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ARTICLE INFORMATION ABSTRACT

Video is one of the multimedia data formats whose use continues to grow across
fields such as education, entertainment, and digital communication, a trend that has
increased the demand for storage capacity and bandwidth. A video is composed of a
large collection of frames containing substantial amounts of pixel data, which results
in comparatively large file sizes. This condition calls for a compression method
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KEYWORDS capable of reducing file size without significantly degrading visual quality. This

study implements the Discrete Sine Transform (DST) algorithm in the video file
Video Compression; Discrete Sine Transform compression process and analyzes its effect on file size and video quality. DST is
(DST); Video Frame; Frequency Domain; applied to transform data from the spatial domain into the frequency domain so that
PSNR data redundancy can be reduced while important information is retained. The

compression procedure divides each video into a series of frames and applies the
DST transformation to optimize data efficiency. Testing was carried out on video
files in MP4 and AVI formats, with compressed video quality evaluated using the
Peak Signal to Noise Ratio (PSNR) parameter and compression efficiency measured
by comparing file sizes before and after compression. The results show that the DST
method is able to reduce video file size while maintaining visual quality. The AVI
format achieved an average compression efficiency of 44.96%, while the MP4 format
achieved 28.76%. In addition, the PSNR values for all tested videos remained above
37 dB, indicating that the compressed video quality can still be classified as good.
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INTRODUCTION

Video is one of the most widely used forms of multimedia data, composed of a sequence of static frames displayed in
rapid succession to produce the perception of continuous motion. Because each frame carries a large volume of pixel data,
video files tend to be large, particularly for content with high resolution or long duration. Large video file sizes pose a
persistent challenge for storage and transmission, since substantial memory capacity and bandwidth are required to handle
them. As the volume of video data continues to grow, the need for solutions that reduce file size without significantly
compromising video quality becomes increasingly important [1].

One widely applied solution to this problem is video compression. Video compression aims to reduce data redundancy
so that file size can be decreased without discarding the essential information contained in the video, thereby making
storage and distribution more efficient [2]. A common approach in video compression relies on mathematical
transformation, which converts data from the spatial domain into the frequency domain. This approach allows important
information to be preserved while less significant data is reduced, making the compression process more effective[3].
The Discrete Sine Transform (DST) is one such transformation method that can be applied to video compression. DST
represents data in the frequency domain, which allows the size of the data to be reduced. Building on this principle, the
present study implements the DST method for video compression using Python, with the aim of examining its capability
to reduce file size without significantly degrading video quality[4].
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Based on this background, the research problem addressed in this study concerns how the DST algorithm operates within
the video compression process and what results it produces when applied to video files[5]. Accordingly, this study aims
to describe the working mechanism of the DST algorithm in video compression and to examine the outcomes obtained
when DST is applied for that purpose. The scope of this study is limited to video files in MP4 and AVI formats, with the
compression process focused specifically on applying the DST algorithm at the frame level. The system was implemented
in Python using OpenCV for video processing, NumPy for numerical operations, SciPy for the DST transformation,
PyQt5 for the application interface, Matplotlib for visualizing test results, and FFmpeg for video encoding. Evaluation of
the compression results is based on file size, compression ratio, processing time, and the Peak Signal-to-Noise Ratio
(PSNR). Audio compression is outside the scope of this study, which concentrates solely on video data.

METHOD

This research was carried out entirely on a personal computing environment rather than at a fixed physical research site;
all stages, from data collection to system design, implementation, and testing, were conducted digitally. The study can be
classified as a laboratory-based simulation, as the entire research process was conducted within a controlled Python
development environment.

Tools and Materials

The hardware used in this study consisted of a laptop or computer with an Intel Core i5 or AMD Ryzen 5 processor, 8 GB of RAM, at
least 256 GB of storage, and the Windows 10 operating system. The software environment was built around the Python programming
language, supported by several libraries: OpenCV-Python for reading and processing video files, NumPy for matrix operations, SciPy
for executing the DST transformation, PyQt5 for building the desktop application interface, Matplotlib for visualizing test results, the
subprocess module for invoking FFmpeg from within Python, and the os and time modules for file management and processing-time
measurement. FFmpeg itself was used for encoding and saving the compressed video output. The materials used in this research
consisted of video files in MP4 and AVI formats, the resulting compressed videos, and supporting scientific literature on video
compression and the DST algorithm.

Data Collection Technique

Data collection in this study combined three complementary techniques. A literature study was conducted by reviewing scientific
journals, books, articles, and previous research related to video compression, digital image processing, the DST algorithm, and PSNR-
based quality testing. An experimental procedure was then carried out by directly testing the developed compression system on several
video files with varying formats and resolutions, in order to assess the system's compression capability. Finally, documentation was
performed by recording the test results, including file sizes before and after compression, processing time, and PSNR values obtained
throughout the study.

