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Abstract  

The development of digital image processing technology has increased the need for more efficient image data storage and 

transmission, especially in the field of smart agriculture that utilizes digital images as a source of information. Rice leaf disease 

image datasets generally have quite large file sizes, requiring compression techniques to save storage capacity and speed up 

the data exchange process. This study aims to analyze the performance of lossy image compression using the JPEG algorithm 

on rice leaf disease datasets by evaluating file size efficiency and the quality of the compressed images. The research process 

includes collecting rice leaf disease image datasets, applying JPEG compression at several quality levels (quality factors), and 

measuring performance using the Compression Ratio (CR), Peak Signal-to-Noise Ratio (PSNR), and Mean Squared Error 

(MSE) parameters. The analysis results show that the lower the quality factor value used, the greater the compression ratio 

obtained, but the visual quality of the image decreases as indicated by the increase in the MSE value and the decrease in the 

PSNR value. Conversely, a higher quality factor is able to maintain image quality with the consequence of a larger file size. 

The findings of this study indicate that the JPEG algorithm is able to provide a good compromise between storage efficiency 

and visual image quality so that it remains suitable for use in rice leaf disease datasets, especially as a preprocessing stage in 

image processing and artificial intelligence systems for plant disease classification. 
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1. Introduction 

Rice (Oryza sativa L.) is a strategic food commodity 

that is a staple food source for more than half of the 

world's population. In Indonesia, rice plays an important 

role in maintaining national food security, so increasing 

productivity and quality of harvests is a top priority in 

agricultural sector development [1]. However, rice plant 

productivity still faces various challenges, one of which 

is the attack of leaf diseases such as Brown Spot, Leaf 

Blast, Bacterial Leaf Blight, Narrow Brown Spot, and 

several other diseases that can cause a significant 

decrease in crop yields if not detected early [2]. The 

development of these diseases is often difficult to 

observe manually because it requires expert personnel, 

a relatively long time, and a significant cost. Therefore, 

the use of digital image processing technology and 

artificial intelligence is a solution that is increasingly 

being applied in modern agriculture [3]. 

Advances in Computer Vision and Artificial 

Intelligence have made it possible to identify plant 

diseases automatically through digital image analysis. 

Various recent studies show that models based on 

Convolutional Neural Network (CNN), Vision 

Transformer (ViT), or a combination of both are able to 

produce a very high level of accuracy in classifying rice 

leaf diseases [4,5]. Apart from increasing the speed of 

identification, this approach is also able to help farmers 

make decisions more quickly so that losses due to the 

spread of disease can be minimized [6]. 

However, the increasing development of image-based 

disease detection systems has significantly increased the 

need for digital data storage. Rice leaf disease image 

datasets typically consist of thousands to tens of 

thousands of high-resolution images, requiring large 

storage capacities [7]. Furthermore, distributing 

datasets over the internet or using them on mobile 

devices becomes less efficient if the image size is too 

large. This presents a challenge in developing smart 

agricultural systems, which require both storage 

efficiency and data transmission speed [8]. 

One approach widely used to address these issues is 

digital image compression techniques. Image 

compression aims to reduce file size without losing 

information that is important for analysis purposes. In 

general, image compression is divided into two 

categories: lossless compression and lossy compression. 

In lossless compression, all image information can be 

completely recovered after the decompression process. 

Conversely, lossy compression removes some visual 

https://jkomtekinfo.org/ojs/index.php/komtekinfo
mailto:penulis1@infeb.org
mailto:wahyusaptha1707@gmail.com


 

Wahyu Saptha Negoro, et al 

 

KomtekInfo Journal, Volume 13, Issue 2, (2026), Page 95 - 101  

96 

 

 

information that is considered less important for human 

perception, thus producing a much smaller file size 

compared to lossless methods. Among various lossy 

compression algorithms, the JPEG algorithm remains 

the most widely used international standard to date [9]. 

JPEG utilizes the Discrete Cosine Transform (DCT) to 

convert spatial information into the frequency domain. 

Next, a quantization process is carried out so that high-

frequency components that have less influence on visual 

perception can be reduced. The final stage, namely 

entropy coding, produces a smaller file size while 

maintaining visual quality at a certain level. 

