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H.264

ABSTRACT

H.264 is the lastest standard for video compression issued jointly by Video
Coding Experts Group of the International Telecommunication Standardisation
Sector and Moving Picture Experts Group of the International Organisation for
Standardization and the Internation Electrotechnical Commission. It aims to provide
enhanced coding efficiency as well as ensuring its suitability for transmission over
various kinds of networks. However, the high efficiency of H.264 is at the expanse
of its complexity, because of its high operations, it’s hard to be used widely.

In order to reduce the complexity of H.264 video coding algorithm, the main
process of H.264 is introduced firstly, and then researches in this paper focus on
intra-prediction algorithms for H.264. Based on the analysis of the algorithm
complexity, two fast intra-prediction mode decision algorithms for H.264 are
present in this paper, in which maily complete the following work:

1. On the basis of large number of experiments and in-depth study, the
correlation of the macroblock and the characteristics of the differences between the
neighbouring pixcels of the macroblock is analyzed. Then macroblock type pre-
decision algorithm for intra-prediction is proposed and the algorithm is implemented
on H.264 test model JM90. Experimental results show that the pre-decision
algorithm save about 23.47% of the encoding time with negligible loss of the
quality.

2. An improved Pan algorithm based on edge direction histogram is present.
Experimental results show that the improved Pan algorithm save about 62.32% of
the encoding time with acceptable loss of the quality. Then we implement both
improved Pan algorithm and the pre-decision algorithm on H.264 test model JM90.
Experimental results show the combinative algorithm save about 72.49% of the

encoding time when ensuring the capability of the rate distortion and the Bits rate.

Key Words: H.264, Intra-prediction, Mode decision, Macroblock type, edge vector
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3.1

H.264

4
RDO23:2425] ( )

Absolution Difference)
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H.264

H.264
4x4 Intra_4x4, 9
16x16 Intra_16x16,

8x8 Intra_8x8§
Intra_16x16

[26] SAD(Sum of

RDO



3.2

3.2.1 SAD
H.264 SA(T)D
(1) SA(T)D,
H.264 SA(T)D,
SA(T)D
Intra_ 4x4  Intra 16x16 SA(T)D,
244Q,) 0 AQy) Q,
Q) = Apoge = 0.85x 2727 (3-1)
()
diff (i, j) = Orig(, j) — Pred(, j) (3-2)
Orig(i, j) Pred(i, j)
(3) Hadamard
H.264
diff (i, j) Hadamard
SATUUNE ) = (2 Ui, |7 2 (3-3)
(4) SA(T)Dmin -
3) SATD
SATD SA(T)D,,,
3.2.2 RDO
RDO

(27]
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H.264

J(s,c, MODE [QP, Ay0pe )

_ S (s,¢,MODE | QP )+ A, - R(S,C, MODE |QP) (3-4)

J
QP )lMODE
MODE I MODE
Intra 16x16 Intra 4x4 Intra 8x8 s, ¢
R(s,c, MODE | QP) QP MODE
SD(s,c, MODE | QP)

16,16

S (s,c, MODE |QP) = Z (sy[X, y]-c,[X,y, MODE | QP))’ (3-5)
x=1,y=1 -

s, [x. Y1- &, [X. y.MODE |QP])*+ Y (s,[X. y]- G, [X, y.MODE | QP])*

x=1,y=1

RDO R
R SAD
R
SAD RDO 7% PSNR
0.47dB2
H.264 RDO
3.3 H.264
H.264 IM90 (FS, Full Search)
FS

1) 4x4 mode4 x4
2) 4x4 4x4 SAD4x4
3) Rdcost4x4

4) a)~c) 9 4x4
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S)

6)

7)

8)

9)

M, x (M, x9+M ()(
592

3.4

Rdcost

6)

Rdcost4x4

16 4x4 1)~5)
Rdcost4x4

4 16x16
Rdcost16x16
16x16

7)

8x8
Rdcost8x8
RdcostMB

RdcostMB

RDO

(1)

M,=4,M,=16,M ,=4)

4x4

4x4

Rdcost16x16

4x4  16x16

1)~9)

2)
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H.264

[13]

20%-30%

50%-60% 5%

[27]
of Absolute Transformed Difference)

SATD
SATD
[28]
[29] H.264
4x4
4x4
16x16

3.5

H.264
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Sobel
2%
SATD(Sum
SATD (RD)
Intrad4x4
SATD
RD
16.26% PSNR
16x16



Intra_4x4

IM90

Intra_16x16
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H.264

4.1

33

M8:45 M4:16a M16:4)

H.264

H.264

4.2

Intra 4x4

H.264
“ Mobile”

