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ABSTRACT

General elections are an agenda carried out to elect and determine leaders in each region. One of
the important stages in the general election process is the vote-counting stage. This study aims to implement
several digital image processing methods. Digital image processing plays an important role in the automatic
reading of ballot papers to increase the speed of the vote-counting process. In this study, the process of reading
ballot images was conducted to produce numerical data based on the coordinates of specific parts of the image.
Image processing was performed using GNU Octave software, which is simple yet effective in detecting votes
on ballot papers and converting them into numerical data based on centroid coordinates. This method has
advantages in terms of implementation simplicity and computational efficiency. The main stages of this study
include image conversion to grayscale, thresholding, black pixel detection, segmentation, centroid coordinate
detection of punched ballot marks, and conversion into numerical form. In this study, 47 ballot image samples
were used. The results of this study show that this method can achieve an accuracy rate of 78.7%.
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Introduction

The general election, held once every five years, is a form of the democratic process. One of the
important stages in an election is the voting stage, followed by converting the physical results into a record.
This stage requires a considerable amount of time due to several processes that must be carried out in
accordance with the recapitulation procedures by the election committee. Therefore, converting ballot paper
documents into digital image formats is proposed to automatically detect the vote counts for each candidate
pair. GNU Octave software is then used to detect vote counts on ballot images that have been converted into
digital form, with the aim of improving the efficiency of reading digital-based vote images and accelerating
computation time through the application of image processing techniques.

A previous study conducted by Emdud F. Agyemang et al., entitled "Baseline comparative analysis
and review of election forensics: Application to Ghana’s 2012 and 2020 presidential elections” (Heliyon,
2023), applied baseline screening methods such as Benford’s second-order test and Hartigan’s dip test to detect
anomalies in the distribution of vote counts at the aggregate results level in order to identify fraud or
irregularities [1].

Based on the research conducted by Joseph Redmon et al., "You Only Look Once: Unified, Real-Time
Object Detection”, the YOLO method was used to detect objects by mapping pixels directly to the location and
class of the object [2]. Meanwhile, in the study by Theron Ji et al., "An Analysis of Write-in Marks on Optical
Scan Ballots", image processing methods were used to detect vote counts based on handwritten candidate
names in designated areas, as well as filled circles or bubbles. The results showed that nearly half of the voters
did not fill in the bubble despite writing the candidate’s name, which meant that votes could potentially go
undetected by conventional systems [3].

Digital image processing is a field concerned with the manipulation of digital images using computers.
This field serves various purposes, including enhancing image quality or extracting information from images
[4], [5]. Common techniques in digital image processing include grayscale conversion, thresholding, black
pixel search algorithms, segmentation, object labeling, and data extraction and conversion.
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A grayscale image is a representation that uses only variations of gray intensity without color [6].

Each pixel in a grayscale image has an intensity ranging from black (0) to white (255) [7]. Grayscale images
are widely applied in various applications, one of which is digital image processing.
Thresholding is a technique for converting grayscale images into binary (black-and-white) images by setting a
threshold value: pixels with values above the threshold become white, while the rest are turned black. This
process produces an image that separates the object from the background, where the object is represented by
pixels with a value of 1 (white) and the background by pixels with a value of 0 (black) [7]. Thresholding is
also a method for converting grayscale images into binary images [8].

In this process, each pixel can be accessed using row and column indices, allowing iteration to easily
search for black pixel values. The black pixel search is used to detect the starting or ending boundary of an
object in the image. This search is performed using a linear search algorithm—a method that does not require
sorted data, examining each element one by one until the desired value is found. The algorithm stops when a
pixel with a value of zero (0) is found and is then automatically stored [9], [10], [11].

Image segmentation is the process of dividing an image into smaller parts (segments), each consisting of
pixels with similar characteristics [12], [13]. Image labeling is the process of assigning labels (annotations) to
pixels in an image to mark specific different regions [12], [14]. During the labeling stage, centroid detection is
performed to find the central point of each group, making it easier to assign labels to the detected centroids.

Feature extraction is the process of retrieving important information from an image, such as shape,
texture, size, position, and spatial relationships between objects. This process is useful for further analysis,
such as classification or object recognition, and also helps to simplify the data without losing important
information. [4], [15], [16].

Image data conversion aims to adjust the data format to suit the requirements of subsequent processing
steps [17]. In this study, numeric arrays conversion to strings and strings conversion to numbers [18].
Converting a numerical array to a string is the process of transforming an array containing numbers into a
string from to facilitate data manipulation [19]. Converting a string to a number involves transforming data in
string from into a numeric representation, so that it can be used in mathematical operations [20].

