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comfort experienced by users. This study aims to compress panoramic
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images displayed on a campus virtual tour using a lossless compression

keywords: method and the Run Length Encoding (RLE) algorithm. First, panoramic
Virtual Tour images are combined into one, then individual images are compressed.
Lossless Compression When recreating a virtual campus tour, compressed images are used so
Run Length Encoding that the amount of data transferred is smaller. The load access speed
StitChing Image index increases from 7,233 seconds to 3,789 seconds when images are

compressed from 64 bits to 8 bits, with a compression percentage of
27%. The findings from this research are that the RLE algorithm has not
been able to compress large files effectively even though it is quite
successful in increasing the load access of the virtual tour website.
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1. INTRODUCTION

The marketing industry has been able to develop over the years to become more competitive with
their rivals and also to increase the volume of potential buyers who are interested in their products. This
was made possible by the growth of technology. Together with the capabilities of the internet in today's
world, virtual tours have become a popular way of traveling through space or time. They have been
utilized for various industries, including travel tours, viewing architecture buildings, real estate
agencies, parks, and campus tours. Because prospective students might not be able to physically visit
every campus before enrolling and continuing their studies, the education industry did not pass up this
opportunity [1]. Virtual Tour, which has emerged as one of the most interesting and potentially useful
virtual technologies in recent years, had a sizeable impact on the community-based efforts made in
response to the Covid19 pandemic [2]. Virtual Reality can connect users with a virtual world which is a
computer simulation, and makes them feel that they are in that world [3]. Virtual Reality-based games
require additional devices to interact with the accuracy sensor values that need to be improved [4].
Virtual Reality can be used as an English language learning media for job interview preparation [5]. The
university has made several different efforts, including creating portals and web pages, to facilitate the
dissemination of this information. Nevertheless, the method of information delivery, which consists of
the display and delivery of static text and graphics, is not very effective [6]. Technology that is able to
incorporate two-dimensional or three-dimensional virtual objects into a real and projected environment
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is Augmented Reality (AR) technology [7]. Markerless AR is a technology that displays virtual objects in
the real world using GPS, a digital compass, and an accelerometer [8].

The world of multimedia is extremely competitive, and one of the qualities that this reflects is the
speed with which users can download and upload various elements of multimedia, including text, sound,
pictures, and animation. Especially in this day and age, when multimedia content is an absolutely
necessary component of the world of the internet [9]. Increasing the speed at which online pages load is
also known as optimizing page loads. Despite how important the internet is to our day-to-day lives,
online sites often take a long time to load. The dependencies between resources included on a web page
are likely to blame for the inefficiency and complexity of loading web pages. These relationships also
cause underutilization of the client devices' central processing units and networks [10]. The user
experience, often known as user experience (UX), is now one of the most talked-about topics in the
business world. It also plays an important part in the success of businesses. Because of the importance
of consumers to the expansion of a company, it is vital to place a strong emphasis on the aspects of the
UX that may contribute to increased levels of customer contentment [11]. One of the many benefits of
having a website with a quick loading speed is that it can boost conversion rates, improve a website's
position in search engine rankings, and encourage users to explore the website further. The objective of
the research was to identify and evaluate various free tools that are capable of determining the
performance (loading and rendering speed) of a website as well as providing recommendations on how
that performance can be enhanced [12]. The adoption of digital imaging technologies across virtually all
industries has resulted in a rise in their level of significance [13]. There are never enough resources to
go around [14]. A significant amount of research on compression algorithms has been sparked as a direct
result of the requirement to effectively store ever-increasing quantities of data that are continuously
generated on mobile devices [15]. Data that is already quite large can be reduced to a more manageable
size so that more space can be saved on a computer. Text, photos, and videos are all types of data that
can benefit from having their files compressed. various compression algorithm techniques have
advantages and disadvantages in doing a compression [16]. Color Quantization is a way of image
compression, which is done by reducing the number of colors contained in the image so it can reduce
the number of bits used. [17]. Large storage space as a requirement required compression to save as
small as possible [18].
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Figure 1. Data Compression

Using Figure 1, describe the steps involved in the data compression process in general. how the
data when not compressed then uncompressed data will be continued and processed by a compression
method that is lossless compression then, the data has been compressed will produce a size smaller than
the size of the file before it is compressed when the data has been compressed will produce a size smaller
than the size of the file before it is compressed how the data when not compressed then uncompressed
data will be continued and processed [16]. Huffman, as one of the compression algorithm is able to
reduce data storage space and speed up transmission but has disadvantages in compressing large files
which makes it difficult to find similarities in bit patterns during compression and causes documents to
get bigger [19]. By applying the Run Length Encoding and Lossless Compression algorithms, this study
aims to improve the load access performance of the campus virtual tour website. The 360 panoramic
images shown in the virtual tour go through a compositing stage, then separated into several individual
images. After the image fragments have been combined, the content for the virtual tour of the campus is
then reconstructed using the compressed image data. The virtual tour website is then tested for access
speed to see the compression impact of the virtual tour. This study uses the RLE algorithm to compress
virtual tours that have large data.

