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ABSTRACT
A fast inter-mode determination algorithm based on the macro-
block (MB) tracking scheme and rate-distortion (RD) cost is
proposed for the H.264/AVC video standard in which resid-
ual prediction is composed of intra-modes and inter-modes.
In addition to intra-mode prediction, 8 block types exist for
the best coding gain based on rate-distortion (RD) optimiza-
tion in the inter-mode prediction. This scheme gives rise to
exhaustive computations (search) in the coding procedure. To
reduce the computational load of the inter-mode search at the
inter-frame, we propose a new inter-mode determination al-
gorithm based on the rate-distortion (RD) cost of the neigh-
borhood MB that is tracked for the current MB in the previous
frame. Based on the MB tracking scheme, an efficient sequen-
tial mode search approach is presented. We verify the perfor-
mance of the proposed scheme through comparative analysis
of experimental results using JM reference software.

Index Terms— Image coding, Prediction methods, Video
coding, Video processing, Image motion analysis

1. INTRODUCTION

Developments in video coding techniques have accelerated
over the last several years. H.264/AVC video coding is the
newest standard defined by the Joint Video Team (JVT) [1]
for which various techniques have been adopted to obtain a
high coding efficiency, compared to previous standards.

Among the techniques of H.264/AVC video coding, the
motion estimation routine is better than the previous video
standards, such as H.261 and H.263 [1]. Generally, motion
estimation for inter-prediction is performed only on a 16×16
or an 8 × 16 macroblock (MB), then each 16 × 16 or 8 × 16
MB is assigned one motion vector, which results in minimum
block distortion.

The variable block size for inter-mode prediction allows
maximization of the coding efficiency based on rate-distortion
(RD) optimization in the H.264/AVC coding standard [1], in-
cluding SKIP , 16× 16, 16× 8, 8× 16, 8× 8, 8 × 4, 4× 8,
and 4 × 4 blocks (Fig. 1). In addition, intra-mode prediction

follows inter-mode prediction to determine the best residual
image [1]. These structures give rise to complexity of the en-
coder for application in real-time situations. Therefore, a fast
motion estimation scheme that can reduce the complexity of
the H.264/AVC video encoder for the full-mode decision is
needed.

16

16

mo d e 0 (S KIP )

16

16

mo d e 1 (P 16x16)

8

16

mo d e 2 (P 16x8)

16

8

mo d e 3 (P  8x16)

8

8

    mo d e 4~7
(P  8x8 sub -typ e)

8

8

4

44

8

8

4

Fig. 1. Variable block types for motion estimation in the
H.264/AVC video encoding.

Many kinds of fast inter-mode decision schemes with rate-
distortion (RD) optimization have been reported [2]-[7]. Sev-
eral approaches use the frame difference or the MB difference
while others use a spatial homogeneity or a temporal predic-
tion for SKIP MB detection [2]-[7].

In this paper, we propose a fast inter-mode determination
algorithm on the basis of the rate-distortion (RD) cost of the
tracked MB for the current MB in the previous frame. To do
this, we introduce a simple MB tracking scheme.

2. THE PROPOSED FAST MODE DECISION
ALGORITHM

Two consecutive frames in a video sequence are highly
correlated. Based on this temporal correlation, many tech-
niques for fast inter-mode decision have been reported [5]-[6].
If there is a stationary background in the video sequence, MB
mode types that belong to the background will be identical in
the same regions (the colocated MB) of the previous frame.

With slow object motion in the video, the mode informa-
tion for the same MB in the previous frame may still affect
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the mode determination process of the current MB because of
the high temporal correlation. With fast motion there is little
temporal correlation between successive frames (or MBs). In
this case, a scheme based on spatial correlation rather than
temporal correlation is needed.

In this study, we propose an MB tracking scheme using
temporal correlation for all motion cases. Early extraction of
the stationary block type, such as SKIP and P16 × 16, in a
sequential mode search approach is used.

2.1. A Simple MB Tracking Strategy

To track an object is to locate the current object region in an
adjacent frame. To do this, we need to define the desired ob-
ject region in the image plane. We need a search procedure
for the desired object region with a predefined tracking crite-
rion in the temporal domain.

