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METHODS AND APPARATUS FOR ENCODING AND DECODING VIDEO DATA

Backsround of the Invention

The invention relates generally to encoding and decoding of video information,
especially such a used for the transmission of video information, and more particularly to
systems and methods for video conferencing.

There are many systems and techniques for transmitting video information. The most
effective conventional techniques involve special transmission and reception systems and
require dedicated communication links to encode, transmit, receive and decode video
information. The encoding, transmission, and decoding operations are generally resource
intensive in terms of the processing (e.g., memory, CPU speed) and transmission requirements
(e.g., communication link bandwidth) necessary to provide an adequate video presentation.
Such special systems also are generally expensive to own and operate and therefore are not
available to an average consumer.

Conventional methods for sending video data are shown and described in U.S. Patents
5,740,278, entitled FACSIMILE-BASED VIDEO COMPRESSION METHOD AND
SYSTEM, and 5,973,626, entitled BYTE-BASED PREFIX ENCODING, each of which are
incorporated by reference herein by their entirety and form a part of this specification.

As discussed in U.S. Patent Number 5,740,278, and in other conventional systems such
as MPEG, video data is encoded in either what is referred to herein as “intra” frames (key
frames) that hold a single frame image (which only refers to itself) or “inter” frames (delta or
difference frames) that refer to another frame (either an intra frame or another inter frame).
There are problems with such methods in that:

(1) network traffic associated with transmission of the two different types of frames is
bursty, sometimes requiring a high available bandwidth and other times requiring only a lower
available bandwidth due to the extraordinary amount of data transmitted in intra frames vs.
inter frames (data in intra frames represents an entire image and are generally larger than inter
frames which include more repetitive data and therefore can be compressed more easily, i.e.
data rate and required bandwidth vary widely);

(2) loss of a single intra frame causes loss of quality, and inter frames subsequent to
such a loss have no meaning, as they are only meaningful in reference to an intra frame to

which they refer or another inter frame (which can also be lost) to which they refer;
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(3) if an intra frame is lost, recovery is very inefficient because the encoder must
transmit a new intra frame to regain synchronization, as the entire frame needs to be
transmitted, even to replace only a lost portion of the frame; and

(4) the encoding technique produces an image which is initially very good (intra
frame), but the quality of the image slowly degrades over time until transmission of next intra
frame.

In conventional fax-based video encoding, first a difference frame is generated
representing the difference in intensity of each pixel location in two succeeding image frames.
On a line-by-line basis, the difference values are encoded. In order to prevent loss of image
data or loss of image synchronization (that is, where each line starts and ends), each line of the
transmitted video signal has an end-of-line code appended to the end of each line. In the case
of conventional fax systems, this end-of-line code is used to protect against bit errors.
Consequently, the end-of-line code is large in order to provide sufficient redundancy to correct
random bit errors to the degree desired. '

With the advent of public networks such as the Internet, many commercial products are
available to the average consumer for transmitting video information over public networks.
These systems may be, for example, coupled with a personal computer for use over the Internet
or other public or private communication network. For example, a video conferencing or video
distribution system may be configured to transmit video information over the Internet among a
group of PCs. Due to the intense resource requirements necessary for transmitting such
information, and the limited and/or unreliable resources available on public networks,
however, performance of such systems falls short of expectations, and such systems are
rendered less usable than more expensive specialized systems. What is needed, therefore, are

improved methods for communicating video information.

Summary of the Invention
According to various aspects of the present invention, video data is transmitted using
various improved encoding and data transfer techniques. According to various aspects of the
present invention, improved coding methods are provided that improve the conventional
systems disclosed in U.S. Patent 5,740,278. It should be appreciated that various aspects of the
present invention may be used with other video transmission systems, also, and the present

invention is not limited to the systems disclosed in U.S. Patent 5,740,278.
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In one aspect of the present invention, a method is provided for improving a fax-based
encoding for transmitting video data that reduces the amount of data required to be transmitted.
According to this aspect of the invention, fax-based difference frame data is transmitted over a
communication network in which data integrity is maintained or checked by various layers of
the communication network. It is appreciated that such data integrity checks are performed
independently of the application transmitting the data, and, according to one embodiment of
the present invention, the end-of-line code information is simply omitted. According to
another embodiment, data is otherwise encoded conventionally. That is, data above a threshold
is encoded by value, and data below or equal to the threshold is encoded by a special symbol
indicating the length of such a “run” below the threshold.

By eliminating the end-of-line code, longer runs of data below the threshold may
appear in the data stream (e.g., runs that go from one line to the next line or series of lines). To
accommodate longer runs, however, a high data rate (and, therefore, a high transmission
bandwidth required), may result due to an increase in the number of possible special symbols
used to represent such runs. For example, when using Huffman encoding, an increase in the
number of data symbols increases the required bandwidth. In particular, Huffman encoding
assigns a unique bit string to each symbol, and the most frequently occurring symbols are
assigned the shortest bit strings. Thus, if the symbol space is too large, some symbols will be
represented by long bit strings, rendering Huffman encoding inefficient.

In one aspect of the present invention, a digit-based encoding method is provided
wherein long runs are encoded using the most common symbols in use. In one embodiment, a
plurality of symbols are chosen, each of which represents a frequently-occurring symbol. In
one embodiment, the ten most frequently-occurring symbols are chosen and each one
designated and assigned as a symbolic decimal digit having values 0-9. In one embodiment, a
special symbol is defined that indicates the beginning of a sequence. In another embodiment,
another symbol may be used to delineate an end of the sequence, although in one embodiment,
the same symbol may be used. Although this aspect is disclosed using a decimal symbolic
digit set, other numeric bases, such as octal or hexadecimal, having eight or sixteen symbolic
digits respectively, may be used.

According to another aspect of the present invention, a method of encoding includes
both intra and inter data within a single encoded frame. According to one embodiment, new
symbols are introduced to delineate coded intra and inter data in a single frame. Because

actual image data is encoded and transmitted over a number of frames, the burstiness of the
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resulting network data rate for transmitting the data is reduced. Further, the peak bandwidth
that is required to transmit the data is reduced. Therefore, “real” image data can be dispersed
over many messages relating to a frame, and thus the implications of losing a single frame
(e.g., the intra frame) is also reduced, as the risk of losing real data is dispersed over many
messages. With the loss of a single message, only a portion of the video signal experiences
any degradation.

In another embodiment of the invention, a feedback mechanism may be used to allow a
receiver to recover a portion of signal that was lost without having to resend an intra frame
(e.g., the entire image). In one embodiment, feedback may be used that allows the receiver to
identify to a sender of the video image which area(s) of the image include degradation due to
message loss, and in response, the sender can send only the portion of the image affected by
the message loss. For example the sender can send missing limes 10 through 20 that were
affected by message loss. On the next outgoing frame, the sender can instruct the encoder to
intra-encode lines 10-20 and inter-encode the remaining portion of the signal.

