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Abstract – Images constitute a very important kind of 

data, and it forms an integral part of digital 

communication and other computer image processing 

applications. Due to their information-rich nature, 

images tend to require relatively large memory space to 

store them; and a lot of bandwidth to transmit them 

through a network. Compression makes it possible to 

reduce their file sizes while retaining a sufficient amount 

of quality that should still be pleasant to the human 

visual system. This compression can either utilize lossy 

or lossless compression techniques or methods. A web-

based compression system which uses a smart lossy 

compression algorithm served through a REST API was 

presented in this work. The system proved efficient from 

the results obtained from testing with random large-size 

image files.  In addition, acceptable compression ratio, 

compression time and space-saving percentages were 

derived in all the test cases. 

Keywords-compression, lossy, lossless, image 

processing, digital communication REST API 

 

I.  INTRODUCTION  

With the rise of various means of generating digital 
images, there has also been a corresponding increase 
in the hardware and software cost of storing and 
moving (transmitting) them from one place to the 
other. Consequently, it has always been an active 
research space for computer scientists to devise 
effective and efficient techniques that can aid the 
compression of digital images; and also improve on 
already developed ones. This has led to the explosive 
growth of various industries that require the 
application of these technologies. Image compression 
is the foremost image processing capability that is 
utilized on the internet, satellite, military operations, 
digital (cable) television, medical and mobile 
communication. There has been tremendous 
improvement in the technology of image digitization. 
It now involves very simple processes to capture, store 
and transfer images. This has been made possible as a 
result of the fact that we now have very powerful 
stand-alone digital cameras and those embedded in 
mobile devices, like phones, with very fast processing 
capabilities and memory space. They produce images 
that are processed immediately. These images, 
developed from digital cameras, are usually large 
because of the sampling and quantization of light 
intensity that is used in creating the digital images.  

Thus, the process of transmitting or sharing these 
images would become a major obstacle and 
impractical. The preservation of the image (raw data) 
for future processing, considering the size of the 
storage facility and transmission media is an additional 
challenge.  A method of solving this is by efficiently 
reducing the size of images, for easy storage and 
transmission. In addition, since digital images contain 
much visually irrelevant information, compressing it 
by removing this redundancy will be an effective 
method in maximizing storage capacity and increasing 
the speed of transferring it through a network. 

Images contain relatively large volumes of data 
when compared to text and audio, thus the 
compression of images can be integrated into 
applications where several large images have to be 
archived in a limited storage space or situations where 
digital images are transmitted over limited channels. 
Consequently, two major factors which necessitate the 
compression of digital images are storage space and 
transmission (or bandwidth) cost. First, efficient 
storage utilization and archiving deals with ensuring 
that images are stored on devices with minimal file 
size but still retaining maximum image quality. 
Secondly, valuable computer networking resources 
(bandwidth and time) are utilized in 
transferring/transmitting digital images with large file 
sizes from one system to another. This is an additional 
cost incurred by businesses or organizations requiring 
image processing. An image compression framework 
can reduce these wastages or cost of hardware 
resources in digital image storage and transmission.  

This study presents a web-based image 
compression system that can significantly reduce the 
image sizes of digital images (while retaining the 
essential features) and consequently resulting in the 
reduction of storage, transmission and computation 
costs.  The research is limited to activities leading to 
the planning, analysis, design and development of an 
image compression application and then evaluating its 
performance using a batch of twenty (20) images with 
different attributes.  

II. REVIEW OF RELEVANT LITERATURE 

Numerous compression algorithms have been 
developed over the years [1] and can be broadly 
categorized into two main classes; Lossy compression 
and Lossless compression. 
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Lossy compression is the most popular type of 
compression system [2] and produces images that are 
not exactly identical to the original image file because 
some image details (or information) are “lost” in the 
process. 

[3] proposed that lossy image compression 
techniques should be mostly applied to natural or 
photographic images, since they will have little sharp 
edges in tone and gradient. This is because lossy 
compression leads to an acceptable loss of varied 
amount of image details or information.  

