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Abstract In H.264/AVC, intra-prediction is used to improve the coding efficiency of I-

frames. The size for the chroma block is 8×8, and the sizes for the luma block are 4×4

and 16×16. Each kind of block provides many prediction modes, so that this multi-mode

selection increases the coding complexity greatly while improving coding efficiency. In this

paper, a fast intra-prediction mode selection algorithm with adaptive thresholds and different

criterion based on RDO (Rate Distortion Optimization) is proposed using the mode selection

relation of chroma block and luma block and the relation of luma 4×4 block and luma 16×16

block. Experiment results show that the proposed algorithm can averagely speed up 6 times

for I frame coding or provide 25% time savings for P frames in comparison with JM7.2 while

maintaining similar PSNR and bit rate.
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1/4�P��w}1m�=9S*J℄w}.E��7%�w}.Ej;�r�x 16bit m�I$WECQ�Ul�*S,�E �mM Xp��� _Æ0 H.264/AVC p/
3`  X�Q��℄rW_D(�'℄�Xa%+rWESXU�[1]
. eCb`�sF XT�m�x(�|
 [2] ��F JVT f MPEG-4 mwT�x(�{�� MPEG-4 ` r 50% 7Y�Qmg+��sF*j�wT�x(��0�Jk-+SX�OX8�

H.264/AVC m-QT�I�Gtf�m�w��|{$��� H.264/AVC �<e%&Nm�le30�T�m℄Q��L�<X��ED�*e30�um�3(JfD�L*E 4×4 *�ue30�fN��Qm3��`NFE+℄a RDO m/gu�G�m-Q�le30�T��'0�l XQ�` I��{J�l�'�� 2 
" H.264/AVC m�lj; X℄���f�<e%'me30��� 3 `N-Q�le30�T��� 4 &NFA+=9SI����� 5 E
6 �)8-<�=E�U�
2 H.264/AVC �om>#[og52�tF` �l Xm�Q�H.264/AVC5X�lj;kE�L*J℄G�8 16×16,��℄�R:*dn��a�℄&8\ 8×8 �t 4×4. OXD�L*�IA+�lj;*J℄
4×4(I4) E 16×16(I16),�����I 8×8(I8). k 1 &NF 4×4*m�lj;6Lk��1 9 +j;e3�PFk 1(b) [6m 0-1 E 3-8Æ+��j;e3p�2 t�Ne3�k
1(a) ' a-p m�'X�J*m A-Q 4j;�>��ak 1(b) 'mV���e3 0 �:�k 1(a) 'm�P a, e, i, m �'X A wm�j;�eD� 16×16E�� 8×8 ��I 4 +j;e3
V� (V) �K| (H) ��N (D) E|^e3 (P), �|'�)xFt V, H, D E Pe3�

(a) 4×4 +gK�x�2
(a) 4×4 block and its neighboring pixels

(b) 4×4 +�mk<��
(b) 4×4 block directional intra-prediction modem 1 4×4 ,�nl=

Fig. 1 4×4 block intra-predictiontFp/��{Zk�'pDm X&Cmg+~ XNmI��_�"E��
H.264/AVC 5X�3 (1) [6m RDO u�[3]

JMODE(Sk, Ik|Q, λMODE) = DREC(Sk, Ik|Q) + λMODERREC(Sk, Ik|Q) (1)
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EXQCEE���aL*�lj;e30��
Ik t�lj;e3mE+�DREC \3 (2) &Nm SSD(Sum of squared difference) 4KC

SSD =
∑

(x,y)∈A

|s(x, y) − s′(x, y)|2 (2)3'�s to2*�P�s′ t-}*�P��3#7�7I\CQ7I QP �{
λMODE = 0.85 · 2(QP−12)/3 (3)�1L*8%�;*�lj;e3 (I4 �0�) E8Am X�_�t` e30�m X�Q�4×4 *{ X+7%)u�J*m Xe3��k 2 [6�e�I XJ* A, Bme3'Jo�f�* E mE'pe3��= E m-pe3f'pe3E#���+E�_Æ���/E#�z�℄m-pe3
' X�
m 2 g�,nL,{%

Fig. 2 Adjacent blocks of current block�<e% JM7.2 &NFE+
OZmT���[℄e3
'w;�1A3/��

1) J��L*m�lj;e3tp6U (D j P e3). ^EZ6U���e3�Æ{�
2) mT I16 m JMODE

a) �� I16 N+e3m8A$W ���E (SATD), kjEqe3�
b) {Eqe3��L*8A
'$W��b�CQ�kj-}L*�
c) \3/ 1) Æ{m��e3����8A$W�kj-}��L*�
d) mTD�E��m SSD.

e) M Xkj RREC , mT JMODE = SSD + λMODE ∗ RREC .