The intra frame data may, according to one embodiment of the invention, be dispersed
over a number of frames containing inter frame data. For example, for a video signal
transmitted at 30 fps, the entire video frame can be refreshed over a period of transmission of
300 frames (that is, each frame of intra frame data can be dispersed over the 300 frames at a
rate of 1/10 of a frame per inter frame transmitted).

In another aspect of the invention, a method for encoding data is provided that uses a
temporal reference that can be used by a receiver to decode data. In one embodiment, a new
type of frame is provided for transmitting video data. Conventionally, intra frames (key) and
inter frames (difference) frames may be used for transmitting data as described above. In the
case where two-way communication between a sender and receiver is possible, however, a new
frame may be used, referred to hereinafter variously as an anchor frame or a “T” frame.

In one embodiment of the invention, an anchor frame defining a video image is
transmitted from a sender to a receiver and stored in a memory of the receiver. The anchor
frame serves as a temporal reference to which other image data (e.g., difference data) may be
referenced. For instance, the first frame (e.g., an intra frame) of a data transmission may be
considered an anchor frame, and the receiver may request a new anchor frame periodically
(e.g., every 5 seconds). Subsequent anchor frames may be inter frames or intra frames, as
circumstances arise. Thereafter, the sender may be configured to encode and send difference

frames, each of which is independently related to the most recent established anchor frame
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(rather than conventional difference frames which are relative to the previous inter frame or
intra frame). In this manner, difference data may be sent that are unrelated to any previous
difference frames, and therefore, the video signal does not degrade with the loss of one or more
difference frames, as successive difference frames are not dependent upon the integrity of all
the proceeding difference frames. Such an encoding method is beneficial in environments
where messages may be lost, damaged or degraded.

The encoder, to properly encode the signal and have the decoder recover the encoded
signal, must obtain information a priori identifying which anchor frame the decoder has most
recently received and stored. To this end, a sender may communicate to a receiver that a
particular frame should be designated as an anchor frame. Further, the receiver communicates
to the sender that the anchor frame was successfully received and the received anchor frame
may be thereafter used as a reference for coding difference data. The sender may transmit data
normally in this mode, or may switch to this transmission mode from a conventional intra/inter
frame encoding mode. In one embodiment, a traditional intra/inter frame encoding method
may be used, and a special symbol or other indication may be sent from the sender to the
receiver to transfer into an anchor frame encoding mode.

In another aspect of the present invention, the quality of the connection is monitored.
In one embodiment, packet and frame loss is observed, and the quality of the video signal is
adjusted accordingly. For instance, with no frame loss and low delay, the connection is
determined to be a good connection, and therefore the quality of the video signal and frame
rate may be raised. Additionally the rate of requesting T frames may change in response to
connection quality.

According to one aspect of the invention, a method of encoding a sequence of frames of
image data, each frame including a number of lines of pixels equal to a frame height, and each
line having a number of pixels equal to a line length. The method comprises acts of encoding,
as an encoded symbol stream, a sequence of pixels of a frame without including an end-of-line
code after each line, identifying, as a run having a run length, a sequence of pixels having
values less than a threshold, and encoding the run using digit encoding. According to one
embodiment, digit encoding further comprises acts of identifying a set of most frequently used
symbols, assigning a symbolic digit to each of the set of most frequently used symbols,
assigning a start symbol, and encoding using digit encoding includes acts of inserting in the
encoded symbol stream the start symbol, and inserting in the encoded symbol stream after the

start symbol a sequence of symbolic digits identifying the run length of the run. According to
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another embodiment, the method further comprises acts of assigning an end symbol, and
inserting the end symbol in the encoded symbol stream after the sequence of symbolic digits.
According to another embodiment, the method further comprises an act of defining the
assigned start symbol to include a field indicating how many of the symbolic digits are
required to identify the run length of the run.

According to one aspect of the invention, an apparatus for encoding a sequence of
frames of image data is provided comprising a host executing a sequence of instructions
including encoding as an encoded symbol stream a sequence of pixels of a frame without
including an end-of-line code after each line, identifying as a run having a run length, a
sequence of pixels having values less than a threshold, and encoding the run using digit
encoding. According to one embodiment, the sequence of instructions further comprises
identifying a set of most frequently used symbols, assigning a symbolic digit to each of the set
of most frequently used symbols, assigning a start symbol, and encoding using digit encoding
includes inserting in the encoded symbol stream the start symbol, and inserting in the encoded
symbol stream after the start symbol a sequence of symbolic digits identifying the run length of
the run. According to another embodiment, the sequence of instructions further comprises
assigning an end symbol, and inserting the end symbol in the encoded symbol stream after the
sequence of symbolic digits. According to another embodiment, the sequence of instructions
further comprises defining the assigned start symbol to include a field indicating how many of
the symbolic digits are required to identify the run length of the run.

According to one aspect of the invention, a method is provided for decoding a run
length of a run in a sequence of frames of image data. The method comprises acts of receiving
a signal representing a symbol stream, identifying in the symbol stream a sequence defining
the run length encoded as a sequence of digits, each digit represented by a symbol, and
decoding the run length as a number represented by the sequence of digits. According to one
embodiment, the act of identifying further comprises an act of recognizing in the symbol
stream a symbol identifying a start of a sequence of digits. According to another embodiment,
the act of identifying further comprises an act of recognizing in the symbol stream a symbol
identifying an end of the sequence of digits. According to another embodiment, the act of
recognizing further comprises an act of decoding the symbol identifying the start to determine
a number of digit symbols which follow.

According to one aspect of the invention, an apparatus for decoding a run length of a

run in a sequence of frames of image data is provided comprising a host executing a sequence
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of instructions including receiving a signal representing a symbol stream, identifying in the
symbol stream a sequence defining the run length encoded as a sequence of digits, each digit
represented by a symbol, and decoding the run length as a number represented by the sequence
of digits. According to another embodiment, identifying further comprises recognizing in the
symbol stream a symbol identifying a start of a sequence of digits. According to another
embodiment, identifying further comprises recognizing in the symbol stream a symbol
identifying an end of the sequence of digits. According to another embodiment, recognizing
further comprises decoding the symbol identifying the start to determine a number of digit
symbols which follow.