System Development Method

System development followed the Waterfall method, a sequential model in which each stage, from requirements analysis through to
evaluation, is completed before the next stage begins. This method was chosen because it allows the development of the video
compression application to proceed in a systematic and well-structured manner. The stages applied in this study consisted of
requirements analysis, system design, system implementation, system testing, and system evaluation.

System Requirements

Functional requirements define the core operations that the system must be able to perform, while non-functional requirements relate
to the overall quality and performance of the system. Table 1 and Table 2 summarize the functional and non-functional requirements
identified for this study.

Table 1. Functional Requirements

ID Functional Requirement
F-01 The system is able to read a video file.
F-02 The system is able to extract video frames.
F-03 The system is able to perform the DST transformation.
F-04 The system is able to perform thresholding.
F-05 The system is able to reconstruct video frames.
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F-06 The system is able to save the compressed video.
F-07 The system is able to compute the PSNR value.

Table 2. Non-Functional Requirements
ID Non-Functional Requirement
NF-01 The system runs on Windows 10.
NF-02 A minimum of 8 GB of RAM is required.

NF-03 The system provides an easy-to-use interface.
NF-04 The system is able to process MP4 and AVI video files.
NF-05 The system runs stably throughout the compression process.

System Design

System design describes the overall workflow of the video compression process, from the initial video input to the production of the
compressed video output. The DST-based compression workflow proceeds through the following stages: the process begins when a
video file is provided as input; the system reads the video using OpenCV; the video is decomposed into individual image frames; each
frame undergoes DST transformation to convert its data from the spatial domain into the frequency domain; thresholding is applied to
the resulting frequency coefficients to remove those considered less significant; an inverse DST is then applied to restore the
transformed coefficients to frame form; the processed frames are reassembled into a video and encoded using FFmpeg; the PSNR value
is computed to assess the quality of the compressed video relative to the original; and the compressed video is then displayed and saved
to the application's output folder.

Data handled within the system can be grouped into three categories. Input data consists of video files in MP4 and AVI format, captured
at resolutions of 720p and 1080p. Process data includes compression parameters such as block size, DST threshold, frame data, video
metadata, and the FFmpeg encoding step. Output data includes the compressed video file, the percentage reduction in file size, the
compression processing time, the metadata of the compressed video (format, resolution, duration, and file size), and the PSNR value.

Application Interface and Algorithm Implementation

The application interface was designed around a single main view containing all of the compression system's features, including video
input, compression parameter settings, the compression process itself, a preview of both the original and compressed video, the
compression results, video quality metrics, a comparison of file sizes, and a system log. The main interface allows the user to select a
video file, view its information, configure compression parameters such as block size, DST threshold, and the MP4 CRF value, and
run the compression process; it also displays a preview of the original frame alongside the compressed result. A second view presents
the compression outcome and system log, showing the file size before and after compression, the compression ratio, the PSNR value,
the processing time, and a running log of the compression steps as they occur; from this view, the user can also open the output folder
and retrieve the compressed video.

The DST algorithm implementation in this study follows nine sequential stages: reading the input video using OpenCV; extracting the
video into individual image frames; converting each frame to grayscale to simplify computation; dividing each frame into smaller
blocks to optimize the DST transformation; applying the DST transformation to convert frame data from the spatial domain to the
frequency domain; thresholding the resulting DST coefficients to remove those considered less significant; applying the inverse DST
to restore the transformed data to frame form; reconstructing the processed frames into a complete video; and encoding the resulting
video using FFmpeg. The DST transformation itself was carried out using the SciPy library, while frame reading was handled through
OpenCV.

RESULTS AND DISCUSSION

This section presents the results of implementing the DST algorithm for video file compression, along with an analysis of the resulting
system performance. The system was implemented in Python with the support of OpenCV for reading video and extracting frames,
SciPy for the DST transformation, PyQt5 for the application interface, Matplotlib for visualization, and FFmpeg for encoding the
compressed video output. The compression procedure followed a frame-based approach: each input video was decomposed into a
sequence of frames, and each frame was processed using the DST transformation to convert its data from the spatial domain into the
frequency domain. Following transformation, selected coefficients were reduced through thresholding to decrease data size, after which
an inverse DST restored the frames before they were reassembled into the compressed output video. Testing was conducted on eight
video files, comprising four videos in MP4 format and four in AVI format, in order to compare compression performance across the
two formats. The parameters observed during testing included file size before and after compression, the percentage reduction in file
size, processing time, and the PSNR value.
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System Implementation

The compression application was implemented on a computer running the Windows operating system, using Python as the primary
programming language. The software environment included OpenCV for reading and processing video, NumPy for matrix operations
on video frames, SciPy for executing the DST transformation, PyQt5 for building the desktop application interface, Matplotlib for
visualizing file-size comparisons, and FFmpeg for encoding the compressed output. On the hardware side, the system was run on a
laptop or computer whose specifications were sufficient for video processing, although hardware capability can influence processing
time, particularly for high-resolution or long-duration videos.

