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Abstract A new fast and adaptive inter mode decision algorithm for Pslices in H. 264 is proposed in this paper. In the
algorithm, SKIP mode is decided to be the best mode without Lagrange rate-distortion eptimization{ RDO), P8 x 8 mode is
decided to be removed from the candidate modes before Lagrange RDO. With the above decision of the two special modes,
the entire encoding time is greaily reduced. Simulation results show that the propesed algorithm can save 60% ~ 80% entire
encoding time with negligible variance in PSNR and bit rate compared to the H. 264 reference software JM 10. 2.
Keywords mode decision, H.264, adaptive
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1 Introduction

H. 264 is the lalest international video coding
standard. Based on previous successful video coding
standards, many new features are added in H. 264,
such as variable block size motion estimation, integer
DCT-like transform and so on, Compared to previous
standards, H. 264 can improve the coding efficiency
about 50% "', However, H. 264 is more complex than
previous standards due te enabling many new features.
In all the new features of H. 264, the most time-
consuming function block is the variable block size
motion estimation ( ME). H. 264 supports not only
16 x 16 macroblock( MB) mode in ME, but also 16 x
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B,8x16, 8x8, 8 x4, 4x8 and 4 x4 for prediction
flexibility. In order to decide the best mode for a MB,
it is necessary to compute the rate-distortion costs
{RDcost) for all possible modes above according to
Eq.{1) as follows!?! ,
J(s,6,MODE | QP Ayops ) = 85D (s,¢,MODE | QP)
+ Ayope - R(5,¢,MODE| QP) (1)
where QF is the MB's quantization parameter, Ao i8
the Lagrange multiplier for mode decision and is
computed empirically based on QP', SSD is the sum of
squared difference between the original block s and its
reconstruction block ¢, and MODE is one of the available
modes for ME, The final decided mode is the one with
the least RDcost. In recent literatures, fast mode

decision is proved to be an effective way to lower the
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computational complexity of ME in H.264. In [2], Wu
er ol proposed a fast mode decision algorithm by using
edge information and MB difference in video sequences.
In [3], ling and Chau proposed an algorithm by
comparing the mean absolute difference ( MAD ) of
current frame and the MAD of current MB to determine
the potential modes, In [4], Feng et af proposed a fast
inter mode decision algorithm by organizing the
candidate inter modes to some mode groups according to
the characteristics of residual. Different from the above
algorithms, a new fast and adaptive inter mode decision
algorithm for Pslices is proposed in this paper. In the
new proposed algorithm, SKIP and P8 x 8 modes are
decided fast and accurately by analyzing both the spatial
and temporal information of each MB.

This paper is organized as follows. Section 2

detsils the proposed fast and adaptive inter mode
decision algorithm. Section 3 shows the simulation
results and section 4 concludes this paper,

2 Fast and adaptive inter mode

decision algorithm

Based on the H. 264 reference software JM
10.2'%2 10 different QCIF-format video sequences are
encoded with full mode decision. The percentage of
each mode in every encoded sequence is plotted in
Tab. 1. Tt can be concluded from Tab. 1 as follows;

1) The final selected modes are mainly 16 x 16,
16 x8, 8 x16, P8 x & and SKIP.

2 ) SKIF mode has the highest probability to be the
best mode.

Tab.1 The final mode percentage of the 10 test sequences based on the JM 10.2
with foll mode decision( IPPP--- ,QP =28, 50 frames in all)

Sequence SKiP{% ) Bx16{%} 16 x8( %} Bxi6(%} T PExB(%) Iatra{ % }
Carphone 34.6 8.3 9.4 8.2 16.4 | B
Container 77.6 9.3 3.8 2.6 6.7 0.1
Foreman 27.6 28.8 10.3 15,9 17.3 0.1
Hall_monitor 82,3 0.5 0.8 1.1 5.9 0.5
Mother_and_dsughterr 71.3 - 13.1 5.1 4.9 N 0.0
News 78.0 5.9 1.8 4.5 9.3 0.0
Salesman 74.0 5.7 3.0 3.3 14.0 0.0
Silent 66.7 11.2 3.9 4.7 12,2 £.3
Suaie 431 27.6 9.3 11.6 7.2 1.3
Trevor 31.8 20.7 8.8 9.1 29.0 0.5

More over, it is well known that SKIP mode needs
the least computation and P8 x 8 mode needs the most
computation because 8 x 8 blocks will be further
divided into 8 x4, 4 x8 and 4 x4 sub-blocks. If SKIP
mode can be decided to be the best mode for a MB
correctly in advance, all other modes can be omitted
from later Lagrange RDO and a lot of computation can
be saved. If P8 x 8 mode can be decided 10 be
removed from the candidate wmodes, a lot of
computation can also be saved. As we all know, MB’s
variance ( MBV ) contains Yots of spatial information,
Generally, the MB with large variance contains
complex texture information; and the MB with small
variance belongs to flat region. Therefore, MBV " s

difference (MBVD) reflects the similarity of the current

MB and the MB at the same location in previous frame.
They can be calculaied according to Eq. (2) and
Eq. (3) as follows:

15 15
MBV = 3 3 (P.; - Pu) (2)
==

MBYD = MBV(n) - MBV(n - 1) (3)

where P, ;is the luma value of the pixel at location (i,
J) in current MB, Fns is the average value of all lnma
value in current MB, index n and n - 1 denote the
current and the previous frame. Through extensive
experiments, it is found that those MBs encoded with
SKIP mede all have very small MBVD value and those
MBs encoded with P8 x 8 mode all have big MBVD
value, but those MBs with small MBVD value are not

all encoded with SKIP mode because the time-varing
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motion is not considered. MB’s sum of absolute
difference( SAD) i2 a good measurement for temporal
motion information. In order to indicate the motion
more accurately, block's SAD(BSAD) is used instead
of MB’ s SAD in the proposed algorithm and it can be

calculated by Eq. (4) ;

