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Cha ter 18

The need for effective data compression is evident in almost all applications where
storage and transmission of digital images are involved. For example, an 8.5 x 11 in
document scanned at 300 pixels/in with 1 bit/pixel generates 8.4 Mbits data, which
without compression requires about 15 min transmission time over a 9600 baud line.
A 35 mm film scanned at 12 micron resolution results in a digital image of size 3656
pixels x 2664 lines. With 8 bits/pixel per color and three color channels, the storage
required per picture is approximately 233 Mbits. The storage capacity of a CD is
about 5 Gbits, which without compression can hold approximately 600 pages of a
document, or 21 color images scanned from 35 mm film. Several world standards
for image compression, such as ITU (formerly CCITT) Group 3 and 4 codes, and
ISO/TEC/CCITT JPEG, have recently been developed for efficient transmission
and storage of binary, gray-scale, and color images.

Compression of image data without significant degradation of the visual quality
is usually possible because images contain a high degree of i) spatial redundancy, due
to correlation between neighboring pixels, ii) spectral redundancy, due to correlation
among the color components, and iii) psychovisual redundancy, due to properties
of the human visual system. The higher the redundancy, the higher the achievable
compression. This chapter introduces the basics of image compression, and discusses
some lossless compression methods. It 1s not intended as a formal review of the
related concepts, but rather aims to provide the minimum information necessary to
follow the popular still-image and video compression algorithms/standards, which
will be discussed in the subsequent chapters. Elements of an image compression
system as well as some information theoretic concepts are introduced in Section 18.1.
Section 18.2 discusses symbol coding, and in particular entropy coding, which is an
integral part of lossless compression methods. Finally, three commonly used lossless
compression algorithms are presented in Section 18.3.
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18.1. BASICS OF IMAGE COMPRESSION 349

18.1 Basics of Image Compression

In this section, we first present the elements of a general image compression system,
then summarize some results from the information theory which provide bounds on
the achievable compression ratios and bitrates.

18.1.1 Elements of an Image Compression System

In information theory, the process of data compression by redundancy reduction is
referred to as source encoding. Images contain two types of redundancy, statistical
(spatial) and pyschovisual. Statistical redundancy is present because certain spatial
patterns are more likely than others, whereas psychovisual redundancy originates
from the fact that the human eye is insensitive to certain spatial frequencies. The
block diagram of a source encoder is shown in Figure 18.1. It is composed of the
following blocks:

Symbols
Binary
Input bit
1mage stream

Figure 18.1: Block diagram of an image compression system.

i) Transformer (T) applies a one-to-one transformation to the input image data.
The output of the transformer is an image representation which is more amenable
to efficient compression than the raw image data. Typical transformations are linear
predictive mapping, which maps the pixel intensities onto a prediction error signal
by subtracting the predictible part of the pixel intensities; unitary mappings such as
the discrete cosine transform, which pack the energy of the signal to a small number
of coefficients; and multiresolution mappings, such as subband decompositions and
the wavelet transform.

ii) Quantizer (Q) generates a limited number of symbols that can be used in the rep-
resention of the compressed image. Quantization is a many-to-one mapping which
is irreversible. It can be performed by scalar or vector quantizers. Scalar quantiza-
tion refers to element-by-element quantization of the data, whereas quantization of
a block of data at once is known as vector quantization.

iii) Coder (C) assigns a codeword, a binary bitstream, to each symbol at the output
of the quantizer. The coder may employ fixed-length or variable-length codes.
Variable-length coding (VLC), also known as entropy coding, assigns codewords in
such a way as to minimize the average length of the binary representation of the

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