To apply this tracking scheme to block-based video cod-
ing, we consider each MB as a desired object in a mode de-
cision procedure. As shown in Fig. 2, a P16 × 16 MB type
is used to locate the region in the previous frame with the
highest correlation. This is an integer pel motion estimation
procedure for the current MB.
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Fig. 2. A MB tracking scheme using P16 × 16 block motion esti-
mation.

Once the best motion vector and most highly correlated
region are obtained, we determine the most highly correlated
MB of the current MB in the previous frame, as follows:

MaxMB(k, l){Area A, Area B, Area C, Area D}, (1)

where (k, l) denotes an index of MB that contains the over-
lapped (correlated) region of the current MB. We use the above

equation to determine that MB which has the maximum cor-
relation with the current MB and also it is more than some
predefined threshold τ . We have chosen as τ = 0.85 ∼ 0.9 to
guarantee enough correlation between two MBs.

2.2. Sequential Mode Search Approach Using Temporal
Correlation

Temporal correlation between successive frames can pro-
vide good information for an efficient mode search. In many
cases many stationary MBs or regions exist. If we can de-
tect these MBs early using a simple prediction technique, the
speed of the mode decision procedure will increase.

Experimental results are presented in Table 1 as statistical
tests for the two kinds of MBs that can be thought of as part
of the stationary region. We can see that the probabilities of
the selected mode type of the current MB under that the colo-
cated MBs as SKIP or P16× 16 block types. We have used
four sequences (Carphone, Foreman, Stefan, and Salesman)
with 100 frames each for experimental analysis.

Table 1. Statistical results for stationary MBs (unit: %).

Modes QP = 24 QP = 28 QP = 32

SKIP

SKIP 60.86 65.21 69.94
P16 × 16 20.03 17.49 16.54
P16 × 8 5.82 5.44 4.69
P8 × 16 5.62 6.00 5.33

P8 × 8 sub-type 6.08 4.69 2.75

P16 × 16

SKIP 22.04 24.59 30.03
P16 × 16 35.83 36.04 35.87
P16 × 8 10.39 10.28 10.51
P8 × 16 11.08 11.31 11.61

P8 × 8 sub-type 20.32 17.39 11.35

With the SKIP mode of the colocated MB, the probabil-
ity that the current MB will be SKIP or P16 × 16 mode
is greater than 80%. The probability that the MB will be
SKIP , P16 × 16, P16 × 8, and P8 × 16 is greater than
91%. There is a high probability for the MB to be SKIP ,
P16×16, P16×8, and P8×16 if the mode of the colocated
MB is SKIP in the previous frame. When the colocated MB
is P16 × 16 mode, the probability to be SKIP , P16 × 16,
P16× 8, and P8× 16 is less than the SKIP colocated MB.
This probability of about 80% is still valuable information for
evaluation of a fast algorithm.

Using these properties, we can consider the candidate modes
of the current MB as modes that are sequential down to the
mode of the colocated MB. For example, candidate modes of
the current MB will be {SKIP, P16 × 16} if the mode of
the colocated MB is P16 × 16. Also, candidate modes of the
current MB will be {SKIP, P16 × 16, P16 × 8} if the
mode of the colocated MB is P16 × 8. When the mode of
the colocated MB is a P8 × 8 sub-type, we consider all eight
possible modes (SKIP ∼ P4 × 4) as candidate modes.
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Using the suggested candidate selection method and the
simple MB tracking concept, we can summarize our algo-
rithm based on an adaptive RD thresholding technique for the
mode of the colocated MB, as follows:

Step 1) If the colocated MB is SKIP mode: Set candidate
mode as {SKIP}, then compute the minimum RD
cost of the candidate mode. If the minimum RD cost is
less than the cost of the colocated MB, the final mode
will be the one that has the minimum RD cost and no in-
tra mode search. Otherwise, {P16×16, P16×8, P8×
16} will be added as candidate modes. The mode that
has the minimum RD cost will be the final mode for the
current MB.

