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CONTEXT-ADAPTIVE VARIABLE LENGTH
CODER WITH SIMULTANEOUS STORAGE
OF INCOMING DATA AND GENERATION OF
SYNTAX ELEMENTS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

The present mvention relates to a variable-length coding
apparatus for compressing an image signal.

BACKGROUND OF THE INVENTION

Recently, a method called H.264 1s standardized as a
motion 1mage compression coding method. This H.264 cod-
ing method requires a larger operation amount than those of

the conventional compression coding methods such as
MPEG2 and MPEG4, but can realize a higher coding eifi-
ciency than those of these conventional methods.

In this H.264 coding method, a context adaptive variable-
length coding (CAVLC) method 1s defined as a varable-
length coding method. Syntax elements which form a coded
stream 1n the CAVLC method are the number of nonzero data
(to be referred to as TotalCoell hereinafter) in a block, the
number of zero data (to be referred to as TotalZeros herein-
aiter) input before the last nonzero data 1n a block, the number
of data (to be referred to as TrailingOnes hereinafter) having
an absolute value of 1 and 1nput after the last data having an
absolute value of 2 or more 1n a block, the value (to be referred
to as Level hereinafter) of nonzero data, and the number of
zero data (to be referred to as Run hereinafter) preceding to
the nonzero data. Note that in the standard of H.264, the
maximum value of TrailingOnes 1s defined as 3.

This CAVLC method largely differs from the variable-
length coding method used in MPEG?2 and MPEG4 1n the
following two points:

1. Level and Run are coded 1n the reverse scan order.

2. A variable-length coding table necessary for coding of
Level and Run 1s changed 1n accordance with the calculation
results of TotalCoetl, TrailingOnes, and TotalZeros.

An example of a variable-length coding apparatus using
the CAVLC method 1s described 1n patent reference 1. This
variable-length coding apparatus increases the processing
speed by coding a plurality of data in parallel by variable-
length coding, and sequentially connecting a plurality of gen-
crated variable-length coded data (e.g., Japanese Patent Laid-

Open No. 2004-056758).

In this variable-length coding apparatus described in Japa-
nese Patent Laid-Open No. 2004-056758, however, a plural-
ity of syntax elements depend on each other, so the processing
takes a long time 11 coding of a second syntax element cannot
be started before the calculation of a first syntax element 1s
completed.

For example, 1n the CAVLC method, after all image data in
a block are read out and TotalCoell, TrailingOnes, and
TotalZeros are calculated, the Level and Run of all the image
data 1in the block must be coded 1n turn from the beginning by
variable-length coding. This makes the variable-length cod-
Ing process time-consuming.
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2
SUMMARY OF THE INVENTION

The present mvention has been made in consideration of
the above situation, and has as 1ts object to increase the
processing speed even when a plurality of syntax elements
depend one each other.

According to the present invention, the foregoing object 1s
attained by providing a variable-length coding apparatus
which receives 1mage data block by block, and generates
coded data from syntax elements, comprising:

a storage unit that temporarily stores the image data;

a first syntax element calculating unit that calculates a first
syntax element from the image data, at the same time the
image data 1s stored 1n the storage unait;

a first coding unit that generates coded data of the first
syntax element from a value of the first syntax element;

a second syntax element calculating unit that reads out the
image data stored in the storage unit, and calculates a value of
a second syntax element from the 1image data;

a second coding unit that generates coded data of the sec-
ond syntax element on the basis of the values of the first and
second syntax elements; and

a packing unit that packs the coded data of the first and
second syntax elements.

According to the present invention, the foregoing object 1s
also attained by providing a varniable-length coding method
which receives 1mage data block by block, and generates
coded data from syntax elements, comprising:

temporarily storing the image data 1n a storage unit;

calculating a first syntax element from the image data, at
the same time the image data 1s stored 1n the storage unait;

generating coded data of the first syntax element from a
value of the first syntax element;

reading out the 1mage data stored 1n the storage umt, and
calculating a value of a second syntax element from the image
data;

generating coded data of the second syntax element on the
basis of the values of the first and second syntax elements; and

connecting the coded data of the first and second syntax
clements.

Other features and advantages of the present invention will
be apparent from the following description taken 1n conjunc-
tion with the accompanying drawings, 1n which like reference
characters designate the same or similar parts throughout the
figures thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated 1n
and constitute a part of the specification, illustrate embodi-
ments of the mvention and, together with the description,
serve to explain the principles of the invention.

FIG. 1 1s a view showing the arrangement of a variable-
length coding apparatus according to the first embodiment;

FIGS. 2A and 2B are views showing the image data read
orders;

FIG. 3 1s a view showing an example of image data;

FIG. 4 1s a timing chart showing the operation of each
circuit according to the first embodiment;

FIG. 5 1s a flowchart showing a method of calculating
TotalCoett;

FIG. 6 1s a flowchart showing a method of calculating
TrailingOnes;

FIG. 7 1s a view showing an example of an 1mage data
block:

FIG. 8 1s a flowchart showing a method of calculating
TotalZeros;
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FI1G. 9 1s a flowchart showing a method of calculating Run;

FIG. 10 1s a flowchart showing a method of calculating
Level;

FIG. 11 1s a view showing the arrangement of a variable-
length coding apparatus according to the second embodi-
ment;

FIG. 12 1s a view showing the internal arrangement of a
first syntax element calculating unit in the variable-length
coding apparatus according to the second embodiment;

FIG. 13 1s a timing chart showing the operation of each
circuit according to the second embodiment of the present
imnvention;

FIG. 14 1s a flowchart showing a method of calculating
additional information;

FIG. 15 1s a flowchart showing a method of calculating
TrailingOnes; and

FIG. 16 1s a flowchart showing a method of calculating
TotalZeros.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention will now
be described 1n detail 1n accordance with the accompanying,
drawings.

First Embodiment

FIG. 1 1s a view showing the arrangement of the first
embodiment of the present invention.

Referring to FIG. 1, a variable-length coding apparatus 101
according to the first embodiment includes a storage unit 102,
first syntax element calculating unit 103, second syntax ele-
ment calculating unit 104, first coding unit 105, second cod-
ing unit 106, and packing unit 107. The packing unit 107
packs variable-length coded data.

Image data of 4x4 rectangular blocks 1s mput in a raster
scan order shown 1n FIG. 2A to the variable-length coding
apparatus 101.

The storage unit 102 1s a RAM which temporarily stores
the 1mage data. Note that read or write to this RAM requires
one cycle.

The first syntax element calculating unit 103 reads the
image data 1n a block, calculates TotalCoetl, TrailingOnes,
and TotalZeros in the block, and internally holds the calcu-
lated syntax elements.

The second syntax element calculating unit 104 reads out
the image data held in the storage unit 102 1n a reverse zigzag,
scan order shown in FIG. 2B, and calculates Level and Run of
cach 1image data 1n the block.

The first coding unit 105 performs variable-length coding,
by using a predetermined variable-length coding table, on
TotalCoell, TrailingOnes, and TotalZeros calculated by the
first syntax element calculating unit 103.

The second coding unit 106 selects a variable-length cod-
ing table on the basis of TotalCoetl, TrailingOnes, and
TotalZeros calculated by the first syntax element calculating
unit 103, and, by using the selected variable-length coding
table, performs variable-length coding on Level and Run of
cach 1mage data calculated by the second syntax element
calculating unit 104.

The packing unit 107 shifts and packs the variable-length
codes of the output individual syntax elements from the first
and second coding units 1035 and 106 in accordance with a
predetermined format, thereby generating one variable-
length stream data.
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4

The flow of data when 1image data shown 1n FIG. 3 1s coded
by variable-length coding will be explained below.

FIG. 4 1s a timing chart showing processing performed by
cach unmit shown 1n FIG. 1 with respect to time.

