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ABSTRACT
Aim: This study aims to propose smart edge detection tech-
niques in x-ray images for improving PSNR using the Prewitt 
edge detection algorithm and comparing it with the laplacian 
algorithm. Materials and methods: For the design of edge 
detection technique to improve PSNR Prewitt edge detection 
algorithm is used along with a gaussian filter and it is compared 
with the laplacian algorithm. Prewitt edge detection algorithm 
and laplacian algorithm are the two groups considered in this 
study. For each group, the sample size is 20 and the total sam-
ple size is 40. Sample size calculation was done using clinicalc.
com by keeping g-power at 80%, confidence interval at 95%, 
and the threshold at 0.05%. Result: When comparing the two 
algorithms, it is clear that the Prewitt edge detection algorithm 
has a higher mean PSNR value of 39.19 db than the laplacian 
algorithm of 37.56 db. It is observed that the Prewitt edge de-
tection algorithm is statistically significant p<0.05 than the la-
placian algorithm by performing an independent sample t-test. 
Conclusion: Prewitt edge detection has insignificantly greater 
PSNR when compared to the Laplacian algorithm.
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INTRODUCTION
The reason for the proposal of an innovative edge 

detection using Prewitt edge detection algorithm is 
that the traditional Prewitt edge detection algorithm is 
sensitive to noise. Only two templates with horizontal 
and vertical components are present in the tradition-
al Prewitt edge detection operator. More edges can be 
detected because an operator with eight templates of 
different directions is put forward. The edges of the 
random noise image are detected effectively and the 
innovative edge detection algorithm improves the an-
ti-noise performance greatly (Yang et al. 2011)

Many kinds of research have been published in Pre-
witt edge detection in the last five years. In the IEEE 
database there are a total of 8 articles and there are 250 
articles in the google scholar database. The most cit-
ed articles are (Hoang and Nguyen 2018)(Yang et al. 
2011). Method for edge segmenting satellite images 
is presented in this article. Sobel operator technique, 
Prewitt technique, kiresh technique, laplacian tech-
nique, canny technique,roberts technique, and edge 
maximization technique are the seven techniques 
used. To select the best technique they are compared 
with one another (Singleton, Ross Singleton, and Po-
host 1997). The edge is one of the most basic features 
of the image obtaining accurate edge positioning is 
the purpose of edge detection. In image analysis and 
computer vision, it plays a vital role. The generation of 
noise can be suppressed effectively by great detection 
of images. In digital image processing there are many 
methods for edge detection. Finally the classification 
of digital image edge detection and algorithm for dig-
ital image edge detection are described in detail. Par-
titioning an image into meaningful regions for a par-
ticular application is called image segmentation. The 
task of finding an object in an image or video sequence 
is called object recognition. Interactions between 
object recognition and image segmentation are dis-
cussed in this paper. For segmenting the image edge 
detection methods such as sobel, prewitt, canny, and 
roberts are used(Ramadevi et al. 2010)Our team has 
extensive knowledge and research experience that has 
translate into high quality publications(Chellapa et al. 
2020; Lavanya et al. 2021; Raj R et al. 2020; Shilpa-Jain 
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et al. 2021; S et al. 2021; Ramadoss et al. 2022; Wu et 
al. 2020; Kalidoss et al. 2021; Kaja et al. 2020; Antink et 
al. 2020; Paul et al. 2020; Malaikolundhan et al. 2020)

Existing approaches had lower accuracy in predict-
ing x-ray edges, which encouraged further research 
into this topic. The primary goal of this research is to 
improve edge detection by improving PSNR.

