applied method according to 

the size of the area were analyzed. Fig. 7 shows sample 

processed images of the object taken from the camera. After 

converting the RGB image taken from the camera into gray 

level image, the image shown in Fig. 7-a was obtained by 

cutting the gray level image. Black-white image was ob-

tained by applying MT or BGT algorithm to the image 

shown in Fig. 7-a (Fig. 7-b). The edge image was obtained 

by using the methods expressed in Table 1. The image in 

Fig. 7-c was obtained by applying filter directly to the im-

age in Fig. 7-a and the image in Fig. 7-d was obtained by 

applying filter to the pre-processed image in Fig. 7-b. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a)                       b) 

Fig. 6. Camera, platform and objects a) First object with differ-

ent geometric shapes, b) Second object with larger area than first 

sample 

 

For the sample processed images shown in Fig. 7, we 

used MT algorithm to obtain Fig. 7-b, C and CMT methods 

to obtain Fig. 7-c and Fig. 7-d, respectively. As shown in 

Fig. 7, CMT method caused less fake edge in the image 

than C method for this sample.  

Each object was analyzed in three different environmen-

tal conditions (named as dark, light dark and bright). Thus, 

in this study, fifty-four edge images obtained for three dif-

ferent environmental conditions, nine different methods, 

two different objects were used to evaluate the performance. 

While the boundaries are determined in the image, the 

line may show spatial deviations as seen in Fig. 1. These 

spatial deviations do not pose a problem for fake edge de-

tection. The fake edge appears if there are lines parallel to 

each other as shown in Fig. 2. In this study, the edges of 

fifty-four images were examined manually. The fake edges 

were eliminated in cases where fake edges could be identi-

fied as shown in Fig. 2. However, situations were also en-

countered where fake edges could not be identified as 

shown in Fig. 8. In this case, fake edges could not be elimi-

nated and these edge images could not be processed in the 

area calculations. 
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a)                     b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  c)                     d) 

Fig. 7. Sample processed images of the object taken from the 

camera. a) The image of first object, b) The pre-processed image 

of first object, c) The image of first object obtained with direct 

filtering, d) The image of first object obtained by applying the 

filter after pre-processing.     

 

 

 

 

Fig. 8. Situations where fake edges could not be identified. 

 

In the study, firstly, the performances of the methods 

were compared according to obtaining fake edges. Table 2 

shows the fake edge numbers of the images obtained for the 

first object according to the methods and environments 

mentioned above. Similarly, Table 3 shows the fake edge 

numbers for second object. The cells marked in Table 2 and 

Table 3 represent the images selected for the area calcula-

tion because the fake edges in these images could be identi-

fied and eliminated. 

 

 

Table 2. The numbers of fake edges for first object with nine 

methods under three different environments 

 

 Environment 

Method Dark Light Dark Bright 

SBGT 0 0 0 

S 57 4 53 

SMT 3 1 0 

PBGT 106 29 13 

P 38 4 53 

PMT 124 56 16 

CBGT 1550 1664 1827 

C 1612 2759 4364 

CMT 1379 1567 1847 

 

Table 3. The numbers of fake edges for second object with nine 

methods under three different environments 

 

 Environment 

Method Dark Light Dark Bright 

SBGT 5 0 1 

S 832 194 670 

SMT 1005 832 0 

PBGT 141 58 57 

P 786 192 654 

PMT 1522 539 47 

CBGT 1138 1564 1508 

C 1017 3242 6743 

CMT 460 446 1470 

 

When Table 2 and 3 are analyzed; among the S, P, C 

methods, while S and P gave close results (even P gave 

slightly better results), C gave the worst results according to 

the fake edge performance. It was observed that the fake 

edge was absent or very few with the SBGT method in Ta-

bles 2 and 3. Area calculations were made by eliminating 

the few fake edges of these images. For the SMT method, it 

was observed that there was no fake edge for the second 

object only after the application of the bright environment 

as shown in Table 3 while the areas were calculated for the 

all images of the first object by eliminating the fake edges 

as shown in Table 2. Tables 2 and 3 show when S was ap-

plied directly, it was used only one image for the area calcu-

lation. Although the P method gave the same or slightly 

better results than the S method, only the fake edges in three 

images could be eliminated for the P, PBGT and PMT 

methods. When C, CBGT and CMT methods were evaluat-

ed; CBGT and CMT methods caused less fake edges in the 

image than C method but did not improve poor perfor-

mance enough. Consequently, any image could not be used 

to calculation of the area with or without preprocessing 
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using C application. As a result, Tables 2 and 3 show that 

SBGT method has the best performance among the above 

mentioned nine methods according to the fake edge per-

formance. The small number of fake edges can make it eas-

ier to eliminate fake edges. However, the image in the light 

dark environment in Table 2 for the P method could not be 

included in the area calculation because the fake edges 

could not be identified although it has few fake edges. 

