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PROCESS FOR CODING DATA IN IMAGE OR VIDEO AND APPARATUS

THEREOF

CROSS REFERENCE OF RELATED APPLICATION
[0001] The application claims the benefit of the US application No. 61/605,478, filed on

March 1, 2013, which is incorporated by reference in this entirety as part of this application.

TECHNICAL FIELD

00021 The present application relates to an integer transform of encoding and decoding
for image or video signals, specifically, to a process for coding data in image or video and an
apparatus thereof. The present application also relates to a process and a system for deriving

an order-2N integer transform from an order-N integer transform in image or video coding.

BACKGROUND

[0003] Nowadays, there are various applications for digital video communication and
storage, and corresponding international standards have been and are continuing to be
developed. To achieve low bit rate communications, MPEG-2, MPEG-4 Part 2, and H.263
standards divide a picture into 16 x 16 non-overlapping blocks called macro block and then
use 2 dimensional (2D) order-8 discrete cosine transform (DCT) in digital video compression
algorithms used in the coding standards. Newer video coding standards, such as H.264/AVC,
AVS and SMPTE 421M etc, have adopted to use 2D order-4 or order-8 transforms to provide
a better compressibility than the video standards based on the 2D order-8 DCT. In those
standards, the 2D order-4 or order-8 transforms arc used so as to seck a trade-off between

computational efficiency and coding efficiency.

[£0004] Recently, in the development of standard HEVC, 16x16, 32x32 and higher order

transforms has been proposed. A paper issued by Siwei Ma and C.-C Jay Kuo proposed a
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super-macroblock coding scheme with a high coding gain, see the paper “High-definition
Video Coding with Super-macroblocks”, SPIE-IS &T/Vol. 650816 (1-12), 2007. In this paper,
Siwei Ma proposed an order-16 transform, which can be decomposed and implemented with
existing order-8 transform modules. US Patent Application Publication No. 2007/0223590
filed by Siwei Ma discloses an apparatus for processing a 2N<2N integer transform by means
of a unit that generates an NxN transform. Both the Paper and the US patent publication deal
with reduction of computational complexity of the image and video coding, failure to address

the issue of improvement of compression rates.

SUMMARY

[0005] According to one aspect of the invention, there is provided a process for coding
data in image or video, comprising;:

retrieving a data matrix Xan.onto be transformed; and
coding the retrieved data matrix by a rule of
Zyyon =By XonanEay
wherein Zy.on represents a resultant matrix through the coding, E,x is an order-2N

integer transform and N = 2" where n is a positive integer no less than 2.

[0006) According to the other aspect of the invention, there is provided an apparatus for
coding data in image or video, comprising:
a retrieving unit for retrieving a data matrix Xan.onto be transformed; and
a coder for coding the retrieved data matrix by a rule of
Z;yoy =EnXowavEly
wherein Zy.on represents a resultant matrix through the coding, E,x is an order-2N

integer transform and N = 2" where n is a positive integer no less than 2.

00071 According to the other aspect of the invention, there is provided a process for
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deriving an order-2N integer transform from an order-N integer transform in image or video

coding, comprising:

retrieving an order-N transform Ey; and

generating Eoy  in response to the retrieved Ey by performing a transform of
— EN 0N IN JN
E2N _P2NM2N|:0N RN:||:IN _JN or
£ 0 I J
E. =P N N N N
w 2N|:ON M2N0RN:||:IN _JN}
where

P,, 1S a permutation matrix,

M,y is a diagonal matrix with integer elements to make every basis norms in Eoy similar,

Iy is an order-N identity matrix,
Jy 1s a mirrored version of Iy, and

Ry is a recursive matrix from an integer matrixR , |
2

00081 According to the other aspect of the invention, there is provided a system for
deriving an order-2N integer transform from an order-N integer transform in image and video
coding, comprising;:

means for retrieving an order-N transform Ey; and

means for generating Eoy  in response the retrieved Ex by performing a transform of
— EN 0N IN JN
E2N _P2NM2N|:0N RN:”:IN _JN or
£ 0 I J
E =P N N |: N N :|
w 2N|:0N M2N0RN:| Ly, =Jy
where

P,,1s a permutation matrix,

M,y is a diagonal matrix with integer elements to make every basis norms in Eoy similar,

Iy is an order-N identity matrix,
Jx 1s a mirrored version of Iy, and

Ry is a recursive matrix from an integer matrix R ,
2
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[£0009] The detailed technology and preferred embodiments implemented for the subject
invention are described in the following paragraphs accompanying the appended drawings for

those skilled in this field to well appreciate the features of the claimed invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a block diagram of an apparatus for coding data in image and video
according to one embodiment of the present application.
[0011] FIG. 2 illustrates exemplarily a method for coding data in image and video

according to one embodiment of the present application.

DETAILED DESCRIPTION
[0012] Embodiments of the present application will be described with reference to the
accompanying drawings, but these drawings are presented only for the illustrative purpose

and in no respect, are intended to limit the present invention anymore.

[0013] Referring now to FIG. 1, an apparatus 1000 for coding data in image and video
according to one embodiment of the present application is illustrated. As shown, the

apparatus 1000 includes a retrieving unit 10, a generating unit 20 and a coder 30.

[0014] The retrieving unit 10 is utilized to retrieve an order-N transform Ey, which may be
stored in a memory (not shown) in the apparatus 1000 or any storage means external to the
apparatus 1000 so long as the apparatus 1000 may obtain it if necessary. According to one
embodiment, the order-N transform may be input into the retrieving unit 10, for example,
through a key board or the like. According to one embodiment, Ey may be an order-V integer
transform in image or video coding in the prior art. For example, Ey may be an order-8
transform E,pc adopted in H.264/AVC, or an order-8 transform E,ys adopted in AVS. It

should be understood that those skilled in the art could select other Eyif required based on the
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disclosures of the application.

[0015] The generating unit 20 unitizes the retrieved order-N transform Ey from the unit 10
to generate an order-2N transform E,y by computing the transform Ey, which will be detailed

later.

00161 The coder 30 has two inputs, E,y from the generating unit 20 and a data matrix
Xownsen to be transformed. The coder 30 operates to code the data matrix X,y.y into a data

matrix ZQNXZN by a rule of
Liyon = E2NX2N><2NE§N . 1)

00171 According to one embodiment of the application, the coder 30 may carry out a 2D
transform through two cascading 1D transforms to obtain Z,y.on by a rule of
Uy =Eay Koy,
V2N><2N = [_'2N,0 02N,1 02N,2N71:|
Zows =EonVav
Lo =200 Zhs o Zh 2)
where
X,y 1 the k-th column vector in Xoyon
Vawnsow is a 2Nx2N matrix built byU,,, for ke{0.L..2N-1}

Vv, 1is the k-th row vector in Voyoy for ke {0.L...2N -1}

[0018] Hereinafter, a process for generating an order-2N transform E,y from an order-N

transform Ey according to the embodiment of the application will be discussed.

[£0019] E,y can be constructed by the generating unit 20 by
B E, 0,1, J
E2N _P2NM2N|:0]]VV R];;:”:Iz —JNN:| 3)

wherein
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Ewis an order-N transform,

P,, 1S a permutation matrix,

M,y is a diagonal matrix with integer elements to make every basis norms in Eoy similar,
Iy is an order-N identity matrix,

Jy 1s a mirrored version of Iy, and

Ry is a recursive matrix from an integer matrix R, .
2

[£0020] 1In this embodiment, Ry may be constructed by a rule of

Ay, Ay oan-1

Ay 3 Ay an-3

R — Ay y1 Ay N
N= x
—-a a
NN+ N.N-1

-1 1

wherein ay 1, ay3, ...ayon-1 are positive integers.

[0021] According to one embodiment, Ry may be constructed by the generating unit 20 or

may be retrieved from the memory internal or external to the apparatus 1000.

[0022] To ensure a good coding performance, ay; are selected by a rule of

kx
aN,k - COS(W)
= (2N—k)r
AyanN-k COS(—4N

)fork:1,3,...,N—1 5)

[0023] A list of ayy in co-prime pairs are listed in Table 1, Table 2A-B, Table 3A-D and

Table 4A-H for different N. In one embodiment, Table 1, Table 2A-B, Table 3A-D and Table
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4A-H may be stored in a memory (not shown) in the apparatus 1000 or any storage means
external to the apparatus 1000 so long as the apparatus 1000 may obtain it when necessary.
(anx anank) can be selected as a pair in any column in these tables. Larger value of ay
usually means that the resultant E,y has a higher coding performance. But this also means
that the transform process requires more computation and the resultant transform coefficients

have larger dynamic ranges.

