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Annotation. Video compression is an important part of image manipulation. This article first
briefly introduces several commonly used video compression methods. Then, based on the file
format of BMP images, a compression program using run length encoding (RLE) and C language
was proposed, and the compression effect was discussed. Finally, this article discusses the

characteristics of RLE and proposes several reasonable methods to improve its compression
performance.
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Introduction. Due to the large amount of data in images and videos, they bring a lot of
inconvenience to storage and transmission. Therefore, image compression and video
compression have been widely used. There are many types of data compression methods, which
can be divided into lossless compression and lossy compression. Lossless compression uses
statistical redundancy of data for compression, which can completely restore the original data
without introducing any distortion. However, the compression rate is limited by the theoretical
redundancy of data statistics, generally 2:1 to 5:1. The lossy compression method utilizes the
insensitivity of human vision to certain frequency components in the image, allowing for the loss
of certain information during the compression process; Although the original data cannot be fully
restored, the lost part has a relatively small impact on understanding the original image, but has
resulted in @ much larger compression ratio [1]. It should be pointed out that the compression
methods involved in this article are all lossless compression (with recoverability). There are
several commonly used lossless compression methods for images:

RLE: Run length encoding is one of the simplest methods for compressing a file. Its
approach is to replace a series of repeated values (such as the grayscale values of image pixels)
with a single value and a count value. This method is easy to implement and effective for
compressing strings with long repeated values. For example, for images with large areas of
continuous shadows or the same color, The compression effect is very good using this method.

Arithmetic encoding: Arithmetic encoding is one of the main algorithms for image
compression. This is a lossless data compression method and also an entropy encoding method.
Unlike other entropy coding methods, other entropy coding methods typically divide the input
message into symbols and then encode each symbol, while arithmetic coding directly encodes
the entire input message into a number, a decimal n that satisfies (0.0 < n<1.0).

LZW encoding: The principle is to pair the value of each byte with the value of the next
byte as a character pair, and set a code for each character pair. When the same character pair
reappears, it is replaced by a code, and then paired with the next character. Its code can not
only replace a string of data with the same value, but also, It can also replace a string of data
with different values. If there are some data with different values that frequently appear
repeatedly in image data, a code can be found to replace these data strings[2].

Huffman coding: Huffman encoding is achieved by replacing the original data with an
unfixed length encoding. It was originally established to compress text files, but now there are
many variants. Its basic idea is that values with higher frequencies correspond to shorter
encoding lengths, while values with lower frequencies correspond to longer encoding lengths.

BMP is the abbreviation of Bitmap, which supports RGB color mode, index mode, grayscale,
and bitmap color mode. It is the standard image file format in the Windows operating system
and can be supported by various Windows applications. With the popularity of the Windows
operating system and the development of rich Windows applications, BMP bitmap format is
naturally widely used. The characteristic of this format is that it contains rich image information,
which is almost not compressed, but this has resulted in its inherent disadvantage of occupying
too much disk space[3]. In a BMP image file, the first 54 bytes of space are used to write basic
information about the file, which can be divided into two parts: the file header (14 bytes) and
the file information header (40 bytes).

In addition to the basic information of the file header and file information header, the
content of the image body part of the BMP file is recorded line by line in the form of dots. The
color information of each dot is recorded in three bytes, which respectively record the saturation
of B (blue), G (green), and R (red) colors saturation, expressed as integers ranging from 0 to
255. In addition, the number of bytes recorded for each line of point element information in the
BMP file must be a multiple of four. If the actual point element information is not a multiple of
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four, a few bytes of zeros must be added at the end of each line.

Implementation of compressed programs. The C source code uses run length
encoding to compress BMP images. The principle is to first read a point as a reference after
processing the basic information of the file, and then read the next point to see if it has the
same value as the reference point. If it is the same, add the statistical number of the reference
point by one, and continue to count the number of points with the same value. When a new
point with a different value from the reference point is read, the new point is used as the
reference point, and the pixels in the image are read in this way until the end of the file.

Explore and improve methods. The compression ratio that RLE can achieve mainly
depends on the characteristics of the image itself. If the image has larger blocks of the same
color and fewer blocks, the compression ratio obtained will be higher. Conversely, RLE may not
be able to handle natural images with rich colors, and there are often very few continuous pixels
with the same color on the same line, And the number of consecutive rows with the same color
value is even fewer. If RLE encoding method is still used, not only can image data not be
compressed, but it may also make the original image data larger. Therefore, in specific
implementation, it needs to be applied in conjunction with other compression encoding
techniques.

Reading Point Path: The C program example given above reads points in line (main) order.
Using this encoding method to compress bitmaps with no or minor changes in the horizontal
direction can achieve a higher compression ratio. However, in practical situations, we often
encounter images with more changes in the horizontal direction but the same pixel values in the
local block range. In this case, We can use two other encoding methods for reading point paths,
as shown in Figures 1 and 2:
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Figure 1 — Morton sequence Figure 2 — Pi sequence

The use of the above two types of read point path encoding can achieve good compression
ratios when compressing block like images with the same value. The phenomenon of block like
images with the same value is common in various images, but the complexity and length of the
program will increase significantly when using the above two read point paths.

Establishing a color index: In the above program, we can see that in the compressed file, a
set of identical points should be recorded for at least four bytes (three bytes are used to record
the saturation of R (red), B (blue), and G (green) colors, that is, the color values of the same
value points in that group, and the other byte is used to record the number of same value
points), If one or several sets of points of the same value with different sizes appear frequently
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in the image, a considerable amount of space in the compressed file is used to repeatedly record
the color values of these groups of points. To avoid wasting this resource, we can establish a
color index, which is a shorter encoding to replace a color value. For example, if we want to
record 40 positive red points, we originally need to write 0000FF 28 four bytes, When we use 1
to do the color index code for positive red, only 0128 bytes are needed. This means that when
using run through encoding to compress an image with few color values, we can first traverse
each pixel value of the image and index each different pixel value with a shorter code[4]. This
way, when recording a set of same value points in the compressed file, Only using the index of
the same value point color values can improve the compression ratio to a certain extent. It is not
difficult to see why using run length encoding to compress binary images achieves better results.

Conclusion. Firstly, the image can be compressed by changing the order of the pixels in
the read image, such as Morton sequence and Pi sequence. These two types of read path
encoding can achieve better compression ratios when compressing block like images with the
same value. Secondly, establish a color index. When compressing an image with low color
values, using a shorter code as the index can also improve the compression ratio.
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MpumMeuvaHmsa. CxkaTve BMAEO SIBNSETCS BaXXHOM YacTblo 06paboTky M306paxkeHuin. 3Ta cTaTbs
HaUMHAETCa C KPaTKOro OMuUCaHUS HECKONbKUX PacrnpoCTPaHEHHbIX METOAOB OKaTus BUAEO.
3aTteM copmMaT chalina, OCHOBaHHbIM Ha M306paxkeHusix BMP, npegnaraeT mporpaMMy c©xkaTtus,
KoTOpas ucnonb3yeT koauposaHue nyTewectsuit (RLE) u s3bik C, 1 obcyxaaeT ahdekT oxaTums.
HakoHel, B 3ToM cTaTbe 06CyXAaloTcs xapaktepuctuku RLE M npeanaraloTcs HECKONbKO
pasyMHbIX CNOCO60B yNy4LIUTb €ro NPOU3BOANTENBHOCTb OKaTUS.
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