According to one aspect of the invention, a system for communicating a sequence of
frames of image data from a first host to a second host is provided comprising a first host
executing a sequence of instructions including a host executing a sequence of instructions
including encoding as an encoded symbol stream a sequence of pixels of a frame without
including an end-of-line code after each line, identifying as a run having a run length, a
sequence of pixels having values less than a threshold, and encoding the run using digit
encoding, a second host executing a sequence of instructions including receiving a signal
representing a symbol stream, identifying in the symbol stream a sequence defining the run
length encoded as a sequence of digits, each digit represented by a symbol, and decoding the
run length as a number represented by the sequence of digits. According to one embodiment,
the sequence of instructions further comprises identifying a set of most frequently used
symbols, assigning a symbolic digit to each of the set of most frequently used symbols,
assigning a start symbol, and encoding using digit encoding includes inserting in the encoded
symbol stream the start symbol, and inserting in the encoded symbol stream after the start
symbol a sequence of symbolic digits identifying the run length of the run.

According to one embodiment, identifying further comprises recognizing in the symbol
stream a symbol identifying a start of a sequence of digits. According to another embodiment,
the sequence of instructions further comprises assigning an end symbol, and inserting the end
symbol in the encoded symbol stream after the sequence of symbolic digits. According to
another embodiment, identifying further comprises recognizing in the symbol stream a symbol
identifying an end of the sequence of digits. According to another embodiment, the sequence
of instructions further comprises defining the assigned start symbol to include a field indicating

how many of the symbolic digits are required to identify the run length of the run. According
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to another embodiment, recognizing further comprises decoding the symbol identifying the

start to determine a number of digit symbols which follow.

Brief Description of the Drawings

The accompanying drawings are not intended to be drawn to scale. In the drawings,
each identical or nearly identical component that is illustrated in various figures is represented
by a like numeral. For purposes of clarity, not every component may be labeled in every
drawing. In the drawings:

FIG. 1 is a schematic block diagram of a communication environment in which the
present invention may be practiced;

FIG. 2 is a schematic block diagram of a computing system on which aspects of the
embodiments of the invention may be practiced;

FIG. 3 is a schematic block diagram of the storage system of the computing system of
FIG. 2;

FIG. 4 is a byte stream map of a fax encoded image including end-of-line marks;

FIG. 5 is a byte stream map of a fax encoded image omitting end-of-line marks in
accordance with one embodiment of the present invention;

FIG. 6 is a flow chart, showing a method of setting up a digit encoding process
according to one embodiment of the present invention;

FIG. 7 is a flow chart showing a method of digit-based encoding according to one
embodiment of the present invention;

FIG. 8 is a flow chart of a digit-based decoder according to one embodiment of the
present invention; and

FIG. 9 shows a frame stream including “T” frames according to one embodiment of the

present invention.

Detailed Description

This invention is not limited in its application to the details of construction and the
arrangement of components set forth in the following description or illustrated in the drawings.
The invention is capable of other embodiments and of being practiced or of being carried out in
various ways. Also, the phraseology and terminology used herein is for the purpose of

2% ¢

description and should not be regarded as limiting. The use of “including,” “comprising,” or
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“having,” “containing”, “involving”, and variations thereof herein, is meant to encompass the
items listed thereafter and equivalents thereof as well as additional items.

Various aspects of the present invention may be implemented on a communications
network as is known in the art (e.g., the communications network 100 as shown in FIG. 1).
Information may be transmitted between two hosts 101-102 coupled by one or more
communications networks. For instance, hosts 101-102 may be coupled by one or more
networks such as, for example, one or more secure networks (e.g., an enterprise network
located beyond a network security system 104) and one or more unsecure networks, such as the
Internet. Any number of networks, secure or unsecure, may be used to transmit data between
hosts, and the invention is not limited to any particular configuration. For example, at least
one of the hosts 102 may be located beyond a firewall 1 05 or other network security device.

In one embodiment, these hosts 101-102 may be general-purpose computer systems
(e.g., personal computers) as is known in the art. These hosts may communicate using a
communication protocol such as IP/UDP, and in one embodiment, video information is
transmitted using IP/UDP packets. Various aspects of the present invention may be
implemented using any type of computer system (e.g., PDA, cellphone, set-top box, or other
computing device) or communication protocol (e.g., TCP), and the invention is not limited to
any particular computer system or protocol.

For instance, information relating to the video transmission may be multiplexed into a
channel carrying packets that are part of various message streams. Encoding of the
multiplexed channel may include using a fixed length header in each packet. For example, the
packet may contain media-specific field lengths. More particularly, 19 bits may be allocated to
designate length of video, allowing for 2! bytes of information per frame for video. Audio
may be allocated, for example, 14 bits, and control may be allocated 13 bits. However, it
should be appreciated that any number of digits may be used to encode any type of information
(e.g., video, audio, text, control, etc.) and the invention is not limited to any particular number
of digits.

In another example, the length information in the header may be used to define how the
data layout appears within the packet. So, in one specific example, if there is video data, the
video data is placed first in the packet, if there is audio, the audio is placed directly after the
video information in the packet, etc. If there is audio data and no video data, then audio data

may be placed first in the packet. Ifthere is any other data, the data may be inserted after the
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header. In one example, a zero length indication means that the packet does not contain other
data.

In an alternative example, audio data may be placed first, followed by control data, and
then video data. This order may be beneficial, as it is appreciated that later packets are more
likely to be dropped, and therefore, by including audio data nearer to the front of the packet,
there is a better likelihood of receiving the audio information (e.g., in the first few packets),
and therefore, it is more likely that the audio data is more likely to be received.

Various aspects of the present invention relate to improved coding methods for
communicating data between hosts 101 and 102, for example. In one embodiment, host A
(101) includes an encoder that is adapted to transmit video data to be decoded by a decoder at
host B (102). Such an encoder and decoder may be adapted to perform improved encoding and
decoding methods, respectively, as discussed herein.

Various embodiments of the present invention may be implemented on one or more
computer systems. These computer systems may be, for example, general-purpose computers
such as those based on Intel PENTIUM-type processor, Motorola PowerPC, Sun UltraSPARC,
Hewlett-Packard PA-RISC processors, or any other type of processor. It should be appreciated
that one or more of any type computer system may serve as host A, host B or other parts or
sub-parts of the system according to various embodiments of the invention. Further, each host
or other part of the system may be located on a single computer or may be distributed among a
plurality of computers attached by a communications network.

A general-purpose computer system according to one embodiment of the invention is
coﬁﬁgured to perform any of the described communication functions, including but not limited
to, encoding and decoding data. It should be appreciated that the system may perform other
functions, including performing network communication functions, and the invention is not
limited to a system having any particular function or set of functions.

For example, various aspects of the invention may be implemented as specialized
software executing in a general-purpose computer system 200 such as that shown in FIG. 2.
Computer system 200 may include a processor 203 connected to one or more memory devices
204, such as a disk drive, memory, or other device for storing data. Memory 204 is typically
used for storing programs and data during operation of the computer system 200. Components
of computer system 200 may be coupled by an interconnection mechanism 205, which may
include one or more connections (e.g., busses coupling components integrated within a same

machine) and/or a network (e.g., a network coupling components that reside on separate
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discrete machines). The interconnection mechanism 205 enables communications (e.g., data,
instructions) to be exchanged between system components of system 200.