From time 0, image data of block 1 shown 1n FIG. 3 are
input one at each cycle to the variable-length coding appara-
tus 101, and written 1n the storage unit 102. Since the block 1s
made up of 4x4 1image data, write of all the image data of
block 1 requires 16 cycles.

The 1mage data are also mput to the first syntax element
calculating unit 103 at the same time they are written in the
storage unit 102. Immediately after all the image data are
input, the first syntax element calculating unit 103 calculates
the values of TotalCoefl, TrailingOnes, and TotalZeros, and
outputs the calculated values.

Subsequently, from time 16 to time 32, the second syntax
clement calculating unit 104 reads out the image data of block
1 one at each cycle 1n a reverse zigzag scan order from the
storage unit 102, and calculates the values of Run and Level
of each 1image data. Immediately after nonzero data 1s input,
the second syntax element calculating umt 104 inputs the
values of Level and Run of the data to the second coding unit
106.

Also, TotalCoetl, TrailingOnes, and TotalZeros calculated
betore time 16 are mput to the first coding unit 103, and coded
by variable-length coding 1n one cycle by using a predeter-
mined variable-length coding table. The value of Trailin-
gOnes 1s held because it 1s necessary to select a variable-
length coding table of the next block. The vanable-length
coded data 1s input to the packing unit 107, and held until time
32.

In addition, from time 16 to time 32, the second coding unit
106 sclects a variable-length coding table necessary for cod-
ing of Run and Level on the basis of the values of TotalCoell,
TrailingOnes, and TotalZeros iput from the first syntax ele-
ment calculating umt 103. The second coding unit 106 per-
forms variable-length coding on Run and Level of each image
data in one cycle by using the selected variable-length coding
table. Assume that coding of Run and coding of Level are
performed 1n parallel. The variable-length coded data 1s input
to the packing unit 107, and held until time 32.

In parallel with this processing, image data of block 2

shown 1n FIG. 3 are written 1n the storage unit 102. In addi-
tion, the first syntax element calculating unit 103 calculates
TotalCoell, TrailingOnes, and TotalZeros of block 2 1n the
same manner as for block 1.

Then, from time 32 to time 48, the packing unit 107 reads
out the variable-length codes input from the first and second
coding units 105 and 106, connects and packs the readout
codes, and outputs a coded stream defined by the H.264
standard.

In parallel with this processing, the second syntax element
calculating unit 104 calculates Run and Level of each image
data of block 2 1n the same manner as for block 1. Also, the
first and second coding units 105 and 106 perform variable-
length coding of each syntax element of block 2 1n the same
manner as for block 1.

Furthermore, 1n parallel with this processing, image data of
block 3 shown 1n FIG. 3 are written 1n the storage unit 102.
The first syntax element calculating unit 103 calculates Total-
Coell, TrailingOnes, and TotalZeros of block 3 1n the same
manner as for block 1. The same processing 1s repeated for all
blocks to process one data at each cycle.

Details of the method of calculating each syntax element
will be explained below.
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First, the operation of calculating TotalCoetl performed by
the first syntax element calculating unit 103 will be explained
below with reference to a tlowchart shown in FIG. 5.

Instep S101, a variable TotalCoefl 1s initialized to 0. In step
5102, the next image data 1n the block 1s input, and the tlow
advances to step S103.

In step S103, whether the value of the image data 1s zero 1s
determined. If the value 1s not zero, the flow advances to step

S104 to add 1 to the value of TotalCoett, and further advances
to step 5103.

If the value 1s zero, the flow advances to step S105. In step
S105, whether the present image data 1s the last data of the
block 1s determined. If the image data 1s the last data of the
block, the flow advances to step S106 to output the present
value of TotalCoell as a calculation result, and terminate the
processing for the present block. If the image data 1s not the
last data of'the block, the tlow returns to step S102 to input the
next image data.

The operation of calculating TrailingOnes performed by
the first syntax element calculating unit 103 will be explained
below with reference to a flowchart shown 1n FIG. 6.

First, 1n step S201, a vaniable TrailingOnes 1s in1tialized to
0. Also, a variable LastIndex2 and each element of an array
Onelndex including three elements are mitialized to 17. Note
that in this explanation of the flowchart shown 1n FIG. 6, a
number indicating the order when each image data input 1n a
raster scan order 1s read out 1n a reverse zigzag scan order 1s
defined as an index. For example, 1n a block shown in FIG. 7,
the mndex of image data 701 1s 16, and that of 1mage data 702
1s 10.

LastIndex2 1s a varniable representing the minimum value
of the index of 1image data having an absolute value of 2 or
more in the block. Also, the array Onelndex stores three
indices, 1n ascending order from the smallest one, of 1mage
data having an absolute value of 1 in the block.

In step S202, the next image data 1n the block 1s mput, and
the flow advances to step S203. In step S203, whether the
value of the image data 1s zero 1s determined. It the value 1s
zero, the flow advances to step S208. It the value 1s not zero,
the flow advances to step S204 to determine whether the

absolute value of the image data 1s 1.

If the absolute value of the image data 1s not 1, the flow
advances to step S205 to compare the value of LastIndex2
with the index value of the presently mput image data, and
substitute a smaller value ito LastIndex2.

If the absolute value of the image data i1s 1 in step S204, the
flow advances to step S206 to compare the value of an array
Onelndex[2] with the index value of the presently input
image data, and substitute a smaller value 1nto Onelndex|2].
After that, the flow advances to step S207.

In step S207, the values of Onelndex|[0], Onelndex[1], and
Onelndex|2] are compared, and the values of these arrays are
rearranged such that the minimum value 1s Onelndex[0] and
the maximum value 1s Onelndex|2].

In step S208, whether the present image data 1s the last data
of the block 1s determined. If the image data 1s notthe last data
of the block, the flow returns to step S202 to mput the next
image data. If the image data 1s the last data of the block, the
flow advances to step S209. In step S209, the value of LastIn-
dex2 1s compared with Onelndex[2]. If Onelndex|[2] 1is
smaller, the flow advances to step S210 to add 1 to Trailin-
gOnes. IT LastIndex2 1s smaller or the two values are equal,
the flow advances to step S211.

Subsequently, 1n step S211, the value of Lastlndex2 is
compared with Onelndex[1]. If Onelndex|[1] 1s smaller, the
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flow advances to step S212 to add 1 to TrailingOnes. If
LastIndex2 1s smaller or the two values are equal, the flow
advances to step S213.

In step S213, the value of Lastlndex2 1s compared with
Onelndex|[0]. If Onelndex|[0] 1s smaller, the flow advances to
step S214 to added 1 to TrailingOnes. If LastIndex2 1s smaller
or the two values are equal, the flow advances to step S215.

Finally, in step S215, the present value of TrailingOnes 1s
output as a calculation result, and the processing for the
present block 1s completed.

The operation of calculating TotalZeros performed by the
first syntax element calculating unit 103 will be explained
below with reference to a flowchart shown 1n FIG. 8.

First, in step S301, a variable TotalZeros 1s 1nitialized to O.
Also, a variable LastIndex 1s 1nitialized to 17. Note that
LastIndex 1s a variable representing the minimum value of the
index of image data having an absolute value of 1 or more 1n
the block.

Then, 1n step S302, the next image data in the block 1s
input, and the flow advances to step S303. In step S303,
whether the value of the image data 1s zero 1s determined. IT
the value 1s zero, the flow advances to step S304 to add 1 to
TotalZeros. It the value 1s not zero, the flow advances to step
S305.

In step S305, the value of LastIndex 1s compared with the
index value of the presently mnput image data, and a smaller
value 1s substituted into LastIndex. After that, the flow
advances to step S306.

In step S306, whether the present image data 1s the last data
of the block 1s determined. If the 1image data 1s the last data of
the block, the flow advances to step S307 to subtract the value
of LastIndex-1 from TotalZeros.

