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Figure 2
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Figure 5
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Figure 6
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1
METHOD AND DEVICE FOR ORDER-16
INTEGER TRANSFORM FROM ORDER-8
INTEGER COSINE TRANSFORM

TECHNICAL FIELD

The presently claimed invention has applicability with
media implementations where video signal compression is
desirable. An Adaptive Block-size Transform method is
hereby disclosed that improves the compression efficiency of
a video coding system and as such has applicability to the
video broadcast and computer industries. The presently
claimed invention relates to integer transforms of encoding
and decoding for image and video signals. More specifically,
the claimed invention relates to processing an order-16 trans-
form from an order-8 transform in the field of image and
video coding.

BACKGROUND OF THE INVENTION

Lossless compression algorithms do not deliver compres-
sion ratios that are high enough for most broadcast and inter-
net transmission applications. As a result, most multimedia
compression algorithms are lossy. Lossy compression yields
a much higher compression ratio than that of lossless com-
pression owing to the fact that the compressed data is not the
same as the original data, but a close approximation of'it. With
a relatively conservative compression ratio, the compressed
data and the original can appear to be the perceptually indis-
tinguishable. Known implementations of lossy compression
algorithms include JPEG, JPEG2000, DPCM, MPEGI,
MPEG2, MPEG#4 and others.

Integer transforms have been widely used in the latest
video coding standards, such as H.264, VC-1, and Audio
Video Standard (AVS) as the corresponding data sizes
involved do not permit a lossless compression method.

Known implementations of video coding methods have
been documented including “High-definition Video Coding
with Super-macroblocks,” Siwei Ma and C.-C. Jay Kuo; Proc.
of SPIE-IS&T Electronic Imaging, SPIE Vol. 6508, 650816,
Visual Communications and Image Processing 2007. While a
complex transform is mentioned, the disclosed transform has
a low the energy-packing ability and as such suffers from
performance limitations.

Another implementation is described in “A Universal
Approach to Developing Fast Algorithm for Simplified
Order-16 ICT,” Jie Dong; King Ngi Ngan; Chi Keung Fong;
Wai Kuen Cham; IEEE International Symposium on Circuits
and Systems, 2007. ISCAS 2007. 27-30 May 2007 Page(s):
281-284. A similar implementation is also disclosed in “An
order-16 integer cosine transform,” Cham, W. K.; Chan, Y. T.;
IEEE Transactions on Signal Processing, Volume 39, Issue 5,
May 1991 Page(s): 1205-1208. Transforms mentioned in
above two papers are complex and as such suffer from restric-
tions on when they would be suitably implemented and as
such do not offer the best balance between their complexity
and respective energy-packing ability.

Integer transforms of video coding in the prior art have
mainly focused on the creation of integer transform matrices.
U.S. Patent Publication No. 20030156648 entitled “Sub-
block transform coding of prediction residuals” employs a
closed loop evaluation of the different transform sizes and
switching levels but describes a predictive system rather than
a system optimized for a particular order transform.

In addition, U.S. Patent Publication No. 20070223590 dis-
closes a method which reduces computational complexity of
integer transforms. The method uses a 2Nx2N integer trans-
form matrix. Similarly, United States Patent Application
20040062309 entitled “Method for transformation-coding
full motion image sequences” in which motion vectors are
estimated block-by-block, with which said motion vectors
motion compensation is carried out, but the disclosed method
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2

is distinguishable from the claimed invention as it is does not
undertake the claimed transform.

SUMMARY OF THE INVENTION

In the following description, numerous details on matrix
operation are set forth. The following matrix notations are
used which are not exhaustive and any update or modifica-
tions to the same could be undertaken by those skilled in the
art. In particular, E, represents a transform matrix for order-8
integer transforms, and K represents a scaling matrix for the
corresponding order-8 integer transform. E,, represents a
transform matrix for order-16 integer transforms; whereas
K, represents a scaling matrix for the corresponding order-
16 integer transform.

For the first embodiment of the claimed invention, E is
used to represent a transform matrix for order-16 integer
transforms; whereas K, represents a corresponding scaling
matrix.

For the second embodiment of the claimed invention, F is
used to represent a transform matrix for order-16 integer
transforms; whereas Kz represents a corresponding scaling
matrix.

Order-8 integer transforms have been widely used in the
latest video coding standards because of their comparable
energy packing ability and simple implementation in com-
parison to the DCT. The disclosed two order-16 transforms
also have high energy packing ability and provides high fidel-
ity for data compression. When considering the conversion of
X=[Xg, Xy, - - ., X;5]" Into Z=[z,, Z,, . . ., Z, 5] as described in
7=E ¢ X, a transform is good if it can pack more energy into
low frequency coefficients, that is z,, with small u and as a
result leave little energy to high frequency coefficients, i.e. c,
with u close to 15. The coefficient z, is the correlation
between the u basis vector and the signal vector. Coefficient
z,, will have a large magnitude if the basis vector and the
signal vector have similar shape. Consequently, a good trans-
form will have its low frequency basis vectors (e.g. the first
few rows of E , and Ez below) resembling a slowly changing
signal vector while a less promising transform does not. The
disclosed basis vectors tend to produce large magnitude low
frequency coefficients (e.g. z,, z, and z,) and small magni-
tude high frequency coefficients. The first few basis vectors of
the 2 disclosed transforms are the same and they are:
E,=[121210106 633 -3 -3 -6 -6 -10-10 -12 -12]
E,=[8844-4-4-8-8-8-8-4-444838]
E,=[1010-3-3-12-12-6-666121233 -10-10]

An Adaptive Block-size Transform method is hereby dis-
closed that improves the compression efficiency of a video
coding system. The claimed Adaptive Block-size Transform
method improves video compression efficiency by utilizing a
low-complexity order-16 transform by expanding an order-8
transform. As a result of the claimed method, high energy-
packing ability for data compression is attained and a Fast
Computation Algorithm is disclosed. By using the claimed
method which chooses the suitable transform block size auto-
matically, quantization and resealing process is similar to that
for an order-8 transform. The claimed invention generates an
order-16 transform by expanding an order-8 transform. A
low-complexity order-16 transform that has high energy-
packing ability is useful for data compression such as provid-
ing high fidelity for the data compression. The claimed inven-
tion requires only addition and subtraction operations in the
primary embodiment. As a result, if the order-8 transform is
aninteger transform, then the resultant order-16 integer trans-
form is also an integer transform. The claimed invention can
be used with scaling which is an implementation method for
a transform. There are at least three types of scaling methods
which are conventional scaling, prescaling and postscaling
adopted in H.264, AVS and MS media player respectively.
Hence, the disclosed transforms can be implemented with any
of these scaling methods. In the claimed invention, a trans-
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form T is said to be an integer transform if T can expressed as
DE where E is a matrix containing only integers and D is a
diagonal matrix. The (i,1)th element of D is to normalize the
ith row of E so that each row of E has magnitude equal 1. In
many coding applications, a transform needs to be imple-
mented with good precision. An integer transform can be
implemented with good precision easily if the integers are
small.