Computer system 200 may include one or more input devices 202, for example, a
keyboard, mouse, trackball, microphone, touch screen, and one or more output devices 201, for
example, a printing device, display screen, and/or speaker. In addition, computer system 200
may contain one or more interfaces (not shown) that connect computer system 200 to a
communication network (e.g., in addition or as an alternative to the interconnection mechanism
205).

The storage system 206, shown in greater detail in FIG. 3, typically includes a
computer readable and writeable nonvolatile recording medium 301 in which signals are stored
that define a program to be executed by the processor or informmation stored on or in the
medium 301 to be processed by the program. The medium may, for example, be a magnetic or
optical disk, or may be a solid state memory such as a flash EPROM as known in the art.

Typically, in operation, the processor causes data to be read from the nonvolatile
recording medium 301 into another memory 302 that allows for faster access to the
information by the processor than does the medium 301. Memory 302 is typically a volatile,
random access memory such as a dynamic random access memmory (DRAM) or static memory
(SRAM). Memory 302 may be located in storage system 206, as shown, or in memory system
204, not shown. Processor 203 generally manipulates the data within the integrated circuit
memory 204, 302 and then copies the data to the medium 301 after processing is completed. A
variety of mechanisms are known for managing data movement between medium 301 and
integrated circuit memory element 204, 302, and the invention is not limited to any particular
mechanism for managing data movement. The invention is not limited to a particular memory
system 204 or storage system 206.

The computer system may include specially-programmed, special-purpose hardware,
for example, an application-specific integrated circuit (ASIC). Aspects of the invention may
be implemented in software, hardware or firmware, or any combination thereof. Further, such
methods, acts, systems, system elements and components thereof may be implemented as part
of the computer system described above or as an independent component.

Although computer system 200 is shown by way of example as one type of computer
system upon which various aspects of the invention may be practiced, it should be appreciated‘

that aspects of the invention are not limited to being implemented on the computer system as
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shown in FIG. 2. Various aspects of the invention may be practiced on one or more computers
having a different architecture or having components other than those shown in FIG. 2.

Computer system 200 may be a general-purpose computer system that is programmable
using a high-level computer programming language. Computer system 200 may be also
implemented using specially programmed, special purpose hardware. In computer system 200,
processor 203 is typically a commercially available processor such as the well-known Pentium
class processor available from the Intel Corporation. Many other processors are available.
Such a processor usually executes an operating system which may be, for example, the
Windows 95, Windows 98, Windows NT, Windows 2000 (Windows ME) or Windows XP
operating systems available from the Microsoft Corporation, MAC OS System X operating
system available from Apple Computer, the Solaris operating system available from Sun
Microsystems, or UNIX operating systems available from various sources. Many other
operating systems may be used.

The processor and operating system together define a computer platform for which
application programs in high-level programming languages are written. It should be
understood that the invention is not limited to a particular computer system platform,
processor, operating system, or network. Also, it should be apparent to those skilled in the art
that the present invention is not limited to a specific programming language or computer
system. Further, it should be appreciated that other appropriate programming languages and
other appropriate computer systems could also be used.

One or more portions of the computer system may be distributed across one or more
computer systems coupled to a communications network. These computer systems also may
be general-purpose computer systems. For example, various aspects of the invention may be
distributed among one or more computer systems configured to provide a service (e.g., servers)
to one or more client computers, or to perform an overall task as part of a distributed system.
For example, various aspects of the invention may be performed on a client-server or multi-tier
system that includes components distributed among one or more server systems that perform
various functions according to various embodiments of the invention. These components may
be executable, intermediate (e.g., IL) or interpreted (e.g., Java) code which communicate over
a communication network (e.g., the Internet) using a communication protocol (e.g., TCP/IP).

It should be appreciated that the invention is not limited to executing on any particular
system or group of systems. Also, it should be appreciated that the invention is not limited to

any particular distributed architecture, network, or communication protocol.
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Various embodiments of the present invention may be programmed using an object-
oriented programming language, such as SmallTalk, Java, C++, Ada, or C# (C-Sharp). Other
object-oriented programming languages may also be used. Alternatively, functional, scripting,
and/or logical programming languages may be used. Various aspects of the invention may be
implemented in a non-programmed environment (e.g., documents created in HTML, XML or
other format that, when viewed in a window of a browser program, render aspects of a
graphical-user interface (GUI) or perform other functions). Various aspects of the invention
may be implemented as programmed or non-programmed elements, or any combination
thereof.

As discussed, various aspects of the present invention relate to coding techniques that
can be used to encode and decode video and related information. Described below are
improved coding methods that may be used according to various aspects of the present
invention. These methods may be used alone or in combination with these and other encoding

methods.

Fax-based Encoding

The byte stream map of FIG. 4 shows a fragment of a fax encoded image 400 including
end-of-line marks, as conventionally performed. Each line 401 is encoded as a sequence of
values 402 representative of one or more characteristics of each pixel of the line, in accordance
with the encoding system used. For example, each value may represent the intensity of one or
more pixels. In an encoding system in which difference frames are used, each value may
represent the difference between the intensity of a pixel of the current frame and the intensity
of the same pixel in a previous frame. Color pixels may be represented by triplets of values
representing red, green and blue intensities, or other representations may be employed.

According to one embodiment of the present invention, a threshold may be selected that
represents a difference value below which or equal to a value whose effect on the perceived
image is negligible. The threshold may be predetermined, the threshold may be computed
predictively during image processing, or the threshold may be computed using any other
suitable technique. When difference frames are used, sequences of differences equal to or less
than the threshold, referred to as runs, are common because the changes from one frame to the
next are often small and occur slowly over a number of frames. Therefore, conventional
encoding methods encode differences greater than the threshold directly 403, however, they

encode runs having commonly occurring lengths as special short symbols 404 in the data
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stream indicative of a run having a certain length. Because runs are quite common when
difference frames are used, encoding runs using symbols representing common run lengths
inherently lowers the bandwidth required to encode the information.

FIG. 5 shows a byte stream map of a fax coded image according to one embodiment of
the present invention. As shown in the byte stream map of FIG. 5, end-of-line (EOL)
characters can be omitted from the data in embodiments of the invention where bit errors in the
data are prevented or corrected by some alternate means, with the immediate benefit of
reducing the bandwidth required to encode a frame by that taken up by the EOL characters.
Another consequence of omitting EOL characters is that runs less than the threshold can span
the boundary between lines, as shown. Comparing FIG. 5, 501 with FIG. 4, 406 and 407, it is
observed that the decoder must keep track of how many decoded pixels are displayed on each
line, and must end each line and begin the next line at an appropriate point in a continuous data
stream.