Table 1
N=2
a1 2 5 7 8 9 11 11 12 13 14
a; 1 2 3 3 4 4 5 5 5 5
Table 24
N=4
as 5 6 9 11 13 14 16 17 17 19
as7 1 1 2 2 3 3 3 3 4 4
Table 2B
N=4
as;3 1 3 4 5 5 7 6 7 8
ass 1 2 3 3 4
Table 34
N=38
as. 9 10 11 12 17 19 21 23 25 26
as.1s 1 1 1 1 2 2 2 2 3 3
Table 3B
N=38
ass 3 7 8 10 11 11 13 15 14 16 17 18
as.13 1 2 3 3 3 4 4 4 5 5 5 5
Table 3C
N=38
ass 2 3 5 7 8 9 11 11 13 11 12 13




WO 2013/127366 PCT/CN2013/072084
as.11 2 3 5 5 5 6 6 7 7 7
Table 3D
N=28
asz 1 4 6 7 8 9 |10 9 |11 |10 |11 | 13|11 ] 13
aso 1 3 5 5 7 7 7 8 9 9 9 |10 | 10
Table 44
N=16
aie 1 17118119 (20|21 (22123 |24 (333537 (39|41 1|43 |45 | 47
631 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2
Table 4B
N=16
63 6 7 8 11 |13 [ 1517119 |20 |22 (23|23 25|27 |29
arene | 1 1 1 2 2 2 3 3 3 3 3 4 4 4 4
Table 4C
N=16
A165 4 7 9 {1011 [ 13|14 |13 | 15|17 (19|16 |17 | 18| 19| 21
ae27 | 1 2 2 3 3 3 3 4 4 4 4 5 5 5 5 5
Table 4D
N=16
e 3 5 g 101 9 |11 {13 (1213|1416 17|19 | 16| 17
arens | 1 2 3 3 4 4 4 5 5 5 5 6 6 7 7
Table 4E
N=16
69 2 7 9 |11 | 12|11 {13 (1213|1517 | 15| 17
aien3 1 3 5 5 5 6 6 7 7 7 7 8 8
Table 4F
N=16
a1 | 2 | 3 11110111 {12113 11131513 (14| 16
aien | 1| 2 6 7 7 7 7 8 8 8 9191 9

Table 4G

8
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aie,13 3 4 5 6 7 8 7 8 9 110|119 (11 [10] 11

aie,19 2 3 4 5 5 5 6 7 7 7 7 8 8 9 9

Table 4H

N=16

ai6,15 1 5 6 7 8 9 9 (10|11 |11 [ 13 [ 12 | 13 | 14 | 13

Q6,17 1 4 5 6 7 7 8 9 9 10|10 | 11 [ 11 | 11 | 12

[0024] The proposed transform E,y can be implemented with additions, subtractions and

multiplications with small integers only.

[0025] Hereinafter, a process 2000 for coding data in image or video according to one

embodiment of the present application will be discussed.

[0026] At step S101, a data matrix Xonxonto be transformed is retrieved. As mentioned in
the above, according to one embodiment, Ex may be an order-N integer transform in image
and video coding in the prior art. For example, Ey may be an order-8 transform E.y¢ adopted
in H.264/AVC, or an order-8 transform E,ys adopted in AVS. It should be also understood
that those skilled in the art could select other Exif required based on the disclosures of the

application.

[0027]1 At step S102, an order-N transform Ey is retrieved and then Epyis generated from
the retrieved Ey by performing a transform according to the above mentioned equations 3)~5).
And then at step S103, the retrieved data matrix is coded according to the above mentioned
equation 1). As discussed in the above, the coding may further comprise a 2D transform

carried out by two cascading 1D transforms according to a rule as set in equation 2).

[0028]1 According to one embodiment, the process 2000 may be implemented by one or
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more processor of a computer using instructions encoded in computer readable storage
medium. Alternatively, the steps S101~103 may be respectively implemented by the
retrieving unit 10, the generating unit 20 and the coder 30 as discussed in the above. It shall
be also understood that each of units 10-30 may include electronic circuits to carry out the
corresponding functions or utilize the programs stored therein to carry out the corresponding

functions.
[0029] Hereinafter, some examples according to the embodiment of the application will be

described. These examples are present only for the illustrative purpose and in no respect,

are intended to limit the present invention anymore.

Example 1: Order-4 Transform

[0030]1 Herein, starting from N = 2, E; and R; are built by rules

1 1] .
E2_L _J ; and

a a
2,1 2,3
R,=| "2
—Cl2’3 Cl2’1

a1 and ap 3 are taken as 5 and 2 respectively.

[0031]) As aresult, E4 is built as

- E, 0,1, J,
R

2
(1 4 11 1 1
B 1 4 1 -1 11
- 1 1 5 211 -1
| 1 1 -2 5 1 -1
(4 4 4 4
|5 -2 -2 5
T4 -4 -4 4
2 -5 5 -2

Example 2: Order-8 Transform

[0032) Take a4, a4 3, ass and aq 7 as 5, 3, 2 and 1, respectively, Ry is built as

10
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R, = iz Gys |:R2 02:|1 ; 11

—lys  Qys
| = 4n ay, -1 1

(27 23 15 5

16 -4 -19 -11
11 -19 4 16
5 -15 23 =27

[0033)] And then Eg is built as

E, 0,1, J
E. =P.M 4 4 4 4
i i 8[04 R4:|[I4 _J4:|
(22 22 22 22 22 22 22  22]
27 23 15 5 -5 —-15 =23 -27
25 10 —-10 =25 -25 —-10 10 25
{16 -4 -19 -11 11 19 4 -16
T2 —22 —22 22 22 -—22 22 22
11 =19 4 16 -16 -4 19 -11
10 =25 25 —-10 —-10 25 =25 10
|5 -15 23 -27 27 -23 15 -5
wherein
(1 i (22 i
1 22
1 5
1 5
P, = 1 and M, = 1
1 1
1 1
L 1_ L 1_

Example 3: Order-16 Transform

[0034] Take dag 1, Ag 3, dgs, dg7 dg9, A3 11, 48 13 and dg 15 as 10, 17, 15, 10, 8, 8, 5 and 1

respectively. Accordingly, Eg will be built as

11
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E, 0, |1 J
E16:P16M16|:0: RSS:”:I: _JSS:|

[256 256 256 256 256 256 256 256 256 - 256 256
275 265 245 215 173 127 77 23 =23 - =265 =275
324 276 180 60 -16 -180 -276 -324 -324 - 276 324
327 217 27 -163 -303 -343 -267 -107 107 -~ =217 =327
320 128 -128 —-320 -320 -—128 128 320 320 --- 128 320
293 37 =253 -317 -92 212 328 152 -152 -~ =37 -293
288 -72 -342 -198 198 342 72 —-288 -288 - =72 288
266 -166 -334 34 350 110 -310 -230 230 --- 166 —-266
256 -256 -256 256 256 -256 -256 256 256 --- -256 256
230 -310 -110 350 -34 -334 166 266 —-266 --- 310 -230
198 —342 72 288 -288 72 342 -198 -198 -.- 342 198
152 -328 212 92 -317 253 37 -293 293 -.- 328 -—152
128 -320 320 -128 -128 320 -320 128 128 --- =320 128
107 -267 343 -303 163 27 =217 327 =327 --- 267 -107
60 -180 276 -324 324 -276 180 -60 -60 --- —180 60

| 23 =77 127 -173 215 -245 265 -275 275 -- 77 =23

Example 4 : Order-32 Transform

[0035] Take aie,1, A16,3, ... 1631 AS 20, 13, 16, 14, 13, 13, 12, 15, 14, 9, 8, 6, 5, 4, 2 and 1

respectively. Accordingly, Eg is built as

E 0 1 J
E.. =P.M 16 16 16 16
2 2 32|:016 R16 :||:Il6 _J16:|

(4096 4096 4096 4096 4096 4096 4096 4096 4096 --- 4096 |

5523 5477 5377 5223 5027 4773 4473 4127 3675 --- 5523
5500 5300 4900 4300 3460 2540 1540 460 -460 --- 5500
4465 4037 3355 2287 1037  -335 —1513 -2725 -3613 --- 4465
5616 4784 3120 1040 -1040 -3120 -4784 -5616 -5616 --- 5616
5296 4080 1904 —-720 -3200 —-4896 -—-5440 -4704 -2740 --- 5296
4195 —-3505 —4865 2555 5335 1525 5065 415 5647 4195

1712 —4272 5488 —4848 2608 432 -3472 5232 -5232 ... 1712

1260 -3604 5100 -5396 4404 -2380 204 2740 -4704 --- 1260
1040 -3120 4784 -5616 5616 —-4784 3120 -1040 -1040 --- 1040
737 —2045 3037 -3905 4405 -4513 4265 -3613 2725 --- 737
460 —1540 2540 -3460 4300 -4900 5300 -5500 5500 --- 460
185 =735 1275 -1805 2295 2785 3245 -3675 4127 --- 185

[0036] Alternatively, we may merge the diagonal matrix My into the integer transform
kernel.

