PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6: (11) International Publication Number: WO 99/59105
GO6T 9/00 Al _ o
(43) International Publication Date: 18 November 1999 (18.11.99)
(21) International Application Number: PCT/US99/10168 | (81) Designated State: JP.
(22) International Filing Date: 10 May 1999 (10.05.99)
Published
With international search report.
(30) Priority Data: Before the expiration of the time limit for amending the
09/075,603 11 May 1998 (11.05.98) Us claims and to be republished in the event of the receipt of
amendments.

(71) Applicant: OAK TECHNOLOGY, INC. [US/US}; 139 Kifer
Court, Sunnyvale, CA 94086 (US).

(72) Inventor: REDFORD, John; 75 Cushing Street, Cambridge,
MA 02138 (US).

(74) Agent: GUERIN, William, G.; Testa, Hurwitz & Thibeault,
LLP, High Street Tower, 125 High Street, Boston, MA
02110 (US).

(54) Title: METHOD AND APPARATUS UTILIZING A SIMPLIFIED CONTENT-ADDRESSABLE MEMORY FOR JPEG DECOD-

ING
(57) Abstract
—
A method and apparatus for decoding of two part binary 100 | RECEWEBITSTRING |
symbols, such as JPEG symbols, is disclosed. The invention takes
advantage of the relationship between the Huffman symbol length, ¢
the magnitude length, and the overall symbol length so that none 200 LOGICALLY
110 “OR" BIT STRING

a Huffman symbol can be detected. Once the symbol is detected, LATCHED
the invention facilitates the determination of the Huffman symbol PATTERN
length, the magnitude length, and the overall symbol length.

of these lengths need to be stored in memory. Using the invention, \ AND MASK

DOES
LATCHED PATTERN
MATCH PATTERN

?

130
GENERATE
SYMBOL MATCH
NO SIGNAL
|l —————
Y
~~| ODECODEMASKTO
140 DETERMINE
LENGTH (P1)
\
" LENGTH(S)
150 =K +LENGTH (P1)
170
PROVIDE
LENGTH (P1) AND >
LENGTH(S)




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
CM
CN
CuU

DE
DK
EE

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Buigaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d’Tvoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES

FI

FR
GA
GB
GE
GH
GN
GR

KR
KZ
LC
LI

LK
LR

FOR THE PURPOSES OF INFORMATION ONLY

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Treland

Israel

Iceland

Italy

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
Lu
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
Nz
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
TD
TG
TJ
™
TR
TT
UA
UG
us
UZ
VN
YU
YAY

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

25

WO 99/59105 PCT/US99/10168

METHOD AND APPARATUS UTILIZING A SIMPLIFIED
CONTENT-ADDRESSABLE MEMORY FOR JPEG DECODING

Field of the Invention

The invention relates generally to a method and apparatus for decoding JPEG symbols. In
particular, the invention relates to a method using a content-addressable memory for increasing

decoding speed and decreasing data storage requirements.

Background of the Invention

Image compression techniques reduce the memory required for storage of large or complex
images, permitting storage of images in devices with limited memory. For example, image
compression techniques used in digital copiers and scanners aid in storage of complex images for
subsequent printing. Similarly, image compression benefits communications where bandwidth
limitations would otherwise render transmission of image data impractical. Image compression
also offers substantial benefits for archiving large image libraries.

The JPEG (Joint Photographic Experts Group) standard is a set of image compression
techniques that have gained widespread acceptance. The most popular of the three general
compression methods defined by the JPEG standard is the baseline sequential discrete cosine
transform (DCT) technique. This technique reduces the file size of grayscale and color images
with a near minimum possible loss of image quality. The basic image unit for JPEG compression
is the image block which includes an eight pixel by eight pixel subset of the image. Each image
block is analyzed and quantized, yielding DCT coefficients representative of the image block
content. The coefficients are then Huffman coded to reduce the amount of data used to
characterize them.

Huffman symbols used in JPEG image compression generally combine zero run length and
magnitude length information to represent the coefficients in the smallest possible number of bits.
The zero run length specifies the number of consecutive zero-valued coefficients preceding a non-
zero coefficient. The magnitude length specifies the bit length of that part of the JPEG symbol
which represents the value of the non-zero coefficient. Huffman codes are based on a set of

variable word length symbols. The number of bits used to represent a particular Huffman code
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should be inversely related to the probability of encountering the run-length/magnitude length
represented by that code (i.e., entropy encoding).