Moreover, the order-16 transform can be computed using a
fast algorithm based on a fast algorithm for the order-8 trans-
form. The resulting transform coefficients in one embodiment
are quantized using a quantization process similar to that for
order-8 transform. In this embodiment of the claimed inven-
tion, the transform process, fast algorithm and the quantiza-
tion process using the order-8 ICT (Integer Cosine Trans-
form) in AVS are illustrated as an example. The claimed
invention is applicable to any order-8 transform and can be
used together with any quantization process.

The claimed invention generates two different order-16
transforms from an order 8 transform. In this embodiment, X
is an 8x8 matrix containing pixels and Y is the 8x8 matrix
containing the ICT coefficients of X. The (i,j)th element of X
andY arex, ;andy, ; respectively. In AVS, the forward 2D ICT
of X into Y are computed in this embodiment as follows:

X0,0 Xo,1 X0,7
T X1,0 X1 2
Y = (EsXEs )@ Kg @ Kg =| Eg| . | |Ef |®Ks ®Ks
X7,0 X7,1 X7,7

E, is the integer matrix and

8 8 8 8 8 8 8§ 8
109 6 2 -2 -6 -9 -10
10 4 -4 -10 =10 -4 4 10
9 -2 -10 -6 6 10 2 -9
Fy =
8 -8 -8 8 8 -8 -8 8
6 -10 2 9 -9 -2 10 -6
4 -10 10 -4 -4 10 -10 4
2 -6 9 -10 10 9 6 -2
8 8 8 8 8
0w 1w 9 9 6
0 10 4 4 -4
9 9 -2 -2 -10
8 8 -8 -8 -8
6 6 -10 =10 2
4 4 -10 -10 10
o 2 2 -6 -6 9
2 -2 6 6 9
4 -4 -10 10 10
6 -6 -10 10 2
8 -8 -8 8 -8
9 -9 -2 2 -10
10 -10 4 -4 -4
0 -10 9 -9 6
8 -8 8 -8 8

10

15

20

25

30

35

40

4

Ky is the scaling matrix derived from the diagonal matrix D
and

ab
»
be
»
ab
»

ac ac

ab b be ab b be

ac ac
»
ab
»

ab be ab be

Kg

ac ac

o

ab b be ab be

ac ac

o

ab b be ab b be b

® represents the matrix-element-to-matrix-element
multiplication. The inverse 2D ICT of Y into X is:

Yoo Yo1 Yo7
T 7| YLo Yi1 yi,7

X =EgYEy = Eg| . . |Es
Y10 Y11 Y7

According to the claimed invention an order-8 ICT Ty is
expanded into an order-16 integer transform T, ; by generat-
ing an order-16 integer matrix E , as follows:

8 8 8 8 8 8 8 8 8 8
2 2 -2 -2 -6 -6 -9 -9 -10 -10
-10 -10 -10 =10 -4 -4 4 4 10 10
6 -6 6 610 10 2 2 -9 -9
8 8 8 8 -8 -8 -8 -8 8 8
9 9 -9 -9 -2 -2 10 10 -6 -6
-4 -4 -4 -4 10 10 -10 =10 4 4
10 =10 10 10 =9 -9 6 6 -2 -2
10 10 10 =10 =9 9 6 -6 -2 2
-4 4 -4 4 10 -10 -10 10 4 -4
9 -9 -9 9 -2 2 10 -10 -6 6
8 -8 8 -8 -8 8 -8 8 8 -8
6 6 6 -6 10 -10 2 -2 -9 9
10 10 =10 10 -4 4 4 -4 10 -10
2 -2 -2 2 -6 6 -9 9 -10 10
8 -8 8 -8 8 -8 8 -8 8 -8
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According to the claimed invention scaling matrix K ,

a ab ac ab a* ab ac ab | ab ac ab & ab ac ab a
ab B be B2 ab B be B | B2 be VP ab V' be B ab
ac be & be ac be * be | be & be ac be ¢ be ac
ab b* be B ab V2 be PP v bc b2 ab B bc bV ab
@ ab ac ab d® ab ac ab | ab ac ab & ab ac ab a*
ab B be B2 ab B be B | B2 be VP ab V' be B ab
ac bc & be ac be  be | be < be ac be ¢ be ac

1l ab B be B oab B2 be VP | WP be B2 ab VP be B ab
R o A RS R
ac be ¢ be ac be < be | be & be ac be & be  ac
ab B be bV ab P2 bc P? v bc b2 ab B bc VP ab

@ ab ac ab & ab ac ab | ab ac ab & ab a ab a®
ab B2 be B ab B be B | WP be B ab B* b B ab
ac be ¢ be ac be < be | be & be ac be & be  ac
ab B2 be B ab B be B | WP be B ab B* b B ab

@ ab ac ab & ab ac ab | ab ac ab o ab ac ab a*

25

The forward 2D ICT of 16x16 matrix X into 16x16 matrix
Y in one embodiment is computed by:

mediate data set 7' is further processed by the operation
7Z=(Z'E /7) to obtain the output data set Z.

Alternatively, fast algorithm can be applied to implement
the order-16 transform. The fast algorithm includes 2 order-8
fast ICTs and 8 additions and 8 subtractions as shown in FIG.