Omission of the EOL character can be applied to any general fax based image
communication system, but is particularly useful in systems where bit errors either do not
occur, are compensated for by some other means or are not particularly harmful even if left
uncorrected. The conventional EOL code of fax based encoders is unusually large and robust
against bit errors because, in analog fax systems such as conventional fax via the plain old
(analog) telephone system (POTS), there is no other protection against bit errors due to noise
on the line. Thus, the EOL character is conventionally included to avoid having lines of a
transmitted image getting out of synchronization with the edge of the page. Because systems
embodying aspects of the present invention apply facsimile techniques in a system with a
network protocol that guarantees that transmitted data is bit-error free (such as UDP or TCP),
according to one aspect of the present invention, it is appreciated that the EOL character can be
omitted, improving bandwidth utilization.

Because runs spanning the boundary between lines are possible when EOL characters
are omitted, longer runs are also possible. Indeed, a greater number of possible run lengths are
possible as run lengths longer than a single line are added to the possible run lengths less than
or equal to the length of a single line. A run length comprising an entire frame is possible, for
example using difference frames where there is substantially no change from the reference
frame to the current frame. Assuming nothing further, a symbol set comprising symbols
representing run lengths from one pixel to the number of pixels in a frame is required. The

size of the symbol set and the bandwidth required to convey information using such a symbol
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set are substantial. Indeed, an encoding scheme in which runs are permitted to span frames
could be devised, in which case an even larger symbol set could be required. To use
bandwidth more efficiently, while allowing long run lengths, a new digit encoding method
according to one embodiment of the present invention may be employed.

After dropping the EOL character, runs can span from one line to the next line. When
using difference frame video, entire sections of the image may be represented by values below
threshold which translates to very long runs of below threshold data. With a conventional fax
system having a line length of 1728 pixels (the standard for letter-size pages), the symbol field
represents runs of any length between 1 and 1728. Because the line width was conventionally
only 1728, and the EOL character enforced that limit, a larger symbol field was not required.

In one embodiment of a video transmission system incorporating aspects of the present
invention, a much shorter possible line width — normally 320 pixels — may be used. Even so,
runs as long as the entire image (i.e., width - height), are possible if there is no change in the
entire image. For an image of 320 pixels width and 240 pixels height, the run length reaches
76,800. Encoding conventionally using a Huffman encoding scheme would require a huge
possible symbol space. One method that can be used to reduce the required symbol space
include limiting the maximum length of runs to some value, say MAX_LENGTH (e.g., 60
pixels). In this case, a total run length longer than MAX_LENGTH is encoded by the symbol
representing MAX_LENGTH followed by one or more additional symbols, the sum of the
lengths represented by those additional symbols equaling the balance of the total run length.

A pseudo-code fragment implementing such an approach is:

For (I = currentRunLength; I > MAX LENGTH; I = MAX_LENGTH)
[

IK

Encode Remaining Residual.

EncodeSymbol(MAX_LENGTH)

Using the above with long runs still consumes more bandwidth than desirable.
Therefore, according to one embodiment of the present invention, a digit encoding method is

provided that further reduces the required bandwidth.

Digit-Based Encoding

Digit-based encoding is a technique of encoding a value as a sequence of digits, of any

numerical base, using symbols that represent those digits.
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According to one embodiment of the present invention, long runs are encoded using the
most common symbols in use. Long runs are defined as any run for which digit-based
encoding is more efficient than conventional encoding as described below. The most
frequently-occurring symbols are calculated ahead of time. It does not matter which 10
symbols are used, however, preferably they are the most frequently-occurring. The most
frequently-occurring symbols have the shortest bit length which is why they are preferred. Ina
typical implementation, the most frequently-occurring symbols usually include the lower
length run values and the smallest change values for the pixels.

According to one embodiment of the present invention, the process is set up as shown
in FIG. 6 and as described below:

e Choose symbols from among the most frequently occurring symbols to
represent all 10 digits (step 601). They preferably are the 10 most frequently
occurring symbols because frequently occurring symbols are the shortest
symbols according to commonly used encoding methods.

e Assign a digit from 0 to 9 to each symbol (step 602); each symbol then
represents the digit when used as a symbol, as explained below. A sequence of
symbols can then represent any length, similar to writing human-readable
numbers as sequences of symbols, e.g. the Arabic digits 0 through 9.

e Designate a special symbol (step 603), to represent the start of a long symbolic
digital sequence.

e Ifdesired, designate a special symbol to represent the end of a long symbolic
digital sequence (step 604). This can be the same as the start symbol. In one
embodiment, the same symbol is used. Alternatively, the special symbol
representing the start can include a part that encodes the length of the symbolic
digital sequence, so that the number of symbols to interpret symbolically is
known ahead of decoding them. However, this start symbol need not indicate
the number of digits encoded in the symbol stream, as the end of the symbol
stream may be determined by using the same start symbol or a special end
symbol (e.g., SPECIAL_END).

To encode a long run, as shown in FIG. 7, perform the following:

e Insert the start symbol (SPECIAL_START) (step 701).
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e Insert a symbolic digit symbol (SYMBOLIC 0, SYMBOLIC 1, ...,
SYMBOLIC 9) for each digit in the number representing the length of the run
(steps 702, 703).

e Ifthe end symbol (SPECIAL_END) is in use, terminate the run with the end
symbol (step 704).

For example, a run of length 415 is encoded as the sequence: SPECIAL_START
SYMBOLIC 4 SYMBOLIC_1 SYMBOLIC_5 SPECIAL_END.

Alternatively, the data stream may be encoded in an opposite order. That is, instead of
writing the digits in reading order of most significant to least significant, they can be written in
least significant to most significant order, and the decoding computer or other receiver may
automatically calculate a base multiplier based on the number of digits read. So, in the
example above, 415 would be encoded as the sequence: SPECIAL,_START SYMBOLIC 5
SYMBOLIC_1 SYMBOLIC_4 SPECIAL_END.

Another alternative that may be used includes encoding from most significant to the
least significant bit, but the decoder reads all symbols until the decoder detects the
SPECIAL_END symbol, after which the decoder determines the number by a summation (e.g.,
100 x4 + 10 x 1 + 1 x 4 =415). However, it is noted that the decoding operation is less
efficient, as the decoding operation requires two passes over the data.

Deciding when to use digit based encoding is important. Digit based encoding could be
used for every run, but that would be wasteful because the digit-based encoding method
introduces extra SYMBOL_START and SYMBOL_END symbols. Therefore, digit-based
encoding should be used when the number of bits required for representing a run as a symbolic
digital sequence is less than the number of bits required to encode the run conventionally.
Hence, the process of FIG. 7 may conclude with a determination of the most efficient encoding
method (step 705). The most efficient method may be then selected to provide the encoded
run.