Example 5: Another Order-4 Transform

[0037] E.is built as

12
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E, 0, |I J
E =PM 2 2 2 2
el e )
1 by, by, 1 1
_ 1 bl,l - bl,l 1 1
B by, by |1 -1
| 1 by by, 1 -1
I bl,l bl,l bl,l bl,l
— bz,l b2,3 - b2,3 - bz,l
bl,l - bl,l - bl,l bl,l
_b2,3 - bz,l bz,l - b2,3

Example 6: Another Order-8 Transform

[0038]) Esis built as:
E, 0,|1I J
f-nnff 4]0 %]

_ E4 04 I4 J4
S 04 M80R4 I4 _J4'

[0039]) M;.Ry is built as:

[ m, a4 A4 1
_ m Ays  Ays R, 0, 1 1
MR, = m, —Qys Ay, [02 R, |1 -1
L Mo || —duy ay -1
[ by b, 1
_ buy b R, 0, 1o
—-b,s by, 0, R,|1 -1
b, b4,1 -1 1

[0040) Recursively, Eoy is built as:

_ EN ON IN JN
E2N_P2N[ON M2N0RN:||:IN _JN'

[0041] MRy is built as:

| by, bN,2N—1 1 1
R 0.
M(2N Ry = byya  bywa % % 11
b - bN,N+1 bN,N—l N RE I -1
L 2 2 |
|~ bN,2N—1 bN,l | L -1 1_

13
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E,n 1s orthogonal (up to scale) for any real by ;.

[0042] The values of by; should be chosen: (1) to maximize the transform coding gain, and

(2) to minimize the differences among the basis vector norms of the transform itself.

[0043] According to the above requirements (1) and (2), by, are integers that satisfy:

n b
) leyl < V SRma.x
2 2 X N, N,i
Byy Sby, +byay < By and by an-s for N22 and b,<B i

where B is a matrix consisting of by,
. .. 2 2
B" 1s a minimal value of the sum of b"y; and o™y 2.,
. . 2 2
By 1s a maximal value of the sum of 5”y; and by on.s,
Ry is a minimal ratio between by; and by oy,

N.i

R™ 1s a maximal ratio between by; and by on;

[0044]) According to the above claim, when N=2:

B B By Ry R
8 122 134 1.0000 13.000
16 488 533 1.0000 23.000
32 1949 2146 1.0000 46.000
64 7785 8597 1.0000 92.000
128 31138 34394 1.0000 185.00
256 124525 137605 1.0000 370.00
512 498074 550493 1.0000 741.00
1024 1992296 2202001 1.0000 1483.0
2048 7969184 8808029 1.0000 2967.0
4096 31876721 35232149 1.0000 5935.0

[0045) when N=4 and (a2,1, a23) = (2, 1)
B B By Ry R

14
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16 101 104 5.0000 10.000
32 397 425 2.3750 20.000
64 1557 1717 2.3750 41.000
128 6228 6868 2.3750 82.000
256 24905 27521 2.3593 165.00
512 99620 110097 2.3593 331.00
1024 398480 440397 2.3593 663.00
2048 1593841 1761605 2.3592 1327.0
4096 6375346 7046425 2.3591 2654.0
B B B R R
16 98 106 1.0000 10.000
32 392 425 1.0000 20.000
64 1557 1717 1.0000 41.000
128 6228 6877 1.0000 82.000
256 24905 27521 1.0000 165.00
512 99620 110098 1.0000 331.00
1024 398465 440397 1.0000 663.00
2048 1593841 1761605 1.0000 1327.0
4096 6375346 7046426 1.0000 2654.0
[0046] when N=4 and (a2, a23) = (5, 2)
B B B Ry R
32 68 73 2.6666 4.0000
64 272 293 2.6666 17.000
128 1082 1181 2.3846 34.000
256 4297 4745 2.2962 68.000
512 17177 18980 2.2909 137.00
1024 68708 75925 2.2870 275.00
2048 274801 303725 2.2857 551.00
4096 1099201 1214901 2.2857 1102.0
B B B R R
32 72 74 1.0000 4.0000
64 269 296 1.0000 17.000
128 1076 1186 1.0000 34.000

15
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256 4297 4745 1.0000 68.000
512 17177 18980 1.0000 137.00
1024 68708 75925 1.0000 275.00
2048 274801 303725 1.0000 551.00
4096 1099201 1214901 1.0000 1102.0

[0047] when N=4 and (a2, ax3) = (7, 3)

B By B Ry R
32 34 37 3.0000 6.0000
64 274 296 2.7500 12.000
128 1076 1186 2.4444 24.000
256 4304 4744 2.3157 48.000
512 17186 18980 2.2894 97.000

1024 68708 75920 2.2894 194.00
2048 274810 303722 2.2884 389.00
4096 1099204 1214900 2.2884 779.00

B B B R R
32 68 74 1.6666 6.0000
64 272 296 1.1250 12.000
128 1076 1186 1.0000 24.000

256 4304 4744 1.0000 48.000
512 17186 18980 1.0000 97.000

1024 68708 75920 1.0000 194.00

2048 274810 303722 1.0000 389.00

4096 1099204 1214900 1.0000 779.00
[0048] when N=4 and (a2, ax3) = (12, 5)

B By By Ry R
64 46 50 3.5000 7.0000
128 185 200 2.6000 14.000
256 738 810 2.3636 28.000
512 2952 3257 2.3181 57.000

1024 11801 13028 2.2888 114.00
2048 47162 52112 2.2857 228.00

16
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4096 188621 208469 2.2857 456.00
B B B R RIY
64 46 52 1.0000 7.0000
128 185 202 1.0000 14.000
256 738 810 1.0000 28.000
512 2952 3257 1.0000 57.000
1024 11789 13028 1.0000 114.00
2048 47156 52112 1.0000 228.00
4096 188621 208469 1.0000 456.00

{0049] when N=8 and (612,1, 612,3) = (2, 1) and (614,1, ass, d4s, 614,7) = (5, 3, 2, 1)

- pre s e pe
64 61 65 4,0000 8.0000
128 241 260 3.7500 16.000
256 962 1049 3.7500 32.000
512 3842 4234 3.5294 65.000

1024 15354 16936 3.5142 130.00

2048 61321 67745 3.5142 260.00

4096 245218 271010 3.5140 520.00

B By By Ry REY
64 122 130 1.0000 11.000
128 481 522 1.0000 22.000
256 1921 2117 1.0000 46.000
512 7666 8469 1.0000 92.000

1024 30658 33876 1.0000 184.00

2048 122609 135505 1.0000 368.00

4096 490417 542026 1.0000 736.00

B By By R REY
64 122 130 1.0000 11.000
128 481 522 1.0000 22.000
256 1921 2117 1.0000 46.000
512 7666 8469 1.0000 92.000
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1024 30658 33876 1.0000 184.00
2048 122609 135505 1.0000 368.00
4096 490417 542026 1.0000 736.00

B 5 B R R

64 61 65 1.2000 8.0000
128 241 261 1.0000 16.000
256 962 1058 1.0000 32.000
512 3833 4234 1.0000 65.000
1024 15329 16938 1.0000 130.00
2048 61309 67752 1.0000 260.00
4096 245209 271013 1.0000 520.00

[0050) when N=8 and (a2.1, @23) = (5, 2) and (a4,1, a3, as5, as7) = (5, 3,2, 1)

B B B R R
256 170 178 4.3333 13.000
512 661 730 3.5714 27.000
1024 2644 2920 3.3333 54.000
2048 10573 11680 3.2903 108.00
4096 42281 46720 3.2622 216.00

B By By R RS
256 333 365 1.0000 19.000
512 1322 1460 1.0000 38.000
1024 5288 5840 1.0000 76.000
2048 21141 23362 1.0000 152.00
4096 84562 93448 1.0000 305.00

B By B R R
256 333 369 1.0000 19.000
512 1322 1460 1.0000 38.000
1024 5288 5840 1.0000 76.000
2048 21141 23362 1.0000 152.00
4096 84562 93448 1.0000 305.00
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B B By RYY RE
256 338 362 1.1111 13.000
512 1322 1460 1.0000 27.000
1024 5288 5840 1.0000 54.000
2048 21146 23362 1.0000 108.00
4096 84562 93448 1.0000 216.00

{0051] when N=8 and (612,1, 612,3) = (7, 3) and (614,1, as 3, a4, 614,7) = (5, 3, 2, 1)

