WO 2010/039731

SOURCE DEVICE
12

VIDEO SOURCE
18

VIDEO
ENCODER

20

l

MODEM
22

l

TRANSMITTER
24

1718

10

PCT/US2005/058839

FIG. 1

DESTINATION DEVICE
14

DISPLAY DEVICE
32

VIDEO
DECODER

30

MODEM
28

RECEIVER
26




PCT/UGS2009/058839

2/18

WO 2010/039731

WvIuLsSLIg
“ 05 % |
' ¥IAOONI OJAIA M501E G3IA I
| L Q3LONYLSNODTY - _q
| m 7 2o |
_ 1INN LIND 1INN .
| ONIaoS | ¥ & 7| NOILVZIINYND WYHOASNVYL [ - 0 + 434 | |
AdOYLNI ISUIANI ASMAANI | -gis3m ]
_ "NOOZY |
| 'y = |
_ !
LINN
_ ‘ NolDIazud | ]
“ ._.mm: VHLNI i
| | Lomas “
| Iaom mm: _
_ 1IN
| NOILVENZdINO? [ 1
| NOILOW |
“ 4 “
!
_ 9t |
| SHOLOIA NOILOW LINA »
NOLLYWILS3 w
_ NOILOW I
I SINIIDI44300 8y I
IWHOASNVHL
“ WNQISIY 5w 5% < ﬁ “
| aaZUNVID LINN a«—  LNN
NOILYZILNVNO WHOJSNYYL | S§9078 + suoo1a |
| a1say o5dIA |
_ “




PCT/US2009/058839

WO 2010/039731

3/18

€ "Old

ETT
a3aosaa

29
FHOILS
AWV™A

EREEEE]]

S¥207d
wvnais3ay

[
LINN

NOILDIA3dd

VY.LNI

ve
L1INN

NOILVSNIdNOJ

NOLLOW

e

¥3a023d O3dIA

a9 9
1INN ] LINM
WHOJ4SNVYL NOILVZILNYNO
ASHIANI JASYIANI
‘44309 4
"ZILNYND
4
LINA
ONIQO23d
AdO¥MENT

Wv3ylslig
o3aiAa
a3 doJNd




WO 2010/039731 PCT/US2009/058839

4/18

LEVELO 64 64 32 32 32

— P AN

32 32

64

64

32 32

—

LEVEL1 32

—

32 16 16 16

16 16

32 32

16 16

—"

LEVEL2 16

—

16

16 16

—

LEVEL3 8

—

—F

o o W e s AN AN
——_ — 5
e N e AN AN

FIG. 4A



WO 20108/039731

5/18
16 16
A A
(
16 .< 1 16X16 |_8X8
\,
(
16 < |_8X8 | 4X4
\,

FIG. 4B

PCT/US2009/058839



WO 20106/039731 PCT/US2009/058839

6/18

LEVEL 0 64
CBP64

Y1)
CBP32 CB
LEVEL 1
CBP32
16 16
A N
LEVEL 2 (
16 //
16
16
CBP16 CBP16
16
CBP16 CBP16

FIG. 5



WO 2016/039731 PCT/US2009/058839

7/18

100
/

RECEIVE 64x64 MACROBLOCK

102

64X64 MB HAS
NON-ZERO
COEFFICIENT?

NO

/’1 06
SET CBP64 VALUE

l

108
DETERMINE CBP32 VALUES FOR /
EACH 32x32 MACROBLOCK

104
CLEAR CBP64 /
VALUE

FIG. 6



WO 20104039731 PCT/US2009/058839

8/18

110
-

RECEIVE 32x32 MACROBLOCK

112

32X32 MB HAS
NON-ZERO
COEFFICIENT?

NO

116
/

114
CLEARCBP32 |~

VALUE SET CBP32 VALUE

l

118
DETERMINE CBP16 VALUES FOR |~
EACH 16x16 MACROBLOCK

FIG.7



WO 2010/039731 PCT/US2009/058839

9/18 120
RECEIVE 16x16 BLOCK

122

MOTION

NO < parTITION
! > 8X87
24
USE H.264 CBP YES

125
CONSTRUCT LUMACBP_16 (

126
16X16 MB HAS
NON-ZERO
COEFFICIENT?

NO

|

128
USE H.264 /

CHROMA CBP
130
DETERMINE TRANSFORM-SIZE /
FLAG FOR 16x16 BLOCK
132
NG RANS. SIZ
>= 16X87
A 4 /1 34
USE H.264 CBP
136
DETERMINE TYPE FOR 4
16x16 BLOCK
138
NO YPE = 16X8
l OR 8X16?
140
USE H264 [
CHROMA CBP
USE H.264 CHROMA CBP AND 142
CALCULATE TWO-BIT ~

LUMA16X8_CBP VALUE

FIG. 8 é




WO 2010/039731

10/18

7

PCT/US2009/658839

RECEIVE 16x16 BLOCK
PARTITIONED INTO TWO
16X8 SUB-BLOCKS

150
e

152

IRST SUB-PAR
HAS NON-ZERO
COEFFICIENT?