According to [4], lossy compression techniques 
take advantage of the human visual systems (the eye) 
limitation in perceiving differences in colour details of 
an image (for example: very dark and bright tones.) In 
addition, the process typically achieves an 
approximate space saving ratio of about 1:10. 

[5] explained that lossy compression is relatively 
more complex in utilizing computing resources than 
lossless methods, while [6] presented lossy 
compression methods as including (a) Transform 
coding (b) Vector Quantization and (c) Fractal coding. 

In lossless compression there is no “loss” of data 
(information) contained in digital images [7]. Thus, if 
an image resulting from the compression method is 
decompressed it would be an exact replica of the 
original image file. When an identical reproduction of 
digital image is desired, it is recommended that 
lossless compression be used. To achieve this, digital 
images are broken down into smaller components that 
can be reassembled into the original image with no 
loss in information [8]. Lossless compression produces 
a relatively lesser compression ratio (2:1), since the 
quality of the image has to be retained after 
compression [9].  Lossless compression methods vary 
based on the type of data they are meant to compress – 
either text or data files. Since the quality of images are 
preserved in lossless compression, it can be applied to 
fields where there is need for high performance images 
like medical imaging, astronomy, geo-sensing among 
others [1]. There are various lossless methods that are 
used in compressing images, common ones include: 
Run-length encoding, Huffman encoding, LZW 
encoding Arithmetic encoding, and SCZ coding [10]  

[1] posited that lossless compression is an essential 
tool in the process of storing and transmitting of 
medical images like MRI, CT and X-rays. This is 
based on the fact that since high quality images are 
required to make sound medical decisions, only 
minimal loss of image details can   be entertained. 

[7] proposed a simple modified fast Haar Wavelet 
transform method for image smoothing that proves 
lossless and its effects can easily be reversed to the 
original. 

According to [3] lossless image compression 
preserves image information. If an image compressed 
with this method is decompressed, it would be an 
exact replica of the original image file. Consequently, 
lossless compression is recommended for images with 
well-defined line components like clip arts, technical 
drawings, etc. 

[11] Surveyed various techniques of image 
compression and identified some popular lossless 
techniques like (a) Run-length Encoding (b) Huffman 
Encoding (c) Arithmetic Encoding and (d) LZW 
coding. 

III. THE PROPOSED SYSTEM 

A Web-based Image Compression System (WICS) 
is developed with the integration of an application 
programming back-end. The WICS is presented in an 
easily, accessible, efficient, cost-effective manner, 
with the goal of reducing the time and resources 
required to store and transmit digital images on the 
web. It will have the following features; 

 The user uploads an image file from the 
computer to the web server (using a web 
browser). 

 The system compresses the uploaded image file, 
on the back-end. 

 The user downloads the compressed image from 
the server to his/her computer. 

A. Functional Requirements  

Functional requirements are a set of rules used to 
define what is expected of the system and its 
components.  The functional requirements of the 
Image compression system are as follows: 

 The system should be able to accept a digital 
image file from a user (uploading), 

 The system will compress (reduce the size of) the 
image and store it in the web server, 

 The system will generate download link for the 
compressed image so users can download. 

 This system shall work with internet 
connectivity. 

B. Non-Functional Requirements 

The features of the proposed system include: 

 

• Increased effectiveness and efficiency: a 
web-based image compression system (WICS) 
would enhance the storage and transmission of 
digital images by faster process of 
compression. More images will be 
compressed, thus leading to increased image 
compression within a given time frame. 

• Cost reduction: a drastic reduction in the 
sizes of image would also lead to a reduction 
of storage and transmission costs 

• Cross-platform: since it is a web-based 
system, the user would not need to install the 
application on their respective devices. The 
application can be accessed from any internet-
enabled device (phones, tablets, PC) anywhere 
and   any time.   