Although the JPEG algorithm has been widely used in 

various multimedia applications due to its efficient data 

storage and transmission, its application to rice leaf 

disease image datasets still requires further study. JPEG 

is a lossy compression method that reduces image 

information through a quantization process, potentially 

eliminating high-frequency details, such as leaf surface 

texture, disease spot patterns, color changes, and other 

visual characteristics that are important in the process of 

feature extraction and Computer Vision-based 

classification. Several studies have shown that 

increasing the compression level can reduce image 

quality and impact classification accuracy if relevant 

visual information is also lost. In addition, in plant 

image analysis applications, the selection of the 

compression level is an important factor because it can 

affect the results of phenotypic characteristic 

measurements and disease detection. Therefore, an 

evaluation is needed regarding the limit of the JPEG 

compression level that is still able to maintain image 

quality so that disease information can still be optimally 

recognized by Computer Vision and Deep Learning 

models. [10]. Evaluation of the quality of compression 

results is generally carried out using several quantitative 

parameters, including Compression Ratio (CR) to 

measure the efficiency of file size reduction, Mean 

Squared Error (MSE) to determine the level of pixel 

error against the original image, Peak Signal-to-Noise 

Ratio (PSNR) to measure the quality of image 

reconstruction results, and Structural Similarity Index 

Measure (SSIM) to evaluate the level of visual structure 

similarity between the original image and the 

compressed image. The combination of these four 

parameters is able to provide a more comprehensive 

picture of the quality of the compression algorithm used 

[11]. 

In this study, the compression method used is the JPEG 

algorithm, which is one of the lossy image compression 

standards that is still most widely used today because it 

is able to provide a good balance between storage 

efficiency and visual quality. JPEG utilizes the Discrete 

Cosine Transform (DCT) to transform image data from 

the spatial domain to the frequency domain, then 

performs a quantization process on high-frequency 

coefficients so that the data size can be significantly 

reduced. The effectiveness of the JPEG algorithm 

makes it still relevant as a compression method in 

various applications, including the management of the 

rice leaf disease image dataset used in this study. 

Recent studies have focused more on improving the 

accuracy of rice leaf disease classification using various 

Deep Learning architectures, such as CNN, MobileNet, 

EfficientNet, Vision Transformer, and CNN-ViT hybrid 

models [12,13,14]. Most of these studies used original 

datasets without evaluating the effect of image 

compression on the quality of the data used as input for 

the classification model. Thus, there is still a research 

gap regarding the performance analysis of JPEG 

compression algorithms on rice leaf disease datasets, 

especially in assessing the balance between storage 

efficiency and visual image quality [15]. 

Based on the description, this study proposes a lossy 

image compression analysis using the JPEG algorithm 

on a rice leaf disease dataset. The study focuses on the 

effect of Quality Factor (QF) variations on file size, 

Compression Ratio, MSE, and PSNR. The results of the 

study are expected to be a reference in determining the 

optimal compression level so that a balance between 

storage efficiency and image quality is obtained. In 

addition, the results of this study can also be a basis for 

further research that develops an Artificial Intelligence-

based rice leaf disease classification system using 

compressed images as input data [16,17]. 

Most research in 2024–2025 is still focused on 

improving the accuracy of rice leaf disease 

classification using deep learning methods. Research 

specifically evaluating the impact of JPEG compression 

on the quality of rice leaf disease images before they are 

used in analysis and classification is still very limited. 

Therefore, research is needed that analyzes the 

relationship between compression level, storage 

efficiency, and visual image quality using objective 

parameters such as PSNR, MSE, and Compression 

Ratio. 

2. Methods 

2.1. Digital Image Processing 

Digital image processing is a branch of computer 

science that studies techniques for acquiring, 

processing, analyzing, improving, and extracting 

information from digital images using computational 

algorithms. In contrast to analog image processing, all 

processes in digital images are carried out on numerical 

representations in the form of pixel matrices, thus 

enabling automatic and more accurate image 

manipulation. Digital image processing not only aims to 

improve the visual quality of an image, but also 

produces information that can be used by computer 

systems for various purposes, such as object 

recognition, segmentation, classification, and artificial 

intelligence-based decision making [18]. 
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Advances in precision agriculture technology have 

increased the use of digital image processing in various 

agricultural activities. This technology allows for 

automatic identification of plant conditions, eliminating 

the need for time-consuming and labor-intensive 

manual inspections. Image processing can detect early 

disease symptoms through analysis of leaf color, 

texture, shape, and damage patterns. 

In this study, digital image processing serves as the 

basis for the image compression process using the JPEG 

algorithm. Rice leaf disease datasets obtained from 

various sources will go through a preprocessing stage 

before being compressed. Next, the compressed images 

are evaluated using the Compression Ratio (CR), Mean 

Squared Error (MSE), and Peak Signal-to-Noise Ratio 

(PSNR) parameters to determine the balance between 

storage efficiency and image visual quality. This 

analysis is expected to provide recommendations for the 

optimal JPEG compression level so that the file size 

becomes smaller without losing important visual 

information, such as leaf color, surface texture, and 

disease spot patterns required in further analysis based 

on Computer Vision and Artificial Intelligence. 