The compression workflow itself proceeds from video input, through frame reading, DST transformation, thresholding, inverse DST,
encoding, and finally to saving the compressed video. The application accepts a video file through a browse function, after which it
reads and displays the video's file name, resolution, duration, frame rate, and file size so that the user can review the video's
characteristics prior to compression. Once the compression parameters, including block size, DST threshold, and the MP4 CRF value,
have been set, the system runs the compression process; for AV videos, a bitrate setting is used instead to prevent the output file size
from increasing. During processing, the system displays a progress bar and a running log, and upon completion presents the original
file size, the resulting file size, the compression ratio, the percentage size reduction, the PSNR value, the processing time, and a
comparison chart of file sizes.

The system accepts video files in MP4, AVI, MKV, and MOV formats, although testing in this study was limited to MP4 and AVIin
line with the research scope. After a file is selected, the system reads its metadata using OpenCV, including file name, resolution,
duration, frame rate, and file size, which confirms that the video can be read by the system before compression begins. Once a video
has been loaded, the user can configure the block size and DST threshold parameters, which respectively determine how each frame is
divided into smaller segments and the coefficient cutoff value applied during thresholding. Each frame is converted into an appropriate
color space before the DST transformation is applied to its components, followed by thresholding to remove small frequency
coefficients and an inverse DST to restore the frame. Once all frames have been processed, they are reassembled into a video, and
FFmpeg performs the final encoding step.

After compression, the system computes the resulting file size and compares it against the original file size to obtain the compression
ratio, alongside the PSNR value, which indicates the quality of the compressed video relative to the original. The output includes the
original file size, the compressed file size, the compression ratio, the percentage size reduction, the number of frames processed, the
PSNR value, and the processing time, all presented in both numerical and graphical form. The compressed video file is automatically
saved to an output folder, retaining the format of the original input. A video supplied in MP4 format is compressed to MP4, while a
video supplied in AVI format is compressed to AVI, ensuring that the comparison between the two formats remains consistent with
the research design. Each output file name includes the suffix “hasil_dst” to indicate that it was produced through the DST-based
compression process.

System Testing

System testing was conducted to evaluate the application's ability to compress video using the DST method, focusing on file size before
and after compression, the percentage size reduction, the PSNR value, and processing time. The test data consisted of eight videos,
comprising four in MP4 format and four in AVI format, captured at resolutions of 720p and 1080p to provide variation in the test
results. Table 4 lists the videos used in testing.

Table 4. Test Video Data

No. Video Name Format
1 Video 1 MP4
2 Video 2 MP4
3 Video 3 MP4
4 Video 4 MP4
5 Video 1 AVI
6 Video 2 AVI
7 Video 3 AVI
8 Video 4 AVI

Testing was performed by loading each video file into the DST-based compression application. The system read each video using
OpenCV and decomposed it into image frames, after which each frame was processed using the DST transformation to convert the
video data into the frequency domain. Thresholding was then applied to reduce frequency coefficients considered less significant,
followed by an inverse DST to reconstruct the frames before they were reassembled into a video using FFmpeg. Test results were
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obtained by comparing file size before and after compression and by computing the PSNR value to assess compressed video quality; a
smaller resulting file size combined with a higher PSNR value was taken to indicate a more favorable compression outcome.

The testing parameters used in this study consisted of file size before compression, file size after compression, compression ratio,
processing time, and PSNR. The compression ratio, expressed as a percentage, was calculated using the following formula:

Compression Ratio = ((Original Size — Resulting Size) / Original Size) x 100% 1)

where Original Size denotes the file size before compression and Resulting Size denotes the file size after compression. A positive
compression ratio indicates a successful reduction in file size, with larger values corresponding to greater size reduction.

All eight test videos were processed using identical compression parameters to ensure an objective comparison: a block size of 16, a
DST threshold of 10, a CRF value of 28 for MP4 video, and a bitrate of 300k for AV video, with PSNR used as the quality parameter
throughout. The results were recorded in tabular form and visualized graphically to facilitate comparison.

Compression Test Results

Table 5 presents the file size reduction results obtained from testing the eight videos.