Subsequently, the flow advances to step S308 to output the
present value of TotalZeros as a calculation result, and termi-
nate the processing for the present block. IT 1t 1s determined in
step S306 that the image data 1s not the last data of the block,
the flow returns to step S302 to input the next image data.

By the method described above, the first syntax element
calculating unit 103 can calculate the values of TotalCoelt,
TrailingOnes, and TotalZeros immediately after the last
image data 1n the block 1s input to the storage unit 102.

The operation of calculating Run performed by the second
syntax element calculating unit 104 will be explained below
with reference to a flowchart shown in FIG. 9.

First, in step S401, varniables Run and FirstNonZeroFlag
are 1mtialized to 0. Note that FirstNonZeroFlag 1s a flag which
1s 1 when atleast one nonzero image data in the block 1s input,
and 0 11 no nonzero 1mage data has been mput yet.

Then, 1n step S402, the next image data in the block 1s
iput, and the flow advances to step S403. In step S403,
whether the value of the image data 1s zero 1s determined. IT
the value 1s not zero, the flow advances to step S404 to
determine whether the value of FirstNonZeroFlag 1s zero. If
the value 1s not zero, the flow advances to step S405 to output
the present value of Run, and turther advances to step S408. IT
it 1s determined 1n step S404 that the value 1s zero, the tlow
advances to step S406. In step S406, FirstNonZeroFlag 1s set
to 1, and the flow further advances to step S408. When 1t 1s
determined 1n step S403 that the value of the image data 1s
zero, the tlow advances to step S407 to add 1 to Run, and then
advances to step S408.

In step S408, zero 1s substituted into Run, and the flow
advances to step S409. Note that if the value of the image data
1s zero 1n step S403, the flow advances to step S407 to add 1
to Run, and then advances to step S409.

In step S409, whether the present image data 1s the last data
of the block 1s determined. If the image data 1s the last data of
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the block, the processing for the present block 1s terminated.
If the present image data 1s not the last data of the block, the

flow returns to step S402 to input the next image data.

The operation of calculating Level performed by the sec-
ond syntax element calculating unit 104 will be explained
below with reference to a flowchart shown 1 FIG. 10.

In step S501, the next image data 1n the block 1s iput, and
the flow advances to step S502. In step S502, whether the
value of the 1mage data 1s zero 1s determined. If the value 1s
zero, the flow advances to step S304. If the value 1s not zero,
the flow advances to step S503. In step S303, the value of the
presently input data 1s output as Level, and the flow advances
to step S504.

In step S504, whether the present image data 1s the last data
of the block 1s determined. If the image data 1s the last data of
the block, the processing for the present block 1s terminated.
If the 1mage data 1s not the last data of the block, the flow
returns to step S501 to input the next image data.

In the first embodiment of the present invention as
described above, the second syntax element calculating unit
104 can read out image data 1n a block from the storage unit
102 and calculate the values of Run and Level at the same
time.

On the basis of the first syntax elements calculated by the
first syntax element calculating unit 103, the second coding
unit 106 selects one of a plurality of predetermined variable-
length coding tables, and performs variable-length coding of
Run and Level. Since the values of TotalCoefl, TrailingOnes,
and TotalZeros are calculated 1n advance, variable-length
coding of Run and Level can be performed immediately after
cach image data in the block 1s read out by the second syntax
clement calculating unit 104.

In parallel with this processing, the first coding unit 105
performs variable-length coding on TotalCoetl, Trailin-
gOnes, and TotalZeros. As a consequence, variable-length
codes of all syntax elements can be obtained 1n the same clock
cycle as when read of image data in the block from the storage
unit 102 1s completed.

Second Embodiment

The second embodiment of the present invention will be
described below.

The second embodiment differs from the first embodiment
in the following respect. In the first embodiment, the first
syntax element calculating umt calculates the values of the
first syntax elements directly from image data mput to the
storage unit. In the second embodiment, however, the value of
additional information 1s calculated from 1mage data, and a
first syntax element calculating unit calculates the values of
first syntax elements by using this additional information and
data read out from a storage unat.

FIG. 11 1s a view showing the arrangement of the second
embodiment of the present invention. Referring to FIG. 11, a
variable-length coding apparatus 1101 according to the
present ivention includes a storage unit 1102, first syntax
clement calculating unit 1103, second syntax element calcu-
lating unit 1104, first coding unit 1105, second coding unit
1106, and packing unit 1107. The packing unit 107 connects
variable-length coded data. Note that the variable-length cod-
ing apparatus 1101, storage unit 1102, second syntax element
calculating unit 1104, first and second coding units 1103 and
1106, and packing unit 1107 are the same as in the first
embodiment, so an explanation thereof will be omitted.

The first syntax element calculating umt 1103 calculates
additional mformation necessary to calculate the values of
first syntax elements at the same time 1mage data 1s input to
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the storage unit 1102. After that, when reading out image data
from the storage unit 1102, the first syntax element calculat-
ing unit 1103 calculates the values of the first syntax elements
by using the additional information.

FIG. 12 shows the internal arrangement of the first syntax
clement calculating umit 1103. The first syntax element cal-
culating umit 1103 contains an additional information calcu-
lating umit 1201 and first syntax element generation unit 1202.

The additional information calculating unit 1201 calcu-
lates the number of zero data and the number of nonzero data
as additional information from each image data 1n a block
which 1s 1mput 1n a raster scan order to the variable-length
coding apparatus 1101.

The first syntax element generation umt 1202 calculates
the values of TotalCoell, TrailingOnes, and TotalZeros nec-
essary to code second syntax elements, from data read out 1n
areverse zigzag scan order from the storage unit 1102 and the
additional information calculated by the additional informa-
tion calculating unit 1201.

The flow of data when 1image data shown 1 FI1G. 3 1s coded
by variable-length coding will be explained below.

FIG. 13 1s a timing chart showing processing performed by
cach unit shown 1n FIG. 11 with respect to time. From time 0,
image data of block 1 shown in FIG. 3 are mnput one at each
cycle to the variable-length coding apparatus 1101, and writ-
ten 1n the storage unit 1102. Since the block 1s made up of 4x4
image data, write of all the image data of block 1 requires 16
cycles.

At the same time the 1image data are written 1n the storage
umt 1102, they are also mput to the additional information
calculating unit 1201 where the number of zero data and the
number of nonzero data in block 1 are calculated as additional
information. Immediately after all the image data are input,
the additional information calculating unit 1201 outputs the
calculation results.

Subsequently, from time 16 to time 32, the first syntax
clement generation unit 1202 reads out the image data of
block 1 one at each cycle 1n a reverse zigzag scan order from
the storage unit 1102. On the basis of the additional informa-
tion calculated by the additional information calculating unit
1201 and the readout image data, the first syntax element
generation unit 1202 calculates TotalCoetl, TrailingOnes,
and TotalZeros as first syntax elements of block 1.

When first data having an absolute value of 2 or more 1s
read out, or when three data having an absolute value of 1 are
read out, the first syntax element generation unit 1202 com-
pletes the synthesis of the first syntax elements of block 1. For
example, i the data as shown 1n FIG. 7 1s input, the first syntax
clements can be calculated when -5 1s mput at time 27.

Also, the second syntax element calculating unit 1104
reads out the image data of block 1 one at each cycle 1 a
reverse zigzag scan order from the storage unit 1102, and
calculates the values of Run and Level of each image data.
Immediately after nonzero data 1s input, the second syntax
clement calculating unit 1104 inputs the values of Level and
Run of the data to the second coding unit 1106.

In addition, TotalCoell, TrailingOnes, and TotalZeros cal-
culated betfore time 27 are input to the first coding unit 1105,
and coded by variable-length coding in one cycle by using a
predetermined variable-length coding table. The value of
TrailingOnes 1s held because 1t 1s necessary to select a vari-
able-length coding table of the next block. The variable-
length coded data 1s 1nput to the packing unit 1107, and held
until time 32.