Intra_16x16
Intra_4x4

Intra 16x16
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H.264
M x(M, x9+M ) (
592 RDO

Intra_16x16 Intra 16x16
Intra_4x4 16
4.1 43

Claire Foreman”

IM90 I QCIF “

Claire”
“ Foreman”
Intra 4x4

“ Mobile”



Intra_4x4 Intra_16x16

(a) (b)

4.1 Claire

(a) (b)

4.2 Foreman

(a) (®)
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H.264

Intra_16x16

4.3

T1

50

Intra_16x16

Intra_16x16

2)

4.3 Mobile

(1

Intra_4x4

Intra_4x4

Intra 4x4

[0 2]

[30]

Tl T2 N

Intra_4x4



Intra_16x16

15%16%2=480

T1

T2 N
H.264
4.4 256
4.4 £ j SUB
(
T1 T2
4.5
0 15
a |b|c|d
e |fLg|h
i|ivk]l
tmn|o|p
15
4.4
4.4
4x4 16x16
T2 N JM90
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H.264

Tl T2 4x4
SUMI 16x16
T1 T2
T2=2 N=260
1 SUB(
)
2 SUMI1 SUM2 0 SUB>T,
SUM2+1
4 SUMI>N Intra_4x4
7)
5 SUM2>N Intra_16x16
7)
6 3) 4
7)
7 4) 5 6)
8 1)

4.5

52

T1
T2 SUM2
T1=4

SUM1+1 SUB<T,

1)

Intra_4x4

Intra_16x16



SuB

Intra_4x4

Y
Intra_16x16
il
N
Y
4.5
4.5
IM90 VC++6.0
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H.264

CPU PL1.7G 512M
1 RDO
2 hardarmard
3 CABAC
4  Transform8x8Mode 0
5 100
6 I
6 QCIF(176x144)
6
1  Foreman
2 Mobile
3 Claire
4 News
5 Grandma
6 Coastguard
IM90
4.1 4.2 4.3 QP=28 32 36
IM90 (PSNR) (Time)
PSNR PSNRY(
PSNRU( U ) PSNRV( A% )

APSNRY APSNRU APSNRV

) T -Tu
ATime=—x100%

IM

Bits - Bits,,
Bits,,,

ABits = x100%

54

XP

(Bits)

)
Atime ABits

4 D

“4 2



APSNRY = PNRY - PSNRY,,, “4 3
APSNRU = PSNRU - PSNRU ,,, 4 4
APINRV = PINRV - PSNRV,,, “4 5
4.1 QP=28
Foreman Mobile Claire News Grandma | Coastguard
A time(%) -21.16 -17.20 -33.72 -34.80 -25.57 -17.04
APSNRY(dB) -0.04 -0.07 -0.02 0 -0.01 -0.04
APSNRU(dB) 0 0 +0.01 0 0 0
APSNRV(dB) 0 0 0 0 -0.01 0
ABits(%) +0.33 +0.45 +0.27 +0.56 +0.3 +0.37
4.2 QP=32
Foreman Mobile Claire News Grandma | Coastguard
A time(%) -19.35 -17.42 -31.33 -33.22 -23.87 -15.62
APSNRY(dB) -0.03 -0.02 -0.08 0 -0.03 -0.03
APSNRU(dB) 0 -0.01 +0.01 0 0 0
APSNRV(dB) 0 0 0 0 +0.01 0
ABits(%) +0.29 +0.31 +0.19 +0.41 +0.25 +0.28
4.3 QP=36
Foreman Mobile Claire News Grandma | Coastguard
A time(%) -18.58 -18.16 -32.81 -32.25 -22.24 -13.32
APSNRY(dB) -0.05 -0.03 -0.13 -0.06 -0.04 -0.05
APSNRU(dB) -0.01 0 0 0 +0.01 0
APSNRV(dB) 0 0 0 0 0 0
ABits(%) +0.18 +0.27 +0.11 +0.23 +0.16 +0.21
41~ 43

IM90
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23.47% IM90
PSNRY
PSNRU PSNRV

JM90

4.6 “ Foreman”

IM90

4.6 Foreman

JM90

4.7 4.8 4.9 Foreman
Mobile Claire
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H.264

4.9 Claire

4.7 4.8 4.9
IM90

4.6

H.264
Intra_16x16
Intra_4x4

23.47%
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Pan

Pan
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H.264

H.264
Pan
5 1 Pan
5.1.1 Pan
H.264
4x4 9
Feng Pan
(Pan )
Pan Soble
Pan

D= {dxi’j,dyi,j}
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[13,31]

Pan

23.47%

Pan

Pi;