2, METHOD
The compression method has been selected in order to optimize the load access of the website

containing the 360-degree panoramic virtual tour. Image compression refers to the process of taking an
image with RGB color and compressing it using the Run Length Encoding (RLE) algorithm. After the
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images have been stitched together, they are sent through a compression application that was built on
the RLE algorithm, and this application is used to compress the images. Matlab-based compression and
stitching of image data. When it comes time to test the image, both the original and the compressed
versions are examined side by side. After that, the website that houses the virtual tour and its
compressed image content is examined for load access. After the load and access performance of the
website for the virtual tour has been improved, the application for the virtual tour is then hosted on the
server for the website. Figure 2 provides a visual representation of the stages of the research described
above.
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2.1. Lossless Image Compression

Figure 2. Research Stages

The First stage image compression, can be broken down into two distinct categories: lossy compression
and lossless compression. The original image and the image that was reconstructed from it using lossy
compression share a visual appearance that is very similar to one another. However, the two images are not
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identical. Lossless compression, on the other hand, results in an image that is an exact replica of the source
image after it has been reconstructed [20]. As the name suggests, lossy compression is characterized by the
fact that these techniques result in the loss of some information during the decompression process of the
compressed data. These methods can be utilized in the production of graphics, digitized images, and digitalized
voices. A good number of them can be adjusted to different levels of quality, which results in greater precision
in the transfer of data that has been compressed less effectively. The data are encoded and transferred without
any loss of quality using lossless compression techniques. During the process of decompressing the information
that was compressed, there will be no loss of data of any kind. This method is used to save database records,
spreadsheets, word documents, and other types of files. In most cases, the process of data compression consists
of taking a stream of symbols and converting them into corresponding codes. When you want your coding to
be as efficient as possible, the code word should have fewer bits than the original stream of symbols. Certain
models were responsible for making this decision [21].
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Figure 3. Run Length Encoding Method

The algorithm that has been presented operates in eight steps, which are depicted in Figure 3.
The first three steps of the algorithm are considered to be lossy, while the remaining five steps are
considered to be lossless. Three user-defined parameters are responsible for controlling the losses: ctol,
msz, and ptol. Two of these parameters, ctol, and ptol, are thresholds that are used for joining colors
while the region is being detected and while the palette is being calculated, respectively. The minimum
size of the region that must be maintained in order for it to be considered independent following the
region reduction step is specified by the msz parameter, which is the third parameter. In the fourth step,
chain codes are used to describe each individual region. Following the concatenation of the chain codes
from all of the regions, the Burrows-Wheeler Transform (BWT), Move-to-Front Transform (MTF), and
Run-Length Encoding (RLE) are applied to the resulting chain. Arithmetic encoding is what's used in the
very last step of the process. These steps will be broken down and discussed in greater depth in the
following sections [22].

2.2. Run Length Encoding

Run-length encoding, also known as RLE, is a method of image compression that is always effective
when applied to binary images. After predicting the Pixels and applying 3-bit instead of 8-bit as a counter
to the repletion of identical consecutive pixels, RLE was used, and the result was an improvement in the
compression ratio. This was accomplished using 3-bit as the counter rather than 8-bit [23]. Run Length
Encoding is also used for data compression by correlating lines and columns [24]. Figure 4 illustrates
the stages as well as the operation of the Run Length Encoding flowchart.
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Figure 4. Run Length Encoding Flowchart

Tests should be run on compressed images, with bit depths ranging from 64 to 8, so that
calculations and implementations can be simplified. For the purpose of making calculations easier, the
number of compressed ratios can be calculated using image samples that have a number of bits equal to
8. The calculation for the average number of colors present in the sample image uses grayscale so that
the results can be understood more easily. The rest of the calculation of full data up to 64 bits requires
the assistance of a computer to calculate. The results of an example compression using RLE are shown

below in Table 1.