Furthermore, from time 27 to time 32, the second coding,
unit 1106 selects a variable-length coding table necessary for
coding of Run and Level on the basis of the values of Total-
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Coetl, TrailingOnes, and TotalZeros input from the first syn-
tax element generation unit 1202. The second coding unit
1106 performs variable-length coding of Run and Level of
cach 1mage data by using the selected variable-length coding
table. Assume that the second coding unit 1106 performs >
coding of Run and coding of Level 1n parallel. The variable-

length coded data 1s 1input to the packing unit 1107, and held
until time 32.

In parallel with this processing, 1image data of block 2
shown 1n FIG. 3 are written 1n the storage unit 1102. The
additional information calculating unit 1201 calculates the
number of zero data and the number of nonzero data of block
2 1n the same manner as for block 1.

Then, from time 32 to time 48, the packing unit 1107 reads
out the variable-length codes input from the first and second
coding units 1105 and 1106, connects and packs the readout
codes, and outputs a coded stream.

In parallel with this processing, the first syntax element
generation unit 1202 calculates TotalCoetf, TrailingOnes,
and TotalZeros of block 2 in the same manner as for block 1.

Furthermore, the second syntax element calculating unit
1104 calculates the values of Run and Level of each image
data of block 2 1n the same manner as for block 1. Also, the
first and second coding units 1105 and 1106 perform variable-
length coding of each syntax element of block 2 1n the same
manner as for block 1.

In parallel with this processing, image data of block 3
shown 1n FIG. 3 are written 1n the storage unit 1102. The
additional information calculating unit 1201 calculates the
number of zero data and the number of nonzero data of block
3 1in the same manner as for block 1. The same processing 1s
repeated for all blocks to process one data at each cycle.

A method of calculating the additional information per-
formed by the additional information calculating unit 1201
will be explained below with reference to FIG. 14.

First, in step S601, variables NonZeroCoell and ZeroCoell
are 1itialized to 0. Note that NonZeroCoell 1s a variable
representing the number of nonzero data in the block, and
ZeroCoell 1s a variable representing the number of zero data
in the block.

Then, 1n step S602, the next image data in the block 1s
input, and the flow advances to step S603. In step S603,
whether the value of the image data 1s zero 1s determined. IT
the value 1s not zero, the tlow advances to step S604 to add 1 45
to the value of NonZeroCoell, and further advances to step
S606. If the value 1s zero, the flow advances to step S605 to
add 1 to the value of ZeroCoetl, and further advances to step
S606.

In step S606, whether the present image data 1s the last data 50
of the block 1s determined. If the image data 1s the last data of
the block, the flow advances to step S607. In step S607, the
present values of NonZeroCoell and ZeroCoell are output as
calculation results, and the processing for the present block 1s
terminated. If the 1mage data 1s not the last data of the block,
the flow returns to step S602 to input the next image data.
Note that in this embodiment, the values of NonZeroCoett
and ZeroCoell are calculated by counting both zero data and
nonzero data. However, 1t 1s also possible to count only one of
zero data and nonzero data and calculate the other by sub- 60
tracting the count from the number of 1mage data of the block.

A method of synthesizing the values of first syntax ele-
ments performed by the first syntax element generation unit
1202 will be explained below.

The value of TotalCoefl 1s the same as NonZeroCoell 65
calculated by the additional information calculating unit
1201, so the value of NonZeroCoetl 1s directly output.
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The operation of calculating TrailingOnes will be
explained below with reference to a tflowchart shown 1n FIG.
15.

First, in step S701, a vaniable TrailingOnes 1s 1nitialized to
0.

Then, 1n step S702, the next image data in the block 1s
input, and the flow advances to step S703. In step S703,
whether the value of the image data 1s zero 1s determined. IT
the value 1s zero, the tlow advances to step S707. It the value
1s not zero, the tlow advances to step S704. In step S704,
whether the absolute value of the image data 1s 1 15 deter-
mined.

If1t1s determined 1n step S704 that the absolute value of the
image data 1s not 1, the flow advances to step S708 to output
the present value of TrailingOnes and terminate the process-
ing.

If1t1s determined 1n step S704 that the absolute value of the
image data 1s 1, the flow advances to step S7035 to add 1 to
TrailingOnes, and further advances to step S706. If the value
of TrailingOnes 1s 3 1n step S706, the flow advances to step
S708 to output the present value of TrailingOnes and termi-
nate the processing. If the value of TrailingOnes 1s 2 or less,
the flow advances to step S707.

In step S707, whether the present image data 1s the last data
of the block 1s determined. If the image data 1s not the last data
of the block, the flow returns to step S702 to input the next
image data. I the image data 1s the last data of the block, the
flow advances to step S708 to output the present value of
TrailingOnes and terminate the processing.

The operation of calculating TotalZeros will be explained
below with reference to a flowchart shown 1n FIG. 16.

First, in step S801, ZeroCoell calculated by the additional
information calculating umt 1201 1s substituted into a vari-
able TotalZeros.

Then, 1n step S802, the next image data in the block 1s
input, and the tflow advances to step S803.

In step S803, whether the value of the image data 1s zero 1s
determined. If the value 1s zero, the tflow advances to step
S804 to subtract 1 from the value of TotalZeros, and further
advances to step S805.

I1 the value 1s not zero in step S803, the flow advances to
step S806 to output the present value of TotalZeros and ter-
minate the processing.

In step S805, whether the present image data 1s the last data
of the block 1s determined. If the 1image data 1s the last data of
the block, the processing advances to step S806 to output the
present value of TotalZeros as a calculation result, and termi-
nate the processing for the present block. If the image data 1s
not the last data of the block, the flow returns to step S802 to
input the next image data.

By the method described above, the first syntax element
generation unit 1202 can calculate the values of TotalCoelt,
TrailingOnes, and TotalZeros when data having an absolute
value of 2 or more or third data having an absolute value of 1
1s read out.

The processing 1in the second syntax element calculating
umt 1104 1s the same as 1n the first embodiment, so an expla-
nation thereotf will be omitted. Note that the second syntax
clement calculating umit 1104 can calculate Run and Level
when nonzero data is read out.

In the second embodiment of the present invention as
described above, the second coding unit 1106 selects a vari-
able-length coding table in advance by using the syntax ele-
ments calculated by the first syntax element calculating unit
1103, and performs variable-length coding of Run and Level.
Variable-length coding cannot be started unless the values of
TotalCoetl, TrailingOnes, and TotalZeros are determined.
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However, if 1t takes a long time to read out data having an
absolute value of 2 or more or third data having an absolute
value of 1, the numbers of Run and Level are small. There-
fore, variable-length coding can be completed 1n the same
clock cycle as when the last data 1n the block 1s read out as a
whole.

In parallel with this processing, the first coding unit 1105
performs varniable-length coding on TotalCoetl, Trailin-
gOnes, and TotalZeros. As a consequence, variable-length
codes of all syntax elements can be obtained in the same clock
cycle as when read of image data in the block from the storage
unit 1102 1s completed.

Also, 1if the values of first syntax elements can be calculated
more easily from image data read out in the reverse zigzag
scan order, the circuit scale of the first syntax element calcu-
lating unit 1103 can be made smaller than that in the first
embodiment.

Note that in the first and second embodiments of the
present invention, the number of 1mage data mput 1n each
cycleis 1. However, the present invention 1s also applicable to
a method 1n which a plurality of image data are input in each
cycle by performing coding processes in parallel.

Note also that 1n the first and second embodiments of the
present invention, the CAVLC method of H.264 1s explained
as an example. However, the present mvention can also be
applied to coding of a plurality of syntax elements depending
one each other, 1n addition to the CAVLC method.