X0,0  Xo1 Xo,15 30 1
Y = (EAXED) @ K+ ® K = | Ex o ALl 115 AL ® Similar to the first embodiment, the second embodiment
generates an order-16 transform from an order-8 transform.
X150 XS4 e X155 In the second embodiment, X is an 8x8 matrix containing
pixels and Y is the 8x8 matrix containing the ICT coefficients
The inverse 2D ICT of Y into X is 35 of X. The (i, j)th element of X and Y are x, ; and y, , respec-
tively. In AVS, the forward 2D ICT of X into¥ is computed as
follows using the following:
Yoo Yo Yo,1s
T 7| Yoo Yt Y15
X =E,2YEx=E,| . . A 40 Xo0 Xo1 --- Xo07
T XLo XLl 2P
Yis,0 Yis1 ..o Y1515 Y =(EpXER) @Kz @Kp =|Ep . L | 9Kz @K
X710 ¥71 - X717

To implement the first embodiment of the order-16 trans-
form Z=(E_XE %), an intermediate data set Z' can be obtained
in a first stage by the matrix operation Z'=(E ,X). The inter-

The integer matrix E; and scaling matrix Kz of the second
embodiment transform are given below:

8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
10 10 9 9 6 6 2 2 -2 -2 -6 -6 -9 -9 -10 -10
10 10 4 4 -4 -4 -10 -10 -10 -10 -4 -4 4 4 10 10

9 9 -2 -2 -10 -10 -6 -6 6 6 10 10 2 2 -9 -9

8 § -8 -8 -8 -8 8 8 8 § -8 -8 -8 -8 8 8

6 6 —-10 -10 2 2 9 9 -9 -9 -2 -2 10 10 -6 -6

4 4 -10 -10 10 10 -4 -4 -4 -4 10 10 -10 -10 4 4

2 2 -6 -6 9 9 -10 -10 10 10 -9 -9 6 6 -2 -2

s = 8§ -8 -8 8 § -8 -8 8 § -8 -8 8 8§ -8 -8 8
10 -10 -9 9 6 -6 -2 2 =2 2 6 -6 -9 9 10 -10
10 -10 -4 4 -4 4 10 -10 -10 10 4 -4 4 -4 -10 10

9 -9 2 -2 -10 10 6 -6 6 -6 -10 10 2 =2 9 -9

8 -8 8§ -8 -8 8 -8 8 8 -8 8§ -8 -8 8 -8 8

6 -6 10 -10 2 -2 -9 9 -9 9 2 -2 10 -10 6 -6

4 -4 10 -10 10 -10 4 -4 -4 4 -10 10 -10 10 -4 4

2 -2 6 -6 9 -9 10 -10 10 -10 9 -9 6 -6 2 =2
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The scaling matrix of the second embodiment transform is:
@ ab ac ab o ab ac ab @ ab ac ab d® ab ac ab
ab B be B ab PP be B | ab B bc B ab B be B
ac be ¢ be ac be ¢ be | ac be & be ac be * be
ab B bc B ab b be b | ab B be B ab b be b
@ ab ac ab a® ab ac ab | a® ab ac ab a*® ab ac ab
ab B be B ab PP be B | ab B bc B ab B be B
ac be ¢ be ac be & be|ac be & be ac be & be
1| ab BB be B ab b be V| ab B be B ab b be B
Kp=~
21 @ ab a ab & ab ac ab | & ab ac ab & ab ac ab
ab b be b ab B bc B | ab B be VP ab B be b
ac bc ¢ be ac be & be | ac be 2 be ac be & be
ab b* be B* ab VP bc B ab b be b* ab B b b?
@ ab ac ab & ab ac ab | @ ab ac ab @ ab ac ab
ab b be b ab B bc B | ab B be VP ab B be b
ac be & be ac be & be |ac be ¢ be ac be * be
ab b be b ab B bc B | ab B be VP ab B be b
where a=V512, b=V442 and c—V464. -continued
The inverse 2D ICT of Y into X is 1 myg
L .
30 Ry = Bi = :
mpg
Yoo Yo Yo,15 1 Mok
T r| YLo o Yi1 Y115
X =EjYEp=Ep| "~ 1 |Es
where k is an integer between 0 and 7; and transforming said
Y150 Yisi1 - Yis1s 35

To implement the second embodiment of the order-16
transform Z—=(EzXE;7), an intermediate data set Z' can be
obtained in a first stage by the matrix operation Z'=(EzX). The
intermediate data set Z is further processed by the operation
Z=(Z'E;") to obtain the output data set Z.

Alternatively, fast algorithm can be applied to implement
the second embodiment of the order-16 transform. Similar to
the fast algorithm for the prior transform in the first embodi-
ment, the fast algorithm ofthe second embodiment includes 2
order-8 fast ICTs and 8 additions and 8 subtractions as shown
in FIG. 2. In the second embodiment, the integer transform
has the same complexity as the first embodiment. Moreover,
the implementation of scaling matrix for the second embodi-
ment has a low storage requirement because the scaling
matrix is periodic in a 4x4 pattern.

According to a first aspect of the present invention, there is
provided a method for transforming an input data set repre-
sented by 16x16 matrix X, comprising the steps of: obtaining
a transform matrix E, of order 16 E ~[A, A, Ais] by
expanding a base matrix Eg of order 8 E¢ [B, B, . .. B,] where

mo g
An =[Bk } At =[ Be } B=| "™ | and
Ry —Ry
my i
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input data set of a first domain with said transform matrix E | ¢
into a data set of a second domain. The step of transforming
may be a forward transform of an input data set X into a data
set Z, such that Z=E_XE . Alternatively, the step of trans-
forming may be an inverse transform of an input data setY
into a data set X, such that X=E ,“YE ,.

Preferably, the step of transforming is to transform an input
data set X of a first domain with said transform matrix E ¢ into
a data set Z of a second domain additionally comprises the
substeps of: receiving said input data set represented by
16x16 matrix X; initiating eight additions and eight subtrac-
tions on X for each j to output an intermediate 16x16 data set
C:

[Cop i - - v s Crs g7 [Xo 4Ky s Ko Xs gy + - oy iy K15,
Xo,; X1 Xo,~X3s - - - 5 X4 ,~X;5 ]; where j is an integer
between 0 and 15; performing 8-point ICT to transform each
column of a first portion of said intermediate data set [c, ,
Cy s - - -5 G, ] into a first portion of data set Z' [, , ', , . . .,
7', ;; applying said 8-point ICT to transform each column of
a second portion of said intermediate data set [cg , Cg, - - -,
¢;5,] and output a second portion of data set Z' containing
[Zs, Zoys - - -, Z'y5,]; processing with eight additions and
eight subtractions for each i on Z' to output an intermediate
16x16 data set C":

