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Abstract 

Edge detection is a crucial process in digital image processing, particularly in automated visual 

inspection systems for packaging quality control. Cardboard packaging used in traditional food 

products often experiences deformation due to mechanical stress or poor distribution, thus 

requiring a reliable damage detection method. This study aims to compare the performance of 

five classical edge detection algorithms, Canny, Sobel, Prewitt, Roberts, and Laplacian of 

Gaussian (LoG), in identifying contours and structural deformations in product packaging 

images. Data were obtained through the acquisition of five cardboard images using a high-

resolution smartphone camera. The processing steps include image conversion to grayscale, 

application of the edge detection algorithm, and quantitative evaluation of the results. The 

evaluation was conducted using three main metrics: Peak Signal-to-Noise Ratio (PSNR), Mean 

Squared Error (MSE), and processing time. The results show that the Sobel algorithm provides 

the best performance, with the highest PSNR and lowest MSE values consistently, despite having 

the longest processing time. In contrast, the Canny algorithm shows the highest efficiency in 

speed, but with low detection quality. Prewitt and LoG yielded relatively balanced intermediate 

results between accuracy and efficiency, while Roberts performed moderately across all aspects. 

These findings indicate that algorithm selection should be tailored to system requirements. Sobel 

is more appropriate for applications that prioritise accuracy, while Canny is recommended for 

real-time systems. This study provides an initial basis for the development of lightweight visual 

inspection systems in the traditional food industry and the MSME sector 
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INTRODUCTION 

Edge detection is one of the fundamental 

processes in digital image processing, as it 

allows the system to identify boundaries 

between objects through significant changes in 

pixel intensity. Edge information plays a crucial 

role in segmentation, object tracking, feature 

extraction, and visual shape classification in 

various applications such as computer vision, 

medical analysis, industrial surveillance, and 

automated inspection systems (Kalbasi & 

Nikmehr, 2020),(Zhou et al., 2022). 

In the food industry, packaging functions 

not only as a physical protector, but also as a 

barrier against external contaminants such as 

moisture, light, dust, and microorganisms, and 

helps maintain product quality stability during 

storage and distribution.(Shaikh & Hyder, 2023) 

(Karate et al., 2024). Cardboard packaging, 

commonly used for traditional products, often 

faces damage due to mechanical stress, friction, 

or environmental exposure during the logistics 

process. Structural damage not only impacts 

aesthetics but also reduces the packaging's 

protective function, ultimately reducing product 

quality and causing financial losses (Song et al., 

2023). 

Edge detection can be used to recognize 

the physical contours of packaging and identify 

structural deformations as indicators of damage. 

In image-based visual inspection systems, this 

technique is an important initial step in 

distinguishing the main object from the 

background and extracting critical features. It is 

(Widodo et al., 2023) stated that the clarity of 

object boundaries is crucial for accurate 

measurement or subsequent classification in 

image processing systems. 

Classical edge detection methods such as 

Sobel, Prewitt, Roberts, Laplacian of Gaussian 
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(LoG), and Canny are still widely used due to 

their efficiency and ease of implementation on 

various platforms such as OpenCV and 

MATLAB.(Bin & Samiei Yeganeh, 2012) 

(Avci, 2022)Several recent studies have 

conducted in-depth evaluations of the 

effectiveness of these algorithms in various 

domains. (G et al., 2025) showed that Canny 

excels in recall and F1-score, while Sobel 

exhibits the highest SSIM, indicating its ability 

to preserve edge structure. (Kasthuri, 2022) 

concluded that Canny and LoG excel in 

detecting smooth edges, while Roberts is less 

robust to noise.(Saxena et al., 2022) also found 

that Canny produced the best MSE and PSNR 

values on mammogram images. 

In terms of system efficiency, (Nandhini 

et al., 2025) Sobel and Roberts are superior for 

FPGA-based real-time systems, while Canny 

remains visually superior under higher 

computational load. (Rahman & Zakaria, 2024) 

they even propose a combined method of four 

classical algorithms that can significantly 

improve the accuracy of complex object 

segmentation compared to a single approach. 

This study aims to compare the performance of 

five classic edge detection algorithms: Sobel, 

Prewitt, Roberts, LoG, and Canny on images of 

Jenang food cardboard packaging. The 

evaluation was conducted using quantitative 

metrics such as Mean Squared Error (MSE), 

Peak Signal-to-Noise Ratio (PSNR), and 

processing time, to determine the most effective 

and efficient algorithm in identifying packaging 

shape, potential damage, and visual contours. 