MATERIALS AND METHODS
The study was carried out at Saveetha School of 

Engineering college in a simulation lab. Image en-
hancement technique is used for improving PSNR 
of x-ray images using MATLAB simulation software. 
The sample size calculation was done using clinical.
com by keeping the alpha error threshold 0.05and 
power at 80% and the value for enrollment ratio is 0.1 
with 95% confidence interval. The sample size is 40. 
In sample preparation for group 1, the image samples 
were collected from kaggle.com. In group 2 sample 
preparation 20 samples were collected from kaggle.
com. The working station in designing the image pro-
cessing filter is mostly in a personal computer in soft-
ware named MATLAB R2014a with all the required 
add-ons installed. Both the algorithms have been sim-
ulated using the software MATLAB for optimization. 
The resultant graph shows that the prewitt edge detec-
tion technique along with the gaussian filter produces 
better PSNR values

Statistical Analysis
By using the software IBM SPSS statistics 26 the 

statistical analysis is done. It helps to find the signifi-
cant variance between the two. In our study an inde-
pendent variable is input images and there are depen-
dent variables is PSNR in the study. (McCormick et 
al. 2017)

RESULT
The proposed Prewitt algorithm shows better re-

sults when compared to the Laplacian algorithm. 
The proposed Prewitt algorithm shows better PSNR 
values when compared to PSNR values produced by 
the laplacian algorithm. An innovative edge detection 
model using the Prewitt algorithm performs better in 
reducing noise.

Table1 shows the PSNR values obtained for the pro-
posed algorithm and laplacian algorithm. From the ta-
ble, we can find that the proposed algorithm produces 
better PSNR values than the laplacian algorithm

Table 1
PSNR values for Prewitt edge detection algorithm and laplacian 
algorithm for different iterations. The improved Prewitt edge 
detection algorithm produces higher PSNR values than the la-
placian algorithm

Iterations Prewitt Edge Detection 
Algorithm PSNR(db)

Laplacian Algorithm 
PSNR(db)

1 38.5 37

2 38.5 37.1

3 38.6 37.1

4 38.7 37.2

5 38.8 37.3

6 38.8 37.3

7 38.9 37.4

8 38.9 37.5

9 39 37.6

10 39.2 37.6

11 39.3 37.7

12 39.4 37.7

13 39.5 37.7

14 39.6 37.7

15 39.6 37.8

16 39.6 37.8

17 39.7 37.9

18 39.7 37.9

19 39.8 37.9

20 39.8 38

In Table 2 group statistics providing mean, stan-
dard deviation and standard error mean for a total of 
40 samples is determined and shown. The mean PSNR 
value is 39.19 db for the Prewitt algorithm and 37.56 
db for the laplacian algorithm. The Improved Prewitt 
algorithm provides better PSNR than the laplacian al-
gorithm.

Table 2
SPSS analysis of two groups – Group statistics providing mean, 
standard deviation and standard error mean of the PSNR for 
the total samples of 40. The Prewitt edge detection algorithm 
has better PSNR than the laplacian algorithm

Group Statistics

Group N Mean Std. 
devia-
tion

Std. 
error 
mean

PSNR Prewitt Edge De-
tection Algorithm

20 39.19  .45708 .10221

Laplacian Algo-
rithm

20  37.56 .30505 .06821
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Table 3 shows the independent sample test ob-
tained from statistical analysis using algorithms like 
the prewitt algorithm and laplacian algorithm.

In Fig.1. The various images are depicted. Figure 
1(a) shows the input original sample image.This im-
age is given as input image to the prewitt and laplacian 
algorithm. In Fig. 1(b) the original image is convert-
ed into a binary image. By changing the pixel values 
the binary image is converted into a segmented image 
which is depicted in Fig. 1(c). The output image using 
the innovative edge detection algorithm which is the 
prewitt edge method is depicted in Fig. 1(d).

The graphical representation of PSNR values for 
both algorithms simulated for different iterations is 
shown in Fig. 2. From the graph, it is evident that for 
most of the iterations Prewitt algorithm provides bet-
ter PSNR.

Figure 3 gives the comparison of both algorithms. 
An Independent t-test is used for comparing both the 
algorithms and a statistically significant difference is 
noted in the mean PSNR value. 