• Extensibility. It can easily be integrated into 
other third-party applications that need a 
compression service, thereby preventing 
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reinventing-the-wheel and also serving as a 
valuable resource for other organizations. 

C. Components of the System 

The proposed system (WICS) is an automated web 
service that would ensure fast compression 
capabilities. This WICS architecture is a client-server 
model that has layers, namely: The Presentation layer, 
The Logic layer, and The Service layer. 

• The Presentation layer: 

This layer offers an interface with which the users 
can directly interact with the application. The 
prominent item in this layer is the web browser 
through which image files are sent (uploaded), and 
after compression received (downloaded) from the 
system. 

• The Service layer: 

This is where the communication logic and 
controller logic are implemented. It determines what 
properties of image files are allowed to gain access to 
the system. This layer contains the web server and the 
server storage. The web server handles the users’ 
requests or inputs (uploaded image file) and responds 
with an output (compressed image file).  The server 
storage acts as the temporary repository of compressed 
image files to be downloaded by the user. 

•  The Application layer: 

This layer contains the Application Programming 
Interface (API) engine which is responsible for 
compressing (processing) the image files uploaded to 
the server by the user and returning a compressed 
image to the server. These components are optimally 
integrated and interlocked to form the entire system 
architecture. This architecture is depicted in Figure 1. 

Figure 1. System Architecture 

 

IV. USE-CASE DIAGRAM 

Use cases for the system are identified to be 
“upload image file”, “compress image file” and 
“download image file”. The user uploads an image file 
from the computer. If the file is a valid image file, the 
system compresses the image. The system stores the 
compressed image file in a web server. The system 
displays a download link to the compressed file. The 
user downloads the compressed file.  This is illustrated 
in figure 2  

Figure 2. System Use-Case Diagram 

 

 

Implementation architecture: 

a) The XAMPP Deployment Stack: The web-

based image compression application is deployed on a 

local server infrastructure called XAMPP. XAMPP 

stack is an open-source distribution of the PHP 

development environment. This XAMPP environment 

is very essential in creating web applications that run 

on servers (dynamic) using the PHP programming 

language. This is depicted in figure 3 and figure  4. 

 
Figure 3. XAMPP Application 

 
 

It consists of the following components; The 

Operating system, Linux (X),; Apache Web server 

(A),;MariaDB database (M);;  PHP (P), and Perl (P). 

To make the setting up of a suitable programming 

environment for this work easy and straightforward, 

the XAMPP application was downloaded and installed 

on the test machine. 

A summary of the entire implementation 
architecture (software and hardware) is summarized in 
Table 1 and Table 2 respectively. 
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Figure 4.  XAMPP Server Management Dashboard 
 

 
 

TABLE I. SOFTWARE ARCHITECTURE 

 

TABLE 2. HARDWARE ARCHITECTURE 
Memory (RAM) 4GB 

Processor Intel Celeron CPU N29402,  

1.83GHz × 4 

Hard Drive 500GB 

V.  GRAPHICAL USER INTERFACE 

This section outlines some of the user interface 
results of the interaction by users with the system. 
They are presented along with screen-shots. 

A. Home Page 

The user starts the application by loading the home 

page in a web browser as depicted in figure 5. The 

user is presented with an upload form field through 

which an image file can be selected and uploaded from 

the computer device. When a file is selected, the user 

can then proceed to click on the “Compress Image” 

button to begin the compression of the uploaded file. 
 

B. Download Page  

If the user has uploaded the appropriate image file, 

the system delays for a variable amount of time 

(usually in a couple of seconds). Then a dialogue is 

displayed containing a successful message (that the 

file has been compressed), the time in seconds it took 

for the compression, and a download link to the 

compressed image file. The page also contains a 

navigation button that links to the home page where 

the user can repeat the process; else quit the 

application. This is depicted in figure 6. 