[¢, o Chits o ooy Cyis]™ [Zz 0+Zz U ZiotZas ZiaatZ s,
202 s Lyn=Zyzy o o s Ly 10~ 2 R Wﬁere i1s an integer
between 0 and 15; conducting a 8-point ICT to transform each
row of a first portion of said intermediate data set [c',,
¢ 1, ...,¢ ;] into a first portion of data set Z [z, 4, 2, ,, . . . ,
7, -]; and carrying out said 8-point ICT to transform each row
of a second portion of said intermediate data set [
¢os .., ¢, 5] and output a second portion of data set Z

containing [Zi,g, Zios - s Zi,15]~
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The transform matrix
8 8 8 8 8 8 8 8 8 8 8 8
10 10 9 9 6 6 2 2 -2 =2 -6 =6
10 10 4 4 -4 -4 -10 -10 -10 -10 -4 -4
9 9 -2 -2 -10 -10 -6 -6 6 6 10 10
8 8 -8 -8 -8 -8 8 8 8 8 -8 -8
6 6 -10 -10 2 2 9 9 -9 -9 -2 -2
4 4 -10 -10 10 10 -4 -4 -4 -4 10 10
2 2 -6 -6 9 9 -10 -10 10 10 -9 -9
En= 2 =2 -6 6 9 -9 -10 10 10 -10 -9 9
4 -4 -10 10 10 -10 -4 4 -4 4 10 -10
6 -6 -10 10 2 =2 9 -9 -9 9 -2 2
8 -8 -8 8 -8 8 8 -8 8 -8 -8 8
9 -9 =2 2 -10 10 -6 6 6 -6 10 -10
10 -10 4 -4 -4 4 -10 10 -10 10 -4 4
10 -10 9 -9 6 -6 2 =2 =2 2 -6 6
8 -8 8 -8 8 -8 8 -8 8 -8 8 -8
may be obtained by expanding

8 8 8 8 8 8 8 8

10 9 6 2 =2 -6 -9 -10

10 4 -4 -10 -10 -4 4 10

= 9 -2 -10 -6 6 10 2 -9 .

8 -8 -8 8 8 -8 -8 8

6 —-10 2 9 -9 -2 10 -6

4 -10 10 -4 -4 10 -10 4

2 -6 9 -10 10 9 6 =2

The method may further comprise the step of scaling said
data set Z by performing element-by-element multiplication
with a diagonal scaling matrix K, to obtain a 16x16 output
data set’Y of said second domain, where

Ky

1 —

ab
ac

ab

ab
ac

ab

ab
»
be
P
ab
»
be
»

ac

be

be

ac

be

be

ab
»
be
P
ab
»
be
»

ab
ac

ab

ab
ac

ab

ab
»
be
P
ab
»
be
»

ac

be

be

ac

be

be

ab
»?
be
p?
ab
»?
be
»?

ab
»?
be
p?
ab
»?
be
»?

ac

be

be

ac

be

be

ab
»
be
P
ab
»
be
»

ab
ac

ab

ab
ac

ab

ab
»
be
P
ab
»
be
»

ac

be

be

ac

be

be

ab
»
be
P
ab
»
be
»

ab
ac

ab

ab
ac

ab

ab
ac

ab
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ac
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According to a second aspect of the present invention, there
is provided a method for transforming an input data set rep-
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»
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»
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»
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»
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»
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»
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»
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8 8 8
-9 -10 -10
4 10 10
2 -9 -9
-8 8 8
10 -6 -6
-10 4 4
6 -2 -2
-6 -2 2
10 4 -4
-10 -6 6
8 8 -8
-2 -9 9
-4 10 -10
9 -10 10
-8 8 -8

resented by 16x16 matrix X, comprising the steps of: obtain-
ing a transform matrix Ez of order 16, Ez;=[Aj A, .. . A ] by
expanding a base matrix Eg of order 8, E.=[B, B, .. . B;]
where

Buah)
A= . :
np
U B
mok
myk
Be=| . |,
my i

where j is an integer between 0 and 15; and k is an integer
between 0 and 7; and

j+1

Int( 5

) and In

J
3)
and represents the integral part of

j+1

2

and

[SST .

respectively; and transforming said input data set of a first
domain with said transform matrix Ez into a data set of a
second domain. The step of transforming may be a forward
transform of an input data set X into a data set Z, such that
7=E XE,”. Alternatively, the step of transforming may be an
inverse transform of an input data setY into a data set X, such
that X=E,"YE,.
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Preferably, the step of transforming is to transform an input
data set X of a first domain with said transform matrix E ¢ into
a data set Z of a second domain additionally comprises the
substeps of: receiving said input data set represented by
16x16 matrix X; initiating eight additions and eight subtrac-
tions on X for each j to output an intermediate 16x16 data set
C:

[Cop Crjs « -+ 5 Cus JT (Ko 4Ky Ko 4Xs 5 - -

Xo =Xy jy =Ko 4X3 s - -

-5 XX 5
s Xys i Xiagls
performing 8-point ICT to transform each column of a first
portion of said intermediate data set [¢, ;. ¢, . . .. 7 ] into a
first portion of data set Z' [7' ,, 7', , . . ., Z'; ]]; applying said
8-point ICT to transform each column of a second portion of
said intermediate data set [cg ), Cg, . . ., C;5,] and output a
second portion of data set Z' containing [Z's j, Z's , - - -, Z'15,];
processing with eight additions and eight subtractions for
each i on 7' to output an intermediate 16x16 data set C":

[Chos €t v v s Cots|TlZ 02 s 2042 5y o 2y 0, s,
2 0=2, 1, =2 2427 5, - - ., 2y 15—7'; 1 4]; Where i is an integer
between 0 and 15;
conducting a 8-point ICT to transform each row of a first
portion of said intermediate data set [¢', o, €', ;, . . ., €', ;] into
a first portion of data set Z [Z', o, 7', |, . . . , Z', 7]; and carrying
out said 8-point ICT to transform each row of a second por-
tion of said intermediate data set [¢', 4, €';o, . . . , C'; ;5] and
output a second portion of data set Z containing [Z',
Z'i,95 AR Z‘i,lS]'