Decoding a stream encoded with digit-based encoding is straightforward. As shown in
FIG. 8, when a SPECIAL_START symbol is encountered, the decoder enters digit based mode
(step 801). The decoder then enters a loop (steps 802, 803) to extract each digit until the
decoder encounters a SPECIAL_END symbol (or until the number of digits indicated by the
SPECIAL_START symbol have been decoded). The digits are then combined to form the
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original number (step 804). The original number is then interpreted as the length of the run
(step 805).

Also, as will be understood from the above, this example is given using a base-10
encoding scheme. Other bases, such as octal (base-8) or hexadecimal (base-16) can also be
used. If, for example, hexadecimal is used, then the 16 most common symbols are chosen.
There is a trade-off between the encoding method to be used and the optimum base for
symbolic representation. The skilled artisan may chose amongst the available coding to meet
different performance requirements.

The following numerical example is provided to illustrate the foregoing.

In a practical system, 60 is selected as the maximum run for a total symbol space that is
limited to 256 symbols. That is, only 256 possible Huffman symbols are available. The choice
of 60 as the maximum allowable run length is based on 60 being a sub-multiple of the width of
video usually used. The invention is not limited to 60, but rather a maximum number is simply
chosen. The larger the maximum number, the more inefficient the code becomes. However, if
the maximum number is too small, SPECIAL_START and SPECIAL_END symbols appear in
the stream more often which can increase the bandwidth required to transmit the stream.

Assume for the following example that the maximum run length permitted is 20. When
arun of 21 is encountered, the run can be encoded as follows:

Assuming: Symbol_Jump=3 bits, Symbol_2=3 bits, Symbol_1=4 bits,

Symbol Run21=5 bits, Symbol_Run1=4 bits, Symbol_Run10=6 bits, and Symbol_Run11=6
bits. ‘

(1. Using digit based encoding, the sequence is: Symbol_Jump Symbol 2 Symbol_1
Symbol Jump. (Total Length= 13 bits)

(2). Using conventional encoding, the sequence is: Symbol_Run20 Symbol Runl.
(Total Length=9 bits)

(3). Using an alternative conventional encoding, the sequence is: Symbol_Runl0
Symbol Runll. (Total Length=12 bits)

As is now apparent, there are many different possible ways to encode a run of 21. The
digit-based encoding method may be used when very large runs are encountered and it would
be inefficient to encode the run using a conventional method such as in (2) or (3) above,
wherein conventional encoding symbols are concatenated together in the data stream.

In the example above, the most efficient encoding method is option (2), given the bit

lengths of the symbols listed, however, if the run were 1,122 pixels long, digit based encoding
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might be a better choice because option (2) would then require 1122/20 = 56 symbols
representing a run of 20, plus one symbol representing a run of 2. That is, 56 repeats of
Symbol_Run20 would appear in the data stream, followed by one Symbol_Run2. This
representation required 283 bits (given the current symbol assignments).

Using digit based encoding, the same 1,122 pixel run is encoded as SPECIAL-
STRT/END, SYMBOLIC 1, SYMBOLIC 1, SYMBOLIC 2, SYMBOLIC 2,
SPECIAL START/END. This representation requires only 20 bits (given the current symbol
assignments). When the encoder encodes a run, the encoder uses the method which uses the
fewest bits. The encoder can do this because the encoder has information defining how many
bits each symbol takes and the encoder performs the method using the fewest bits after
computing the bit lengths required by each method.

All three methods above are valid encoding methods for the information. Digit-based

encoding can represent any length run very simply.

Anchor Frame Encoding

To further reduce the bandwidth required by systems using embodiments of aspects of
the invention, as now described in connection with FIG. 9, intra frames and inter frames (also
referred to as difference frames) are supplemented with anchor frames. Using anchor frames
as now described results in a more robust data stream while using less bandwidth.

Anchor frames are first described in a system wherein they are combined with
conventional intra and inter frames.

As previously explained, a conventional system using difference frames to transmit a
series of source frames to a decoder first encodes and transmits an intra frame, i.e., a key
frame, containing all of the information required to decode the frame image. The conventional
system then encodes and transmits a series of inter frames, i.e., difference frames, each of
which contains information representing the incremental differences between the current
source frame or decoded frame and the immediately preceding source frame or decoded frame.
Whenever desired, any frame can be designated an anchor frame (referred to hereinafter as a
“T frame), from which difference computations of succeeding difference frames can be made.

To determine when to designate frames as T frames, both the encoder and the decoder
must possess information indicating whether the decoder has successfully received and
decoded a recent frame. Then, that recent frame can be designated a T frame. In the case of

decoding an inter frame, success ordinarily requires that the most recent intra frame and all the
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intervening inter frames be correctly decoded. Of course, other success criteria can be
employed, but this criteria is one which ensures that when a T frame is designated, it represents
an accurate version of the frame it corresponds to.

The normal transmission mode can be T frame transmission mode, or T frames can be
used as an alternate mode of transmission.

For example, in one embodiment, T frame encoding may be used for the first frame
after a loss has been reported by the decoder to the encoder. This mode of transmission, if used
alternately with inter frame and intra frame transmission modes, effectively replaces sending
the intra data when a loss occurs. In the second frame after a loss, inter data is transmitted.

In another example, the encoder could periodically send T frame data if the network
connection is quite bad. This can be determined by arranging a feedback communication path
from the decoder back to the encoder to report on the network connection condition, or by any
other suitable means.

Two fundamental differences between T frames and intra frames are that (1) the
encoder receives information that indicates with certainty that the decoder has received a
particular T frame, and (2) the decoder has stored it without subsequent modification. In
theory, the length between intra frame transmissions can be lengthened by using T frame data.

In one exemplary embodiment of the present invention, the encoder sends T frame data
at either arbitrary or regular intervals, even when there is no loss so that the time interval over
which the entire image would normally be refreshed with intra data, e.g., 300 frames, may be
extended. In this example, the T frame serves the function of assuring the decoder that correct
data is still being decoded when the T frame is designated, so a complete refresh of the image
is not required as frequently. This example applies to systems which segregate all intra frame
data into individual frames and all inter frame data into separate frames, as well as to.

In another example, T frames are only encoded when there is loss. In systems which
segregate all intra frame data into individual frames and all inter frame data into separate
frames, designating T frames is of no consequence because a complete intra frame is sent
following the loss, anyway. However, in systems which interleave intra frame data within the
inter frames, for example at a rate of 10 lines of intra frame data per inter frame, the next inter
frame after a loss, which includes 10 lines of regularly scheduled intra frame data and also will
include, say, 10 lines of intra data covering the loss, in this example, can be designated as a T
frame. By designating T frames in this way, recovery from losses can be simplified and
bandwidth reduced.