Other Embodiments

The mvention can be implemented by supplying a software
program, which implements the functions of the foregoing
embodiments, directly or indirectly to a system or apparatus,
reading the supplied program code with a computer of the
system or apparatus, and then executing the program code. In
this case, so long as the system or apparatus has the functions
of the program, the mode of implementation need not rely
upon a program.

Accordingly, since the functions of the present invention
are implemented by computer, the program code installed 1n
the computer also implements the present invention. In other
words, the claims of the present invention also cover a com-
puter program for the purpose of implementing the functions
of the present invention.

In this case, so long as the system or apparatus has the
functions ol the program, the program may be executed in any
form, such as an object code, a program executed by an
interpreter, or scrip data supplied to an operating system.

Example of storage media that can be used for supplying
the program are a floppy disk, a hard disk, an optical disk, a
magneto-optical disk, a CD-ROM, a CD-R, a CD-RW, a
magnetic tape, a non-volatile type memory card, a ROM, and
a DVD (DVD-ROM and a DVD-R).

As for the method of supplying the program, a client com-
puter can be connected to a website on the Internet using a
browser of the client computer, and the computer program of
the present invention or an automatically-installable com-
pressed file of the program can be downloaded to a recording
medium such as a hard disk. Further, the program of the
present mvention can be supplied by dividing the program
code constituting the program into a plurality of files and
downloading the files from ditferent websites. In other words,
a WWW (World Wide Web) server that downloads, to mul-
tiple users, the program files that implement the functions of
the present invention by computer 1s also covered by the
claims of the present invention.
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It 1s also possible to encrypt and store the program of the
present invention on a storage medium such as a CD-ROM,
distribute the storage medium to users, allow users who meet
certain requirements to download decryption key information
from a website via the Internet, and allow these users to
decrypt the encrypted program by using the key information,
whereby the program 1s installed in the user computer.

Besides the cases where the aforementioned functions
according to the embodiments are implemented by executing
the read program by computer, an operating system or the like
running on the computer may perform all or a part of the
actual processing so that the functions of the foregoing
embodiments can be implemented by this processing.

Furthermore, after the program read from the storage
medium 1s written to a function expansion board mserted into
the computer or to a memory provided 1n a function expan-
sion unit connected to the computer, a CPU or the like
mounted on the function expansion board or function expan-
s1on unit performs all or a part of the actual processing so that
the functions of the foregoing embodiments can be 1imple-
mented by this processing.

As many apparently widely different embodiments of the
present invention can be made without departing from the
spirit and scope thereot, 1t 1s to be understood that the inven-
tion 1s not limited to the specific embodiments thereot except
as defined 1n the appended claims.

CLAIM OF PRIORITY

This application claims priority from Japanese Patent
Application No. 2004-331107 filed on Nov. 15, 2004, which
1s hereby 1incorporated herein by reference herein.

What 1s claimed 1s:

1. A vanable-length coding apparatus which receives a
block of image data [block by block, and generates coded data
from syntax elements], comprising:

a storage unit that [temporarily] stores the block of image

data;

a first syntax element calculating unit that calculates a first
syntax element from the block of image data, at the same
time the block of image data is stored in [said] te storage
unit;

a first coding unit that generates coded data of the first
syntax element [from a value of] based on the first syn-
tax element;

a second syntax element calculating unit that reads out the
block of image data [stored in said] from the storage unit,
and calculates [a value of] a second syntax element from
the block of image data which is read out from the stor-
age unit,

a second coding unit that generates coded data of the sec-
ond syntax element based on [the basis of the values of}
the first syntax element and the second syntax [elements]
element;, and

a packing unit that packs the coded data of the first syntax
element and the coded data of the second syntax [ele-
ments] element.

2. The apparatus according to claim 1, wherein [said] t4e
second syntax element calculating unit reads out the block of
image data stored in [said] t/e storage unit in a reverse zigzag
scan order|, and calculates] 7o calculate the second syntax
clement.

3. The apparatus according to claim 1, wherein the first
syntax element includes at least one of the number of nonzero
data in [a] the block of image data, the number of zero data in
the block of image data, the number of zero data input before
last nonzero data in the block of image data, and the number
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of data having an absolute value of 1 and input after last data
having an absolute value of not less than 2 in the block of
image data.

4. The apparatus according to claim 1, wherein the second
syntax element includes at least one of a zero run length [of] 5
corresponding to the block of image data and a level value [of]
corresponding to the block of 1mage data.

5. The apparatus according to claim 1, wherein [said] #4e
first syntax element calculating unit comprises:

an additional information calculating unit that calculates 10

additional information [indicating] based on the block of
image data, the additional information including at least
one of the number of zero data and the number of non-
zero data [from the input image data]; and

a first syntax element [generation] gererating unit that 15

calculates the first syntax element based on [the basis of}
the additional information and the block of 1mage data
[temporarily stored in said] whkich is read out from the
storage unit [and the additional information calculated
by said additional information calculating unit]. 20
6. The apparatus according to claim 5, wherein the block of
image data [from said storage unit] is read out from the stor-
age unit 1 a reverse zigzag scan order, and is supplied to
[said] #/2e first syntax element [generation] gererating unit.
7. A variable-length coding method [which receives image 253
data block by block, and generates coded data from syntax
elements], comprising:
receiving a block of image data;
[temporarily] storing the block of image data in a storage
unit; 30

calculating a first syntax element from the block of 1mage
data, at the same time the block of image data 1s stored 1n
the storage unit;
generating coded data of the first syntax element [from a
value of] based on the first syntax element; 33

reading out the block of image data [stored in] from the
storage unit, and calculating [a value of] a second syntax
clement from the block of image data which is read out
from the storage unit;

generating coded data of the second syntax element based 40

on [the basis ofthe values of] the first syntax element and
the second syntax [elements] e/ement; and

connecting the coded data of the first syntax element and

the coded data of the second syntax [elements] element.

8. The method according to claim 7, wherein [said second 45
syntax element calculation,] the b/ock of image data stored in
the storage unit is read out in a reverse zigzag scan order],
and] to calculate the second syntax element [is calculated].

9. The method according to claim 7, wherein the first
syntax element includes [a] af least one of the number of 30
nonzero data in [a] tze block of image data, the number of
zero data 1n the block of image data, the number of zero data
input before last nonzero data 1n the block of image data, and
the number of data having an absolute value of 1 and nput
after last data having an absolute value of not less than 2 in the 55
block of image data.

10. The method according to claim 7, wherein the second
syntax element includes at least Jon] ore of a zero run length
[of] corresponding to the block of image data and a level value
[of] corresponding to the block of image data. 60

11. The method according to claim 7, [wherein in said first
syntax element calculation,] further comprising:

calculating additional information [indicating] based orn

the block of image data, the additional information
including at least one of the number of zero data and the 65
number of nonzero data, [from the input image data are
calculated; and]
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wherein the first syntax element is calculated based on [the
basis of] the additional information and the block of
image data [temporarily stored in] which is read out from
the storage unit Jand the additional information calcu-
lated in said additional information calculation].

12. The method according to claim 11, wherein the block of
image data [from the storage unit] is read out from the storage
unit in a reverse zigzag scan order|, and used in said] 7o
calculate the first syntax element [synthesizing].

13. A non-transitory computer-readable storage medium
[having stored thereon] that stores a program [which is
executable by an 1image processing apparatus, the program
having a program code for performing the variable-length
coding method cited in claim 7] for causing a computer to
execute a variable-length coding method, the variable-length
coding method comprising:

receiving a block of image data;

storing the block of image data in a storage unit;

calculating a first syntax element from the block of image
data, at the same time the block of image data is stored
in the storage unit;

generating coded data of the first syntax element based on
the first syntax element;

reading out the block of image data from the storage unit,
and calculating a second syntax element from the block
of image data which is read out from the storage unit;

generating coded data of the second syntax element based
on the first syntax element and the second syntax ele-
ment; and

connecting the coded data of the first syntax element and
the coded data of the second syntax element.