2.2. Image Compression 

Image compression is a technique in digital image 

processing that aims to reduce the file size of an image 

while maintaining the visual quality and important 

information contained therein. The main purpose of 

image compression is to increase the efficiency of 

storage media usage, speed up the data transmission 

process over the network, and reduce bandwidth 

requirements without eliminating the main function of 

images as a medium for conveying information. As the 

Internet of Things (IoT), cloud computing, artificial 

intelligence, and Computer Vision technologies 

develop, the need for image compression techniques is 

becoming increasingly important because the volume of 

digital image data produced continues to increase 

significantly [19]. 

 

The general stages of the Lossy Compression Digital 

Image Compression Process can be seen in Figure 1 

below. 

 

 
 Figure 1. Digital Image Compression Process 

 

In general, the compression process is carried out by 

utilizing the redundancy characteristics found in digital 

images. This redundancy includes coding redundancy, 

interpixel redundancy, and psychovisual redundancy. 

By eliminating or reducing this redundancy, data size 

can be reduced without losing information that has 

important value for users or computer systems. 

According to Dong and Pan (2023), most image data 

used in various modern applications is stored and 

transmitted in compressed form so that the compression 

process becomes an integral part of digital image 

processing systems [20].\ 

 

2.3. JPEG Algorithm (Joint Photographic Experts 

Group) 

JPEG (Joint Photographic Experts Group) is a lossy 

compression type digital image compression standard 

that was developed to reduce image file size while 

maintaining visual quality that is acceptable to the 

human eye. The main principle of JPEG is to remove 

visual information that is less sensitive to the human 

visual system so that the file size is much smaller than 

the original image. Until now, JPEG is still the most 

widely used image compression format in multimedia 

applications, digital photography, web, and Computer 

Vision systems because it has a good balance between 

compression ratio and image quality [21]. 

2.3. Quality Evaluation 

Quality evaluation is an important stage in image 

compression research because it is used to determine the 

extent to which the compression algorithm is able to 

reduce file size without losing important visual 

information. In lossy image compression, some image 

information is indeed lost so that quantitative measures 

are needed to measure the balance between compression 

efficiency and the quality of the reconstructed image. 

[21]. Evaluation of the quality of compressed images is 

generally carried out using objective metrics that 

compare the original image with the compressed image. 

The most widely used metrics are Mean Squared Error 

(MSE), Peak Signal-to-Noise Ratio (PSNR), Structural 

Similarity Index Measure (SSIM), and Compression 

Ratio (CR) because they are able to provide an overview 

of pixel errors, visual quality, similarity of image 

structure, and efficiency of file size reduction. 

2.3.1 Compression Ratio (CR) 

Compression Ratio shows how much the file size is 

reduced after the compression process.             

CR=Vd+Vc                                                                                                      (1) 

           Vc 

 

The higher the CR value, the higher the compression 

rate. However, increasing the compression ratio is 

usually accompanied by a decrease in visual quality. 
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Therefore, image compression research always seeks 

the best trade-off between file size and image quality. 

2.3.2 Mean Squared Error (MSE) 

Mean Squared Error (MSE) is a measure of the average 

squared error between the pixel values of the original 

image and the compressed image. The MSE value 

indicates the magnitude of the difference in pixel 

intensity after the compression process. The smaller the 

MSE value, the smaller the resulting error, thus 

improving the quality of the compressed image. 

Conversely, a high MSE value indicates that the 

compression process caused significant pixel changes. 

 The MSE formula is 

1
𝑛
= ∑ (𝑌𝑖 − 𝑌𝑖)

2𝑛

𝑖=1
                                                      (2) 

According to a comprehensive review on compressed 

image quality evaluation, MSE remains a widely used 

basic indicator because it is simple and has a direct 

relationship with PSNR, although this metric does not 

fully reflect human visual perception. 

2.3.3 Peak Signal-to-Noise Ratio (PSNR) 

Peak Signal-to-Noise Ratio (PSNR) is the most 

commonly used metric to measure the quality of a 

compressed image. PSNR indicates the ratio of the 

maximum signal value (pixels) to the error level (noise) 

introduced by the compression process. PSNR values 

are expressed in decibels (dB).   

PSNR = 10log10 R2                    (3) 

                          MSE        

      

Interpretation: 

40 dB: Excellent 

30–40 dB: Good 

20–30 dB: Fair 

<20 dB: Poor 

 

MAX = 255 for 8-bit images. MSE = Mean Squared 

Error.  

The higher the PSNR value, the closer the compressed 

image quality is to the original image. In JPEG-based 

image compression research, the combination of these 

four metrics provides a comprehensive evaluation. MSE 

and PSNR measure numerical error, while Compression 

Ratio evaluates storage efficiency. This approach 

remains the best practice in current image compression 

research. 