The transform matrix

8 8 8§ 8 8 8 8 8 8 8 8§ 8
010 9 9 6 6 2 2 -2 -2 -6 -6
10 10 4 4 -4 -4 —10 -10 -10 -10 -4 —4
9 9 -2 -2 10 10 -6 -6 6 6 10 10
8 8 -8 -8 -8 -8 § 8 8 § -8 -8
6 6 -10-10 2 2 9 9 -9 -9 _2 -2
4 4 10 =10 10 10 -4 -4 -4 —4 10 10
2 2 6 -6 9 9 —10 -10 10 10 -9 -9
Es=lg 5 3 s § -8 -8 8 8 -8 -8 s
1010 -9 9 6 -6 -2 2 -2 2 6 -6
10 -10 -4 4 -4 4 10 -10 -10 10 —4
9 -9 2 2 10 10 6 -6 6 -6 —10 10
8 -8 § -8 -8 8 -8 -8 8 -8 8 -8
6 -6 10 10 2 -2 -9 9 -9 9 2 -2
4 -4 10 -10 10 -10 4 -4 -4 4 —10 10
2 2 6 -6 9 -9 10 -10 10 -10 9 =9

8 8 8 8 8 8 8 8
10 9 6 2 -2 -6 -9 -10
10 4 -4 -10 -10 -4 4 10
Eo = 9 -2 -10 -6 6 10 2 -9
§ -8 -8 8 8§ -8 -8 8
6 -10 2 9 -9 -2 10 -6
4 -10 10 -4 -4 10 -10 4
2 -6 9 -10 10 9 6 -2

The method may further comprise the step of scaling said
data set Z by performing element-by-element multiplication
with a diagonal scaling matrix K to obtain a 16x16 output
data set’Y of said second domain, where
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Kp =
@ ab ac ab a® ab ac ab|a® ab ac ab a* ab ac ab
ab B be b* ab V' be B |ab b* bc b* ab b* be b
ac be & be ac be ¢t bel|ac be & be ac be ¢ be
ab b* be b* ab b be b |ab b* bc bE ab b bc b?
@ ab ac ab & ab ac ab|a® ab ac ab @* ab ac ab
ab B be b* ab V' be B |ab b* bc b* ab b* be b
ac be & be ac be ¢t bel|ac be & be ac be ¢ be
1lab B* be B* ab B* be b*|ab BE be BE ab b* be b
2 @ ab ac ab a® ab ac ab|a® ab ac ab a* ab ac ab
ab B be b* ab V' be B |ab b* bc b* ab b* be b
ac be ¢ be ac be ¢ belac be ¢ be ac be ¢* be
ab b* be b* ab b be b |ab b* bc bE ab b bc b?
@ ab ac ab a® ab ac ab|a® ab ac ab a* ab ac ab
ab B be b* ab V' be B |ab b* bc b* ab b* be b
ac be & be ac be ¢t bel|ac be & be ac be ¢ be
ab B be b* ab V' be B |ab b* bc b* ab b* be b
8 8 8
-9 -10 -10
4 10 10
2 -9 -9
-8 8 8
10 -6 -6
-10 4 4
6 -2 =2
-8 -8 8
9 10 -10
-4 -10 10
-2 9 -9
§ -8 8
-10 6 -6
0 -4 4
-6 2 =2

Advantageously, the base matrix being expanded in the
embodiments of the claimed invention may be a reversible
transform matrix such as an integer cosine transform matrix.

According to a third aspect of the present invention, there is
provided a method for image encoding, comprising the steps
of'expanding a base matrix of order 8 into a transform matrix
of'order 16; determining transform size between 8 and 16; and
transforming an input image data set of spatial domain into
intermediate data set of frequency domain using either said
base matrix or said transform matrix based on the decision in
said step of determining transform size.

The method may further include the steps of scaling said
intermediate data set into a scaled data set; quantizing said
scaled data set into a quantized data set; and performing
entropy coding on said quantized data set.

Advantageously, the step of scaling is performed by nor-
mal scaling, prescaling, or postscaling.

In addition, the step of determining transform size may be
achieved by comparing a rate distortion cost.
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In another embodiment of the invention, the step of deter-
mining transform size is to use transform size of 8x8 for high
variance of pixel correlation, and larger transform sizes such
as 16x8, 8x16, or 16x16 for low variance of pixel correlation.
In a further embodiment of the invention, the step of deter-
mining transform size is to use transform size of MxN, such
as 8x8 if there are more than MxN coefficients, and to use
larger transform sizes such as 16x8, 8x16, or 16x16 if there
are MxN coefficients or less.

Preferably, the method for image encoding further includes
the step of amplifying before said step of quantizing, wherein
the elements in said intermediate data set corresponding to
high frequency components are amplified.

Furthermore, the step of quantizing may further include the
substep of reducing the quantization factor for those elements
corresponding to high frequency components.

Other aspects of the invention are also disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a first embodiment of this invention, in
which a fast algorithm for the order-16 transform E , is illus-
trated.

FIG. 2 illustrates a second embodiment of this invention, in
which another fast algorithm for the order-16 transform E is
illustrated.

FIG. 3 illustrates the waveform of the first transform
embodiment.

FIG. 4 illustrates the waveform of the second transform
embodiment.

FIG. 5 illustrates the flow diagram by which the transform
size decision is determined.

FIG. 6 illustrates the flow diagram for performing a 2
dimensional order-16 transform with the fast algorithm
according to an embodiment of the claimed invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

The present invention provides systems, apparatuses,
methods, and computer program products to process an
order-16 integer transform during image and video coding in
a more efficient fashion. More particularly, the present inven-
tion shifts the decoding of an order-8 integer transform matrix
to an order-16 integer transform matrix while implementing
aninteger transform. The order-16 integer transform matrix is
then processed instead of the order-8 integer transform
matrix. After the integer transform is complete, a result of the
integer transform is re-sized.

FIG. 1 illustrates a first embodiment of this invention, in
which a Fast algorithm for the order-16 transform is illus-
trated. The fast algorithm for the computation of Z from X
consists of a fast algorithm for the computation of the order-8
transform Eg twice, and eight additions and eight subtrac-
tions.