14. A coding apparatus which rveceives a block of image

data, comprising:

a storage unit that stores the block of image data,

a first syntax element calculating unit that calculates a fivst
syntax element from the block of image data, in parallel
with the block of image data being stoved in the storage
unit;

a first coding unit that genervates coded data of the first
syntax element based on the first syntax element;

a second syntax element calculating unit that calculates a
second syntax element from the block of image data
which is read out from the storage unit; and

a second coding unit that genervates coded data of the
second syntax element based on the first syntax element
and the second syntax element.

15. The apparatus according to claim 14, wherein the
second coding unit selects a variable-length coding table in
accordance with the first syntax element.

16. The apparatus according to claim 15, wherein the
second coding unit codes the second syntax element in accor-
dance with the selected variable-length coding table.

17. The apparatus according to claim 14, wherein the block
of image data is read out from the storage unit in a reverse
zigzag scan order, and is supplied to the second syntax ele-
ment calculating unit.

18. The apparatus according to claim 14, wherein the first
syntax element includes at least one of the number of nonzero
data in the block of image data, the number of zevo data in the
block of image data, the number of zevo data input before last
nonzero data in the block of image data, and the number of
data having an absolute value of 1 and input after last data
having an absolute value of not less than 2 in the block of
image data.

19. The apparatus according to claim 14, wherein the
second syntax element includes at least one of a zervo runm
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length corresponding to the block of image data and a level
value corresponding to the block of image data.

20. The apparatus according to claim 14, wherein the first
syntax element calculating unit calculates additional infor-
mation based on the block of image data, the additional
information including at least one of the number of zevo data
and the number of nonzero data, and

wherein the first syntax element calculating unit calculates

the first syntax element based on the additional informa-
tion and the block of image data which is read out from
the storage unit.

21. The apparatus according to claim 20, wherein the block
of image data is read out from the storage unit in a reverse
zigzag scan ovder, and is supplied to the first syntax element

calculating unit.

22. The apparatus accorvdingto claims 14, further compris-
Ing

a packing unit that packs the coded data of the first syntax
element and the coded data of the second syntax ele-
ment.

23. A coding apparatus which receives a block of image

data, comprising:

a storage unit that stoves the block of image data;

a first syntax element calculating unit that calculates a first
syntax element from the block of image data, in parallel
with the block of image data being stored in the storage
unit;

a first coding unit that codes the first syntax element to
generate coded data of the first syntax element;

a second syntax element calculating unit that calculates a
second syntax element from the block of image data
which is read out from the storage unit; and

a second coding unit that codes the second syntax element
based on the first syntax element to generate coded data
of the second syntax element.

24. The apparatus accorvding to claim 23, wherein a pro-
cess of calculating the second syntax element is performed in
parallel with a process of storing another block of image data
in the storage unit.

25. The apparatus according to claim 23, wherein a pro-
cess of coding the second syntax element is performed in
parallel with a process of storing another block of image data
in the storage unit.

26. The apparatus accorvding to claim 23, wherein a pro-
cess of coding the first syntax element is performed in parallel
with a process of calculating first syntax element from

another block of image data.

27. The apparatus according to claim 23, further compris-
Ing

a packing unit that packs the coded data of the first syntax

element and the coded data of the second syntax ele-
ment.

28. The apparatus according to claim 23, wherein a data
line for the block of image data is connected to the storage
unit and the first syntax element calculating unit,

the first syntax element calculating unit and the second

syntax element calculating unit ave connected to the
second coding unit, and

the first syntax element calculating unit is connected to the

first coding unit.

29. A method comprising:

receiving a block of image data;

storing the block of image data in a storage unit;

calculating a first syntax element from the block of image

data, in parallel with the block of image data being
stored in the storage unit;

5
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generating coded data of the first syntax element based on
the first syntax element;
calculating a second syntax element from the block of
image data which is vead out from the storage unit; and
generating coded data of the second syntax element based
on the first syntax element and the second syntax ele-
ment.
30. The method according to claim 29, wherein when a
process of calculating the second syntax element is per-

10 formed, a variable-length coding table is selected in accor-
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dance with the first syntax element.

31. The method according to claim 30, wherein the second
syntax element is coded in accovdance with the selected vari-
able-length coding table.

32. The method accovding to claim 29, wherein the block
data stored in the storage unit is read out in a reverse zigzag
scan order.

33. The method according to claim 29, wherein the first
syntax element includes at least one of the number of nonzero
data in the block of image data, the number of zevo data in the
block of image data, the number of zevo data input before last
nonzero data in the block of image data, and the number of
data having an absolute value of 1 and input after last data
having an absolute value of not less than 2 in the block of
image data.

34. The method according to claim 29, whevrein the second
syntax element includes at least one of a zero run length
corresponding to the block of image data and a level value
corresponding to the block of image data.

35. The method according to claim 29, further comprising

calculating additional information based on the block of

image data, the additional information including at least
one of the number of zero data and the number of non-
zero data; and

calculating the first syntax element based on the additional

information and the block of image data which is vead
out from the storage unit.

36. The method according to claim 35, wherein the block of
image data is vead out from the storage unit in a reverse
zigzag scan order, and is supplied to a first syntax element
calculating unit that calculates the first syntax element from
the block of image data.

37. A method comprising:

receiving a block of image data;

storing the block of image data in a storage unit;

calculating a first syntax element from the block of image

data, in parallel with the block of image data being
storved in the storage unit,

coding the first syntax element to generate coded data of

the first syntax element;
calculating a second syntax element from the block of
image data which is read out from the storvage unit; and

coding the second syntax element based on the first syntax
element to generate coded data of the second syntax
element.

38. The method accovding to claim 37, wherein a process of
calculating the second syntax element is performed in paral-
lel with a process of storing another block of image data in the
storage unit.

39. The method according to claim 37, wherein a process of
coding the second syntax element is performed in parallel
with a process of storing another block of image data in the
storage unit.

40. The method according to claim 37, wherein a process of
coding the first syntax element is performed in parallel with a
process of calculating first syntax element from another block
of image data.
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41. The method according to claim 37, further comprising

packing the coded data of the first syntax element and the

coded data of the second syntax element.

42. A non-transitory computer-readable storage medium
that storves a program for causing a computer to execute a
method, the method comprising:

receiving a block of image data;

storing the block of image data in a storage unit,

calculating a first syntax element from the block of image

data, in parallel with the block of image data being
stored in the storage unit;

generating coded data of the first syntax element based on

the first syntax element;

10

calculating a second syntax element from the block of

image data which is vead out from the storage unit; and

generating coded data of the second syntax element based

on the first syntax element and the second syntax ele-
ment.

43. A non-transitory computer-readable storage medium

that storves a program for causing a computer to execute a

method, the method comprising:
receiving a block of image data;
storing the block of image data in a storage unit;
calculating a first syntax element from the block of image
data, in parallel with the block of image data being
stored in the storage unit;

coding the first syntax element to generate coded data of

the first syntax element;

20

25

calculating a second syntax element from the block of 30

image data which is read out from the storvage unit; and

coding the second syntax element based on the first syntax
element to generate coded data of the second syntax
element.

44. A coding apparatus comprising:

a storage unit that storves a block of image data;

a first syntax element calculating unit that calculates a first
syntax element of the block of image data;

a first coding unit that genervates coded data of the first
syntax element based on the first syntax element;

a second syntax element calculating unit that calculates a
second syntax element of the block of image data based
on the block of image data which is read out from the
storage unit; and

a second coding unit that generates coded data of the
second syntax element based on the first syntax element
and the second syntax element,

whevrein in a case wherve the block of image data is encoded,

the first syntax element calculating unit calculates the first
syntax element of the blockof image data in parallel with
storing the block of image data in the storage unit, and

the second syntax element calculating unit calculates the
second syntax element of the block of image data based
on the block of image data which is read out from the
storage unit.