Accuracy is a measure of the correctness of an observation, measurement, or prediction compared to the
actual value. The accuracy value can be calculated using the formula [21]:

ACCURACY = (231, 5;) x 100% (1)

1
n

The percentage error value can be calculated using the formula:
ERROR RATE = (3 1L,(1 — §)) x 100% Q)
With description:

e n: the total number of data points or predictions.

e  Ji: the correctness indicator of the iii-th prediction, defined as:

5i = { 1,if the i — th prediction is correct

0,if the i — th prediction is incorrect

In this article, ballot images are processed to generate numerical data based on the coordinates of
specific regions within the image. Thresholding techniques and search algorithms are used to determine the
vote coordinates based on the position of the punched marks. In this study, 47 sample ballot images were used
to perform automatic ballot reading.

Research Methods

In this study, a digital image processing approach is used to detect valid votes on ballot images. The stages of
the research are as follows:

1. Image Pre-processing
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Before the image is processed using the Octave application, it is first converted into a digital format
(such as JPG, PNG, and so on). All images are converted to the same format to facilitate the image reading
process. Next, the image package in GNU Octave is activated to provide image processing functions, after
which the image is read using the imread function, which loads the pixel data in matrix form for further

processing.

Picture 1. Original Image

Picture 2. The Original image is problematic
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Picture 3. The Original Image ia Problematic

2. Grayscale Image and Thresholding

The RGB image is converted to a grayscale image using the rgb2gray function, which transforms
the three-dimensional color representation into a two-dimensional format that represents only variations in gray
intensity. This conversion allows subsequent processes to be performed more quickly. Next, thresholding is
applied to convert the grayscale image into a binary (black-and-white) image, in order to separate the objects
from the background in the ballot image. The threshold value used in this study is 100, determined after several
trials to ensure the consistency of the thresholding results. After this process, an initial image cropping is
performed by removing specific portions of rows and columns (such as margins or empty areas) to eliminate
irrelevant parts, based on test results from several image samples.

Picture 4. Grayscale Image Results
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Picture 5. Thresholding Results
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Picture 6. Initial Cropping

3. Black Pixel Search Algorithm

The binary image that has undergone the initial cropping process is then subjected to black pixel
detection using a linear search algorithm on the two-dimensional binary image (black and white). This process
involves examining each element (pixel) one by one, starting from the bottom-right coordinate and moving
toward the top-left, until a black pixel with a value of 0 is found. Once the black pixel is detected, a second
cropping is performed, retaining only the portion of the image containing the main object for the subsequent

image processing stages.
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Picture 7. Second Cropping

4. Image Segmentation and Labeling

Segmentation at this stage aims to locate the coordinates of the numerical markers by detecting black
pixel values (0). This is done by extracting all rows at column position (last — 10) from the binary image
obtained after the second cropping process. The di f f function is then used to find the difference in coordinates
between black pixels (0) along these rows. If a significant gap between rows is detected, it is assumed that
there is a separation between groups. This separation is carried out using the find (diff idx > 1)
function, which produces the start and end positions of each group. Since the ballot contains two candidate
pairs (paslon), the data is divided into two groups: group 1-10 representing candidate pair 1, and group 11 to
the end representing candidate pair 2.

After segmentation, labeling is performed, in which labels are assigned to the centroids of the detected
objects. Labeling begins by determining the centroid matrix indices based on the following criteria:

1. img: binary image (0 = black, 1 = white)

2. min_area: the minimum pixel count for a group to be considered valid, set to 80 pixels based on tests
with several image samples. This avoids detecting small noise while still identifying valid centroids.

3. start and end: boundary coordinates (x or y) to determine whether a centroid falls within the assumed
valid range.

Detected centroids are then labeled using the bwlabel function. The regionprops function is used
to obtain the properties of each connected region. To display the results, the hold on function is applied so
that new elements can be added without removing the existing ones. An array is created to store the centroid
data. Each labeled region is examined in a loop, and a centroid is mapped if its area is greater than or equal to
min_area. If the centroid lies within the defined range, it is stored and displayed using a red asterisk (' *").
Finally, the hold on function is closed with hold off.

203



SITEKIN: Jurnal Sains, Teknologi dan Industri, Vol. 23, No. 1, December 2025, pp.198 - 208
ISSN 2407-0939 print/ISSN 2721-2041 online

(SSERNARYY!

P

l@@@@@

1

@l
3
»

4
4

Picture 8. Detection Results

5. Data Extraction and Conversion

In this stage, object detection is performed on the image obtained from the second cropping process
by using the minimum pixel count within the area from the start point to the end point to limit the detection
region. The result is the centroid coordinates of each recognized object. The purpose of this step is to ensure
that only relevant areas are processed.

The obtained centroids are then sorted based on their x-axis coordinates using the sortrows
function so that the positions of the centroids can be identified from left to right according to the ballot layout.
Once sorted, the centroids are divided into two groups—centroid 1 and centroid 2—corresponding to the
number of candidate pairs (paslon) in the ballot image.

Next, an empty array is created to store the final results in the form of group numbers. Each centroid
is grouped based on its y-coordinate, aligning each centroid with the nearest group, namely akhirl or
akhir2. The centroids are then sorted into a numerical array representing the sequential vote counts.