NO

154 156
CLEAR / SET /
LUMA16X8_CBP[0] LUMA16X8_CBP[0]
|
158
NO SECOND SUB-PAR

HAS NON-ZERO
COEFFICIENT?

160 162
e e

CLEAR
LUMA16X8_CBP[1]

SET
LUMA16X8_CBP[1]

FIG. 9



WO 2010/039731 PCT/US2009/058839
11718
32 32
’ A Y A \

r'_

32 < A B
\

32 < c D
-

FIG. 10



WO 2010/039731

PCT/US2009/05883%

12/18

RECEIVE NxN VIDEO BLOCK

'

CALCULATE COST TO ENCODE NxN BLOCK FOR
VARIOUS CODING MODES

| 172

'

CALCULATE COST TO ENCODE EACH Nx(N/2)
PARTITION FOR VARIOUS CODING MODES

/—1 76

l

CALCULATE COST TO ENCODE EACH (N/2)xN
PARTIT!ION FOR VARIOUS CODING MODES

178
e

l

CALCULATE COST TO ENCODE EACH (N/2)x(N/2)
PARTITION FOR VARIOUS CODING MODES

180

l

DETERMINE LOWEST COST PARTITIONING AND
ENCODING METHOD

182

|

ENCODE NxN MACROBLOCK USING
DETERMINED LOWEST COST
PARTITIONING AND ENCODING METHOD

—184

FIG. 11



WO 2010/039731

PCT/US2009/058839

16

13718
32 4
A
‘
( |
P
|
32 < B
—
|
164 ]
| | |P
4 B,
4 PIP|I
8

FIG. 12




WO 2016/039731 PCT/US2009/058839

14 /18

190
ENCODE FRAME USING /
16x16 MACROBLOCKS

)

192
CALCULATE BIT RATE Ris AND /
DISTORTION D4

I

CALCULATE COST C.As | 194
Cis =D+ A"Ryg

v

196
ENCODE FRAME USING /
32x32 MACROBLOCKS

:

198
CALCULATE BIT RATE R;; AND /
DISTORTION D3,

v

CALCULATE COST Ci; AS
Caz2 = D32+ ARy

I

202
ENCODE FRAME USING /
64x64 MACROBLOCKS

!

204
CALCULATE BIT RATE Rg; AND |
DISTORTION Dy,

|

CALCULATE COST Cg AS
Ces = Des + A*Res

:

DETERMINE LOWEST COST
FROM C.g, C32, AND Cgq

I

USE MACROBI.OCK SIZE WITH
BEST COST FOR FRAME

/-200

(,-206

/208

/-21 0

FIG. 13



WO 2010/039731

PCT/US2009/058839

15/18

WIRELESS COMMUNICATION DEVICE

230
VIDEQ VIDEO
CAMERA CODEC MC;?BEM —> TRAN;S?E:BENER
232 234 450 238
A F Y Y 'y
230
h 4 v v v ¥
USER DATA
PROCZESSSOR INTERFACE MEZCL:RY STORAGE ANZEN A
o 242 = 246

FIG. 14




PCT/US2009/058839

WO 2010/039731

16 /18

gL "Old

[:7£4 (:7X4 viz [5x4 (17X 892 99¢ v9¢ 29¢
91d€9D | 91490 | 91d9D | 91dED | 28d€D | Zed9D | 24D | Z€dEAD | ¥9d8D

— =




WO 2010/039731

17/18

PCT/US2009/058839

FIG. 16

2
¢ 280
CBP64
282
CBP32 CBP32 CBP32 CBP32
284 286 288 290
CBP16 CBP16 CBP16 CBP16
292 294 206 298




WO 2010/039731 PCT/US2009/058839

18 /18

RECEIVE SET OF VARIOUS- /,-300
SIZED BLOCKS FOR
A CODED UNIT

I

302
DETERMINE LARGEST SIZED /
BL.OCK IN SET

I

DETERMINE SMALLEST SIZED
BLOCKIN SET

y

306
ENCODE EACH BLOCK USING /
SYNTAX FOR LARGEST BLOCK

y

GENERATE CODED UNIT

SYNTAX INFORMATION —308

INCLUDING LARGEST AND
SMALLEST VALUES

v

SEND CODED UNIT AND /310
SYNTAX INFORMATION TO
DECODER

ENCODER
i DECODER

/312
RECEIVE CCODED UNIT AND
SYNTAX INFORMATION

v

SELECT BLOCK-BASED 314
SYNTAX DECODER BASED ON
LARGEST BLOCK

:

DECODE BLOCKS OF CCDED /-316
UNIT USING SELECTED SYNTAX
DECODER

/304

FIG. 17



