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  ABSTRACT  

  The high costs associated with specialized scanning devices for 
computer-based answer sheets (LJK) present significant 
barriers for educational institutions, especially those in 
underfunded or rural areas. This research introduces an 
application utilizing the Canny edge detection algorithm to 
process and evaluate LJK responses efficiently and accurately. 
The proposed system employs advanced image processing 
techniques to detect marked answers and automate scoring 
based on a pre-configured answer key, significantly reducing 
manual errors. Python programming was used to develop the 
application, leveraging its robust libraries and flexibility. The 
system demonstrated reliable edge detection and efficient 
response evaluation in various testing scenarios. This 
approach provides a scalable and cost-effective alternative to 
manual grading systems or expensive scanning devices, 
potentially transforming how assessments are handled in 
educational institutions.  
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INTRODUCTION 
The assessment of student performance often involves exams using Computer Answer 
Sheets (LJK). These tools facilitate the processing of multiple-choice tests but require 
specialized scanning devices, which are costly and inaccessible for many schools. 
According to Rifandi [1], evaluating learning outcomes through such tools can 
significantly enhance the efficiency of the assessment process. However, the manual 
correction of LJK is still prevalent in many institutions, often leading to errors and 
inefficiencies. 
With the advent of digital image processing, algorithms like Canny Edge Detection 
offer an affordable solution for analyzing scanned LJK images. Canny's algorithm, 
introduced in 1986, is recognized as one of the most effective edge detection 
techniques, offering minimal error rates, precise localization, and efficient 
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performance [2]. This makes it particularly suitable for processing complex patterns, 
such as those found on LJK. 
 
This research seeks to leverage the Canny algorithm to automate the grading process 
of LJK, reducing costs while improving accuracy and efficiency. By converting scanned 
LJK images into edge-detected outputs, the system identifies marked answers and 
compares them against a pre-configured answer key. The approach not only 
eliminates the need for costly scanners but also ensures scalability across different 
educational settings. 
This paper aims to design and implement an application capable of detecting student 
responses on LJK using standard scanning devices and the Canny algorithm. Such a 
solution provides a streamlined and cost-effective alternative for educational 
institutions, especially those with limited resources. The implementation aligns with 
prior studies, such as those by Munantri et al. [3] and Triyana [4], which demonstrated 
the feasibility of image processing techniques in educational assessments. 
 
METHODS 
This study adopts a waterfall methodology, which is a systematic approach 
characterized by a sequential progression through distinct phases: planning, design, 
implementation, testing, and evaluation. The methodology ensures each stage is 
completed before the next begins, facilitating a clear and organized development 
process. This structured approach aligns well with the needs of this research, which 
involves both software development and iterative testing to ensure accuracy in LJK 
processing. 
 
Tools and Materials 
The tools and materials employed in this study are categorized as follows: 
Hardware: The primary hardware includes an Acer Aspire E14 laptop equipped with 
an Intel processor and 4GB RAM, sufficient for running Python-based image 
processing tasks, and an HP Scanjet N6350 scanner for acquiring high-resolution 
digital images of the LJK forms. 
Software: Key software tools include the Python programming environment, 
leveraging libraries such as OpenCV for image processing, NumPy for numerical 
computations, and Matplotlib for visualization. The system operates on Windows 10, 
providing compatibility with the hardware and software tools. 
Materials: Standardized LJK forms, pre-configured answer keys, and writing utensils 
were utilized to simulate real-world test scenarios. These materials were essential for 
ensuring the system’s accuracy and relevance in practical applications. 
 
Workflow 
The development of the application followed a series of well-defined steps, as outlined 
below: 
Image Acquisition: LJK forms were scanned using the HP Scanjet N6350 scanner, 
ensuring consistent resolution and alignment for all samples. The scanned images 
were stored in JPEG format to maintain quality while minimizing file size. 
1. Preprocessing: To enhance processing accuracy, the RGB images were converted 

to grayscale, reducing computational complexity by eliminating color 
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information. Additionally, Gaussian filtering was applied to minimize noise and 
smooth the images before edge detection. 

2. Edge Detection: The Canny algorithm was implemented to detect edges on the 
grayscale images. This process involved calculating gradients, applying non-
maximum suppression to refine edge localization, and using double thresholding 
and hysteresis to produce a binary edge map. 

3. Answer Comparison: Detected responses were compared to the pre-configured 
answer key. This step involved mapping the edge-detected marks to predefined 
answer regions on the LJK form, ensuring accurate detection of student responses. 

4. Scoring: The system calculated scores by tallying correct responses based on the 
answer key. This process was automated to eliminate manual errors and provide 
immediate results. Scoring outputs were displayed as individual scores per 
student and aggregate results for all test participants.  

 

 
 

Figure 1. Flowchart Canny Process 
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RESULTS AND DISCUSSION 
This study successfully developed a digital image processing application that uses the 
Canny Algorithm to detect answers on Computer Answer Sheets (Lembar Jawaban 
Komputer, LJK). The implementation process, results, and key findings are presented 
as follows: 
1. Process of Edge Detection Using the Canny Algorithm. The edge detection process 

comprised several sequential steps to ensure high accuracy in detecting the edges 
of LJK responses. 