H.264



A ;= Py T2 Py Pranjer = Piojor =20 Prjo — Pra o

(5-1)
Ay, i = Prija 72 Prarj + Pranjor — Picjo =27 Py — P
dXi,j dy; | Pija Pija
Pi.; Pisijsr Pivja Picjor Piaja
Pi Pis1,j Pi_1,j
Pi; Pisijor Pivjer Picja
Piotjs Pi.;
Amp(D, ;) Z‘dxi,j‘—l_‘dyi,j‘ (5-2)
- 180° dyi,j > o
Ang(D, ;) = x arctan proal Ang D, (<90 (5-3)
7Z. Ij]
Intra_4x4
4x4
H.264 RDO
RDO Pan
4x4 Pan DC
4x4 4 RDO 9
Intra_16x16 Intra_4x4
DC 16x16
2 RDO 4
Intra_8x8§ u Vv
(
) DC
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H.264

8x8 2 3 RDO 4
[4] RDO 5.1
132~198 RDO
H.264 RDO 592 )
5.1 Pan
(Y) 4x4 9 4
(Y) 16x16 4 2
U V) 8x8 4 302
5.1.2 Pan
Pan Pan
JM90 VC++6.0
4.4 3 QCIF
“Claire” “Foreman” “Mobile” 52
QP=32 H.264 Pan
5.2 QP=32 H.264 Pan
H.264 Pan
Time (ms) 124.958 35.87
Claire PSNR (dB) 37.84 37.84
Bits (kbit/s) 253.58 285.87
Time (ms) 137.637 41.569
Foreman PSNR (dB) 34.22 34.25
Bits (kbit/s) 447.98 486.17
Time (ms) 176.722 61.552
Mobile PSNR (dB) 31.28 31.16
Bits (kbit/s) 1423.92 1486.25
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PSNR

Pan

5.2 Pan

(4x4

E:dMJ/EdeJ
1] 1]

(5-1)

(16x16

Pan

Bits

Pan

Pan

X dy/ Y a0

4x4

Soble

16x16

Zin,j

Pan

o

&x8 4

180 arctan(z dy/ Z dx),
T

H.264

H.264
4x4
16x16 8x8
[32]
8x8 )
D dx
ij
dXi,j dy, |
a| <90° (5-4)
5.1 Intra 4x4 9
)
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H.264

4x4 16x16 8x8
53 54 5.5

53 Intra_4x4

(24

|a|>76.6° 0257

-13.3°<a <13.3° 1 2 6 8

35.8°<a <54.2° 3 2 7 8

-54.2°<a <-35.8° 4 2 5 6

-76.77°< ¢ <-54.2° 52 0 4

-35.8°< @ <-13.3° 6 2 1 4
54.2°< < 76.7° 720 3
13.3°< <35.8° 8 2 1 3
54 Intra 16x16
(04
|| >67.5° 0 2
|o| <22.5° 1 2




5.5 8x8
a
|| >67.5° 2
|o| <22.5° 1
3
Pan 5.3
4x4 a
DC
RDO
4 4x4
16x16  ( 5.4) 8x8  ( 5.5)
o DC
Pan
4x4 16
32 Wi YA
32 4x4 7 16x16
8x8 Pan 5.6
5.6 Pan Pan
4x4 16x16 8x8
Pan Pan Pan Pan Pan Pan
16 1 96 1 64 1
32 30 192 190 128 126
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Pan 5.2
v I 3
y 8x8 0tu s 16 ot
l l ,
o o o
2 4x4 4 16x16 2
’ RDO
I
v v v
4x4 16x16
N
Y
5.2 Pan




5.3

Pan IM90 VC++6.0
4.4
6 QCIF “Foreman” “Mobile” “Claire” “News”
“Grandma” “Coastguard”
3
5.7 5.8 QP=28 32 36 Pan IM90
Pan (PSNR) (Time)
(Bits) PSNR PSNRY/(
) PSNRU( U ) PSNRV( A% ) 5.7

ATime ABits APSNRY APSNRU APSNRV

T, -T

ATime= "2 M «100% (5-5)
JM
Bits Bits

ABits = — 2 M %100% (5-6)

Bits,,,
APSNRY = PSNRY,,, - PS\RY,, (5-7)
APSNRU = PSNRU,,,, — PS\NRU (5-8)

APSNRV = PNRV,,, —PSNRV,, (5-9)
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H.264