B 8
BSAD = z Z(P,.,,.(n) -P,,(n-1)) (4)

Among those MBs encoded with SKIP mode, it is
also found that bigger MBV has bigger MBVD and

BSAD. Therefore, it is appropriate to divide the whole
range of MBV into some subranges and set different
tkreshold for MBVD and BSAD in different subranges.
In the proposed algorithm, the whole range of MBYV is
divided into subranges and corresponding
thresholds of MBVD and BSAD are set for each

subrange according to Tab. 2. Note that there is no

seven

threshold set for BSAD in the first subrange because
BSADs of the MBs in that subrange are all very small.

Tab,2 Subranges and corresponding MBVD and BSAD thresholds

Subrange( MBY ) <100 100 - 500 500 ~ 1000 1000 ~1500 1500 ~2000 2000 - 2500 >2500
Threshold T, { MBYD) 1.0 1.0 1.5 2.0 2.5 3.0 3.5
Threshold T; (BSAD) - 25 30 35 40 45 30

The proposed algorithm can be deseribed as
follows m"lfﬁﬁ
Step 1; Calculate the current MB' s MBV based HBY MEVD,ESAD
on Eq. (2); g,eje‘,t+
Step 2; Calculate the current MB’ 3 MBVD and "";‘;‘.‘}iﬁ‘;ﬁ,‘ﬂ,ﬂ?ﬁ{“’
four BSADs according to Eq. (3) and Eq. (4), then T
select the biggest BSAD as the current MB' s BSAD; ' mdid:lem:

Step 3: Select subrange according to MBV, and P

then set the corresponding MBVD and BSAD thresholds; mmﬁ'ﬁn:dl:

Step 4: Mode decision: Midcﬂxbwm

(a) If the MBYD is less than T, go to (b) for SSE”:;‘:)‘E: fm’ﬁhm?g:tfmﬂ"g

further decision. Otherwise, SKIP mode is removed [« ]
from the candidate modes and go to step 5; Encode the current MB

(b) If the current MB" s BSAD is less than T,, ith the et ol

SKIP mode is selected as the best mode. Then go to
step 6. Otherwise, SKIP mode is removed from the

candidate modes. Further more, P8 x 8 is also
removed from the candidate modes because MBVD is
small, and then go to step 5;

Step 5: Compute the RDcosts of the remaining
candidate modes and select the mode which leads the
minima! RDcost as the best mode;

Step 6: Encode the current MB with the best
mode and then retum to step 1 to encode the next MB,

Fig. 1 is the flowchart of the inter mode decision
process of a MB,

The flowchart of a MB' s mode decision
with the proposed algorithm

Fig. 1

3 Simulation results

The simulations run on both the standard JM 10.2
and the proposed algorithm with the same encoding
parameters and environments. The input video
sequences are standard QCIF-format sequences. The

encoded picture type is IPPP, the quantization
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parameter is 28, and the maximal search range is 16.
In the simulations, 10 different video sequences are
encoded all with 50 frames. Moreover, all the 10 video
sequences contain a wide range from low motion to high
motion and from simple texture to complex texture,
which can prove that the simulations are complete and
reliable. The simulation results are illustrated in

Tab.3. It can be easily found that there iz almost no

change in PSNR and bit rate while the entire encoding
time is greatly reduced compared with the JM 10.2. In
Tab.4, compared to the standard reference software,
the saved encoding time of the other two fast algorithms
is about 50% , while the proposed algorithm reaches
60% ~ 80% , which can prove that the proposed

algorithm perform better in reducing the encoding time.

Tab.3 Comparison between the proposed alporithm and the JM 10.2 in PSNR, bit rate, and saved encoding time

Sequence APSNR(d4B) A bit rate( % ) Saved encoding time( % )
Carphone -0.11 -0.4 75.7
Container =0.14 0.6 78.9
Foreman 0.0 1.1 60.3
Hall_monitor -0.03 ~1.0 66.6
Mother_and_danghter -0.08 ~1.0 68.5
News ~0.18 0.7 80.6
Salesian -0.03 -0.1 67.0
Silent 0.0 1.2 71.5
Susie . -0,18 0.2 67.6
Trevor =0.07 -0.1 66.1

Tab.4 Comparison between the proposed algorithm
and other fast algorithms
{ Compared 1o the standard reference software)

Methods Saved encoding time range( average)

Jing’ & algorithm!?) 29% ~48% (38% )

Feng' s algorithm!*) 46% ~55% (52% )

The proposed algorithm 60% ~30% (TI% )

4 Conclusions

In this paper, a new and more accurate fast inter
mode decision algorithm is propesed. First, we encode
a variety of video sequences with the JM 10.2 and find
that SKIP mode has the highest probability to be the
best mode. It is well known that P8 x 8 mode is the
most time-consuming mode in Lagrange RDO among all
the possible modes. Then the algorithm is proposed
which decides these twoe special modes accurately by
analyzing both the spatial and temporal information of
MB. In the proposed algorithm, MBV, MBVD and

f

BSAD are used together to decide the above two
modes. Simulation results show that the proposed
algorithm can reduce 60% ~80% entire encoding time
of the JM 10. 2 with negligible variance in PSNR and

bit rate. It can be concluded that the proposed

algorithm is more effective and can be applied to real

time scenarios,
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