 

 

 

 

 

 

Figure 5. Web Application Homepage 

 
 

Figure 6.  Download Page 

 

 

VI. RESULTS AND DISCUSSIONS 

Some tests were conducted on the integrated 
compression system to evaluate its compliance with 
the specified functional requirements with the different 
parameters for measurement available.  The study 
focused   on three (3) common and useful parameters: 
compression ratio, space-saving, and compression 
time. 

A. Compression Ratio (CR): This is the ratio 
between the compressed image file size and that of the 
uncompressed file (i.e., the original file). 

 

B. Space Saving (SS): This parameter is 
expressed mathematically as the reduction in size of 
the compressed image relative to that of the original 
image file.  In other words, the amount of redundant 

Operating System Ubuntu Linux 20.04.1 LTS (64bit) 

Server XAMPP 7.4.3-0 

Package Manager Composer 1.8.6 

API Tinify 1.5 

User Interface Bootstrap 4.0.0 

Web Browser (s) Mozilla Firefox, Opera, Brave 
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image data that was removed from the original 
uncompressed image file. It gives how effectively the 
application was able to save storage space. The usual 
way of representing this parameter is in the form of 
percentage.  The mathematical expression to calculate 
space-saving is given as; 

 

C. Compression Time (CT): Compression time is 
the time it takes the application to reduce the file size 
of an uploaded image. Though the time of 
compression is important, getting an objective value is 
always very difficult. This is because the speed of 
most compression algorithms and applications 
depends on the implementation architecture (software 
and hardware) of the test machine. Thus, a faster 
machine would take lesser time to compress image 
files. Nonetheless, it was included in the testing to 
show that the application can run within relatively 
faster time frames. 

D. Test Results: The system was tested with 
twenty (20) randomly selected high-quality images 
(JPG and PNG) gotten from the internet. In all the test 
cases, the image files were successfully and efficiently 
compressed and the measurement parameters, like 
compression ratio and space saving were calculated in 
comparison with the original images. The result of this 
test is highlighted in Table 3 and Figures7-9. 

TABLE 3. TEST RESULTS 

 

The results in Table 3 shows that the proposed 
system performed as expected. All the compressed 
image file sizes were efficiently reduced and were 
lesser than the original file sizes. 

 

 

 

 

 

Figure 7. Compression Ratio (CR) of Test Images 

 

The compression times were relatively faster; the 
slowest time was 27.29 seconds and the fastest was 
3.63 seconds. 

E. PNG IMAGES 

Figure 8.  Compression Ratio (CR) of Test PNG Images 

 

The ten (10) PNG images compressed showed 
remarkable results. The largest space-saving was 
77.1% and the smallest was 41.5%. In addition, the 
fastest compression time was 3.63 seconds and the 
slowest was 27.29 seconds. 

F. JPG IMAGES 

JPG images tend to have lesser file sizes compared 
to PNG images. The ten (10) JPG images compressed 
also showed remarkable results. The largest space-
saving was 71.5% and the smallest was 58.9%. In 
addition, the fastest compression time was 4.97 
seconds and the slowest was 25.65 seconds. 

G. JPG IMAGES 

These results reveal that the Web-based Image 
Compression System met the required specifications. 
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Figure 9. Compression Ratio (CR) of Test JPG Images 

 

 

CONCLUSION 

Images are among the major forms in which 
content is being utilized and transferred in today’s 
digital world. It is thus, imperative to have an easy-to-
use and accessible compression system to enhance 
efficiency in utilizing and transmitting these digital 
images. In this study a simple and fast web-based 
compression method was developed that uses an 
available API framework to achieve remarkably high 
compression ratio. The system is made up of two parts 
the front-end (through which the user uploads a digital 
image from the computer) and the image compression 
back-end. The image compression system minimizes 
adequately the image file sizes while keeping a 

sufficiently desirable quality. Results demonstrated the 
efficiency of the proposed compression method on 
common digital image formats like JPG and PNG; 
which makes the system very valuable. 
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