10

15

20

25

30

WO 2005/041587 PCT/US2004/035110

221 -

FIG. 9 shows a frame sequence including a T frame. The frame sequence is structured
as follows.

The first three frames 901, 902 and 903, of a sequence are shown. Frame 901
comprises an intra portion 904 and an inter portion 905. That is, lines within the region 904
are represented by the actual values of the pixel parameters represented, such as intensity,
while lines within the region 905 are represented by differences between the values of the pixel
parameters of a previous T frame received and designated by mutual agreement between the
decoder and encoder, and the values of the pixel parameters to which the decoder should
decode the present frame (901).

Frame 902 also comprises an intra portion 906 and an inter portion 907. Assume that
the decoder has determined that frame 902 has been successfully received, and that information
communicated back to the encoder. The frame may then be designated a T frame, as indicated.
The designation must be communicated between the decoder and the encoder, so that both the
decoder and the encoder have the information that differences are to be measured, going
forward in the sequence of frames, from this T frame. In the illustration, intra portion 906 does
not overlap with the intra portion 904 of frame 901. However, if frame 902 has been
designated a T frame for the additional reason described above, i.e. that frame 901 has been
lost, then region 906 would at least overlap completely the lost intra information 904.

The third frame in this sequence, frame 903, also includes an intra portion 908 and an
inter portion 909. As with frame 902, intra portion 908 does not overlap with previous intra
portions 904 or 906. The portion of each succeeding frame refreshed by an intra portion will
continue to vary until the entire frame has been refreshed, at which point the intra portion will
appear at the location of intra portion 904 again. The differences contained in inter portion 909
relate back to the most recent T frame 902, which is the most recent frame confirmed by both
the decoder and encoder to have been correctly received.

The sequence of frames may include more T frames or fewer T frames, depending on
the quality of the connection determined by the communication between the decoder and the
encoder. If the connection is of poor quality, T frames can be designated more frequently, so
as to prevent degradation of image quality. The designation of T frames can be tied to losses
of frames, or can be scheduled at intervals dependent on connection quality, or can be
scheduled according to some combination of those, or can be scheduled according to any other

suitable method.
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Having thus described several aspects of at least one embodiment of this invention, it is
to be appreciated various alterations, modifications, and improvements will readily occur to
those skilled in the art. Such alterations, modifications, and improvements are intended to be
part of this disclosure, and are intended to be within the spirit and scope of the invention.

Accordingly, the foregoing description and drawings are by way of example only.
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CLAIMS
1. A method of encoding a sequence of frames of image data, each frame
including a number of lines of pixels equal to a frame height, and each line having a number of
pixels equal to a line length, the method comprising acts of:
encoding, as an encoded symbol stream, a sequence of pixels of a frame without
including an end-of-line code after each line; '
identifying, as a run having a run length, a sequence of pixels having values less
than a threshold; and

encoding the run using digit encoding.

2. The method of claim 1, wherein digit encoding further comprises acts of:
identifying a set of most frequently used symbols;
assigning a symbolic digit to each of the set of most frequently used symbols;
assigning a start symbol; and
encoding using digit encoding includes acts of:
inserting in the encoded symbol stream the start symbol; and
inserting in the encoded symbol stream after the start symbol a sequence of

symbolic digits identifying the run length of the run.

3. The method of claim 2, further comprising acts of:
assigning an end symbol; and
inserting the end symbol in the encoded symbol stream after the sequence of

symbolic digits.

4. The method of claim 2, further comprising an act of:
defining the assigned start symbol to include a field indicating how many of the

symbolic digits are required to identify the run length of the run.

5. An apparatus for encoding a sequence of frames of image data, comprising:
a host executing a sequence of instructions including:
encoding as an encoded symbol stream a sequence of pixels of a frame without

including an end-of-line code after each line;
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identifying as a run having a run length, a sequence of pixels having values less
than a threshold; and

encoding the run using digit encoding.

6. The apparatus of claim 5, the sequence of instructions further comprising:
identifying a set of most frequently used symbols;
assigning a symbolic digit to each of the set of most frequently used symbols;
assigning a start symbol; and
encoding using digit encoding includes:
inserting in the encoded symbol stream the start symbol; and
inserting in the encoded symbol stream after the start symbol a sequence of

symbolic digits identifying the run length of the run.

7. The apparatus of claim 6, the sequence of instructions further comprising:
assigning an end symbol; and
inserting the end symbol in the encoded symbol stream after the sequence of

symbolic digits.

8. The apparatus of claim 6, the sequence of instructions further comprising:
defining the assigned start symbol to include a field indicating how many of the

symbolic digits are required to identify the run length of the run.

9. A method of decoding a run length of a run in a sequence of frames of image
data, the method comprising acts of:
receiving a signal representing a symbol stream;
identifying in the symbol stream a sequence defining the run length encoded as
a sequence of digits, each digit represented by a symbol; and

decoding the run length as a number represented by the sequence of digits.

10.  The method of claim 9, wherein identifying further comprises an act of:
recognizing in the symbol stream a symbol identifying a start of a sequence of

digits.
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11. The method of claim 10, wherein the act of identifying further comprises an act

of:
recognizing in the symbol stream a symbol identifying an end of the sequence
of digits.
12. The method of claim 10, wherein the act of recognizing further comprises an act
of:

decoding the symbol identifying the start to determine a number of digit

symbols which follow.

13.  An apparatus for decoding a run length of a run in a sequence of frames of
image data, comprising:
a host executing a sequence of instructions including:
receiving a signal representing a symbol stream;
identifying in the symbol stream a sequence defining the run length encoded as
a sequence of digits, each digit represented by a symbol; and

decoding the run length as a number represented by the sequence of digits.

14, The apparatus of claim 13, wherein identifying further comprises:
recognizing in the symbol stream a symbol identifying a start of a sequence of

digits.

15.  The apparatus of claim 14, wherein identifying further comprises:
recognizing in the symbol stream a symbol identifying an end of the sequence

of digits.

16.  The apparatus of claim 14, wherein recognizing further comprises:
decoding the symbol identifying the start to determine a number of digit

symbols which follow.

17. A system for communicating a sequence of frames of image data from a first
host to a second host, comprising:

a first host executing a sequence of instructions including:
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a host executing a sequence of instructions including:

encoding as an encoded symbol stream a sequence of pixels of a frame without
including an end-of-line code after each line;

identifying as a run having a run length, a sequence of pixels having values less
than a threshold; and

encoding the run using digit encoding;

a second host executing a sequence of instructions including:

receiving a signal representing a symbol stream;

identifying in the symbol stream a sequence defining the run length encoded as
a sequence of digits, each digit represented by a symbol; and

decoding the run length as a number represented by the sequence of digits.