5.7 Pan IM90
QP Foreman | Mobile Claire News Grandma | Coastguard
A Time (%) -62.13 -63.09 -63.84 -62.15 63.01 -62.57
APSNRY(dB) -0.03 -0.01 0.00 -0.01 -0.01 -0.05
28 | APSNRU(dB) -0.05 -0.02 +0.02 -0.03 -0.04 -0.07
APSNRV(dB) -0.04 -0.07 -0.01 -0.02 +0.01 -0.03
ABits (%) +5.13 +4.45 +3.92 +5.08 +4.51 +4.81
57(C )
QP Foreman | Mobile Claire News Grandma | Coastguard
A Time (%) -62.53 -61.38 -63.44 -61.98 -62.90 -61.66
APSNRY(dB) -0.04 -0.10 -0.01 -0.06 -0.02 -0.10
32 | APSNRU(dB) -0.01 -0.02 +0.01 -0.02 -0.01 -0.03
APSNRV(dB) -0.03 -0.05 0.00 0.04 +0.01 -0.09
A Bits (%) +5.10 +4.02 +3.79 +5.15 +3. 31 +4.58
A Time (%) -62.34 -61.98 -62.97 -59.89 -61.80 -62.33
APSNRY(dB) -0.03 -0.08 -0.02 -0.07 -0.04 -0.07
36 | APSNRU(dB) -0.07 -0.10 +0.01 +0.02 +0.02 -0.06
APSNRV(dB) -0.06 -0.03 -0.02 -0.03 -0.02 -0.09
A Bits (%) +4.36 +5.10 +3.78 +5.02 +4.01 +5.04
(5-5)~(5-9) M Pan

Pan Pan 5.8
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5.8 Pan Pan
QP Foreman | Mobile Claire News Grandma | Coastguard
A Time (%) -15.99 -18.70 -16.71 -13.79 -19.18 -16.77
APSNRY(dB) -0.01 -0.02 0.00 -0.01 -0.03 -0.01
28 | APSNRU(dB) 0.00 0.03 +0.01 -0.02 +0.01 -0.02
APSNRV(dB) -0.01 0.00 +0.02 -0.01 0.00 -0.01
ABits (%) +0.97 +1.06 +0.97 +1.08 +0.91 +1.01
A Time (%) -16.08 -15.13 -15.96 -14.90 -16.74 -17.05
APSNRY(dB) -0.05 -0.02 -0.01 0.00 +0.01 -0.03
32 | APSNRU(dB) +0.02 -1.01 +0.03 -0.10 0.00 -0.04
APSNRV(dB) -0.05 +0.02 -0.01 -0.03 -0.01 -0.03
A Bits (%) +0.90 +1.00 +1.03 +0.97 +0.86 +0.99
A Time (%) -14.55 -14.60 -15.09 -14.58 -16.92 -17.06
APSNRY(dB) -0.01 -0.06 0.00 -0.02 -0.01 -0.06
36 | APSNRU(dB) -0.02 -0.01 +0.01 -0.02 +0.01 -0.02
8( )
QP Foreman | Mobile Claire News Grandma | Coastguard
36 | APSNRV(dB) -0.01 -0.03 +0.01 -0.04 -0.01 -0.05
ABits (%) +1.09 +0.79 +0.52 +1.00 +0.71 +1.01
5.7
Pan IM90
62.32% JMO0 4.33% PSNRY
PSNRU PSNRV
5.8 Pan Pan
16.1% Pan 0.96% PSNRY
PSNRU PSNRV
3
5.3 “ Foreman” Pan Pan
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H.264

JM90 Pan Pan

5.3 Foreman

54 5.5 5.6

Foreman Mobile Claire

5.4 Foreman
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H.264

Pan Pan
5.4 Pan
Intra 16x16
Intra_4x4
Pan
Intra_16x16
Intra 4x4 4x4 a
5.3 16x16
o 5.4 8x8 o
5.5 IM Pan
5.9
59 IM Pan
4x4 16x16
( RDO) (16*4)*2 = 128 2% =4 (16*4+2)*2 = 132
(16*4)*3 =192 2%3=6 (16*4+2)*3 = 198
(  RDO) (16%9+4)*4 = 592
Pan (16*¥4+2)*2 =132 (16*4+2)*3 =198
( RDO)
JIM90 VC++6.0

4.4
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6 QCIF “Foreman” “Mobile”

“Grandma” “Coastguard”
3
5.10 5.11 QP=28 32 36
Pan (PSNR)
(Bits) PSNR
)  PSNRU( U ) PSNRV( \Y

ATime ABits APSNRY APSNRU APSNRV

i T -Ty
ATime=——x100%

M

Bits - Bits,,
Bits,,,

ABits = x100%

APINRY = PANRY - PSNRY,,,

APSNRU = PSNRU - PSNRU

APSNRV = PSNRV - PSNRV,,

“Claire”