P o 5 R e
256 82 97 4.5000 9.0000
512 333 365 3.6000 19.000
1024 1325 1460 3.2727 38.000
2048 5297 5840 3.2727 76.000
4096 21146 23360 3.2727 152.00
B B By R REY
256 169 181 1.1111 13.000
512 661 730 1.0000 27.000
1024 2644 2920 1.0000 54.000
2048 10573 11681 1.0000 108.00
4096 42281 46724 1.0000 216.00
B B By R REY
256 169 181 1.1111 13.000
512 661 730 1.0000 27.000
1024 2644 2920 1.0000 54.000
2048 10573 11681 1.0000 108.00
4096 42281 46724 1.0000 216.00
B By By R REY
256 85 90 1.1666 4.5000
512 333 365 1.0000 19.000
1024 1322 1460 1.0000 38.000
2048 5288 5840 1.0000 76.000
4096 21141 23362 1.0000 152.00
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{0052] when N=8 and (612,1, 612,3) = (12, 5) and (614,1, as 3, a4, 614,7) = (5, 3, 2, 1)

P o 5 o e
512 122 125 5.5000 11.000
1024 457 500 3.5000 22.000
2048 1825 2000 3.4166 44.000
4096 7261 8010 3.2692 89.000
B B By R REY
512 229 250 1.0000 15.000
1024 909 1000 1.0000 31.000
2048 3636 4005 1.0000 63.000
4096 14517 16034 1.0000 126.00
B B By R REY
512 229 250 1.0000 7.5000
1024 909 1000 1.0000 31.000
2048 3636 4005 1.0000 63.000
4096 14517 16034 1.0000 126.00
B B By R REY
512 229 250 1.0000 7.5000
1024 909 1000 1.0000 31.000
2048 3636 4005 1.0000 63.000
4096 14517 16034 1.0000 126.00

{0053] when N=16 and (612,1, 612,3) = (2, 1) and (614,1, ass, d4s, 614,7) = (5, 3, 2, 1) and (ag,l,

ass, dgs, ds7, dg9, ds 11, ds 13, 618,15) = (10, 10,9,6,5,5, 3, 1)

B Bigi Bt R Rt
2048 612 661 4.0000 25.000
4096 2437 2682 3.6153 51.000

B B3 Bigs RS Rigs
2048 1125 1241 1.31746 106.00
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4096 4500 4969 1.31451 213.00
B B B R RS
2048 1157 1277 1.0000 35.000
4096 4628 5113 1.0000 71.000
B B B R R
2048 1009 1109 1.0000 33.000
4096 4021 4442 1.0000 66.000
B By B R R
2048 1009 1109 1.0000 33.000
4096 4021 4442 1.0000 66.000
B B B R R
2048 1157 1277 1.0000 35.000
4096 4628 5113 1.0000 71.000
B B, B R R
2048 1125 1241 1.0000 35.000
4096 4500 4969 1.0000 70.000
B B, B R2 R
2048 610 666 1.0000 25.000
4096 2434 2682 1.0000 51.000

{0054] when N=16 and (612,1, 612,3) = (5, 2) and (614,1, asz, da5, 614,7) = (5, 3, 2, 1) and (ag,l,

ass, dgs, dg7,

asgo, dg 11, dg 13, 618,15) = (10, 10,9,6,5,5, 3, 1)

B Biey By R R
2048 101 122 3.3333 5.0000
4096 425 457 3.3333 21.000

B Bl Biss R Ris
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2048 194 212 1.2222 14.000
4096 776 857 1.0327 88.000

B Bies Biss R Ris
2048 200 218 1.0000 7.0000
4096 800 881 1.0000 29.000

B B Bigs Righ Rigr
2048 178 185 1.1111 4.3333
4096 697 765 1.0000 27.000

B Bigs Bigs Ry Rigo
2048 178 185 1.1111 4.3333
4096 697 765 1.0000 27.000

B Bl B R Rl
2048 200 218 1.0000 7.0000
4096 800 881 1.0000 29.000

B Bl Bighs R R’
2048 194 212 1.0000 14.000
4096 776 857 1.0000 29.000

B Biels Big)s RIS Rigls
2048 85 137 1.1428 5.0000
4096 425 457 1.0000 21.000

{0055] when N=16 and (612,1, 612,3) = (7, 3) and (614,1, ass, d4s, 614,7) = (5, 3, 2, 1) and (ag,l,

ass, dgs, dg7,

asgo, dg 11, dg 13, 618,15) = (10, 10,9,6,5,5, 3, 1)

B Biey Bist R Rist
2048 37 73 2.6666 6.0000
4096 212 229 3.5000 4.6667
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B B B RS RIS
2048 97 106 1.0476 31.000
4096 388 425 1.0232 62.000
B Bt B RS RIS
2048 100 109 1.3333 10.000
4096 400 436 1.0714 20.000
B B, B RS R
2048 89 90 1.6000 3.0000
4096 349 377 1.0769 19.000
B B B Ris Ris
2048 89 90 1.6000 3.0000
4096 349 377 1.0769 19.000
B B B R R
2048 100 109 1.3333 10.000
4096 400 436 1.0714 20.000
B B B R R
2048 97 106 1.0000 10.000
4096 388 425 1.0000 20.000
B B B R R
2048 37 73 2.6666 6.0000
4096 212 229 1.1000 15.000

{0056] when N=16 and (612,1, 612,3) = (2, 1) and (614,1, ass, d4s, 614,7) = (5, 3, 2, 1) and (ag,l,

ass, dgs, ds7, dg9, ds 11, ds 13, 618,15) = (10, 13,13,6,5,5,3, 1)

B Bt Bl R Rigy
2048 612 661 4.0000 25.000
4096 2437 2682 3.6153 51.000
8192 9748 10728 1.0000 103.00
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16384 38992 42912 1.0000 207.00
32768 155968 171648 1.0000 414.00

B B B RE: R
2048 390 432 1.00000 20.000
4096 1561 1726 1.00000 41.000
8192 6244 6904 1.00000 83.000
16384 24976 27616 1.00000 166.00

32768 99904 110464 1.00000 332.00

B B B R RS
2048 562 621 1.0000 24.000
4096 2250 2487 1.0000 49.000
8192 9000 9948 1.0000 99.000
16384 36000 39792 1.0000 199.00

32768 14400 159168 1.0000 398.00

B B B RY R
2048 1009 1109 1.0000 33.000
4096 4021 4442 1.0000 66.000
8192 16084 17768 1.0000 133.00
16384 64336 71072 1.0000 266.00

32768 257344 284288 1.0000 533.00

B B By R R
2048 1009 1109 1.0000 33.000
4096 4021 4442 1.0000 66.000
8192 16084 17768 1.0000 133.00
16384 64336 71072 1.0000 266.00

32768 257344 284288 1.0000 533.00

B B B Ry R
2048 562 621 1.0000 24.000
4096 2250 2487 1.0000 49.000
8192 9000 9948 1.0000 99.000
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16384 36000 39792 1.0000 199.00
32768 14400 159168 1.0000 398.00

B Bl Bigis R Rigs
2048 390 432 1.00000 20.000
4096 1561 1726 1.00000 41.000
8192 6244 6904 1.00000 83.000
16384 24976 27616 1.00000 166.00

32768 99904 110464 1.00000 332.00

B Bl Bieis Rigls Rigis
2048 612 661 1.0000 25.000
4096 2437 2682 1.0000 51.000
8192 9748 10728 1.0000 103.00
16384 38992 42912 1.0000 207.00
32768 155968 171648 1.0000 414.00

{0057] when N=16 and (612,1, 612,3) = (5, 2) and (614,1, ass, d4s, 614,7) = (5, 3, 2, 1) and (ag,l,

ass, dgs, ds7, dsog, dgil, dg 13, 618,15) = (10, 13,13,6,5,5,3, 1)

B Biey Bigi R Risi
2048 101 122 1.1428 10.000
4096 425 457 1.0000 4.0000
8192 1700 1828 1.0000 8.2000
16384 6800 7312 1.0000 9.1111
32768 27200 29248 1.0000 9.1111
B Bl Biss R Riss
2048 114 125 1.5000 11.000
4096 457 505 1.0667 22.000
8192 1828 2020 1.0000 44.000
16384 7312 8080 1.0000 89.000
32768 29248 32320 1.0000 179.000
B B Bigs RS Rigs
2048 97 106 1.0000 10.000
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4096 388 429 1.0000 20.000
8192 1552 1716 1.0000 41.000
16384 6208 6864 1.0000 82.000