45. The apparatus according to claim 44, wherein the block
of image data is read out from the storage unit in a reverse
zigzag scan order, and is supplied to the second syntax ele-
ment calculating unit.

46. The apparatus according to claim 44, whevrein the first
syntax element includes at least one of the number of nonzero
data in the block of image data, the number of zevo data in the
block of image data, the number of zevo data input before last

nonzero data in the block of image data, and the number of

data having an absolute value of 1 and input after last data

having an absolute value of not less than 2 in the block of

image data.
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47. The apparatus accovding to claim 44, wherein the
second syntax element includes at least one of a zervo runm
length corresponding to the block of image data and a level
value corresponding to the block of image data.

48. The apparatus according to claim 44, whevrein the first
syntax element calculating unit calculates additional infor-
mation based on the block of image data, the additional
information including at least one of the number of zero data
and the number of nonzero data, and

wherein the first syntax element calculating unit calculates

the first syntax element based on the additional informa-
tion and the block of image data which is read out from

the storage unit.

49. The apparatus according to claim 48, wherein the block
of image data is read out from the storage unit in a reverse
zigzag scan ovder, and is supplied to the first syntax element
calculating unit.

50. The apparatus accovding to claims 44, further compris-
Ing

a packing unit that packs the coded data of the first syntax

element and the coded data of the second syntax ele-
ment.

51. A method comprising:

storing a block of image data in a storage unit;

calculating a first syntax element of the block of image

data;

generating coded data of the first syntax element based on

the first syntax element;

calculating a second syntax element of the block of image

data based on the block of image data which is read out
from the storage unit; and

generating coded data of the second syntax element based

on the first syntax element and the second syntax ele-
ment,

wherein in a case wheve the block of image data is encoded,

the first syntax element of the block of image data is cal-

culated in parallel with storing the block of image data
in the storage unit, and

the second syntax element of the block of image data is

calculated based on the block of image data which is
read out from the storage unit.

52. A non-transitory computer-readable storage medium
that stores a program for causing a computer to execute a
method, the method comprising:

storing a block of image data in a storage unit;

calculating a first syntax element of the block of image

data;

generating coded data of the first syntax element based on

the first syntax element;

calculating a second syntax element of the block of image

data based on the block of image data which is read out
from the storage unit; and

generating coded data of the second syntax element based

on the first syntax element and the second syntax ele-
ment,

wherein in a case where the block of image data is encoded,

the first syntax element of the block of image data is cal-

culated in parallel with storing the block of image data
in the storage unit, and

the second syntax element of the block of image data is

calculated based on the block of image data which is
read out from the storage unit.

53. A coding apparatus comprising:

a storage unit that stores a block of image data,

a first syntax element calculating unit that calculates a fivst

syntax element of the block of image data;
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a first coding unit that genervates coded data of the first

syntax element based on the first syntax element;

a second syntax element calculating unit that calculates a

second syntax element of the block of image data based
on the block of image data which is read out from the 5
storage unit; and

a second coding unit that generates coded data of the

second syntax element based on the first syntax element
and the second syntax element,
whevrein in a case wheve the block of image datais encoded, 10
the first syntax element calculating unit calculates the first
syntax element of the block of image data when the block
of image data is stoved in the storage unit, and

the second syntax element calculating unit calculates the
second syntax element of the block of image data based 15
on the block of image data which is read out from the
storage unit.

54. The apparatus accovding to claim 33, wherein the block
of image data is read out from the storage unit in a reverse
zigzag scan ovder, and is supplied to the second syntax ele- 20
ment calculating unit.

55. The apparatus according to claim 533, wherein the first
syntax element includes at least one of the number of nonzero
data in the block of image data, the number of zevo data in the
block of image data, the number of zevo data input before last 25
nonzero data in the block of image data, and the number of
data having an absolute value of 1 and input after last data
having an absolute value of not less than 2 in the block of
image data.

56. The apparatus according to claim 53, wherein the 30
second syntax element includes at least one of a zero run
length corresponding to the block of image data and a level
value corresponding to the block of image data.

57. The apparatus according to claim 33, wherein the first
syntax element calculating unit calculates additional infor- 35
mation based on the block of image data, the additional
information including at least one of the number of zevo data
and the number of nonzero data, and

whevrein the first syntax element calculating unit calculates

the first syntax element based on the additional informa- 40
tion and the block of image data which is read out from
the storage unit.

58. The apparatus according to claim 57, wherein the block
of image data is read out from the storage unit in a reverse
zigzag scan ovder, and is supplied to the first syntax element 4s
calculating unit.

59. The apparatus accovdingto claims 53, further compris-
Ing

a packing unit that packs the coded data of the first syntax

element and the coded data of the second syntax ele- 50
ment.

60. A method comprising:

storing a block of image data in a storage unit;

calculating a first syntax element of the block of image

data; 55
generating coded data of the first syntax element based on
the first syntax element;

calculating a second syntax element of the block of image

data based on the block of image data which is read out

from the storage unit; and 60
generating coded data of the second syntax element based

on the first syntax element and the second syntax ele-

ment,

whevrein in a case wherve the block of image datais encoded,

the first syntax element of the block of image data is cal- 65

culated when the block of image data is stoved in the
storage unit, and
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the second syntax element of the block of image data is
calculated based on the block of image data which is
read out from the storage unit.

61. A non-transitory computer-readable storage medium
that stores a program for causing a computer to execute a
method, the method comprising:

storing a block of image data in a storage unit;

calculating a first syntax element of the block of image

data;

generating coded data of the first syntax element based on

the first syntax element;

calculating a second syntax element of the block of image

data based on the block of image data which is read out
from the storage unit; and

generating coded data of the second syntax element based

on the first syntax element and the second syntax ele-
ment,

wherein in a case wheve the block of image data is encoded,

the first syntax element of the block of image data is cal-
culated when the block of image data is stoved in the
storage unit, and

the second syntax element of the block of image data is
calculated based on the block of image data which is
read out from the storage unit.

62. A coding apparatus comprising:

a storage unit that stores a block of image data;

a first syntax element calculating unit that calculates a first
syntax element of the block of image data;

a first coding unit that genervates coded data of the first
syntax element based on the first syntax element;

a second syntax element calculating unit that calculates a
second syntax element of the block of image data based
on the block of image data which is vead out from the
storage unit; and

a second coding unit that genervates coded data of the
second syntax element based on the first syntax element
and the second syntax element,

wherein in a case wheve the block of image data is encoded,

the first syntax element calculating unit calculates the fivst
syntax element of the block of image data before storing
the block of image data in the storage unit is finished,
and

the second syntax element calculating unit calculates the
second syntax element of the block of image data based
on the block of image data which is read out from the
storage unit after storving the block of image data in the
storage unit is finished.

63. The apparatus accorvding to claim 62, wherein the block
of image data is read out from the storage unit in a reverse
zigzag scan ovder, and is supplied to the second syntax ele-
ment calculating unit.

64. The apparatus according to claim 62, wherein the first
syntax element includes at least one of the number of nonzero
data in the block of image data, the number of zevo data in the
block of image data, the number of zero data input before last
nonzero data in the block of image data, and the number of
data having an absolute value of 1 and input after last data
having an absolute value of not less than 2 in the block of
image data.

65. The apparatus according to claim 62, wherein the
second syntax element includes at least one of a zervo run
length corresponding to the block of image data and a level
value corresponding to the block of image data.