Following this, a data conversion process is carried out. The numerical array is converted into a string
using the sprintf function. The string value is then converted into a numeric form using the str2num
function to facilitate the counting process. To display the final result, the fprintf function is used.

Below is the resulting numerical array along with the final output from this process:

]
>> hasill

hasill =

0 3 5
>> hasil2
hasil2 =

3 8 8

>>

Picture 9. Numerical Arrays
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Picture 10. Final Result in Numerical Form

Results and Discussion

In this study, experiments were conducted on 47 sample images. The testing was carried out through
an iterative looping process on all images, where each image had been processed using the methods described

previously. Each image was processed automatically to obtain the vote results from each ballot image.

This study employed a digital image processing approach, which included converting the image to
grayscale, applying thresholding to obtain a binary image, cropping relevant parts of the image, and detecting
the centroids of black objects that represent numbers.

Below are the ballot reading results from several ballot images:

Table 1. Multiple Image Detection Results of Ballot Papers

Image No Candidate Pair Candidate Pair Information
Results 1 Results 2

1 28 385 Valid

2 38 3979 Image Problem
3 35 388 Valid

4 15 352 Valid

5 6 415 Valid

6 5 450 Valid

7 17 464 Valid

8 30 399 Valid

9 38 441 Valid

10 - - Image Problem
11 22 369 Valid

12 20 362 Valid

13 35 352 Valid

14 132 473 Invalid

15 36 331 Valid

16 110 270 Valid

17 39 362 Valid

18 30 3702 Image Problem
19 5 247 Valid

20 24 408 Valid
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21 - - Invalid
22 24 367 Valid
23 24 338 Valid
24 32 378 Valid
25 36 383 Valid
26 64 339 Valid
27 35 319 Valid
28 17 320 Valid
29 31 - Invalid
30 15 433 Valid
31 45 445 Invalid
32 5 333 Valid
33 - - Image Problem
34 15 355 Valid
35 30 252 Valid
36 177 294 Valid
37 220 288 Valid
38 339 381 Image Problem
39 263 249 Valid
40 121 364 Valid
41 104 302 Valid
42 84 269 Valid
43 84 418 Valid
44 60 412 Valid
45 33 419 Valid
46 40 4141 Invalid
47 25 409 Valid

The reading results for the ballot images are shown in Table 1. Out of a total of 47 images, most were
successfully processed, achieving an overall accuracy of 78.7% and an overall error rate of 21.2%. However,
several images failed in the centroid detection process. This was caused by several factors, such as uneven
lighting intensity in the image, tilted images, ballots with more than three markings for one candidate pair, and
ballots without any markings. These conditions led to certain images being analyzed inaccurately.

Table 2. Confusion Matrix from the Ballot Image Detection Results Table

Actual \ Predicted Valid Invalid Image Problem

Valid 37 0 0
Invalid 0 5 0
Image Problem 0 0 5
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This confusion matrix was generated from the ballot image detection results table with three
categories: Valid, Invalid, and Image Problem, based on the comparison between the ground-truth labels and
the system’s classification results. The accuracy rate of 78.7% was obtained from the overall success rate of
the system in reading ballot images. However, not all images classified as valid had their numerical vote counts
correctly read. The remaining 21.2% represents errors caused by failures during the reading or data processing
stages.

The labeling and centroid extraction process in GNU Octave was able to detect the selected objects
accurately, provided that the minimum area parameter was appropriately chosen. In this study, a minimum area
of 80 pixels was considered suitable to avoid detecting noise or small irrelevant objects.

The row segmentation process based on the position of black pixels provided sufficient results to separate the
vote groups for the first and second candidate pairs. The extraction and data conversion process proved useful
for displaying the results of ballot readings that had been labeled for valid votes.

However, this study identified several issues that need to be noted:

Problematic images caused centroids to be undetected, resulting in inaccurate outcomes.

The fixed threshold value (100) for binary conversion was sometimes unsuitable for all images, especially
when there were differences in lighting conditions.

Dependence on object position, since cropping was based on the last black pixel at the bottom-right
corner; if the number position differed, parts could be cropped out or go undetected.

Conclusion

This study demonstrates that digital image processing techniques can be utilized to automatically read
and convert data from ballot images into numerical information. The process was carried out in GNU Octave
through several stages, namely grayscale conversion, thresholding, segmentation, object labeling, centroid
detection, as well as data extraction and conversion. Based on the 47 sample images tested, this approach was
able to achieve an accuracy rate of 78.7%.

However, several challenges remain, such as poor image quality, misalignment of object positions,
limitations of using a fixed threshold value in thresholding, and the presence of some ballot images without
valid vote markings, all of which affect the success of centroid detection.

Future research is expected to improve the accuracy achieved in this study by implementing gradient-
based methods for skewed images to obtain better detection results. Improvements to certain parts of the code,
such as the application of adaptive thresholding to address variations in lighting, are also recommended. With
these enhancements, the method can be further optimized to become more efficient and applicable in real-
world implementations.
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