Table 3
Independent Sample test: The Mean Standard deviation and significance difference of the prewitt edge detection algorithm have 
better PSNR consistent with the laplacian algorithm. There is a Significance difference between the two groups since (independent 
T-test)

Parameters Leven’s test for 
Equality of Variances

T-Test for Equality of 
Means

95% Confidence inter-
val of the difference

F Sig t df sig(2-
tailed)

Mean 
Difference

Std. Error 
Difference

Lower Upper

PSNR Equal Variances 
assumed

7.397 .010 13.306 38 .000 1.63500 .12288 1.38626 1.88375

Equal variances 
not assumed

13.306 33.123 .000 1.63500 .12288 1.38504 1.88496

     

                 a                                              b 

   

                 c                                              d    

Fig. 1. Simulation result using Prewitt edge detection algorithm.
(a).Input image (b)binary image.(c) segmented image.(d)simu-
lated image with filter

Fig. 2. The difference in PSNR values produced by the Prewitt 
edge detection algorithm and the laplacian algorithm.20 itera-
tions are performed and the Prewitt edge detection algorithm 
produces more PSNR values than the laplacian algorithm

Fig. 3. Comparison of Prewitt edge detection algorithm and la-
placian algorithm using standard deviation values. The mean 
PSNR of the prewitt edge detection algorithm is better than the 
laplacian algorithm. X-axis: Prewitt edge detection algorithm vs 
Laplacian algorithm Y-axis: Mean accuracy with +/-1 SD
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DISCUSSION
In this paper to find an edge map in a grayscale im-

age, a comparative analysis of various edge detection 
gradient operators of the first derivative and second 
derivative are presented. New derivative filters of the 
first derivative gradient type have been proposed. 
Calculated the magnitude of the gradient compo-
nent. To find the edge map information the gradient 
component is normalized and threshold to a level the 
performance of the proposed operator is evaluated 
with subjective and objective methods with other 
existing edge detection operators(Panda and Patnaik 
2010). Edge detection is a form of image segmenta-
tion technique that detects the presence of an edge or 
line in an image and appropriately highlights it. The 
basic goal of edge detection is to reduce the quantity 
of data to be processed by simplifying the visual data. 
In general, the boundary pixels that join two discrete 
regions in an image with variable picture amplitude 
properties such as different constant brightness and 
tristimulus values are referred to as edges. We pro-
pose approaches for image edge segmentation in this 
paper; we employed five techniques in this category. 
Sobel operator technique, Prewitt technique, Lapla-
cian technique, Canny technique, and Roberts tech-
nique are all analyzed to find the optimum edge de-
tection segment picture technique. These algorithms 
are used to select base guesses for segmentation or 
edge detection on a single image. In this research, an 
attempt is made to investigate the performance of the 
most widely used edge detection algorithms for pic-
ture segmentation, as well as to compare these tech-
niques using MATLAB software. The edges will be 
used to find object congruence. (Amer and Abushaa-
la 2015)An edge is a curve that establishes a border 
between two separate regions in an image and fol-
lows a path of fast change in image intensity. Image 
segmentation, data extraction, and data compression 
all benefit from edge detection in digital image pro-
cessing. Two edge detection algorithms, canny edge 
detection and Prewitt edge detection are utilized to 
extract edges from various images in this work. Peak 
signal to noise ratio (PSNR) and Mean Squared Er-
ror are used to evaluate performance characteristics 
in terms of processing time and accuracy (MSE). For 
edge detection, MATLAB is utilized. According to 
the findings of the experiments, the Canny edge de-
tection technique outperforms the prewitt edge de-
tection technique(Sha et al. 2015)

CONCLUSION
The Innovative edge detection method using Pre-

witt edge detection algorithm has significantly greater 
PSNR than the laplacian algorithm. Prewitt edge de-
tection gives better PSNR. The proposed algorithm 
performs better than the pre-existing algorithm by 
providing a better PSNR value. 
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