(Time)
PSNRY(
)

G‘News,’

JM90

5.10

(5-10)

(5-11)

(5-12)

(5-13)

(5-14)
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H.264

5.10 JM90
QP Foreman | Mobile Claire News Grandma | Coastguard
ATime (%) -72.70 -72.98 -73.37 -72.97 -73.84 -72.42
APSNRY (dB) -0.01 -0.20 -0.09 -0.13 -0.18 -0.15
28 | APSNRU(dB) -0.05 -0.02 +0.2 -0.03 -0.06 -0.17
APSNRV (dB) -0.02 -0.02 -0.03 -0.17 +0.02 -0.21
A Bits (%) +3.88 +4.25 +4.10 +5.32 +4.11 +4.73
ATime (%) -72.77 -71.15 -73.44 -72.56 -72.91 -72.15
A PSNRY (dB) -0.05 -0.17 -0.13 -0.16 -0.17 -0.1
32 | APSNRU(dB) -0.04 -2.19 +0.01 -0.13 -0.04 -0.33
APSNRV (dB) -0.07 -1.7 -0.04 0.00 +0.06 -0.69
ABits (%) +3.11 +4.02 +3.53 +3.15 +2.98 +3.58
ATime (%) -72.61 -72.09 -73.30 -72.85 -72.88 -73.10
A PSNRY (dB) -0.17 -0.18 -0.14 -0.11 -0.15 -0.07
36 | APSNRU(dB) -0.09 -0.01 +0.32 +0.02 +0.02 -0.69
APSNRV (dB) -0.12 -0.03 -0.16 -0.13 -0.02 -0.91
A Bits (%) +4.08 +3.60 +3.01 +2.94 +3.52 +2.81
(5-10)~(5-14) M Pan
Pan 511
511 Pan
QP Foreman Mobile Claire News | Grandma | Coastguard
ATime (%) -26.52 -24.3 -20.11 -23.79 -24.34 -20.79
A PSNRY (dB) -0.01 -0.13 -0.12 -0.09 -0.11 -0.09
28 | APSNRU(dB) 0 0 +0.09 -0.03 +0.01 -0.13
APSNRV (dB) -0.01 0 +0.13 -0.13 +0.03 -0.07
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5.11( )

QP Foreman Mobile Claire News | Grandma | Coastguard
28 A Bits (%) +0.08 +0.11 +0.09 +0.10 +0.07 +0.10
ATime (%) -20.73 -22.04 -23.13 -22.56 -21.69 -19.59
A PSNRY (dB) -0.05 -0.13 -0.1 -0.11 -0.13 -0.03
32 | APSNRU(dB) 0 -1.01 +0.03 -0.10 0.00 -0.12
APSNRV (dB) -0.04 -0.52 +0.02 +0.02 +0.05 -0.17
A Bits (%) +0.07 +0.09 +0.08 +0.11 +0.07 +0.11
ATime (%) -21.91 -19.42 -21.35 -20.97 -19.82 -19.14
A PSNRY (dB) -0.13 -0.11 -0.1 -0.07 -0.13 -0.06
36 | APSNRU(dB) -0.03 -0.01 +0.16 +0.04 -0.01 -0.04
APSNRV (dB) -0.05 -0.01 +0.14 -0.01 -0.03 -0.01
A Bits (%) +0.07 +0.07 +0.09 +0.07 +0.06 +0.10
5.10
JM90
72.49% JM90 3.40% PSNRY PSNRU
PSNRV 511
Pan 21.62%
Pan PSNRY PSNRU PSNRV
3
57 Foreman Pan

75




H.264

IJM90 Pan
5.7 Foreman Pan
3
5.8 5.9 5.10
Mobile Clare
a T T T T T T I

(=L LI ]

5.8 Foreman
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H.264

5.5

VC++6.0
PSNR
JM90

JM90
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JM90
Pan

Pan

Bits
62.32% 54
Pan

PSNR
72.49% Pan
21.62%

Pan

3.40%
PSNR
H.264

Pan

16.1%



6.1

H.264 ITU-T H.261 H.263

H.264
H.264 H.264
Mgx (M, x9+ M) ( My=4,M,=16, M, =4)
502 RDO
H.264
2
¢y H.264 H.264
3) 1)
2) IM
@) H.264

Intra_16x16 Intra_4x4



H.264

JM90 VC++6.0
®)
Pan
Pan
H.264 JM90
Pan
Pan
72.49%
H.264
6.2
H.264
H.264
H.264 H.264
H.264 H.264
SKIP 7 (16x 16 16x 8 8x 16 8x 8 8x 4 4x 8
4x 4)

768 RDOM™
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