66. The apparatus according to claim 62, wherein the first
syntax element calculating unit calculates additional infor-
mation based on the block of image data, the additional
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information including at least one of the number of zero data
and the number of nonzero data, and

whevrein the first syntax element calculating unit calculates

the first syntax element based on the additional informa-
tion and the block of image data which is read out from
the storage unit.

67. The apparatus according to claim 66, wherein the block
of image data is read out from the storage unit in a reverse
zigzag scan ovder, and is supplied to the first syntax element
calculating unit.

68. The apparatus according to claims 62, further compris-
Ing

a packing unit that packs the coded data of the first syntax

element and the coded data of the second syntax ele-
ment.

69. A method comprising:

storing a block of image data in a storage unit;

calculating a first syntax element of the block of image

data;

generating coded data of the first syntax element based on

the first syntax element;

calculating a second syntax element of the block of image

data based on the block of image data which is read out
from the storage unit; and

generating coded data of the second syntax element based

on the first syntax element and the second syntax ele-
ment,

wherein in a case where the block of image data is encoded,

the first syntax element of the block of image data is cal-

culated before storing the block of image data in the
storage unit is finished, and

the second syntax element of the block of image data is

calculated based on the block of image data which is

read out from the storage unit after stoving the block of

image data in the storage unit is finished.

70. A non-transitory computer-readable storage medium
that stores a program for causing a computer to execute a
method, the method comprising:

storing a block of image data in a storage unit;

calculating a first syntax element of the block of image

data;

generating coded data of the first syntax element based on

the first syntax element;

calculating a second syntax element of the block of image

data based on the block of image data which is read out
from the storage unit; and

generating coded data of the second syntax element based

on the first syntax element and the second syntax ele-
ment,

whevrein in a case wherve the block of image datais encoded,

the first syntax element of the block of image data is cal-

culated before storing the block of image data in the
storage unit is finished, and

the second syntax element of the block of image data is

calculated based on the block of image data which is

read out from the storage unit after stoving the block of

image data in the storvage unit is finished.

71. A coding apparatus comprising:

a storage unit that storves a block of image data;

a first syntax element calculating unit that calculates a first
syntax element of the block of image data,

a first coding unit that generates coded data of the first
syntax element based on the first syntax element,

a second syntax element calculating unit that calculates a
second syntax element of the block of image data based
on the block of image data which is read out from the
storage unit; and
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a second coding unit that generates coded data of the
second syntax element based on the first syntax element
and the second syntax element,

wherein an ovder that the first syntax element calculating
unit processes the block of image data and an ovder that
the second syntax element calculating unit processes the
block of image data ave different from each other.

72. The apparatus accovding to claim 71, wherein the block
of image data is read out from the storage unit in a reverse
zigzag scan ovder, and is supplied to the second syntax ele-
ment calculating unit.

73. The apparatus according to claim 71, whevein the first
syntax element includes at least one of the number of nonzero
data in the block of image data, the number of zevo data in the
block of image data, the number of zero data input before last
nonzero data in the block of image data, and the number of
data having an absolute value of 1 and input after last data
having an absolute value of not less than 2 in the block of
image data.

74. The apparatus accovding to claim 71, wherein the
second syntax element includes at least one of a zervo run
length corresponding to the block of image data and a level
value corresponding to the block of image data.

75. The apparatus according to claim 71, wherein the first
syntax element calculating unit calculates additional infor-
mation based on the block of image data, the additional
information including at least one of the number of zero data
and the number of nonzero data, and

wherein the first syntax element calculating unit calculates
the first syntax element based on the additional informa-
tion and the block of image data which is read out from
the storage unit.

76. The apparatus according to claim 75, wherein the block
of image data is read out from the storage unit in a reverse
zigzag scan ovder, and is supplied to the second syntax ele-
ment calculating unit.

77. The apparatus accovding to claims 71, further compris-
Ing

a packing unit that packs the coded data of the first syntax
element and the coded data of the second syntax ele-
ment.

78. A method comprising:

storing a block of image data in a storage unit;

calculating a first syntax element of the block of image
data;

generating coded data of the first syntax element based on
the first syntax element;

calculating a second syntax element of the block of image
data based on the block of image data which is read out

from the storage unit; and

generating coded data of the second syntax element based
on the first syntax element and the second syntax ele-
ment,

wherein an orvder that the block of image data is processed
to calculate the first syntax element and an ovder that the
block of image data is processed to calculate the second
syntax element are different from each other.

79. A non-transitory computer-readable storage medium
that storves a program for causing a computer to execute a
method, the method comprising.

storing a block of image data in a storage unit;

calculating a first syntax element of the block of image
data;

generating coded data of the first syntax element based on
the first syntax element;



US RE45,300 E

23

calculating a second syntax element of the block of image
data based on the block of image data which is read out
from the storage unit; and

generating coded data of the second syntax element based
on the first syntax element and the second syntax ele- 5
ment,

whevrein an ovder that the block of image data is processed
to calculate the fivst syntax element and an ovder that the
block of image data is processed to calculate the second
syntax element are different from each other.

80. A coding apparatus comprising:

a storage unit that storves a block of image data;

a first syntax element calculating unit that calculates a first
syntax element of the block of image data;

a first coding unit that genervates coded data of the first
syntax element based on the first syntax element;

a second syntax element calculating unit that calculates a
second syntax element of the block of image data based
on the block of image data which is read out from the
storage unit; and

a second coding unit that generates coded data of the
second syntax element based on the first syntax element
and the second syntax element,

whevrein the block of image data is stoved in the storage unit
in parallel with being processed by the first syntax ele-
ment calculating unit.

81. The apparatus according to claim 80, wherein the block
of image data is read out from the storage unit in a reverse
zigzag scan order, and is supplied to the second syntax ele-
ment calculating unit.

82. The apparatus according to claim 80, whevein the first
syntax element includes at least one of the number of nonzero
data in the block of image data, the number of zevo data in the
block of image data, the number of zevo data input before last
nonzero data in the block of image data, and the number of 35
data having an absolute value of 1 and input after last data
having an absolute value of not less than 2 in the block of
image data.

83. The apparatus according to claim 80, wherein the
second syntax element includes at least one of a zevo run 40
length corresponding to the block of image data and a level
value corresponding to the block of image data.

84. The apparatus according to claim 80, wherein the first
syntax element calculating unit calculates additional infor-
mation based on the block of image data, the additional 45
information including at least one of the number of zervo data
and the number of nonzero data, and
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wherein the first syntax element calculating unit calculates
the first syntax element based on the additional informa-
tion and the block of image data which is read out from
the storage unit.

85. The apparatus according to claim 84, wherein the block
of image data is read out from the storage unit in a reverse
zigzag scan ovder, and is supplied to the first syntax element
calculating unit.

86. The apparatus accovdingto claims 80, furthey compris-
Ing

a packing unit that packs the coded data of the first syntax

element and the coded data of the second syntax ele-
ment.

87. A method comprising:

storing a block of image data in a storage unit;

calculating a first syntax element of the block of image

data;

generating coded data of the first syntax element based on

the first syntax element;

calculating a second syntax element of the block of image

data based on the block of image data which is read out
from the storage unit; and

generating coded data of the second syntax element based

on the first syntax element and the second syntax ele-
ment,

wherein the block of image data is stored in the storage unit

in parallel with being processed to calculate the first
syntax element.

88. A non-transitory computer-readable storage medium
that stores a program for causing a computer to execute a
method, the method comprising:

storing a block of image data in a storage unit;

calculating a first syntax element of the block of image

data;

generating coded data of the first syntax element based on

the first syntax element;

calculating a second syntax element of the block of image

data based on the block of image data which is read out
from the storage unit; and

generating coded data of the second syntax element based

on the first syntax element and the second syntax ele-
ment,

wherein the block of image data is stoved in the storage unit

in parallel with being processed to calculate the first
syntax element.
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