A common way to decode bit patterns is to compare each bit pattern to a set of stored bit
patterns in a content-addressable memory (CAM). Each stored bit pattern contains the bits to be
matched and information about which bits are to be ignored (i.e., masked) in the comparison. If
one of the stored bit patterns matches the symbol bit pattern, information necessary for the
decoding of the symbol bit pattern is read out of a separate memory. The information includes
the length of the Huffman part, the length of the magnitude part, and the overall JPEG symbol
length. The length of the Huffman part is required for determining the start of the magnitude bits,
the length of the magnitude part specifies the number of magnitude bits, and the overall symbol
length is used to determine the start of the next symbol. Because the bit lengths are interrelated,
separate storage of all of these lengths requires more logic circuitry and storage capacity than is
desirable. In addition, retrieval and processing of the multiple bit lengths from memory requires

crucial decoding time.

Summary of the Invention

The present invention relates to a method and apparatus for decoding two part binary
symbols such as JPEG symbols. The method takes advantage of the relationship between the
Huffman symbol length, the magnitude length, and the overall symbol length to reduce the
amount of data stored in memory. In particular, the magnitude length is not stored because each
implementation of the method is associated with a specific magnitude length. Similarly, each
apparatus is associated with a specific magnitude length. Thus, knowledge of which method
implementation (or apparatus) yielded a match is sufficient to determine the magnitude length. In
addition, the sum of the Huffman symbol bit length and the number of masking bits is sixteen (i.e.,
the maximum possible number of bits in a Huffman symbol). Thus, the Huffman symbol length 1s
not stored because it is derived directly from the masked bit pattern of the matched CAM module.

In accordance with the present invention, only the Huffman symbol bit pattern and the
mask bit pattern need to be stored in the CAM module. This saves circuitry and increases
throughput over that achieved using stored information. In addition, the Huffman length and
magnitude length are in a form that requires little circuitry, providing for a rapid determination of

the total symbol length.
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In one embodiment, the invention features a method for decoding a two part binary
symbol. The two part binary symbol can be a JPEG symbol and the first part of the JPEG symbol
can be a Huffman symbol. The method includes the step of logically combining a preselected
number of bits from a two part binary symbol bit stream and a mask bit pattern to generate a
latched bit pattern having a predetermined number of mask bits. The latched bit pattern is
compared with a match bit pattern and a symbol match signal is asserted if the two bit patterns are
identical. The length of the first part of the two part symbol bit pattern is determined by decoding
the mask bit pattern. The mask bit pattern can be decoded by detecting the most significant non-
zero bit. The length of the first part is added to a preselected constant to determine a total
symbol length. The length of the first part and the overall length of the symbol are provided as
outputs when the symbol match signal is generated.

In another aspect, the invention features an apparatus for decoding a two part binary
symbol. The two part binary symbol can be a JPEG symbol and the first part of the JPEG symbol
can be a Huffman symbol. The apparatus includes a match pattern latch, a mask pattern latch,
and a processing module. The match pattern latch stores a bit pattern representing a first part of
the two part binary symbol to be decoded. The mask pattern latch stores a bit pattern having
non-zero values for the bits included in the second part of the two part binary symbol. A
processing module communicates with the match pattern latch and the mask pattern latch. The
processing module includes an input to receive the two part binary symbol and an output for
indicating a two part binary symbol match if the first part of the symbol matches the bit pattern
stored by the match pattern latch. The processor also includes an output for providing the bit
length of the first part of the symbol and an output for providing the overall length of the symbol.

In one embodiment, the apparatus includes a set of symbol modules for decoding JPEG
symbols. Each symbol module includes a processing module comprising a logic device, a
comparator, a decoder, and a shifter. The logic device logically combines the JPEG symbol bit
pattern and the mask bit pattern, and provides the resulting bit pattern to the comparator. The
comparator compares the resulting bit pattern with the bit pattern from the match pattern latch
and asserts a symbol match signal if a match is detected. The decoder receives the mask bit
pattern and generates the length of the Huffman symbol. The shifter receives the length of the
Huffman symbol from the decoder and adds it to the length of the magnitude part of the JPEG
symbol to generate the overall JPEG symbol length.
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Brief Description of the Drawings

The foregoing and other objects, features and advantages of the invention will become
apparent from the following more particular description of preferred embodiments of the
invention, as illustrated in the accompanying drawings. The drawings are not necessarily to scale,
emphasis instead being placed on illustrating the principles of the present invention.

FIGS. 1A and 1B are block diagrams of JPEG symbols having an AC coefficient Huffman
symbol and a DC coefficient Huffman symbol, respectively.