This study is expected to be a baseline for 

research and development of lightweight visual 

inspection systems, especially for applications in 

the traditional food industry and MSMEs. 

 

MATERIALS AND METHODS 

The method in this research consists of 

several main stages arranged systematically, 

starting from the original image acquisition, 

conversion to grayscale, to the edge detection 

process using five algorithms: Canny, Sobel, 

Prewitt, Roberts, and LoG. The detection results 

are evaluated using three main metrics: MSE, 

PSNR, and processing time, and then compared 

quantitatively. The overall flowchart of the 

research process is presented in Figure 1. 

Start

RGB to 
Grayscale

Original image

Edge Detection

Canny Sobel Prewitt Robert LoG

Detection 
Results

MSE PSNR Processing Time

Comparison 
Results

End
 

Figure 1. Proposed research stages 

 

1. Image data acquisition 

The image data acquisition process was 

carried out using a smartphone camera with a 

resolution of 8 megapixels. Images were taken 

under standard room lighting conditions with a 

plain white background to minimise visual 

interference from the surrounding environment. 

The camera was positioned perpendicular to the 

top and side surfaces of the packaging at a 

distance of approximately 20 cm. The image 

samples used consisted of five images of Jenang 

product packaging with dimensions of 26.5 cm 

in length, 10.5 cm in width, and 4 cm in height, 

each in JPG format with a resolution of 4000 × 

1844 pixels. Two images with normal packaging 

conditions and three images showing visual 

defects in structural shape changes. This 

composition was chosen to represent the actual 

product conditions in the production and 

distribution process of the food industry, which 

reflects the need for edge detection system 

testing of shape variations and physical defects 

in packaging. 
 

2. Canny 

Canny edge detection works through a 

sequential process. The image is first smoothed 
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with a Gaussian filter to reduce noise using 

equation 1. 

 
𝐺(𝑥, 𝑦)

=
1

2𝜋𝜎2
exp⁡(−

𝑥2 + 𝑦2

2𝜎2 ) 
(1) 

 
then the intensity gradient and edge direction are 

calculated, which is generally done with the 

Sobel operator using the kernel𝐺𝑥⁡𝑑𝑎𝑛⁡𝐺𝑦⁡ 
shown in Figure 2 to obtain the edge magnitude 

in the direction of maximum change 

 

 
 

Figure 2. Mask for Canny 

 

The results are thinned through non-

maximum suppression to make the contours 

sharp by one pixel. Next, a double threshold 

(high and low) is applied to separate strong and 

weak edges; and finally, hysteresis tracking is 

performed, which preserves low-threshold 

pixels if they are connected to strong edges while 

suppressing false edges, so that the final edges 

are accurate, well-localised, and minimise 

double responses (Guo & Wu, 2023),(Vemuru, 

2022). 

 

3. Sobel 

The Sobel operator is a first derivative-

based edge detector that approximates the 

intensity gradient using a pair of 3×3 

convolution masks for the horizontal ( 𝐺𝑥)and 

vertical) directions (𝐺𝑦). In Figure 3, the second 

mask is a 90° rotation of the first mask so that 

the derivative responses are orthogonal to each 

other. 

 

 
 

Figure 3. Mask for Sobel 

The magnitude of the gradient at each 

pixel is calculated using equation 2. 

 

|𝐺| = √𝐺𝑥
2 + 𝐺𝑦

2⁡⁡ (2) 

 

The gradient direction at each pixel is 

calculated by equation 3 

 

𝜃 = 𝑎𝑟𝑐𝑡𝑎𝑛 (
𝐺𝑦

𝐺𝑥
) (3) 

. 

The weights provide a local smoothing 

effect so that the gradient estimator is more 

stable against noise and remains computationally 

light, so that Sobel is widely used as a baseline 

for contour extraction before Non-Maximum 

Suppression or advanced thresholding in the 

edge detection process (Cheng et al., 2023)(Zhu 

et al., 2023). 

 

4. Prewitt 

The Prewitt operator has characteristics 

similar to Sobel, using a pair of 3×3 convolution 

kernels to approximate the intensity gradient in 

the horizontal and vertical directions, so that the 

edge orientation can be estimated from the 

maximal response of its mask. Figure 4 is a 

commonly used kernel form. 