18. The system of claim 17, the sequence of instructions further comprising:
identifying a set of most frequently used symbols;
assigning a symbolic digit to each of the set of most frequently used symbols;
assigning a start symbol; and
encoding using digit encoding includes:
inserting in the encoded symbol stream the start symbol; and
inserting in the encoded symbol stream after the start symbol a sequence of

symbolic digits identifying the run length of the run.

19. The system of claim 18, wherein identifying further comprises:
recognizing in the symbol stream a symbol identifying a start of a sequence of

digits.

20. The system of claim 19, the sequence of instructions further comprising:
assigning an end symbol; and
inserting the end symbol in the encoded symbol stream after the sequence of

symbolic digits.

21. The system of claim 20, wherein identifying further comprises:
recognizing in the symbol stream a symbol identifying an end of the sequence

of digits.
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22.  The system of claim 21, the sequence of instructions further comprising:
defining the assigned start symbol to include a field indicating how many of the

symbolic digits are required to identify the run length of the run.

23.  The system of claim 22, wherein recognizing further comprises:
decoding the symbol identifying the start to determine a number of digit

symbols which follow.



PCT/US2004/035110

WO 2005/041587

1/7

[ oOld

|
[ 0!
an/_ "\sﬁ..._._nomm
jlomadild " HIOM}ON
|
1 |
[
| : V 1SOH
g 1soH T "
|
i [
zo1—" ! | 00
" |
soljul
JaAIeS
Kioyoadiq
001— ME\

%JOMISN

SUBSTITUTE SHEET (RULE 26)



WO 2005/041587 PCT/US2004/035110

2/7
System
/—200
203 —_
Processor
202~ 205 ~ 201
Input Interconnection Output
Device Mechanism Device
)
204\ \ _~206
Memory Storage

SUBSTITUTE SHEET (RULE 26)



WO 2005/041587 PCT/US2004/035110

3/7

J01

/302

Storage Memory
System

<do-ao.-_.’>

To
Processor

FIG. S

SUBSTITUTE SHEET (RULE 26)



PCT/US2004/035110

4/7

WO 2005/041587

G ol

({14 0¥ 0¥

A A A
f Y D

el L ese

*9 e —‘ll

o0 L X N J :3m c:m

/NQ%/N&./NQV /Now/vow /%QV/MQVNO%/NOW/NQ%

ooy

¥ ol
. '8 Y A

-¢ m N o®e

I—ow s l_ou soe sz l—om C:m C—Jm -

ooy N0 oy “zor Nzop~c07 Ngoy  “vos 0P~z08™~z08™20b |
/e&.

SUBSTITUTE SHEET (RULE 26)



WO 2005/041587

701
N

Insert
Special_Start

702
N

Insert
Symbolic

5/7

Choose Symbols to
Represent Digits

Assign Symbols
To Digits

Designate a Start
Symbol —

Fe—r—=
l

Special__Start
1

Vo 604

Designate an End |
I Symbol — |
I Special_End !

704\

_—602

_-603

PCT/US2004/035110

705
AN

-

Diqit

Insert
Special_End

|

Determine Most
Efficient Coding
Method

FIG. 7

SUBSTITUTE SHEET (RULE 26)



WO 2005/041587 PCT/US2004/035110

6/7

801 Is Next

Symbol
Special _Start

Decode Value
)

802

Extract Digit je—

804\

Combine Digits

805~ |

interpret
Run Length

\

Next Symbol

FIG. 8

SUBSTITUTE SHEET (RULE 26)



WO 2005/041587

7/7

\909

909
\\

FIG. 9

907
N\

.904\\
901/I

3
&

SUBSTITUTE SHEET (RULE 26)

PCT/US2004/035110



INTERNATIONAL SEARCH REPORT Interonal Application No
PCT/US2004/035110

A._CLASSIFICATION OF SUBJECT MATTER
IPC 7  HO4N7/26 HO4N7/32 HO4N7/36 HO4N7/68

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7  HOAN

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, INSPEC

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 5 740 278 A (BERGER ET AL) 1-23
14 April 1998 (1998-04-14)

cited in the application

column 4, line 66 — column 10, Tine 29
Y US 3 017 456 A (SCHREIBER WILLIAM F) 1-23
16 January 1962 (1962-01-16)

column 2, 1ine 24 - column 3, line 47
figure 1

A US 4 813 056 A (FEDELE ET AL) 1-23
14 March 1989 (1989-03-14)

column 9, Tine 8 - column 11, 1ine 17

_____ o

Further documents are listed in the continuation of box C. Patent family members are listed in annex.

@ Special categories of cited documents : . .

*T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*A" document defining the general state of the art which is not
considered to be of particular relevance

*E* earlier document but published on or after the international *X* document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to

*L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another *Y* document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

*O" document referting to an oral disclosure, use, exhibition or document is combined with one or more other such docu~
other means ments, such combination being obvious to a person skilled
*P* document published prior to the international filing date but In the art.
later than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the internationat search Date of mailing of the intemational search report
3 February 2005 21/02/2005
Name and mailing address of the ISA Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk T

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, .

Fax: (+31-70) 340-3016 Lombardi, G

Form PCT/ISA/210 (second sheet) (January 2004)

narna 1 nf 2



INTERNATIONAL SEARCH REPORT

Internlational Application No

PCT/US2004/035110

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ® | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

SALOMON D: "DATA COMPRESSION THE COMPLETE
REFERENCE, PASSAGE"

1998, DATA COMPRESSION : THE COMPLETE
REFERENCE, PAGE(S) 6-10 , SPRINGER, NEW
YORK, NY, USA , XP002315914

ISBN: 0-387-98280-9

the whole document

1-23

Form PCT/ISA/

210 (continuation of second sheet) {January 2004)

nana 2 n+ 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

hterrigtional Application No

[‘f

PCT/US2004/035110
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5740278 A 14-04-1998 AU 1851097 A 02-09-1997
CA 2244809 Al 21 -08-1997
EP 0880858 Al 02-12-1998
JP 2000504911 T 18-04-2000
WO 9730550 Al 21 —-08-1997
US 3017456 A 16-01-1962 GB 854026 A 16—-11-1960
US 4813056 A 14-03-198% DE 3855203 D1 15—05-1996
DE 3855203 T2 05—12-1996
EP 0395709 Al 07—-11-1990
HK 1004307 Al 20—11~-1998
JP 2790509 B2 27—08-1998
JP 3501555 T 04—04-1991
SG 63561 Al 30—03-1999
WO 8905556 Al 15—06-1989

Form PCT/ISA/210 (patent family annex) (January 2004)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