In FIG. 1, input data 101 X, to X, are converted into
intermediate results 105 C, to C, 5 by eight additions and eight
subtractions 103, which are then converted into Z,~7,5 111
by two order-8 transform Eg 107, 109. In the following 2D
transform example, the disclosed 1D transform is used 16
times in the horizontal direction and 16 times in the vertical
direction to convert a 16x16 matrix of pixels or residues into
a 16x16 matrix of transform coefficients. In a video coding
standard, the corresponding data to be transformed are 2D
data. As a result, the 2D fast algorithm can be achieved by
cascading the 1D transform as given in FIG. 1 in horizontal
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and vertical to convert 16x16 matrix X of elements x, ; into
matrix Z of elements z, ; as given in Z=F XE L

FIG. 2 illustrates a second embodiment of this invention, in
which a Fast algorithm for the order-16 transform is illus-
trated. The fast algorithm for the computation of Z from X
consists of a fast algorithm for the computation of the order-8
transform E4 twice, and eight additions and eight subtrac-
tions, and scaling matrix implemented with a periodic 4x4
pattern different from the first embodiment. Accordingly, the
second embodiment of the order-16 integer transform has the
same complexity as the first embodiment. Moreover, the
implementation of scaling matrix for the second embodiment
can have a lower storage requirement because the scaling
matrix is periodic in a 4x4 pattern.

In FIG. 2, input data 201 X, to X, are converted into
intermediate results 205 C, to C 5 by eight additions and eight
subtractions 203, which are then converted into Z,~7,5 211
by two order-8 transform Eg 207, 209. In the following 2D
transform example, the disclosed 1D transform is used 16
times in the horizontal direction and 16 times in the vertical
direction to convert a 16x16 matrix of pixels or residues into
a 16x16 matrix of transform coefficients. In a video coding
standard, the corresponding data to be transformed are 2D
data. As a result, the 2D fast algorithm can be achieved by
cascading the 1D transform as given in FIG. 2 in horizontal
and vertical to convert 16x16 matrix X of elements x, ; into
matrix Z of elements 7, ; as given in Z=E XE.".

FIG. 3 illustrates the waveform of the first transform
embodiment.

FIG. 4 illustrates the waveform of the second transform
embodiment.

FIG. 5 illustrates the flow diagram by which the transform
size decision is determined. Normally, two different ways are
used to indicate the transform size for each MB of image data.
One way is to indicate the transform size explicitly by bits. As
a result, the transform size is directly coupled with motion
compensation size. When using the claimed method and
related device, the pixel correlation of the neighbor MB is
used, which includes the spatial and temporal domains, and
motion vector information to decide the transform size for
each MB. As depicted in FIG. 5, one example for Transform
size indication method is illustrated based on reconstructed
pixel and MVs. According to the process illustrated in FIG. 5,
the conditions detailed include sum of pixel difference, pixel
variance and any pixel classification methods. Each of the
conditions can identify itself as high or low confidence based
on the regarding video content. There is no restriction on the
order of the decision flow and which items should be chose
from the above list and the algorithm can combine them
freely, and can be incorporated with other related decision
methods. Transform size decision conditions depicted in FI1G.
5 include Condition_1: Upper and/or left recon pixels 501;
Condition_2: Temporal collocated MB 502; Condition_3:
Motion compensation reference block 503; Condition_4:
Motion vector information of current MB for inter MB 504
and Condition_5: Intra prediction mode for intra MB 505.

Alternatively, the following logic can be applied as detailed
below. In this case, the Sum of Pixel Difference (SPD) is the
sum of the absolute difference of all neighbor pixels along
one direction (e.g. diagonal) inside one MB and all the thresh-
olds can be defined adaptively.

The following steps summarize the process for determin-
ing the transform size based on the Sum of Pixel Difference
(SPD):

Compute the Sum of Pixel difference (SPD) for all the recon-
structed pixel in the upper and left MB to obtain
SPD(sum)=SPD(left)+SPD(upper).
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If SPD(sum)>Threshold 1, DO 8x8 and STOP.
If SPD(sum)<Threshold 2, DO 16x16 and STOP.
Compute the SPD for all the reconstructed pixel in the collo-
cated MB in the previous frame (same coordinate with current
MB), we got SPD(coll)
If SPD(coll)>Threshold_ 3, DO 8x8 and STOP.
If SPD(coll)<Threshold_ 4, DO 16x16 and STOP.
Compute the SPD for all the reconstructed pixel in the refer-
enced MB in the previous frame (location that current MV
points to), we got SPD(ref)
If SPD(ref)>Threshold 5, DO 8x8 and STOP.
If SPD(ref)<Threshold 6, DO 16x16 and STOP.
Obtain 4 MV for current MB (one MV for each 8x8 block
inside the current MB), compute the MV variance using these
4 MVs.
If MV _variance>Threshold__7, DO 8x8 and STOP.
If MV_variance<Threshold_ 8, DO 16x16 and STOP.
Obtain the intra-prediction mode of current MB (if exists).

If Intra-mode!=DC mode, DO 8x8 and STOP.
DO 16x16 and STOP.

FIG. 6 is a flow diagram for performing a two dimensional
order-16 transform with the fast algorithm according to an
embodiment of the claimed invention. Processing com-
mences in step 601, where input data set X represented by
16x16 matrix is received. The data set may represent a mac-
roblock of an image. In step 602, eight additions and eight
subtractions are initiated on each column of input data set X
to output an intermediate 16x16 data set C. In step 603, a
8-point ICT using transform matrix Eg is performed on each
column of the first half of the intermediate data set C into the
first half of a 16x16 data set Z'. In step 604, a 8-point ICT
using transform matrix Eg is applied to transform each col-
umn of the second half of the intermediate data set C and
output the second half of data set Z'. In step 605, eight addi-
tions and eight subtractions are processed on each row of
input data set Z' to output an intermediate 16x16 data set C'.
In step 606, a 8-point ICT using transform matrix Eg is con-
ducted on each row of the first half of the intermediate data set
C'into the firsthalf ofa 16x16 data set Z. In step 607, a 8-point
ICT using transform matrix Eg is applied to transform each
row of the second half of the intermediate data set C' and
output the second half of data set Z'.

In one embodiment of the invention, the additions and
subtraction in step 602 can be performed such that
-5 Crs T [Xo Xy g Ko K54 - o s Xpa 4Ky s
- X147, 5,;]; where j is an integer

[Cop €15 - -
KoK 1 o Ko X3 5 - -
between 0 and 15;

and in step 605 such that

[CiosClits e v s €uuslTIZ 042 1 2042 5, -
Z'i,o_Z'i,ls Z'i,2_Z'i,35 cees Z'i,14_Z'i,15];

where 1 is an integer between 0 and 15.