 

 
 

Figure 4. Mask for Prewitt 

 

In noise-free, high-contrast images, this 

approach tends to be compu`tationally lighter 

and faster for edge detection (Idris et al., 2022). 

Prewitt is a gradient-based operator that extracts 

gradient information  (Li et al., 2021). Its main 

difference from Sobel lies in the spectral 

response of the kernel; the implication is that, 

while effective for clean images, Prewitt's 

stability tends to decrease in noisy or low-

contrast conditions compared to more robust 

approaches (Juneja & Sandhu, 2009). 
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5. Roberts 

Roberts (Roberts Cross) approximates the 

spatial gradient of an image through discrete 

differentiation on diagonally opposite pixel 

pairs. This operator was proposed by Lawrence 

Roberts (1963) and is understood as a fast and 

straightforward way to estimate spatial 

gradients, namely by exploiting the diagonal 

intensity differences in neighbouring pixels with 

high spatial frequency. Roberts uses two 

orthogonal 2×2 convolution masks as shown in 

Figure 5, each extracting gradient components in 

two diagonal directions.(Hidayat & 

Kartowisastro, 2024)(Ighoyota Ben et al., 2017) 

 

 
 

Figure 5. Mask for Robert 

 

The magnitude of the edge response is 

expressed in equation 4. 

 

𝐺(𝑥, 𝑦) = |𝐺𝑥(𝑥, 𝑦)| + |𝐺𝑦(𝑥, 𝑦) (4) 

 

and the gradient orientation on Roberts can be 

expressed concisely in equation 5 

 

𝜃(𝑥, 𝑦) = arctan(
𝐺𝑦(𝑥, 𝑦)

𝐺𝑥(𝑥, 𝑦)
) −

3𝜋

4
 (5) 

 

6. LogG 

LoG (Laplacian of Gaussian) detects 

edges in two steps. First, the image is smoothed 

using a Gaussian to suppress noise, then the 

Laplacian operator (second-order derivative) is 

applied so that edges appear at the zero-crossing 

points of the second-order derivative response. 

Practically, the LoG (Gaussian+Laplacian) 

kernel is used directly, and the edge location is 

marked by a sign change (positive-negative) in 

the output after smoothing, resulting in thin and 

well-localised contours at sharp intensity 

changes (yahya et al., 2024)(Mathur & Sandeep 

Gupta, 2024). 

To detect points where there is a very 

sharp change in intensity, namely the locations 

of the edges or boundaries of the object, equation 

6 is used. 

 

𝐿(𝑥, 𝑦) =
𝜕2𝐼

𝜕𝑥2
+
𝜕2𝐼

𝜕𝑦2
 (6) 

The kernel form is formulated in equation 7. 

 

𝐿𝑜𝑔 = −
1

𝜋𝜎4 [1 −
𝑥2+𝑦2

2𝜎2 ] 𝑒
𝑥2+𝑦2

2𝜎2  (7) 

 

The LoG edge detection method uses two 

3×3 convolutional masks, as shown in Figure 6. 

 

 
 

Figure 6. Mask for LoG 

 

7. PSNR 

Peak Signal-to-Noise Ratio (PSNR) is a 

quantitative measure that compares the 

maximum signal power to the level of noise that 

can degrade the accuracy of image 

representation. This metric is measured in 

decibels (dB) (Poobathy & Chezian, 2014). It is 

widely used as an indicator of the quality 

between the original image and the compressed 

or reconstructed image. The higher the PSNR 

value, the better the quality of the resulting 

reconstructed image (Jose et al., 2014). The 

PSNR calculation refers to equation 8. 

 

𝑃𝑆𝑁𝑅 = 10. log10
𝑅2

𝑀𝑆𝐸
 (8) 

 

the R value is the maximum fluctuation in 

the input image data. For grayscale images, R is 

generally 255 because each pixel is encoded as 

an 8-bit integer. 

 

8. MSE 

Mean Squared Error (MSE) is used to 

evaluate the difference in pixel intensity values 

between the original image and the degraded 

transformed image. In general, MSE is 

calculated as the average of the squared 

differences in intensity between pixels. A 

smaller MSE value reflects a lower level of 

distortion, thus indicating higher image quality 

and more accurate reconstruction results. 