32768 24832 27456 1.0000 165.00
B B B RE R
2048 178 185 1.1111 4.3333
4096 697 765 1.0000 27.000
8192 2788 765 1.0000 55.000
16384 11152 12240 1.0000 110.00
32768 44608 48960 1.0000 221.00
B By B R R
2048 178 185 1.1111 4.3333
4096 697 765 1.0000 27.000
8192 2788 765 1.0000 55.000
16384 11152 12240 1.0000 110.00
32768 44608 48960 1.0000 221.00
B B B R R
2048 97 106 1.0000 10.000
4096 388 429 1.0000 20.000
8192 1552 1716 1.0000 41.000
16384 6208 6864 1.0000 82.000
32768 24832 27456 1.0000 165.00
B B B R R
2048 114 125 1.5000 11.000
4096 457 505 1.0667 22.000
8192 1828 2020 1.0000 44.000
16384 7312 8080 1.0000 89.000
32768 29248 32320 1.0000 179.000
B By B R R
2048 85 137 1.0000 11.000
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4096 425 457 1.0000 4.0000
8192 1700 1828 1.0000 8.2000
16384 6800 7312 1.0000 9.1111

32768 27200 29248 1.0000 9.1111

{0058] when N=16 and (612,1, 612,3) = (7, 3) and (614,1, ass, d4s, 614,7) = (5, 3, 2, 1) and (ag,l,

ags, dgs, dg7, dg9, dg 11, dg 13, 618,15) = (10, 13,13,6,5,5,3,1)

B B, B R R
2048 37 73 1.0000 8.0000
4096 212 229 1.0000 15.000
8192 848 916 1.0000 30.000
16384 3392 3664 1.0000 60.000

32768 13568 14656 1.0000 121.00

B B, B RS R
2048 57 63 1.2000 2.3333
4096 228 251 1.0000 7.5000
8192 912 1004 1.0000 31.000
16384 3648 4016 1.0000 63.000

32768 14592 16064 1.0000 126.00

B B B RS R
2048 48 53 1.0000 7.0000
4096 194 212 1.0000 14.000
8192 776 848 1.0000 29.000
16384 3104 3392 1.0000 58.000

32768 12416 13568 1.0000 116.00

B B B RS R
2048 88 90 1.6000 3.0000
4096 169 184 1.1111 13.000
8192 676 736 1.0000 27.000
16384 2704 2944 1.0000 54.000

32768 10816 11776 1.0000 108.00
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B Bigs Biss RS Rigo
2048 88 90 1.6000 3.0000
4096 169 184 1.1111 13.000
8192 676 736 1.0000 27.000
16384 2704 2944 1.0000 54.000
32768 10816 11776 1.0000 108.00
B Bl Bt R Rigi
2048 48 53 1.0000 7.0000
4096 194 212 1.0000 14.000
8192 776 848 1.0000 29.000
16384 3104 3392 1.0000 58.000
32768 12416 13568 1.0000 116.00
B Bl Bigis R Rigis
2048 57 63 1.2000 2.3333
4096 228 251 1.0000 7.5000
8192 912 1004 1.0000 31.000
16384 3648 4016 1.0000 63.000
32768 14592 16064 1.0000 126.00
B Biels Bigis Rl Rigis
2048 37 73 1.0000 8.0000
4096 212 229 1.0000 15.000
8192 848 916 1.0000 30.000
16384 3392 3664 1.0000 60.000
32768 13568 14656 1.0000 121.00

[0059]) Some suggested value of by, pairs are listed below but does not limit to these.

When N=2:
B Suggested Values
8 (b.0.0,5) | (10,5), (11,3), (11,2), 9, 7), (11, 1)
16 (b.0.005) | (20,11), 22,6), (22, 5), (21, 8), (19,12)
32 (bsiobos) | (42,17), (41, 19), (40,21), (43, 14), (39,23)
64 (b.0.5,5) | (83,36), (84, 34), (85,31), (86, 28), (79,44)
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128 (r-52s) | (166,72), (167, 70, (169,65), (170, 62), (162,81)

256 (a1 52s) | (333,142), (330, 149), (336.135), (329, 151), (339,127)

512 (r-51s) | (663, 291), (669, 277), (659,300), (675, 262), (652.315)

1024 | (bn.52) | (1330, 573), (1333, 566), (1338,554), (1323, 589), (1318.600)
2671, 1120), (2676, 1108), (2641,1189), (2685. 1036).

5048 (b2,1’b2,3) ( ), ( ) ( ) ( )
(2687,1081)
5316, 2301), (5331, 2266), (5306, 2324), (5342, 2240), (5347,

4096 | (bubry) | » » » ) ¢

2228)

When N=4, (az,1, a23) = (2, 1):

B Suggested Values
16 (10, 2), (10, 1)
32 (20, 4), (20, 3), (20, 2), (20, 1), (19, 6)
64 (40, 7), (40, 6), (39, 10), (40, 5), (39, 11)
128 (80, 14), (79, 17), (80, 13), (79, 18), (80, 11)
(b4,1,b4’7) 256 (159, 31), (159, 30), (159, 32), (159, 29), (158, 35)
512 (319, 61), (318, 62), (318, 61), (317, 62), (317, 61)
1024 (636, 123), (636, 124), (636, 122), (635, 125), (636, 121)
2048 (1272, 245), (1272, 244), (1271, 249), (1272, 243), (1271, 250)
4096 (2545, 484), (2544, 489), (2543, 494), (2542, 499), (2544, 488)
16 (9,5),(8,6),(7,7), (10, 2), (10, 1)
32 (17, 11), (18, 9), (19, 7), (20, 4), (20, 3)
64 (34, 22), (31, 26), (38, 14), (39, 11), (40, 6)
128 (72, 37), (73, 35), (62, 52), (76, 28), (77, 25)
(b4’3,b4’5) 256 (139, 83), (143, 76), (144, 74), (145, 72), (146, 70)
512 (273, 174), (275, 171), (272, 176), (271, 177), (277, 168)
1024 (550, 342), (545, 350), (543, 353), (553, 337), (541, 356)
2048 (1093, 695), (1103, 679), (1086, 706), (1084, 709), (1082, 712)
4096 (2193, 1379), (2198, 1371), (2203, 1363), (2179, 1401), (2214,
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1345)

When N=4, (az.1, a23) = (5, 2):

B Suggested Values
16 4, 1)
32 (8,2)
64 (16, 4), (17, 2), (16, 5)
128 (33, 6),(33,7),(33,8),(33,5),(33,4)
(b4,1,b4’7) 256 (66, 13), (66, 12), (66, 14), (66, 11), (65, 16)
512 (132, 26), (132, 25), (131, 30), (133, 20), (133, 19)
1024 (264, 51), (263, 56), (265, 46), (266, 40), (266, 39)
2048 (529, 97), (526, 112), (525, 117), (524, 121), (532, 79)
4096 (1058, 194), (1051, 229), (1060, 183), (1061, 177), (1049, 238)
16 4,1),3,3)
32 (7,5),(6,6),(8,3),(8,2)
64 (14,9), (15, 8), (12, 12), (16, 5), (17, 1)
128 (29, 17), (27, 20), (30, 15), (31, 13), (32, 10)
(b4’3,b4’5) 256 (58, 34), (54, 40), (50, 45), (62, 26), (49, 46)
512 (116, 68), (108, 80), (105, 84), (99, 91), (124, 52)
1024 (229, 141), (232, 136), (219, 156), (237, 127), (210, 168)
2048 (451, 293), (453, 290), (449, 296), (447, 299), (445, 302)
4096 (904, 583), (902, 586), (911, 572), (916, 564), (888, 607)

When N=4, (az.1, a23) = (7, 3):

B Suggested Values
(bs.5.) 32 (6, 1)
64 (12,2)
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128 | (23,5), (23, 4), (24, 4), (23, 6), (24, 3)
256 | (47,9), (46, 10), (47, 8), (46, 11), (47, 7)
512 | (93, 19), (93, 20), (94, 15), (94, 14), (%4, 13)
1024 | (187, 35), (186, 39), (187, 34), (186, 40), (185, 44)
2048 | (373, 74), (373, 75), (374, 69), (374, 68), (372, 79)
4096 | (746, 148), (747, 144), (746, 149), (747, 143), (745, 153)
2 [5,3),6 1)
64 | (10,6),(9,8),(11,5), (11, 4), (12, 1)
128 | (20, 13), (19, 14), (21, 11, (22, 9), (23, 6)
256 | (40,26), (39, 27), (41, 24), (42, 22), (37, 30)
bt 512 | (79, 53), (82, 48), (76, 57), (73, 61), (72, 62)
1024 | (161, 101), (163, 98), (155, 110), (153, 113), (167, 91)
2048 | (319,207), (317, 210), (321, 204), (315, 213), (313, 216)
4096 | (640,411), (626, 432), (650, 395), (653, 390), (619, 442)

When N:4, (612,1, 612,3) = (12, 5)