3) mT I4 m JMODE

a) '��J*e3kjE$ 4×4 *E℄'pme3�
b) ��E+e3��k� 4×4 *m-}*�
c) mT�*m SSD, *'�E℄'pe3
'M Xkj�*m RREC , mT�*m JMODE .

d) �S 4×4 *m�+e3-� a)–c), kj�*mEqe3�
e) GZ�L*' 16 $ 4×4 *-��G9H�kj�$L*m[℄Eqe3�
f) mT�$L*mD�E�� SSD, '� a)–e) kjm"��L*m RREC , mTL* JMODE .

4) ��3/ 2) E 3) �)kj JMODE ��Æ{E*mL*e3�
5) �S	+��e3-�3/ 2)–4), kjEqD�E��e3��+
OZT�p/�bj[℄me3� X&CE �wTCC8E`m��OZme3CIt 4× (16× 9 + 4), - 592$��Ly9tFkjE$L*mEqe3�+AmT 592 $/gm JMODE , OX8�-Qm�le30�T�8`  XQ�[�+m�
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3.1 hR_ZdR_PVt[�Gm
OZT�f�-<�='J6�j�D�L*�U0� I16 V8 I4, ��L*e3�8E#m�OX��j;e3'J�?u��*p/tD�L*e3u�`)"���aD� I16 E�� I8, �7	�e30�/p_jq
E#�e\{9��
f��*0� D e3�D�'J0� D, H, V, P e3�f��*0� H e3�D�'J0� D, H, P e3�f��*0� V e3�D�'J0� D, V, P e3�f��*0� P e3�D�'J0� D, P e3���aD� I4 E�� I8,I8 me38D�L* I4 � `�I 4×4 *'p0�me3�
3.2 dR[_ I16 Z I4 PVt�a I16 E I4, V, H, D e3��a�℄e3�℄[	0�(�I4 �0��e��J*me3'Ju�kjf�*mE[	0�e3��'fj;��JÆme3�℄[	(�{-pm-��H'�0� I4 m�Qpp`a I16, OX{u��H�[	w; I4. e\a I16 E I4 XL*~:�x�m RDO �� (�k 3 [6) 8/gm�{e30�+VS%PL*m~:�x��

m 3 I16 G I4 nR)�%T
Fig. 3 RDO changes of 4×4 and 16×16 intra-prediction[k 3 '��{~:|^
i� I16 %Gm-}k�p(Dsfo2k��xw�2Q(
���0� I16 �Q`a I4; eX9~:�x�m0|�s�I16 {��l��Q(
0|�s�ji$I� T1 +`a I4 mQ(
��+ I4 (9IL* Xe30��{Æ{m 16 $ 4×4 *Eqe3'��QE`mA+e3J'pf I16 mEqe3E#�OX'JE��e3E�w<�E*Æ{ I16 Eqe3�

3.3 RDO g^���lj;e3u�8�S�FA+3 (1), tFy!wTm�x(�''��b�0H�SmxQ�{�T�'���e30�/G6D�me30���� RREC !�B��e3E��8AA4��OX5X SATD �'JÆW/ge3u JMODE mA)�{D�
I4 m 4×4*m JMODE '�RREC �1*e3E8AmM X�Ot 4×4 *J℄����*e3 Xm�_IE/ge3um8A X�_ImANXh# JMODE m$QJ`�20� JMODE Ht I4 me3u�G��� 4×4*mm�1��d'�'{�1�s'{ME$I� T 044. �={iEe3�� JMODE �a T 0, '�t_jEqe3��a I16,