3. Results and Discussions 

This study uses a quantitative experimental method that 

aims to analyze the performance of the JPEG (Joint 

Photographic Experts Group) algorithm in performing 

lossy image compression on a rice leaf disease dataset. 

The analysis is carried out by comparing file sizes 

before and after compression and evaluating image 

quality using the Compression Ratio (CR), Mean 

Squared Error (MSE), and Peak Signal-to-Noise Ratio 

(PSNR) parameters. The experimental method was 

chosen because it allows objective measurements of the 

effect of JPEG Quality Factor (QF) variations on image 

quality and storage efficiency. A similar approach is 

widely used in research on digital image processing and 

Computer Vision-based plant disease classification. The 

research flow can be seen in Figure 2 below. 

 
Figure 2. Research flow 

 

The research phase began with a literature review on 

digital image processing, JPEG algorithms, and current 

research on rice leaf diseases. Next, dataset collection, 

preprocessing, compression using several Quality 

Factor values, and image quality evaluation were 

performed using four objective parameters. 

3.1. Research Dataset 

The dataset used in this study consists of rice leaf 

disease images taken directly from Pulau Keren Village. 

The dataset consists of Brown Spot, Leaf Blast, 

Bacterial Leaf Blight, and Healthy Leaf Blight, with a 

total of 420 images of rice diseases and healthy leaves. 

In this study, all images were converted to .jpg format 

to accommodate the compression process. 

Brown Spot Leaf Blast Bacterial  Healthy 
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Figure 3. Research Dataset 

 

In Figure 3 above is a dataset of rice diseases, where the 

sample data presented is 12 images. 

 

3.2. Preprocessing Stages 

The preprocessing stages aim to standardize data before 

compression. These include Data Acquisition 

(collecting rice leaf images), Data Selection (removing 

blurry, corrupted, and duplicate images), Resizing 

(aligning all pixels in the image), Normalization 

(ensuring all images are in RGB color format), and 

Storage (storing all images in JPG format). The 

preprocessing stages can be seen in Figure 4 below. 

 

 
Figure 4. Preprocessing stages 

 

3.3. JPEG compression 

The stages of JPEG compression can be seen in Figure 

5 below. 

 
Figure 5. JPEG compression 

The smaller the Quality Factor value, the smaller the file 

size, the Compression Ratio increases, the PSNR 

decreases, and the MSE increases. In this study, the 

Quality Factor used is 30% to see the quality that occurs 

in the image and is continued at the evaluation stage of 

the results. The original size obtained with QF 30% is 

179.6171875 KB while the resulting Compression size 

is: 96.2314453125 KB. 

3.4. Evaluation of Results 

The evaluation was conducted using three parameters. 

The evaluation results used in this study can be seen in 

Figure 6 below. 

 
Figure 6. Evaluation of Results 

The evaluation results used were Compression Ratio, 

MSE, and PSNR. Based on the evaluation results used 

and the research conducted in compressing the rice leaf 

disease dataset images, the results obtained are in Figure 

7 below. 

 
Figure 7. Compression Ratio, MSE, and PSNR Results 

Based on the results obtained as shown in Figure 7 

above, the QF 30% image results still provide good 

visual quality. 

3.5. Data analysis 

The data was analyzed using a quantitative descriptive 

approach with the following steps: 

• Calculate file sizes before and after 

compression. 

• Calculate Compression Ratio. 

• Calculate MSE. 
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• Calculate PSNR. 

• Compare all values for each Quality Factor 

(QF). 

• Determine the optimum QF value based on the 

balance between compression efficiency and 

visual quality. 

 

3.4. Displaying Histogram 

At this stage, the researcher will display the difference 

in the histogram of the original image with the 

histogram of the compressed image, which can be seen 

in Figure 8 below. 

 

Figure 8. Histogram Comparison 

Based on Figure 8 above, it shows the difference 

produced by a QF of 30% on the image. However, it 

does not damage the image quality. 

3.5. Displaying Compression Results 

At this stage, the researcher will display several 

compression results from QF (10, 30, 50, 70, and 90), 

and the differences can be seen. The compression results 

can be seen in Figure 9 below. 

 
Figure 9. QF Compression Results (10,30,50,70,90) 

Based on Figure 9 above, it shows a significant 

difference in QF results in terms of the quality and 

capacity of the resulting image. Therefore, it can be 

concluded that a QF of 30% is sufficient with fairly 

good quality, while the compression capacity is very 

high. 

4. Conclusions 

Based on the test results carried out by researchers from 

various QFs, the QF of 30% shows quite good image 

quality results and very high compression results, which 

are suitable for use on large datasets if the storage is not 

large. 
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