In another embodiment of the invention, the additions and

subtraction in step 602 can be performed such that

1 1
s Z;14%2 5 5,

[Cos Crgs « -+ s Cus JT Ko 4Ky o Ko 4Ks s - o oy Kyg X 5
KoKy o ~XKo X3 o ooy Kys ~Xig 15
where j is an integer between 0 and 15;
and in step 605 such that
(€05 Cats - oo CoslTZs 042 10 2042 55+ o5 Ci1at 2y s,

L o=Zs 1y =20+ 3y o5 2152 14]5

where 1 is an integer between 0 and 15.

The above disclosure is related to the detailed technical
contents and inventive features thereof. People skilled in this
field may proceed with a variety of modifications and replace-
ments based on the disclosures and suggestions of the inven-
tion as described without departing from the characteristics
thereof. Nevertheless, although such modifications and
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replacements are not fully disclosed in the above descrip-
tions, they have substantially been covered in the following
claims as appended.

We claim:

1. A processor implemented method for transforming an
input data set of a first domain for image and video coding,
comprising the steps of:

receiving, by a processor, said input data set represented by
16x16 matrix X; and

transforming, by the processor, said input data set with a
transform matrix E, ¢ into a data set of'a second domain,
comprising:
initiating eight additions and eight subtractions on X for

eachj to output an intermediate 16x16 dataset C: [c, ;,

.. clSJ]:[x0J+xu, Ko 4K 5 Xy +Xs s X K7

Xg Ko o X0, X110 KoKz Xi4,4X 15 Xo,~ Xy

Cr -

X2, X3, Xa,;7 X5 5y X6 ;7 X7 55 Xg ;7Kg s X10,; K11, K12~
X,3,X,4;~X;5,]; where j is an integer between 0 and
performing 8-point ICT to transform each column of a
first portion of said intermediate data set [cg,
. » C,] into a first portion of data set Z' [/,
i) Z‘7J];
applying said 8-point ICT to transform each column of a
second portion of said intermediate data set [cg
Co, - - - » C15,] and output a second portion of data set
7! containing [7's j, 7', - .

Cry -
1
7

- Z‘lSJ];
processing with eight additions and eight subtractions
on 7! for each i to output an intermediate 16x16 data
set C: [€ 0, €1y - o5 C 15T 2 042 1 2042 5, - -
Z'1a¥ 150 Zi0=Z' s Lin=Zi35 + « s Zy1a=Z15]5
where 1 is an integer between 0 and 15;
conducting a 8-point ICT to transform each row of' a first
portion of said intermediate data set [c',, €', 1, . . .,
¢', ;] into afirstportion of datasetZ [z, , 7, |, . . ., 7, ;];
and
carrying out said 8-point ICT to transform each row of a
second portion of said intermediate data set [c', 4,
€10 -,C" 5] and output a second portion of data set
Z containing (2.5, 2,05 - 5 235
wherein said transform matrix E, 4 being of order 16
E,s=[Ag A, ... A 5] is obtained by expanding a base
matrix Eg of order 8

E.=[B, B, . .. B,] where

mo i
& By myk
Ay = s Aggsl = ,By=| . | and
& Ry :
my i
1 my i
1 N
R = B, =
mik

where k is an integer between 0 and 7.
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2. The method for transforming according to claim 1,
wherein said transform matrix E | ; being
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
100 10 9 9 6 6 2 2 -2 -2 -6 -6 -9 -9 -10 -10
10 10 4 4 -4 -4 -10 -10 -10 -10 -4 -4 4 4 10 10
9 9 -2 -2 -10 -10 -6 -6 6 6 10 10 2 -9 -9
§ 8 -8 -8 -8 -8 8 8 8 § -8 -8 -8 -8 8 8
6 6 -10 -10 2 2 9 9 -9 -9 -2 -2 10 10 -6 -6
4 4 -10 -10 10 10 -4 -4 -4 -4 10 10 -10 -10 4 4
£ 2 2 -6 -6 9 9 -10 -10 10 10 -9 -9 6 6 -2 -2
“Tl2 -2 6 6 9 -9 -10 10 10 -10-9 9 6 -6 -2 2
4 -4 -10 10 10 -10 -4 4 -4 4 10 -10 -10 10 4 -4
6 -6 -10 10 2 -2 9 -9 -9 9 -2 2 10 -10 -6 6
§ -8 -8 8 -8 8 § -8 8 -8 -8 8 -8 8 8§ -8
9 -9 -2 2 -10 10 -6 6 6 -6 10 -10 -2 -9 9
10 -10 -4 -4 4 -10 10 -10 10 -4 -4 10 -10
-1 9 -9 6 -6 2 -2 -2 2 -6 -9 9 -10 10
§ -8 8 -8 8 -8 8 -8 8 -8 8 -8 8 -8 8 -8
is obtained by expanding
30 Kis=
a® ab ac ab a* ab ac ab|ab ac ab &* ab ac ab &*
35 ab B* be B* ab B* bc B |B* be B ab B bc b ab
P g g g g g g ac be & be ac be ¢ belbe 2 be ac be & be ac
0 9 6 2 22 -6 -9 —10 ab b* be b* ab b be b |BE be VP ab b bc B* ab
10 4 -4 -10 -10 =4 4 10 a® ab ac ab a® ab ac ab|ab ac ab a® ab ac ab o
E 9 -2 -10 -6 6 10 2 -9 40 ab b* be B* ab b* bc VP|V* be P oab B be U ab
5 =
§ -8 -8 8 § -8 -8 8 ac be & be ac be ¢ belbe 2 be ac be & be ac
6 -10 2 9 -9 -2 10 -6
1lab % be BE ab B* be bP|B* be b* ab B be B* ab
4 -10 10 -4 -4 10 -10 4 3 > > > 1 > > > .
2 6 9 -10 10 9 6 -2 ab b* bc b~ ab b° bc b°|b° bc b” ab b° bc b ab
45 ac be & be ac be ¢ belbe 2 be ac be & be ac
ab b* be B* ab b* bc VP|V* be P oab B be U ab
a® ab ac ab a® ab ac ab|ab ac ab a® ab ac ab o
ab b* be B* ab b* bc VP|V* be P oab B be U ab
30 ac be & be ac be ¢ belbe 2 be ac be & be ac
ab b* be B* ab b* bc VP|V* be P oab B be U ab
a® ab ac ab a* ab ac ab|ab ac ab & ab ac ab &*
3. The method for transforming according to claim 1, s
Where.ln said step of eXPanmg a base matrix is expanding a 6. A processor implemented method for transforming an
reversible transform matrix. input data set of a first domain for image and video coding,
4. The method for transforming according to claim 3, comprising the steps of:
wherein said step of expanding a reversible transform matrix receiving, by a processor, said input data set represented by
. . . . . 60 a 16x16 matrix X; and
is expanding an integer cosine transform matrix. . Lq .
transforming, by the processor, said input data set with a
5. The method for transforming according to claim 1, fur- transform matrix E, ¢ into a data set of'a second domain,
ther comprising the step of scaling, by the processor said data _ comprising: - ) )
. s . initiating eight additions and eight subtractions on X for
set Z by performing element-by-element multiplication with : . .
65 each j to output an intermediate 16x16 data set C: [c,

a diagonal scaling matrix K, 5 to obtain a 16x16 output data
set Y of said second domain, where