530 � � T 5 � 32�
RREC 1A�1L*e3E8AmM X�2 SATD p/ÆW JMODE m$Q�J�Hte30�mG��� 2.2 [G��D� I4 mw;S[	a I16, OXf I4 �0�[℄ 4×4 *me3Æ{N���-}L*Eo2L**mT�$L*m�x���`ak 3 [6mI� T 1, �/�z
E3w; I16. ��+
E3mT I16 m JMODE , *f I4 m JMODE ���E*Æ{L*mEqe3�
3.4 `mv�oS'��Gm%+3��kj�lj;e3m-Q0�T��3/��


1) J SATD tu�G��Æ{��L*�lmEqe3�
2) 
' I4 �lj;��	'��J*me3Æ{'pe3�~�E��*mEqe3����Æ{E℄'p*e3�mTE'pe3m JMODE , fI� T 0 ����=�a

T 0, i'Æ�tEqe3�d7j 7). ��d7j 3).

3) mTMEe3 (�a�tPme3) m JMODE , f 2) mTm JMODE ���kjE� JMODE �me3�f T 0 ����=�a T 0, Æ�tEqe3�d7j 7).

4) 0�E� JMODE me3HtM0e3�mTf�j;���JmA$e3m
JMODE ,����+e3m JMODE ,�=JÆe3m JMODE ��`aM0e3m JMODE ,d7 7). ��j 5).

5) �=E� JMODE me38 V, H \ D, mT��+e3{�G�Hx�mTm
JMODE , ��kjE� JMODE me3�d7j 7); �=8�℄e3�d7j 6).

6) mT�℄&ee3�kjE� JMODE e3�d7j 7).

7) �E� JMODE e3t�*mEqe3�
8) 6U3/ 2)–7), kj 16$ 4×4*mEqe3�mTL*�x���=`aI� T 1,��L*t I4, �Hu����mT I4 �0��$L*m JMODE , d7j 9).

9) '���mEqe3�Æ{ I16 m'pe3�
10) im I4 �0� 16 $;*me3�kj�QE`mA+e3��=Da V, H \ D,℄`8L*m'pe3��=t�℄e3���Sa I16 m P e3�
11) ���GÆ{m I16 'pe3�kj I16 Eqe3�mT� JMODE . f I4 �0�mL*E� JMODE ���kjEq*J℄E��SmEqj;e3�\�GmT�'��eC�0�+Aw;m��e3t	+�D� I16 E! 2 +\E� 4 +�D� I4 m^$ 4×4 *E! 1 +\E� 9 +�jPC�F[℄me3�eCbw;me3Ib`s�r�
H.264/AVCm�u XL*C'5X�lj; X��G��g�9X�!8TH�}i'
{3/ 2) m I4 �lj;'�f� 4×4 *mJ*e3t�l Xe3+��/�%P��0Xi'��=J*t�ue3��'h���lj;e3t�Ne3 (D).

4 A;VK�oW�

4.1 
� T0{�lj;N�8A�
V+A��$W�CQEM X��=pj	u�CQ�I�Æa 0, �'`�* ��N/R:�'�im_(��=8A�
$WNm DC �I	a 0, ��℄ AC �IC	a 0. f� 4×4 *m DC �I'\�3mTkj

DC =

3∑

x=0

3∑

y=0

(s(x, y) − p(x, y)) (4)
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[4]
. OX''��G/p34u�f�8A�
8�	Æa 0 �


|DC| < (2q bits − qp const)/quant coef [qp rem][0][0] (5)�'
qp per = QP/6, qp rem = QP%6, qp bits = qp per + 15, qp const = (1 ≪ q bits)/6.�a^$ 4×4 *�� SAD(Sum of Absolute Difference) '\+3 (6) 4mT�

SAD =
3∑

x=0

3∑

y=0

|s(x, y) − p(x, y)| (6)J

�a/p3G?
|

3∑

x=0

3∑

y=0

(s(x, y) − p(x, y))| 6

3∑

x=0

3∑

y=0

|s(x, y) − p(x, y)|i DC| 6 SAD. ��=3 (7) G?��\D 0 �
mu��
SAD < (2q bits − qp const)/quant coef [qp rem][0][0] (7)�|T�'I� T 0 \ 4×4 *m RDO 4Æ{��+3 (8) [6��' mode '6[0mj;e3�R �1e38%E8AmM X�

Jmode(mode) = SSD + λmodeR (8)� SSD =

3∑

x=0

3∑

y=0

|s(x, y) − x′(x, y)|2, x′[x, y] 8~j;N8A��$W�CQ�ÆCQ�Æ$WNf7%*m��sNkj�2�a/p3G?
|s(x, y) − s′(x, y)| 6 |s(x, y) − p(x, y)|OX

SSD 6 (

3∑

x=0

3∑

y=0

|s(x, y) − p(x, y)|2) < (

3∑

x=0

3∑

y=0

|s(x, y) − p(x, y)|)2i SSD < SAD2, �
SSD < ((2q bits − qp const)/quant coef [qp rem][0][0])2 (9)�=�3G?��*8ACQ�I~	a 0, OXkj T 0.