B Suggested Values
64 (7, 1)
128 (14, 2)
256 (27, 5), (28, 5), (27, 6), (27, 4), (28, 4)
(b4,1,b4,7) 512 (55, 8), (54, 13), (55, 9), (55, 10), (55, 11)
1024 (108, 27), (110, 17), (110, 18), (109, 23), (109, 22)
2048 (216, 55), (216, 54), (220, 34), (217, 51), (220, 35)
4096 (437, 87), (438, 82), (436, 92), (439, 76), (435, 97)
(bysobys) 64 |(55,(,1)
128 (12, 7), (11, 9), (10, 10), (13, 5), (14, 2)
256 (23, 16), (24, 14), (22, 17), (25, 12), (21, 18)
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512 | (47, 30), (48, 28), (45, 33), (44, 34), (51, 22)
1024 | (92, 63), (95, 58), (89, 67), (98, 53), (99, 51)
2048 | (187, 121), (189, 118), (183, 127), (181, 130), (192, 113)
4096 | (378, 236), (381, 231), (364, 257), (384, 226), (359, 264)

When N=8, (a2,1, a23) = (2, 1), (a1, as3,a45, a17) = (5, 3, 2, 1):

B Suggested Values
128 | (16,2),(16, 1)
256 | (32,3), (32, 4), (32.2), (31, 5), (32, 1)
512 | (63,6),(63,7), (63, 5), (63, 8), (63, 9)
busis) 1024 | (126, 14), (126, 15), (127, 9), (126, 16), (127, 8)
2048 | (253,24), (253, 25), (253, 23), (253, 22), (253, 21)
4096 | (506, 46), (506, 45), (506, 55), (505, 56), (507, 34)
128 | (21,8), (22, 5), (22, 4), (22, 3), (20, 10)
256 | (43, 13), (42, 16), (44, 10), (44, 9), (44, 8)
512 | (86,26), (85,25), (87, 22), (84, 32), (88, 18)
bus-tus) 1024 | (172, 52), (171, 55), (173, 48), (170, 58), (169, 61)
2048 | (343, 107), (345, 100), (342, 110), (346, 97), (341, 113)
4096 | (688, 207), (685, 217), (684, 220), (691, 197), (683, 223)
128 | (20, 10), (19, 12), (21, 8), (22, 5), (22, 4)
256 | (39,22), (41, 18), (38, 24), (42, 16), (36, 27)
512 | (85,29), (86,26), (71, 55), (88, 18), (65, 62)
busita) 1024 | (156,89), (165, 71), (170, 58), (171, 55), (145, 106)
2048 | (317, 169), (325, 153), (326, 151), (330, 142), (303, 193)
4096 | (634,338), (651, 304), (628, 349), (656, 293), (620, 363)
(b5 128 | (13,9), (14,7), (15, 5), (16, 2), (16, 1)
256 | (24,21), (26, 18), (23, 22), (27, 17), (28, 15)
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512 | (53, 35), (56, 30), (57, 28), (58, 26), (60, 21)

1024 | (101, 77), (97, 82), (104, 73), (106, 70), (112, 60)

2048 | (202, 154), (205, 150), (194, 164), (210, 143), (212, 140)

4096 (397,317), (393, 332), (410, 300), (388, 328), (372, 346)

When N=8, (a2,1, a23) = (5, 2), (a1, as3,a45, as7) = (5, 3,2, 1):

B Suggested Values

256 | (13,2),(13,1)

512 | (26,3), (26, 4), (26, 2), (26, 1), (27, 1)

(b, 515 ) 1024 | (52,7), (53, 3), (52, 8), (53, 2), (52, 9)

2048 | (105, 10), (105, 11), (105, 9), (105, 12), (105, 8)

4096 | (210, 21), (210, 20), (210, 19), (209, 28), (209, 29)

256 | (18, 5), (18, 6), (18, 4), (17, 7), (17, 8)

512 | (36, 10), (36, 9), (35, 13), (34, 15), (37, 5)

(bg.s2 55,15 ) 1024 | (72, 20), (71, 23), (72, 19), (70, 26), (73, 15)

2048 (143, 42), (142, 46), (144, 39), (141, 49), (145, 35)

4096 | (286, 85), (285, 88), (288, 78), (289, 74), (290, 70)

256 | (17,8), (16, 10), (15, 11), (18, 5), (14, 12)

512 | (32, 19), (34, 15), (35, 13), (30, 22), (36, 10)

by 55.11) 1024 | (67, 33), (63, 40), (61, 43), (70, 26), (71, 23)

2048 | (129, 75), (137, 59), (124, 83), (139, 54), (119, 90)

4096 | (264, 139), (265, 137), (266, 135), (167, 133), (259, 148)

256 | (11,7), (12, 5), (13, 3), (13, 2), (13, 1)

512 |21, 16), (20, 17), (23, 13), (24, 11), (25, 8)

(bgj,b&g) 1024 (41, 33), (42, 32), (44, 29), (46, 26), (47, 24)

2048 | (83, 65), (79, 70), (86, 61), (78, 71), (77, 72)

4096 | (163, 134), (170, 125), (156, 142), (180, 110), (183, 105)
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When N=8, (a2,1, a23) = (7, 3), (a4, as3,a45, as7) = (5, 3, 2, 1):

B Suggested Values
256 (9,2
512 [(19,2), (19, 1), (18, 3), (18, 4), (18, 5)
(b, 515 ) 1024 | (37,4), (37, 3), (37, 5), (36, 9), (36, 10)
2048 | (74,7), (74, 8), (74, 6), (74, 9), (74, 10)
4096 | (148, 18), (148, 19), (149, 9), (149, 8), (149, 7)
256 | (13,3),(12,5),(13,2), (13, 1), (11, 7)
512 | (25,8),(26,5), (24, 11), (26, 4), (23, 13)
(b2 55,15 ) 1024 | (50, 17), (51, 13), (52, 9), (48, 22), (52, 8)
2048 | (102,27), (103, 23), (98, 39), (104, 18), (104, 17)
4096 | (201, 64), (200, 67), (199, 70), (196, 78), (208, 35)
256 | (11,7),(12,5), (13, 3), (13, 2), (13, 1)
512 | (23,13), (24, 11), (21, 16), (25, 8), (20, 17)
(bgs25.11) 1024 | (47,24), (46, 26), (48, 22), (44, 29), (50, 17)
2048 | (94, 48), (95, 46), (90, 55), (88, 58), (98, 39)
4096 | (183, 105), (180, 110), (196, 78), (199, 70), (200, 67)
256 | (7,6),(8,5),(9,3),(9,2)
512 | (14, 12), (15, 11), (16, 10), (17, 8), (18, 5)
(b by ) 1024 | (30, 22), (31, 21), (32, 19), (33, 17), (34, 15)
2048 | (58, 47), (57, 48), (61, 43), (63, 40), (67, 33)
4096 | (115, 95), (119, 90), (124, 83), (107, 104), (106, 105)

When N=8, (a2,1, a23) = (12, 5), (aa1, as 3,045, a47) = (5, 3, 2, 1)

B

Suggested Values

(bS,l > bS,lS)

512

(11, 1), (11, 2)
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1024 | (22,2),(22,3), (22, 1), (21, 5), (21, 6)

2048 (43,6),(43,7),(44, 1), (43, 8), (43,9)

4096 | (87,9), (87, 8), (87, 10), (87, 7), (87, 6)

512 (15, 4), (15, 3), (14, 6), (14, 7), (13, 8)

1024 | (30, 8), (30, 7), 29, 11), (28, 13), (27, 15)

(bos-biss)

2048 | (59, 18), (60, 15), (58, 21), (57, 24), (61, 10)

4096 | (118,37), (119, 33), (117, 40), (120, 30), (115, 45)

512 | (14,7), (13, 8), (14, 6), (12, 10), (15, 4)

1024 | (27,15), (28, 13), (29, 11), (25, 18), (30, §)
busba) 2048 | (55,28), (54, 30), (56, 26), (53, 32), (57, 24)

4096 | (109, 58), (108, 60), (107, 62), (112, 52), (105, 65)

512 | (9,6), (10, 5), (10, 4), (11,2), (11, 1

1024 | (16, 15), (17, 14, (18, 12), (19, 11), (20, 9)
(besbss)

2048 | (35,26), (36, 25), (32, 30), (31, 31), (37, 23)

4096 | (68, 55), (67, 56), (71, 51), (73, 48), (75, 45)

When N=16, (612,1, 612,3) = (2, 1), (614,1, asj3 das, 614,7) = (5, 3,2, 1), (618,1, ags, dgs, dg7, dg 9, Ag 11,

08,135 aS,lS) = (105 105 95 65 55 55 35 1)

B Suggested Values

(b16,1 ’ b16,31 )

4096 (50, 6), (50, 7), (50, 8), (50, 9), (49, 12)

2048 (34, 5), (34, 6), (33, 10), (32, 13), (31, 15)
(b16,3 ’ b16,29 )

4096 (68, 10), (68, 11), (67, 15), (67, 16), (66, 19)