The area calculations performances of the methods were 

analyzed after the fake edges of nine images for the first 

object and five images for the second object were eliminat-

ed. For the first object, the area calculation of nine geomet-

ric shapes, including the object itself shown in Fig. 9, was 

made separately. For the second object, the area of the ob-

ject was calculated directly. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Nine geometric shapes for first object. 

 

The absolute error shown in Eq. 1 was used to analyze 

the performance of the area calculation. 

 

Absolute Error (%) =
|Real Area−Calculated Area|

Real Area
100 (1) 

 

Firstly, real areas of geometric shapes were found. Then, 

the areas of geometric shapes were calculated with the pix-

el-based method from the edge image. While calculating 

the area with pixel based method, 4 reference points (mid-

points of the right edge, left edge, bottom edge and upper 

edge) were determined from the edge image. The distance 

between each of these reference points was matched with 

the real geometric shape and it was found how many “mm” 

long a pixel corresponds. The area was calculated using the 

total number of pixels remaining in the frame from the edge 

image. Finally, the absolute error between the real area and 

the pixel-based calculated area was calculated using Eq. 1. 

The absolute error calculated for both objects is shown in 

Table 4 and Table 5. 

 

 

 

 

Table 4. Absolute errors for the first object 

 

E
n

v
ir

o
n

m
en

t 

M
e
th

o
d

 

Absolute Error (%) 

The number of geometric shape 

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 

D
a
rk

 

SBGT 0,43 10,96 13,90 7,86 9,09 6,79 4,93 11,38 12,22 

SMT 0,23 12,85 16,00 8,64 10,06 7,30 5,42 12,71 13,34 

L
ig

h
t 

D
a
rk

 

SBGT 1,63 0,03 3,89 1,62 3,30 3,02 1,68 0,32 3,11 

S 2,02 2,63 1,43 0,65 1,78 2,55 0,80 3,05 0,10 

SMT 1,45 2,20 6,34 2,36 4,83 5,16 2,53 2,41 5,29 

B
ri

g
h

t 

PBGT 1,43 2,63 1,57 2,65 1,62 2,86 1,16 3,33 0,67 

PMT 1,35 0,74 2,83 2,77 2,43 3,44 1,45 1,79 1,01 

SBGT 1,43 2,63 1,57 2,65 1,62 2,86 1,16 3,33 0,67 

SMT 1,35 0,74 2,83 2,77 2,43 3,44 1,45 1,79 1,01 

 

Table 5. Absolute errors for the second object 

 

E
n

v
ir

o
n

-

m
en

t 

M
e
th

o
d

 

Absolute Error 

(%) 
D

a
rk

 

SBGT 
0,27 

L
ig

h
t 

D
a
rk

 

SBGT 0,32 

PBGT 0,32 

B
ri

g
h

t 

SBGT 0,65 

SMT 0,02 

 

Each geometric shape shown in Table 4 corresponds to 

geometric shape numbered in Fig. 9. The first geometric 

shape, which shows the object itself in Fig. 9, has a larger 

geometric area than the other geometric shapes in the first 

object. The second object, which gives absolute error values 

for different environments in Table 5, has the largest area of 

all geometric shapes including first and second objects. 

When the absolute error values for the 1st geometric shape 

shown in Table 4 were analyzed: the absolute error values 

obtained for the SMT method for the dark and light dark 

environments were better than the SBGT method. In addi-

tion, when the absolute error values obtained for 1st geo-

metric shape with the bright environment were compared, 

PMT method performed better than PBGT method and 

SMT method performed better than SBGT method. When 

Table 5 was examined, the SMT method for the bright envi-

ronment had a better absolute error value than the SBGT 

method. As a result of the comparison of MT and BGT 

thresholding algorithms according to the area calculation 

performances, it is observed that the MT algorithm gives 

better results than the BGT algorithm if the calculated area 
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is large. 

When comparing the methods for Sobel and Prewitt fil-

ters shown in Table 4 for the bright environment: for all 

geometric shapes, PBGT method gave the same results with 

SBGT method and PMT method gave the same results with 

SMT method. When the light dark environment for the sec-

ond object in Table 5 was examined, it was observed that 

SBGT method and PBGT method had the same results. 

Thus, if the Sobel and Prewitt filters are compared accord-

ing to the area calculation performance, these two filters 

have the same performance regardless of the shape size and 

the MT and BGT thresholding algorithms used for pre-

processing. 

 

4. Conclusions 

In this study, images of two different objects with differ-

ent sizes and geometric shapes in three different brightness 

environments were taken from the camera and their edges 

were detected with nine different methods. In the obtained 

edge images, firstly fake edges were examined and methods 

were compared according to fake edge performance. After 

eliminating the fake edges in the edge images, the area cal-

culation performances of the methods were evaluated. The 

results show that the best method according to the fake edge 

performance is to use the Sobel filter after applying BGT as 

a pre-processing. In addition, MT pre-processing has a bet-

ter area calculation performance for objects with large area 

than BGT pre-processing. Finally, it has been observed that 

Sobel and Prewitt filters used after MT or BGT pre-

processing have the same area calculation performance.  
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