2. Input RGB Image. The first step involved taking a digital RGB image of an LJK as 
the input. The sample image used was 8x8 pixels, with color intensities ranging 
between 0 and 255. The transformation from RGB to grayscale was carried out to 
simplify the computational process. Grayscale conversion reduced the image 
depth while maintaining the essential intensity information needed for edge 
detection. 

 
Figure 2. Sample Matrix 

 
3. Gaussian Filtering. To minimize noise and achieve a smoother image, Gaussian 

filtering was applied. This step involved convolution between the input image and 
a Gaussian mask, which helps blur unnecessary details while preserving 
significant structural edges. The resulting smoothed image prepared the data for 
accurate gradient calculations. The filtered image retained the intensity values 
relevant for subsequent processing steps. 
 

 
 

Figure 3. Gaussian Filter 

 
Gaussian Mask applied for smoothing and noise reduction. Gradient Calculation. This 
step is crucial in identifying potential edge pixels based on intensity changes in the 
image. 
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Figure 4. Gradient Calculation 

 
Matrices representing and gradients from Sobel convolution. Hysteresis Thresholding. 
To refine the edge detection process, hysteresis was applied. Two thresholds—upper 
and lower ensured that only significant edges were preserved while weak edges were 
discarded. This step also connected broken edges, producing a more cohesive edge 
map. Final edge detection result showing clearly identified response areas. Output 
after applying hysteresis: 
 

 
Figure 5. Edge Detection Output 

 
4. Scoring and Results. The detected edges were matched with the predefined 

answer key to score the responses. Correct responses were scored as 1, while 
incorrect or missing responses were scored as 0. The application calculated the 
total score for each LJK and automatically generated detailed reports.  
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Figure 6. LJK Example 

 
5. Key Observations from Scoring Process: The application processed multiple LJKs 

with a consistent level of accuracy. Scores and corresponding reports were 
generated automatically, minimizing manual intervention. Sample scanned LJK 
output: 

 

 
 

Figure 7. Processed LJK Output 

 
The study successfully demonstrated the practical implementation of the Canny 
Algorithm for detecting answers on LJK sheets. Several key points and observations 
are discussed below: 
1. Accuracy of the Canny Algorithm. The Canny Algorithm proved to be highly 

reliable in detecting edges with minimal error. Its ability to localize edges 
accurately and handle noise effectively was evident from the smooth and 
uninterrupted edges in the final processed images. 

2. Comparison with Other Methods. Compared to other edge detection methods 
such as Sobel, Prewitt, or Robert, the Canny Algorithm provided several 
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advantages: Noise Reduction: The Gaussian filtering step significantly reduced 
image noise before edge detection, enhancing accuracy. Edge Localization: The 
algorithm's multi-step approach, including non-maximum suppression and 
hysteresis, ensured sharper and more defined edges. Error Minimization: The 
algorithm avoided detecting false edges, a common limitation in simpler methods 
like Sobel or Prewitt. 

3. Challenges Encountered. While the results were promising, some challenges were 
observed: Dependence on Input Quality: Poorly scanned LJKs with faint or 
incomplete markings occasionally led to misdetections. This highlights the 
importance of using high-quality scanners or improving preprocessing steps. 
Threshold Sensitivity: The selection of hysteresis thresholds and required careful 
tuning to balance between detecting valid edges and minimizing noise. 

4. Improvements and Future Directions. To enhance the application further, the 
following improvements are recommended: Advanced Preprocessing: 
Implementing techniques such as adaptive histogram equalization or 
morphological operations could improve the detection of faint markings. Robust 
Thresholding: Using adaptive or machine-learning-based thresholding could 
optimize the hysteresis step for varied input conditions. Scalability: Expanding the 
application to process larger batches of LJKs simultaneously could increase its 
utility in large-scale assessments. 

5. Practical Implications. This study offers several practical benefits: Cost-
Effectiveness: By using standard scanning devices and Python-based image 
processing, the application eliminates the need for expensive LJK scanning 
hardware. Automation: The application automates the grading process, reducing 
the time and effort required by educators. Scalability: The developed system can 
be scaled to process LJKs for large institutions, making it suitable for broader 
educational use. 

6. Broader Impact. The application has the potential to transform how educational 
institutions conduct assessments by making grading faster, more accurate, and 
less resource-intensive. This is especially beneficial for schools with limited 
budgets, as they can now achieve the same level of efficiency as institutions with 
specialized equipment. 

 
CONCLUSION  
In conclusion, the application designed for processing digital images using the Canny 
method effectively detects and inspects Optical Mark Recognition (OMR) answer 
sheets. The Canny method excels in performing edge detection on OMR patterns, 
ensuring accurate identification of the selected answers. The detection process 
highlights only the correct answer choices, while any discrepancies, such as multiple 
selections or incomplete marks, are indicated by crossed-out choices or over-inking. 
Furthermore, the application incorporates a database menu to store both student 
responses and answer keys, providing efficient data management. Experimental tests 
demonstrate that this system is reliable and proficient in detecting answers and 
correcting OMR sheets, making it a viable tool for automated answer sheet analysis. 
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