(Setiawan et al., 2022). The MSE calculation is 

done with equation 9. 
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𝑀𝑆𝐸 =
1

𝑛
|𝑥 − 𝑥′| =

1

𝑛
∑ (𝑥 − 𝑥′)2

𝑛

𝑖=1
 (9) 

 

RESULTS AND DISCUSSION  

The results of edge detection experiments using 

five algorithms (Canny, Sobel, Prewitt, Roberts, 

and LoG) were analysed on five Jenang product 

packaging image datasets, which included both 

defective and normal conditions. The system 

was implemented using Google Colab with 

Python and the OpenCV library. The process 

began with converting colour images to 

grayscale as a preprocessing stage, before 

applying edge detection. The goal was to 

evaluate the ability of each algorithm to detect 

object edges under defective conditions that 

commonly occur in industrial packaging. The 

following is a visual comparison of the edge 

detection results from the five methods, shown 

in Table 1. 

Table 2. PSNR Results 

Algo 

rithm 

Image 

Data 1 

Image 

Data 2 

Image 

Data 3 

Image 

Data 4 

Image 

Data 5 

Canny 1.98 3.19 2.85 3.48 2.28 

Sobel 2.26 3.56 3.10 3.76 2.55 

Prewitt 2.05 3.32 2.93 3.59 2.36 

Roberts 2.06 3.34 2.95 3.61 2.37 

LoG 2.06 3.34 2.96 3.62 2.38 

 

Table 2 shows the PSNR values of five 

edge detection algorithms for five test image 

data sets. The results show that the Sobel 

algorithm consistently performs best on all 

image data sets, with the highest PSNR value 

recorded in Image Data 4 at 3.76 dB, followed 

by values of 3.56 dB and 3.10 dB in Image Data 

2 and 3, respectively. This indicates that Sobel is 

able to produce edge maps that are closest to the 

original image structure, with relatively low 

noise. 

Meanwhile, the LoG and Roberts 

algorithms produce very similar performance, 

with consistent PSNR in the range of 2.06–3.62 

dB. LoG has a slight advantage in detecting 

smooth boundaries and reducing local noise due 

to the nature of the Gaussian operator, but it is 

not significantly superior to Roberts on this test 

data. The Prewitt algorithm showed intermediate 

performance, outperforming Canny on almost all 

datasets but still behind Sobel. This is consistent 

with Prewitt's similarity to Sobel but is less 

sensitive to sharp intensity changes.The Canny 

algorithm showed the lowest PSNR in this 

experiment, especially in Image Data 1 at 1.98 

dB and Image Data 5 at 2.28 dB. 

Based on the results of the Mean Squared 

Error (MSE) calculation described in Table III, 

the Sobel method consistently shows the best 

performance, with the lowest MSE value in all 

datasets, such as 27378.82 in Image Data 4 and 

Table 1. Edge Detection Results on Cardboard Packaging 
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28614.92 in Image Data 2. This shows that the 

Sobel method produces edge detection that is 

most similar to the reference image, so the 

quality of the results is numerically higher. In 

contrast, the Canny method produces the highest 

MSE values on almost all datasets, for example, 

41256.09 on Image Data 1 and 38495.60 on 

Image Data 5. This shows that although Canny 

is often used due to its accuracy in detecting fine 

edges, in terms of pixel match with the original 

image, its performance is less than optimal on 

this dataset. Other methods, such as Prewitt, 

Roberts, and LoG, show relatively similar 

intermediate performance. 

 

Table 3. MSE Results 

Algo 

rithm 

Image 

Data 1 

Image 

Data 2 

Image 

Data 3 

Image 

Data 4 

Image 

Data 5 

Canny 41256.09 31159.15 33720.56 29204.85 38495.60 

Sobel 38633.13 28614.92 31826.74 27378.82 36130.74 

Prewitt 40512.76 30246.37 33093.34 28467.22 37783.24 

Roberts 40453.52 30102.38 32940.27 28304.21 37648.97 

LoG 40485.07 30117.90 32870.79 28240.78 37614.15 

 

Table 4 shows the execution times (in 

seconds) of the five edge detection algorithms. 

