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What is image compression?

• The objective of image compression is to reduce irrelevant and
redundant in data in order to be able store or transmit data in an
efficient form.

• There are two types of image compression:
• Lossless

• Lossy
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Types of image compression: 

• Lossless:
Lossless image compression is a compression algorithm that allows
the original image to be perfectly reconstructed from the
compressed data.

• Lossy:
Lossy compression is a type of compression where a certain amount
of information is discarded which means that some data are lost
and hence the image cannot be decompressed with 100%
originality.
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DCT:

• A discrete cosine transformation (DCT) expresses a finite sequence of 
data points into the summation of a series of cosine waves oscillating 
at different frequencies.

• The use of cosine functions is critical for compression because:

• Rather than sine functions, fewer cosine functions are needed to approximate 
a typical signal.

• For differential equations the cosines express a particular choice of boundary 
conditions.
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They are very similar to Fourier Transformations, but:

• Discrete Fourier Transform (DFT):  
𝑈𝑠𝑒𝑠 𝐵𝑜𝑡ℎ 𝑆𝑖𝑛𝑒𝑠 𝑎𝑛𝑑 𝐶𝑜𝑠𝑖𝑛𝑒𝑠
𝑈𝑠𝑒𝑠 𝑜𝑓 𝐶𝑜𝑚𝑝𝑙𝑒𝑥 𝑁𝑢𝑚𝑏𝑒𝑟𝑠

• Discrete Cosine Transform (DCT):  
𝑈𝑠𝑒𝑠 𝑗𝑢𝑠𝑡 𝐶𝑜𝑠𝑖𝑛𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠
𝑈𝑠𝑒𝑠 𝑜𝑓 𝑅𝑒𝑎𝑙 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑠
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Formal Definitions:
• DCT is a linear, invertible function with a set of real numbers or equivalently an 

invertible 𝑁 × 𝑁 square matrix.

• There are eight standard DCT variants, of which four are common.

• DCT-I

• DCT-II

• DCT-III

• DCT-IV
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Applications

• DCTs are widely used in image and audio compression such as JPEG , MP3,
MJPEG, MPEG, DV, Daala.

• They use lossy compression which is the class of data coding methods that
uses inexact approximations or partial data discarding to represent the
content.

• These techniques are used to reduce data size for storage, handling, and
transmitting content in information technology.

• In other words small high-frequency components can be discarded.
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One Dimensional Example
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JPEG (Joint Photographic Experts Group)

• According to JFIF Standard, the encoding steps are:
i. The representation of the colors in the image is converted from RGB 

to Y’CBCR.

ii. The resolution of the Chroma data is reduced, usually by a factor of 2 or 3.

iii. The image is split into blocks of 8×8 pixels, and for each block, each of the Y, 
CB, and CR data undergoes the Discrete Cosine Transform (DCT).

iv. The amplitudes of the frequency components are quantized.

v. The resulting data for all 8×8 blocks is further compressed with a lossless 
algorithm.
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Two Dimensional Example
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Unquantized DCT Coefficients 
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Quantization Matrix
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Quantized DCT Coefficients 
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Entropy Coding
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Appendix
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