Table 5. Compression Test Results for Eight Videos

No. Video Format Size Before (MB) Size After (MB) Reduction (%)
1 AVI_1 AVI 4.76 241 49.36
2 AVI 2 AVI 3.81 2.18 42.78
3 AVI_3 AVI 3.23 1.86 42.41
4 AVI_ 4 AVI 2.40 1.32 45.00
5 MP4_1 MP4 3.47 2.59 25.36
6 MP4_2 MP4 3.01 2.22 26.24
7 MP4_3 MP4 2.97 2.01 32.32
8 MP4_4 MP4 2.81 1.94 30.96

The results in Table 5 show that all eight videos experienced a reduction in file size after compression, regardless of format. Videos in
AVI format exhibited a higher degree of size reduction than those in MP4 format: the AVI videos showed reductions ranging from
42.41% to 49.36%, while the MP4 videos ranged from 25.36% to 32.32%. These results indicate that the DST-based compression
method is effective for both formats tested. This difference in compression performance can be attributed to the inherent characteristics
of each video format. AVI files typically have a larger initial size and a lower degree of built-in compression, which leaves more room
for size reduction. MP4 files, by contrast, already incorporate relatively efficient compression techniques, which limits the additional
reduction that can be achieved. Consequently, while the DST method was able to compress both formats, it produced more favorable
results for AVI than for MP4.

PSNR and Processing Time Results

In addition to file size and compression ratio, the testing also examined PSNR and processing time, the results of which are summarized
in Table 6.

Table 6. PSNR and Processing Time Results

No. Video Format PSNR (dB)  Processing Time (s)
1 AVI_1 AVI 38.37 96.30
2 AVI_2 AVI 38.46 74.17
3 AVI_3 AVI 37.95 74.13
4 AVI_4 AVI 39.45 78.15
5 MP4_1 MP4 38.74 101.59
6 MP4_2 MP4 38.01 87.33
7 MP4_3 MP4 39.74 86.86
8 MP4_4 MP4 39.44 84.15

As shown in Table 5, the PSNR values obtained across all compressed videos ranged from 37.95 dB to 39.74 dB, indicating that
compressed video quality was well preserved relative to the original, with no substantial perceptual difference. For AV1 videos, PSNR
values ranged from 37.95 dB to 39.45 dB, with processing times between 74.13 and 96.30 seconds; for MP4 videos, PSNR values
ranged from 38.01 dB to 39.74 dB, with processing times between 84.15 and 101.59 seconds. These results indicate that both formats
were able to maintain a good level of compressed video quality. Processing time varied across the eight videos, a variation attributable
to differences in file size and format. Overall, the DST method was found not only to reduce video file size but also to preserve
compressed video quality, as reflected in the relatively high PSNR values obtained throughout testing.
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Overall Analysis

Across all eight test videos, the DST-based system was able to compress every file successfully, with all videos showing a reduction
in size after processing. The largest size reduction was observed for video AVI_1, at 49.34%, while the smallest was observed for video
MP4_1, at 25.41%. This variation indicates that compression effectiveness differs across individual videos, influenced by factors such
as initial file size, format, resolution, duration, and visual characteristics. When examined by format, AVI videos consistently showed
a higher percentage size reduction than MP4 videos. The average compression efficiency obtained was 44.96% for AVI and 28.76%
for MP4, a pattern consistent with the differences in native compression efficiency between the two formats and the underlying
encoding characteristics of each. With respect to quality, PSNR values for all tested videos remained above 37 dB, indicating that
compressed video quality stayed within a good range and that the visual distortion introduced by compression was comparatively
minor. Taken together, these results indicate that the Discrete Sine Transform method is capable of reducing video file size without
significantly degrading visual quality, supporting its applicability as a compression technique for digital video files.

CONCLUSION

Based on the implementation and testing carried out in this study, several conclusions can be drawn. The Discrete Sine
Transform (DST) algorithm can be successfully implemented for video file compression using the Python programming
language, supported by the OpenCV, SciPy, NumPy, PyQt5, Matplotlib, and FFmpeg libraries. The compression process
proceeds through video frame extraction, DST transformation, thresholding, inverse DST, frame reconstruction, and
encoding of the compressed video. Testing results show that the DST method is capable of reducing video file size while
maintaining visual quality. The AVI format achieved an average compression efficiency of 44.96%, compared to 28.76%
for the MP4 format, and the PSNR values for all tested videos remained above 37 dB, indicating that compressed video
quality can still be classified as good. These findings confirm that the implementation of the DST algorithm for video file
compression was successful and consistent with the objectives of this study. For future research, subsequent studies could
examine additional video formats, such as MKV and MOV, and incorporate higher video resolutions to obtain more
varied test results. Future work could also compare the DST method against other transformation techniques, such as the
Discrete Cosine Transform (DCT) and the Discrete Wavelet Transform (DWT), to identify approaches that may yield
more optimal compression outcomes.
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