Overall, the Canny algorithm recorded the 

fastest processing times, with the lowest time 

being 0.02 seconds on three of the five datasets 

(Image Data 1, 2, and 3), and only 0.03 seconds 

and 0.06 seconds on the other datasets. This 

gives Canny the edge in computational 

efficiency, despite previously being found to 

have the highest MSE values. Conversely, Sobel 

was the algorithm with the highest processing 

time, especially on Image Data 5, with a time 

reaching 0.51 seconds, significantly higher than 

the other methods. This high time was also 

recorded on Image Data 4 (0.20 seconds) and 

Image Data 1 (0.19 seconds), indicating that 

while Sobel excels in detection accuracy (MSE 

and PSNR), it is less efficient in terms of 

processing speed. This is in line with Sobel's 

nature of involving convolution in both 

directions (horizontal and vertical), which 

requires additional computational time. 

Meanwhile, the Prewitt and Roberts algorithms 

demonstrated the most stable and fastest 

processing performance after Canny, with times 

ranging from 0.05 to 0.07 seconds across all 

datasets. This stability makes them suitable for 

implementation in real-time detection systems 

with limited processing resources. LoG 

(Laplacian of Gaussian) displayed intermediate 

performance with times between 0.09 and 0.11 

seconds. 

 

Table 4. Processing Time Results 

Algo 

rithm 

Image 

Data 1 

Image 

Data 2 

Image 

Data 3 

Image 

Data 4 

Image 

Data 5 

Canny 0.02 0.02 0.02 0.03 0.06 

Sobel 0.19 0.11 0.13 0.20 0.51 

Prewitt 0.05 0.05 0.07 0.06 0.07 

Roberts 0.05 0.05 0.06 0.06 0.07 

LoG 0.09 0.09 0.09 0.10 0.11 

 

The results of the comparison of edge 

detection performance based on the PSNR, 

MSE, and Processing Time parameters of the 

five images are also shown in the graphs in 

Figures 7 to 9. Figure 7 presents a comparison 

graph of PSNR values across the entire image. 

The Sobel method produces the best image 

quality based on PSNR values. Canny and LoG 

also perform quite well, while Prewitt and 

Roberts produce lower quality. Overall, Sobel is 

the most effective edge detection method on the 

tested image data. 

 

 
Figure 7. PSNR Chart 

 

Figure 8 presents a comparison graph of 

the MSE values of the five edge detection 

methods. The Sobel method still performs best, 

producing the lowest error on most of the image 

data. A low MSE value indicates that the edge-

detected image is still close to the original image. 

Conversely, the Canny method tends to produce 

the highest error, especially on some image data. 

Other methods, such as Prewitt, Roberts, and 

LoG, produce fairly consistent results but still 

lag behind Sobel in terms of accuracy. 
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Figure 8. MSE Chart 

 

Based on the processing time test results 

in Figure 9, the Sobel method has the highest 

execution time on all images. In contrast, the 

Canny method shows the lowest processing time 

on almost all images. The Prewitt, Roberts, and 

LoG methods have relatively balanced 

processing times and are between Canny and 

Sobel. This indicates that Canny is more 

efficient in terms of speed, while Sobel requires 

a longer computational time.  

 

 
Figure 9. Processing Time Chart. 

 

CONCLUSION  

This study compares five edge detection 

algorithms: Canny, Sobel, Prewitt, Roberts, and 

LoG using three main evaluation metrics: PSNR, 

MSE, and processing time. The results show that 

the Sobel algorithm provides the best edge 

detection quality, with the highest PSNR and 

lowest MSE values. However, Sobel also has the 

longest processing time. Conversely, the Canny 

algorithm is the fastest but produces the lowest 

edge quality. The Prewitt and LoG algorithms 

provide a fairly balanced result between quality 

and speed, while Roberts shows moderate 

performance in all aspects. Thus, Sobel is 

suitable for applications requiring high accuracy, 

while Canny is more appropriate for real-time 

applications requiring high speed. 

Future work should validate these 

findings on a larger and more diverse dataset 

(different lighting conditions, backgrounds, 

viewing angles, and defect types) and, when 

possible, use ground-truth edge annotations to 

report task-oriented metrics such as precision, 

recall, and F1-score, in addition to PSNR, MSE, 

and runtime. Further research may also 

investigate parameter optimisation and noise-

robust preprocessing, explore hybrid 

combinations of classical detectors, and 

integrate the selected method into an end-to-end, 

real-time packaging defect inspection pipeline 

deployable on resource-constrained edge 

devices. 
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