., clSJ]:[x0J+x1J, X AX3 A, .

- Xys Xl

Cijp v - - Xpg X5,

Xoy X1 ~Xa X3 -
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performing 8-point ICT to transform each column of a first
portion of said intermediate data set [c, j, ¢, 1> €7 ;linto a
first portion of data set 7' [7, , ', , ..., 77,

applying said 8-point ICT to transform each column ofa
second portion of said intermediate data set [cg ;, €5,
¢15,] and output a second portion of data set Z' contain-
ing [Z s Lo - Zys

processing Wltﬁ elght adafmons and eight subtractions on 7!
for each i to output an 1ntermed1ate 16x16 data set (O
[C'iOs C'i,ls oo CasElZ ot 10 Z 2230 s Zyaat

215 %50 Z'll,—Z'12+Zl3,... 7, 15— le4] whereiis an
infeger ‘between 0 and 15;

conducting a 8-point ICT to transform each row of a first
portion of said intermediate data set [cl 00 Citse sy
into a first portion of data set Z. [z, 7, ,, . . - 7, ;]; an

carrying out said 8-point ICT to transform each row of a
second portion of said intermediate data set [c', g, ', o,
¢'; ;5] and output a second portion of data set Z contain-
lng[ZZS, 1o - Ziashs

Whereln said transform matrix E, ; being of order 16

E,«=[Ag A, A /5] is obtained by expanding a base
matrix E8 of order 8
Es=[By B, . ..B,] where
Mok
B’”’(%) mig
Aj= it Be=|
mlr)p
T
mi

where j is an integer between 0 and 15; and k is an integer
between 0 and 7; and

i 222 and 1n /)

represents the integral part of

j+1
2
and
I
2
respectively.

7. The method for transforming according to claim 6,

wherein said transform matrix E | ; being

8 8 8 8§ 8 8§ 8§ 8 8 8 8 8
010 9 9 6 6 2 2 -2 -2 -6 —6
10 10 4 4 —4 —4 —10 =10 -10 -10 -4 —4
9 9 2 2 -10 -10 -6 -6 6 6 10 10
8 8 -8 -8 -8 -8 8§ 8 8 8 —8 -8
6 6 -10 -10 2 2 9 9 _—9 —9 _3 -2
4 4 —10 10 10 10 -4 -4 -4 -4 10 10
2 2 -6 -6 9 9 —10 -10 10 10 -9 -9
Fle=lg 3 3 s 8 -8 -8 8 8 -8 -3 8
1010 -9 9 6 -6 -2 2 -2 2 6 =6
10 10 -4 4 —4 4 10 —10 =10 10 4 —4
9 9 2 2 -10 10 6 -6 6 -6 —10 10
8§ -8 8 -8 -8 § -8 8 8 -8 8§ -8
6 -6 10 -10 2 -2 -9 9 -9 9 2 -2
4 -4 10 -10 10 -10 4 -4 -4 4 —10 10
2 2 6 -6 9 -9 10 -10 10 -10 9 -9

20

is obtained by expanding

8 8 8 8 8 8 8 8

10 9 6 2 =2 -6 -9 -10

5 10 4 4 -10 -10 -4 4 10

9 -2 -10 -6 6 10 2 -9

Fg =

8 -8 -8 8 8 -8 -8 8

6 -10 2 9 -9 -2 10 -6

4 -10 10 -4 -4 10 -10 4

10 2 =6 9 -10 10 9 6 -2
8. The method for transforming according to claim 6,
wherein said step of expanding a base matrix is expanding a

reversible transform matrix.

15 9. The method for transforming according to claim 8,
wherein said step of expanding a reversible transform matrix
is expanding an integer cosine transform matrix.

10. The method for transforming according to claim 6,
further comprising the step of scaling, by the processor, said

20 data set Z by performing element-by-element multiplication
with a diagonal scaling matrix K ; to obtain a 16x16 output
data set’Y of said second domain, where

K=
25
@ ab ac ab a® ab ac ab|a® ab ac ab & ab ac ab
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ac be 2 be ac be & belac be & be ac be ¢ be

30 ab b be b® ab b* be BPlab VP be b ab B* be b?
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33 tab 82 be B2 ab B2 be B |ab B2 be BB ab BB be B
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40
ab b be b® ab b* be BPlab VP be b ab B* be b?
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ab b* be B* ab b be b |ab B* be V' ab B* be B

45 ac be 2 be ac be & belac be & be ac be ¢ be
ab b* be B* ab b be b |ab B* be V' ab B* be B

8 8 8 8

-9 -9 -10 -10

4 4 10 10

2 -9 -9

-8 -8 8 8

10 10 -6 -6

-10 -10 4 4

6 6 -2 =2
8 -8 -8 8
-9 9 -10 10
4 -4 -10 10
2 -2 9 -9
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11. The method for transforming according to claim 1, 13. The method for transforming according to claim 6,
wherein said step of transforming is a forward transform of an wherein said step of transforming is a forward transform of an

. . _ 7 input data set X into a data set Z, such that Z=E, XE, ;"
input data set X into a data set Z, such that Z=E, XE, . 14. The method for transforming according to claim 6,

12. The method for transforming according to claim 1, s wherein said step of transforming is an inverse transform of
o S ’ an input data set Y into a data set X, such that X=E,,’YE .
wherein said step of transforming is a inverse transform of an ’ 16 16
input data set Y into a data set X, such that X=F, ,[“YE . ¥ % % % %