T0 = ((2q bits − qp const)/quant coef [qp rem][0][0])2 (10)-p''p\{A)�OX#$E$��O; α = 0.5, �
T 0 = α × ((2q bits − qp const)/quant coef [qp rem][0][0])2 (11)
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4.2 
� T1{-p'�f T 1 t`�OZ I16 m'p(t`�OXOZme3t�� T 1 t��OZ I16 m'p(t���OZme3$!��|'�f�L*m�EL*4Æ{ T1 ���b����


1) M2Q T1 tE`��
2) {R:uE$L*+�GZ
' I4 E I16e3u��kj	�m MSE(Mean square

error), ~!��& T1, Ht�EL*mI��
3) �a�℄L*��=�u�F I4 e3�� T 1/$��=GZ
'F I4 E I16 e3u���	�m MSE m!��& T 1.

5 />
{H�?~�+-QT�{�<e% JM7.2 �-��;>F�$~:�xH�/gm CIF -H Mobile, Bus E Paris. M X5XF CABAC, CQ7I�)t 14, 28 E 36. txQ���X ∆PSNR(dB) '6��a
OZT�D�"~�m$Q�X ∆bitrate(%) '6XQ$Q����` m XQ� speedup \�I\���'6� X-H�A+ X�.

IIII E IPPP. ' 1, 2 E 3 &N IIII �0m-<�=�-<�='
��� H.264/AVCo℄m
OZ����T�'` I � XQ�`r
6 �G`�{Q�` mg+�|!"~��rr 0.1db G`�XQ ℄$Q��� P � X� X-Ht IPPP,w}1mOZ�s ±16, 5$7%��w}1mT�t
OZT��' 4,5 E 6 HN-<�=�'J$N�|T�{�u�0�� H.264/AVCo℄m�u
OZ��'`  XQ�`r 25% G`�{Q�` mg+�|!"~�$Qr 0.02db G`�XQjP℄℄$Q�( 1 .I Mobile n.=�>

Table 1 Results of “Mobile”

QP ∆bitrate (%) ∆PSNR (dB) Speedup(�)

14 2.5 -0.21 5.17

28 4.2 -0.18 5.51

36 5.7 -0.16 6.08

( 2 .I Bus n.=�>
Table 2 Results of “Bus”

QP ∆bitrate (%) ∆PSNR (dB) Speedup(�)

14 2.7 -0.16 5.45

28 4.2 -0.10 5.94

36 5.8 -0.08 6.64( 3 .I Paris n.=�>
Table 3 Results of “Paris”

QP ∆bitrate (%) ∆PSNR (dB) Speedup(�)

14 2.4 -0.11 5.56

28 4.5 -0.08 5.93

36 6.7 -0.08 6.57

( 4 .I Mobile n.=�>
Table 4 Results of “Mobile”

QP ∆bitrate (%) ∆PSNR (dB) Speedup(%)

14 0.5 0 28

28 0.2 0.01 28

36 0.4 -0.01 24( 5 .I Bus n.=�>
Table 5 Results of “Bus”

QP ∆bitrate (%) ∆PSNR (dB) Speedup(%)

14 1.1 0.06 29

28 0.1 -0.02 26

36 0.9 -0.03 23

( 6 .I Paris n.=�>
Table 6 Results of “Paris”

QP ∆bitrate (%) ∆PSNR (dB) Speedup(%)

14 0.8 0.03 28

28 0.9 -0.02 23

36 -0.2 -0.09 21
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6 �V�|e����*ED�*�uJfD� I16 E I4 �u3�m����NF���e3�D� I4 E I16 e3S0X/gmu��{X℄Q�`NFE+�lj;e3m-Q0�T��-<�='
��T�{�I X�Qmg+p/b`s`  XQ�������
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