2048 (33, 10), (34, 6), (34, 5), (32, 13), (31, 15)
(bm,s P b16,27 )

4096 (68, 16), (68, 15), (67, 19), (67, 20), (69, 11)

2048 (31, 10), (29, 15), (32, 6), (32, 5), (27, 18)
(b16,7 P b16,25 )

4096 (62, 20), (60, 25), (63, 16), (64, 12), (64, 11)
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2048 | (29, 15), (31, 10), (27, 18), (32, 6), (25, 21)
(b16,9 ’ b16,23 )

4096 | (60, 25), (56, 33), (63, 16), (52, 39), (47, 45)

2048 | (30, 18), (31, 16), (28, 21), (32, 14), (27, 22)
(b16,11’b16,21)

4096 | (61, 34), (62, 32), (63, 30), (64, 28), (55, 43)

2048 | (28, 20), (30, 17), (31, 15), (32, 13), (33, 10)
(b16,13 ’ b16,19 )

4096 | (56, 40), (58, 37), (53, 44), (52, 45), (61, 32)

2048 | (18, 18), (21, 14), (23, 10), (24, 8), (25, 4)
(b16,15 P b16,17 )

4096 | (39, 32), (40, 31), (42, 28), (44, 25), (46, 21)

When N=16, (612,1, @)= (5, 2), (614,1, as3,a45, As7) = (5, 3,2, 1), (618,1, ags, ass, g7, g9, As.11,

as.13, aS,lS) = (105 105 95 65 55 55 35 1)

B Suggested Values
2048 | (10, 3)
(b16,1 s b16,31 )
4096 | (21, 1),(21,2),(21,3), (21, 4), (20, 5)
2048 | (14, 4),(14,2), (14, 3), (13, 6), (12, 8)
(b16,3 ’ b16,29 )
4096 | (28, 5), (28, 6), (27, 9). (26, 12), (23, 17)
2048 (14, 4), (14, 3), (13, 6), (13, 7), (12, 8)
(bm,s > b16,27 )
4096 | (28,7), (28, 8), (29, 2). (29, 1), (26, 13)
2048 | (13,4),(13,3),(12,6), (11, 8), (10, 9)
(b16,7 > b16,25 )
4096 | (25, 10), (26, 7), (23, 14), (27, 2), 27, 1)
2048 (12, 6), (13, 4), (11, 8), (13, 3), (10, 9)
(b16,9 ’ b16,23 )
4096 | (25, 10), (23, 14), (26, 7), (21, 17), (20, 18)
2048 (12, 8), (13, 7), (13, 6), (11, 9), (14, 4)
(b16,11’b16,21)
4096 | (24, 16), (26, 13), (22, 19), (21, 20), (28, 8)
2048 (11,9), (12, 8), (10, 10), (13, 6), (14, 3)
(b16,13 ’ b16,19 )
4096 | (23,17), (22, 18), (25, 14), (26, 12), (27, 9)
(ross bisn) | 2048 | (8,7),(9,5), (10, 3)
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4096 | (18, 11), (19, 9), (20, 7), (20, 6), (21, 2)

When N=16, (612,1, @)= (7, 3), (614,1, as3,a45, As7) = (5, 3,2, 1), (618,1, ags, ass, g7, g9, As.11,

as.13, aS,lS) = (105 105 95 65 55 55 35 1)

B Suggested Values
2048 (7,2)
(b16,1 ’ b16,31 )
4096 (15, 1), (15, 2), (14, 4)
2048 (10, 1), (10, 2), (9, 4), (9,5), (8, 6)
(b16,3 ’ b16,29 )
4096 (20, 3), (20, 2), (19, 7), (18, 9), (17, 11)
2048 (10, 2), (10, 3), (10, 1), (9,5), (8, 6)
(bm,s P b16,27 )
4096 (20, 5), (20, 4), (19, 8), (18, 10), (16, 13)
2048 9,3),(8,5)
(b16,7 P b16,25 )
4096 | (18,6),(17,9),(19,3), (19,2), (19, 1)
2048 9,3),(8,5)
(b16,9 ’ b16,23 )
4096 (17,9), (18, 6), (15, 12), (19, 3), (14, 13)
2048 9, 5), (8, 6), (10, 3), (10, 2), (10, 1)
(b16,11’b16,21)
4096 (18, 10), (19, 8), (16, 13), (15, 14), (20, 5)
2048 (8,6),9,5),(7,7),(10,2), (10, 1)
(b16,13 ’ b16,19 )
4096 (17, 11), (18, 9), (19, 7), (20, 4), (20, 3)
2048 (7,2)
(b16,15’ b16,17)
4096 (11, 10), (12, 9), (13, 7), (14, 5), (15, 1)

Example 6: Order-8 Transform

{0060] Taking b1,1 = 128, (612,1, 612,3) = (5, 2), (bz,l, b2,3) = (166, 72) and (b4,1, b4,3, b4,5 b4,7)

= (33, 29, 17, 6), An order-8 transform is built:
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128 128
5128 —128 )
Ea=Rly o 166 j
0 0 —166 72
33 0 25 001 1 O
Fo= 0 29 17 0 -5 2 0 00 0 1
+ 0 -17 29 of 0 0 2 51 -1 O
-6 0 0 33 00 -5 2J0 0 -1
— E, : 0, | 1, J,
ES _P8|:04 1!_th L, -J,
[128 128 128 128 128 128 128
177 153 96 36 -36 -96 -153
166 72 =72 -166 -166 —72 72
1143 =27 -179 -111 111 179 27
S [128 -128 -128 128 128 -128 -128
111 -179 27 143 -143 -27 179
72 =166 166 -72 72 166 -166
36 -9 153 -177 177 -133 96

—_— O = O

128]]

-177
166
-143

128 |

-111
72
-36
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[0061] While we have hereinbefore described the embodiments of this application, it is

understood that our basic constructions can be altered to provide other embodiments which

utilize the processes and compositions of this application. Consequently, it will be

appreciated that the scope of this application is to be defined by the claims appended hereto

rather than by the specific embodiments which have been presented hereinbefore by way of

examples.
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What is claimed is:

1. A process for coding data in image or video, comprising:
retrieving a data matrix Xon.onto be coded; and
coding the retrieved data matrix by a rule of
Zsyon =B XoyanEly
wherein Zyy.on represents a matrix for the coded data, Ejy is an order-2N integer

transform and N = 2" where 7 is a positive integer no less than 2.

2. The process according to claim 1, further comprising:

generating £,y from an order-N transform Ey .

3. The process according to claim 2, wherein the generating further comprises:
generating £,y from an order-N transform Eyby performing a transform of

E 0 1 J
E,y :PZNM2N|: N N}{ N v } or
0N RN IN - JN

e S
where
P,, 1S a permutation matrix,
M,y is a diagonal matrix with integer elements to make every basis norms in Eoy similar,
Iy 1s an order-N identity matrix,

Jn 1s a mirrored version of Iy, and

Ry 1s a recursive matrix from an integer matrix Rz_v
2

4. The process according to claim 3, wherein M;yRy is constructed by a rule of

bN,l . ) bN,2N—1 1 1

o
=
z
o
=)
| =

|
S
=
=
=
S

v

NN+ 2
N,N-1 N
2

~
wlz W

—

|

—

L bN,2N—1
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wherein, the process further comprises:

selecting values of by, such that a transform coding gain for the process is maximized,

and differences among a basis vector norms of the transform itself is to minimized.

5. The process according to claim 4, wherein, by; are integers that satisfy:

m b
. R < 7N <RYE
BMr < pl 4 p,. < BE® i by, N b <B
N N N, 2N—i ¥i  and N,2N—i for N>2 and “u .

where B is a matrix consisting of by,

By 1s a minimal value of the sum of bZN,,- and sz IN-is

B is a maximal value of the sum of sz ;and sz IN-is

R" 1s a minimal ratio between by; and by oy,

R 1s a maximal ratio between by; and buon;

6. The process according to claim 2, wherein Ry is constructed by a rule of

Ay Ayan-1
Ays Ay on-3
R. = Ay n-1 Ay v y
V=
Ay na 9y v
—dyanN3 Ay
—Ayana Ay, |
| i
1 1
Ry Oy 11
0, R,|[1 -1
T -1 1
L _1 1_
where ay1, ans, ...ayan-1 are positive integers.
7. The process according to claim 6, wherein ay, r, and ayoni are prime pairs
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fork=13,. ., N-1.