FIG. 2 is a flowchart of a method for decoding a two part binary symbol according to the
present invention.

FIG. 3 is a functional block diagram of an apparatus for decoding a Huffman symbol in
accordance with the present invention.

FIGS. 4 is a table listing bit patterns used to decode AC coefficient Huffman symbols
according to the present invention.

FIGS. 5A to 5C illustrate the application of method steps of the present invention to a
JPEG symbol stream.

FIG. 6 is a functional block diagram of an apparatus for decoding a Huffman symbol in

accordance with the present invention.

Detailed Description of the Invention

FIGS. 1A and 1B are examples of two part binary symbols that can be decoded by the
method of the present invention. In FIG. 1A, a JPEG symbol 10a with AC magnitude information
includes an AC coefficient Huffman symbol 12 and a magnitude part 14. The Huffman symbol 12
can be between one and sixteen bits long and the magnitude part 14 can be between zero and ten
bits long. The AC coefficient Huffman symbol 12 includes information on the zero run length 16
and the magnitude length 18. The magnitude length 18 describes the number of bits in the
magnitude part 14. FIG. 1B depicts a JPEG symbol 10b with DC magnitude information. The
DC coefficient is always the first coefficient encountered for each image block to be compressed,
thus the DC coefficient Huffman symbol 20 contains no zero run length information. Instead, the
DC coefficient Huffian symbol 20 describes the number of bits in the data part 22 which can be
between zero and eleven bits long. All DC coefficient Huffman symbols 20 and those AC
coefficient Huffman symbols 12 having a zero-valued run length part 16 require decoding in a

single decoder cycle. All other AC coefficients can be decoded in multiple decoder cycles.
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Referring to FIG. 2, a method 200 of decoding the first part of a two part symbol in a
symbol stream is described as a series of steps. At step 100, a bit string including at least the first
part of a two part symbol is received. The bit string can be provided from a communication
device, storage medium or other source. In step 110, the bit stream is logically combined with a
mask bit pattern to yield a latched bit pattern. The logical combination includes the non-exclusive
ORing of the two bit patterns. The latched bit pattern is compared with the match bit pattern in
step 120. If the latched bit pattern matches the match bit pattern, a symbol match signal is
generated in step 130 and the mask bit pattern is decoded in step 140 to determine the bit length
of the first part, LENGTH(P1), of the two part symbol. If the latched bit pattern does not match
the match bit pattern, step 130 is not performed and the method proceeds with the decoding of
the mask bit pattern in step 140. In step 150, the overall bit length of the two part symbol,
LENGTH(S), is determined by adding the bit length of the first part of the symbol,
LENGTH(P1), to a preselected constant, K. The preselected constant, K, can be the bit length
of the magnitude part described by the first part of the two part symbol. Step 160 determines
whether a symbol match signal has been asserted for the two part symbol. If a symbol match
signal has been asserted, the bit length of the first part, LENGTH(P1), and the bit length of the
overall symbol, LENGTH(S), are provided in step 170 before returning to step 100 to decode the
subsequent two part symbol. If, however, no symbol match signal has been asserted for the
current symbol, then the method 200 returns to step 100 to decode the subsequent two part
symbol.

When any one of a set of first parts of two part symbols is to be detected, the method 200
is performed for each first part in the set. This is accomplished by using a first part bit pattern,
mask bit pattern, and match bit pattern selected for each first part to be detected. Preferably,
application of the method for each first part is concurrent to minimize decoding time. In one
embodiment of the invention, the two part symbols are JPEG symbols. In another embodiment,
the first part of the JPEG symbol is a Huffman symbol.

Referring to FIG. 3, a CAM decoder 28 for decoding the Huffman symbol part 12 of a
JPEG symbol 10a includes a set of eleven CAM modules 30. Each CAM module 30a.. k is
adapted to detect a specific Huffman symbol 12 having a zero-valued zero run length 16.
Huffman symbols 12 having non-zero valued zero run lengths 16 need not be decoded as rapidly