Table 1. Image Compression Sample

No Figure 1 (64 Bit)

Figure 2 (8 Bit)

Using the RGB color hex code, the following is the calculation for the RLE (Run Length Encoding)

algorithm method:
(#778899_2), (#D3D3D3_6)

(#778899), (#708090), (*D3D3D3_6)
(#708090_5), (#778899_2), (#D3D3D3)
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(#708090_8)

(#708090_2), (#D3D3D3), (#778899_4) ), (#997950)

(#708090), (#778899_4), (#D3D3D3_2), (#997950)

(#), (#708090), (#A9AQAY), (#778899), (FAIAIA)), (#808080)), (#696969)), (#997950)
(#3B270C), (#4B3A26), (#696969_2) (#131E3A), (#2B1700)), (#4682B4), (#D2B48C)

64 bits multiplied by 8 bits equals 512 bits for both the initial size and the compressed size. The
size that was reduced using RLE is equal to (42 x 8) + (42 x 1), which equals 378. If this is the case, the
number of compressed percentage ratios in the image is given as: (100% - 378/512 x 100%) = 27%.
27% is the compressed percentage ratio that uses the lossless method.

3. RESULTS AND DISCUSSION

After Perform a comparison using Matlab both before and after the image compression process
after you have finished analyzing and calculating the image compression process using samples ranging
in bit depth from 64 bits to 8 bits as an example. Figure 5 provides an illustration of Matlab-built display
software for your perusal.

Buka Kompres

Figure 5. Run Length Encoding Software

The image compression in this scenario is carried out using a small pixel size and file size. As a
result, the maximum limit for image compression is set at 50%. This is due to the fact that making the
image smaller than it already is will cause damage to the image, which in turn may cause images that
have been stitched by the framework to appear unclear. The specifics of the image data are presented in
Table 2.

Table 2. Image Data Detail

Original Image Image Compression

512 pixel 512 pixel

96 dpi 96 dpi

24 bit depth 24 bit depth

20,3 KB size 10,1 KB size (50,2 % reduce)

Figure 6 is an infographic that compares the outcomes of image compression using RLE to the
compression ratio achieved using 8 bits.
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Figure 6. Run Length Encoding Method

When applied to panoramic Virtual Tour images that have been stitched into several smaller
images, the impact of RLE compression, which produces well-compressed images, is applied to produce
well-compressed images. The pixel count, dot per inch, and bit depth have all remained unchanged
despite the size having been cut by more than half.

A comparison of the Load Access website's Virtual Tour before and after the panoramic image is
compressed using the RLE algorithm and the Matlab program can be seen in Figures 7 and 8, which can
be found below.
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View run details: Run 1

First Byte Start Render FCP Speed Index LCP €18 T8I PC Time De D Bytes Time Requests  Total Bytes
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Figure 7. Load Access Time Before Compression
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Figure 8. Load Access Time After Compression
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Before the website for the virtual tour of the campus was compressed, the results of the webpage
performance test showed an average time of displaying web page parts or a speed index of 3.311
seconds, a Largest Contentful Paint (LCP) of 1.659 seconds, a Cumulative Layout Shift (CLS) of 0.002
seconds, a Total Blocking Time (TBT) of above 0.646 seconds, and a Total Byte count of 913 kilobytes
The performance of the website for the virtual tour of the campus after compression results in a speed
index of 6.660 seconds, LCP 2.984 seconds, CLS 0 seconds, TBT 1.145 seconds, and Total Bytes of 1,407
kb.

Load Access Visual Progress (%)

e After Compression

"' L~ ~——  Betore Compression

Time (second)

Figure 9. Load Access (%)

In Figure 9, you'll see a comparison of the load access time before and after compression,
expressed as a percentage difference. After the compression process, the range of time it takes to access
a website is between 1.32 seconds and 1.98 seconds, whereas before the compression process, the range
was between 5.94 seconds and 6.60 seconds.

4. CONCLUSION

Run Length Endocing (RLE) is adequate for compressing photos with a single dominant color, but
it is ineffective for compressing images with numerous color variations. The findings of the Lossless
method's image compression ratio with the Run Length Encoding Algorithm in Matlab are determined
to be no more than 30% in order to preserve data and information in the image so that its quality is not
diminished. In contrast, manual computations yield an average ratio of 14.9% of the total value
calculated. Image compression with the Run Length Encoding (RLE) approach can reduce file size, so
conserving storage space, and the lossless method serves its intended function, in that it does not
dramatically degrade image quality. After compressing the image on the UNMA-360 website, load access
results are much improved. Before compression, the webpage would load in 7.233 seconds; after
compression, it would load in 3.789 seconds. The results of these statistics show that website
optimization for virtual tour has achieved its goals. Due to the lack of the RLE Algorithm which is not
efficient in compressing, future research uses the Variable Length Encoding compression algorithm to
increase effectiveness and avoid data loss after the compression process [25].
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