8. The process according to claim 7, wherein

Ay, cos(f—]’@)
L~ fork=13,...N—1.
PR (B o

9. The process according to claim 1, wherein the coding further comprises a 2D

transform carried out by two cascading 1D transforms according to a rule of

U2N,k = EzNX2N,k
Vovean = [U2N,O Uzm UzN,zN—l]
Z2N,k = E2NI72TN,k
Zoviw =250 Zhis o]
where
X,y 18 @ k-th column vector in Xon.on,
Vawnsaw is @ 2Nx2N matrix built by U, , for ke{0,L...2N -1}, and

Vous 18 @ k-th row vector in Voyoy for ke{0.L..2N -1}.
10. The process according to claim 2, wherein Ey is one selected from a group
consisting of an order-8 transform, an order-16 transform and an order-32 transform t adopted

in H.264/AVC.

11. The process according to claim 2, wherein Ey is an order-8 transform, an order-16

transform and an order-32 transform adopted in AVS.

12. The process according to claim 1, wherein the process is implemented by one or

more processor executing instructions encoded in computer readable storage medium.

13. The process according to claim 1, wherein the retrieving and coding are respectively

implemented by a retrieving unit and a coding unit in a coding system, each of units
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including electronic circuits.

14. An apparatus for coding data in image or video, comprising:

a retrieving unit for retrieving a data matrix Xon.oxto be coded; and

a coder for coding the retrieved data matrix by a rule of

T
Z2N><2N - E2NX2N><2NE2N

wherein Zy.on represents a matrix for the coded data, Ejy is an order-2N integer

transform and N = 2" where 7 is a positive integer no less than 2.

15. The apparatus according to claim 14, wherein the retrieving unit is configured to

further retrieve an order-N transform Ey; and the system further comprises:

a generating unit for generating £,y from the retrieved Ey .

16. The apparatus according to claim 15, wherein the generating unit generates £,y by

performing a transform of

E 0 I J
E,, =P,,M N N}[ N N }, or
2N 2N 2N|:0N RN

_ Ey 0y Iy Jy
Eay _P2N[ON M2N0RN:||: '

where

P,, 1S a permutation matrix,
My 1s a diagonal matrix with integer elements to make every basis norms in £y similar,

Iy 1s an order-N identity matrix,
Jn 1s a mirrored version of Iy, and

Ry 1s a recursive matrix from an integer matrix R, .
2

17. The apparatus according to claim 16, wherein M>yRy is constructed by a rule of
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by, bN,2N—1 11 i
R 0.
M R = byya  bywa % % ___________l___l_
@n)o N - bN,N+1 bN,N—l Oﬁ Rﬁ 1 -1
. . L 2 7 | .
|~ bN,2N—1 bN,l | L -1 1_

where, the values of by, are chosen such that a transform coding gain for the process is

maximized, and the differences among a basis vector norms of the transform itself is to

minimized.

18. The apparatus according to claim 17, wherein, by, are integers that satisfy:

n b
. RM < V <R
2 2 N,i N,i
B]nvnzn < bN,i +bN,2N—i < B;,aix and bN,2Nfi for N=2 and b1,1 < B'

where B is a matrix consisting of by,

n . .. 2 2

B 1s a minimal value of the sum of b"y; and b"xon,
) ) 2 2

B 1s a maximal value of the sum of ”y; and by on.i,

Ry 1s a minimal ratio between by; and by oni,

Ry 1s a maximal ratio between by; and by v

19. The apparatus according to claim 14, wherein the generating unit is configured to

generate Ry by a rule of
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| Ay, aN,2N—1_
Ay Ay an-3
R, = Ay .y Ay ya y
Ay na 9y v
“dyaN-3 Ay 3
~AdyaN-1 ayi |
S _
1 1
R, 0, ] 11
0, x|l -1
L -1 1

where ay 1, an3, ...anan-1 are positive integers.

20. The apparatus according to claim 19, wherein the generating unit is further

configured to select ay_i, and ayonk from prime pairs for k =13,..., N —1.

21. The apparatus according to claim 20, wherein

a cosl4z.
- Nk~ cos((z(]j]vk?”)fork =13,.,N-1.
N,2N-k 4N

22. The apparatus according to claim 14, wherein the coder is further configured to carry

out a 2D transform through two cascading 1D transforms to obtain Z,y.y by a rules of

U2N,k = EzNX2N,k
v

INXIN = [UzN,o Uy UzN,zN—l]
Z2N,k = E2NI72TN,k
Lo =[Ehve: Zis  Zhyan]
where
X,y 18 a k-th column vector in Xow.on
Vansaw is a 2Nx2N matrix built byU,,, for ke{0,L..2N -1}

V,vi 18 ak-th row vector in Voyoy for ke{0.L..2N -1},
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23. The apparatus according to claim 15, wherein Ey is an order-8 transform, an

order-16 transform and an order-32 transform adopted in H.264/AVC.

24. The apparatus according to claim 12, wherein Ey is an order-8 transform, an

order-16 transform and an order-32 transform adopted in AVS.

45



WO 2013/127366

Ex

10

~

Retrieving Unit

Ex

12

20

—

Generating Unit

E.y

PCT/CN2013/072084

—

Lonon =

FIG.1

Coder

EonXonson
>

T Xowxan



WO 2013/127366 PCT/CN2013/072084

2/2

1000

Retrieving an order-N S101

A\

transform Ey

v

Generating an order-2N

S102

A\

transform E,y

v

COdil’lg data Xz NXON with
the scaled transform E,y /

into ZZNXZN order-2N

S103

FIG. 2



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2013/072084

A. CLASSIFICATION OF SUBJECT MATTER

HO4N 7/00 (2011.01) 1
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: HO4AN, GO6T

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

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

CNPAT, WPI, EPODOC, CNKI: integer, transtorm, cod+, image, video, matrix, 2n, n, order, permutation, diagonal, identity, mirror+ |

recursive, sum, ratio, positive, column, row, vector, AVS, AVC, H264

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

paragraphs [0025] to [0045]

X IUS 2009141796 A1 (HONG KONG APPLIED SCI& TECHNOLOGY RES) 04 June 2009
(04.06.2009) description, paragraphs [0015] to [0029], and figure 6

X IUS 2009257504 A1 (UNIV CHINESE HONG KONG) 15 October 2009 (15.10.2009) description,

A CN 1461150 A (UNIV ZHEJIANG) 10 December 2003 (10.12.2003) the whole document

A CN 101042691 A (MEDIATEK INC) 26 September 2007 (26.09.2007) the whole document

1.2,10-152324
39,1622
1.2,10-152324
39,1622
124

1-24

X Further documents are listed in the continuation of Box C.

X See patent family annex.

* Special categories of cited documents:

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

“E” earlier application or patent but published on or after the
international filing date

“L”  document which may throw doubts on priority claim (S) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or
other means

“P” document published prior to the international filing date

but later than the priority date claimed

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

“X” document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to involve
an inventive step when the document is taken alone

“Y” document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such
documents, such combination being obvious to a person

skilled in the art

“& document member of the same patent family

Date of the actual completion of the international search
29 May 2013 (29.05.2013)

Date of mailing of the international search report

13 Jun. 2013 (13.06.2013)

IName and mailing address of the ISA/CN

The State Intellectual Property Office, the PR.China

6 Xitucheng Rd., Jimen Bridge, Haidian District, Beijing, China
100088

[Facsimile No. 86-10-62019451

Form PCT/ISA /210 (second sheet) (July 2009)

Authorized officer
Sun, Weiwei
Telephone No. (86-10)62412076




INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2013/072084

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A CN 101843101 A (UNIV CHINESE HONG KONG) 22 September 2010 (22.09.2010) the whole 124
document
A CN 101990763 A (UNIV CHINESE HONG KONG) 23 March 2011 (23.03.2011) the whole 124
document
A CN 101232625 A (UNIV JILIN) 30 July 2008 (30.07.2008) the whole document 124

Form PCT/ISA /210 (continuation of second sheet ) (July 2009)




INTERNATTIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/CN2013/072084
Patent Documents referred Publication Date Patent Family Publication Date
in the Report
US 2009141796 Al 04.06.2009 US 8228983 B2 24.07.2012
US 2009257504 Al 15.10.2009 WO 2009127135 Al 22102000
US 8175165 B2 08.05.2012
EP 2266317 Al 29.12.2010
CN 1461150 A 10.12.2003 CN 1210960 C 13.07.2005
CN 101042691 A 26.09.2007 US 2007223590 Al 27.09.2007
TW 200737970 A 01.10.2007
CN 101843101 A 22.09.2010 US 2009112958 Al 30.04.2009
US 8255445 B2 28.08.2012
WO 2009056006 Al 07.05.2009
CN 101990763 A 23.03.201 WO 2009127134 Al 22.10.2009
CN 101990763 B 02.01.2013
KR 20100123914 A 25.11.2010
US 8102918 B2 24.01.2012
US 2009257505 Al 15.10.2009
CN 101232625 A 30.07.2008 None

Form PCT/ISA /210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - wo-search-report
	Page 50 - wo-search-report
	Page 51 - wo-search-report