and can be decoded using other circuitry (not shown).
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Each CAM module 30 includes a mask bit pattern latch 34, a match bit pattern latch 36, a
logic device 38, a comparator 40, a length decoder 42, and a shifter 44. Huffman symbols 12,20
can be up to sixteen bits long, therefore, sixteen bits are received at each CAM module input 32.
The sixteen bit pattern is logically combined by the logic device 38 with a mask bit pattern stored
in the mask bit pattern latch 34. The logical combining function can be a non-exclusive ORing of
the corresponding bits of the sixteen bits of JPEG data and the mask bit pattern. Other logic can
be used without departing from the scope of the invention. The logical combination yields a
sixteen bit long latched bit pattern. The latched bit pattern is compared in comparator 40 with the
sixteen bit long match bit pattern stored in the match bit pattern latch 36. A signal is asserted at
symbol match output 46 if the latched bit pattern matches the match bit pattern. The length
decoder 42 receives the mask bit pattern and generates a bit pattern representing the Huffman
symbol bit length which is provided to the shifter 44 and the Huffman length output 48. The
shifter 44 generates a bit pattern which is shifted by a number of bits at the symbol length output
50. The number of shifted bits is unique to each CAM module 30 and corresponds to the
magnitude length 18 of the Huffman symbol 12 assigned to the CAM module 30.

FIG. 4 indicates the relationship between the AC single coefficient Huffman symbol bit
patterns, mask bit patterns and match bit patterns. The column labeled ZERO RUN LENGTH/
MAG LENGTH identifies the eleven Huffman symbols corresponding to the eleven CAM
modules 30 for decoding AC coefficient Huffman symbols 12. Each Huffman symbol 12 is
identified by a first number indicating the number of zero-valued coefficients preceding the non-
zero coefficient and a second number indicating the bit length of the magnitude part 14. The first
number is zero for all entries in the table because only the Huffman symbols 12 corresponding to
single coefficients or indicating end of block (EOB) are listed.

By way of example, Huffman symbol 0/8 can be considered exemplary of the relationships
between each Huffman symbol and its tabulated bit patterns. Huffman symbol 0/8 represents a
single AC coefficient and a magnitude part 14 that is eight bits long. The 0/8 Huffman symbol is
represented by the ten bit long binary pattern “1111110110”. Thus, the 0/8 CAM module (i.e,,
the CAM module used to detect the 0/8 Huffman symbol) requires that the first ten bits be
examined to see if the 0/8 bit pattern is present. The last six bits can be ignored, therefore, the 0/8
CAM module includes a mask bit pattern which allows the CAM circuitry to mask (i.e., disregard)
the last six bits. The mask bit pattern for Huffman symbol 0/8 is “0000000000111111”. Because

the mask bit pattern is non-exclusively ORed with the sixteen bits of JPEG data, the resulting
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latched bit pattern always has non-zero values for the bits corresponding to the non-zero valued
bits in the mask bit pattern. Thus, the last six bits in the 0/8 CAM module latched pattern are
“111111”. If the 0/8 Huffman symbol is present, the 0/8 CAM module latched bit pattern is the
ten bit long Huffman symbol bit pattern followed by six non-zero values, “11111101101111117,
which is identical to the 0/8 CAM module match bit pattern.

FIGS. 5A to 5C illustrate example steps used to decode a JPEG data stream 60 according
to the method of the invention. In this example, the mask bit pattern and match bit pattern (not
shown) correspond to the 0/8 Huffman symbol. Referring to FIG. 5A, a JPEG data stream 60
includes a first JPEG symbol 62, a second JPEG symbol 64, and additional JPEG symbols (not
shown). The first JPEG symbol 62 includes a 0/8 Huffman symbol 66 followed by eight
magnitude bits 68 indicating a coefficient value of -129. The second JPEG symbol 64 includes a
1/2 Huffiman symbol followed by two magnitude bits 72 indicating a single zero-valued coefficient
preceding a second coefficient with a value of 3.

Referring to FIG. 5B, the first sixteen bits 74 of the JPEG data stream 60 are examined to
determine if the 0/8 Huffman symbol is present. This is accomplished by non-exclusively ORing
in logical device 38 the first sixteen bits 74 and the mask bit pattern 76 to yield a latched bit
pattern 78. The latched bit pattern 78 is then compared with the match bit pattern (not shown).
In this example, the latched bit pattern 78 will match the match bit pattern indicating the presence
of the 0/8 Huffman symbol.

FIG. 5C shows how the decode module 42 provides a binary-formatted bit length 80 of
the decoded Huffman symbol 12. The first non-zero bit in the mask pattern 76 is detected and the
other fifteen bits are set to zero. The number of zero-valued bits preceding the non-zero bit in the
resulting Huffman symbol bit length pattern 80 indicates a Huffman symbol bit length of ten. The
shifter 44 (not shown) shifts the Huffman symbol length bit pattern by an additional number of
bits corresponding to the magnitude length 18 associated with the Huffman symbol 12 to derive
the JPEG symbol bit length. In this example, the shifter 44 will shift the Huffman symbol length
bit pattern 80 by eight bits corresponding to an overall JPEG symbol bit length of eighteen.

A CAM decoder 60 having multiple CAM modules 52a...k but only one length decoder 42
and one shifter 44 is shown in FIG. 6. Each comparator 40 has an output 58 which provides an
enable signal to switch 54. The enable signal is asserted when the latched bit pattern from the
logic device 38 matches the bit pattern stored in the match pattern latch 36. The enable signal

activates switch 54 so that the bit pattern from the mask pattern latch 34 is received by the length
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decoder 42. The Huffman symbol bit length is generated by the length decoder 42 and
transmitted to the shifter 44 and the Huffman length output 48.

The shifter 44 includes a series of shifter enable inputs 56a...k. The shifter 44 generates a
bit pattern which is shifted by a constant number of bits at the symbol length output 50. The
value of the constant is determined by which shifter enable input 56 is active. This CAM decoder
60 requires less circuitry than the CAM decoder 28 illustrated in FIG. 3 because only one length
decoder 42 and shifter 44 is used.

Equivalents

While the invention has been particularly shown and described with reference to specific
preferred embodiments, it should be understood by those skilled in the art that various changes in
form and detail may be made therein without departing from the spirit and scope of the invention

as defined by the appended claims.
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CLAIMS
What is claimed is:
1. A method for decoding a two part binary symbol comprising the steps of:

logically combining a predetermined number of bits in a bit stream and a mask bit pattern

to generate a latched bit pattern having a preselected number of masked bits;
comparing the latched bit pattern with a match bit pattern;
generating a symbol match signal if the latched bit pattern matches the match bit pattern;

determining the length of the first part of the two part symbol by decoding the mask bit

pattern; and

adding the length of the first part of the two part symbol to a preselected constant to

determine an overall length of the symbol; and

providing as outputs the length of the first part and the total symbol length when the

symbol match signal is generated.

2. The method of claim 1 wherein the predetermined number of bits includes the first part of

a two part binary symbol.

3. The method of claim 1 wherein the determining step includes setting all non-zero bits after

the first non-zero bit in the mask bit pattern to zero.

4, The method of claim 1 wherein the two part binary symbol is a JPEG symbol.

5. The method of claim 4 wherein the first part of the JPEG symbol is a Huffman symbol.
6. An apparatus for decoding a two part binary symbol comprising:

a match pattern latch for storing a bit pattern representing a first part of the two part

binary symbol to be detected;

a mask pattern latch for storing a bit pattern having non-zero bits for masking bits other

than the bits representing the first part of the two part symbol to be detected; and

a processing module in communication with the match pattern latch and the mask pattern

latch, the processing module comprising:

an input to receive a two part binary symbol bit string;
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an output for indicating a two part binary symbol match if the first part of the

two part binary symbol matches the match pattern latch bit pattern;

an output for providing the bit length of the first part of the two part binary

symbol; and
an output for providing the overall length of the two part binary symbol.
7. The apparatus of claim 6 wherein the two part binary symbol is 2 JPEG symbol.
8. The apparatus of claim 7 wherein the first part of the JPEG symbol is a Huffman symbol.

9. An apparatus for decoding JPEG symbols comprising a set of symbol modules, each of the

set of symbol modules comprising:
an input port for receiving a JPEG symbol bit string;

a mask pattern latch for storing a mask bit pattern and having an output port for providing

the mask bit pattern,

a logic device having an input port in communication with the input port of the symbol
module, an input port in communication with the output port of the mask pattern latch, and an
output port, the logic device performing a logical combining of a predetermined number of bits in
the JPEG symbol bit string and the mask bit pattern and providing the resulting bit pattern to the

logic device output port;

a match pattern latch for storing a Huffman symbol bit pattern and having an output port

for providing the match pattern bit pattern,

a comparator having a first input terminal in communication with the output of the logic
device, a second input terminal in communication with the output of the match pattern latch, and
an output terminal, the comparator asserting a symbol match signal at the comparator output
terminal if the resulting bit pattern of the logic device matches the bit pattern in the match pattern

latch;

a decoder having an input port in communication with the output port of the mask pattern

latch and an output port for providing the length of the Huffman symbol; and

a shifter having an input in communication with the output of the decoder and an output,

the shifter adding the length of a magnitude part of the matched JPEG symbol to the length of the
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22 Huffman symbol to generate the JPEG symbol length and providing the JPEG symbol length at

23 the shifter output.
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