Step 2) If the colocated MB is P16 × 16 mode: Set candidate
modes as {SKIP, P16× 16}, then compute the mini-
mum RD cost of the candidate modes. If the minimum
RD cost is less than the cost of the tracked MB (in
the previous frame) using the proposed MB tracking
scheme, the final mode will be one that has the mini-
mum RD cost and no intra mode search. Otherwise, we
compute a binary pattern for the current MB using spa-
tial intensity as in Fig. 3 (a). Let μi be the average in-
tensity of each 8×8 block and μT be the average value
of intensity for the current MB (16×16). If the average
intensity of any 8 × 8 block is larger than μT , then we
set 1. Otherwise 0 will be set. After computation of a
binary pattern for a refinement stage, if the texture oc-
curs like described in Fig. 3 (b), the remaining modes
{P16 × 8, P8 × 16, P8 × 8 sub-types} are added as
candidate modes. Otherwise {P16 × 8, P8 × 16} are
added as candidate modes. The mode that has the min-
imum RD cost will be the final mode for the current
MB.

Step 3) If the colocated MB is P16 × 8 mode: Set candidate
modes as {SKIP, P16×16, P16×8}, then compute
the minimum RD cost of candidate modes. If the min-
imum RD cost is less than the cost of the tracked MB
(in the previous frame) using the proposed MB tracking
scheme, the final mode will be one that has the min-
imum RD cost and no intra mode search. Otherwise,
the remaining modes {P8×16, P8×8 sub-types} are
added as candidate modes. The mode that has the min-
imum RD cost will be the final mode for the current
MB.

Step 4) If the colocated MB is P8 × 16 mode: Set candidate
modes as {SKIP, P16×16, P8×16}, then compute
the minimum RD cost of the candidate modes. If the
minimum RD cost is less than the cost of the tracked
MB (in the previous frame) using the proposed MB
tracking scheme, the final mode will be one that has
the minimum RD cost and no intra mode search. Other-
wise, the remaining modes {P8×16, P8×8 sub-types}

are considered as other candidate modes. The mode
that has the minimum RD cost will be the final mode
for the current MB.

Step 5) If the colocated MB is P8 × 8 mode: Set all possible
eight modes as mentioned above, then the mode that
has the minimum cost will be the final mode for the
current MB.
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Fig. 3. A Binary pattern for the refinement stage of the P16 × 16
mode: (a)8×8 blocks and (b)binary patterns for searching all modes.

3. RESULTS AND DISCUSSIONS

To verify the performance of the proposed fast mode decision
algorithm, various MPEG standard sequences were used with
CIF and QCIF sizes. Analyses were performed with encoding
frames=100, RD optimization enabled, QP = 24, 28, and 32,
sequence types of IPPP in the Main profile, using CAVLC,
with a search range of MV = ±16, and the number of the
reference frames = 1. The Hadamard transform option was
turned on also.

JM 11.0 reference software of the JVT was used as a ref-
erence code for evaluation of the encoding performance. We
defined three measures for evaluating the encoding perfor-
mance, including average ΔPSNR, average ΔBits, and an
encoding-time saving factor, ΔT . The average ΔPSNR is
the difference in (dB) between the average PSNR of the pro-
posed method and the corresponding value of another method.
As performance improves, this criterion becomes larger. The
average ΔBits is the bit-rate difference as a percentage (%)
between the compared methods. Lastly, the encoding-time
saving factor ΔT is defined for complexity comparison as:

ΔT =
Tref − Tproposed

Tref
× 100(%), (2)

under the condition that the full mode search (FMS) is op-
timum (reference). As this value increases, the performance
speed is increased. Also, it must be noted that positive values
for the PSNR and ΔBits indicate increments, and negative
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Table 2. Performance comparison of the proposed algorithm on the JM 11.0 reference encoder for IPPP sequences.
QP =24 QP =28 QP =32

Contents ΔPSNR ΔBits ΔT ΔPSNR ΔBits ΔT ΔPSNR ΔBits ΔT

Stefan(QCIF)
Alg-1 -0.029 0.902 4.42 -0.037 0.865 7.67 -0.035 0.898 9.27
Alg-2 -0.496 0.040 49.09 -0.257 3.425 42.24 -0.028 8.316 39.36

Proposed -0.059 0.258 44.82 -0.058 0.330 43.84 -0.065 0.988 43.95

Salesman(QCIF)
Alg-1 -0.017 -0.148 15.72 -0.005 -0.176 13.38 -0.061 -0.397 10.76
Alg-2 -0.148 2.404 76.81 0.024 19.05 59.38 -0.097 24.91 55.73
Proposed -0.049 0.546 70.59 -0.025 0.645 61.41 -0.005 -0.709 62.74

Mobile(CIF)
Alg-1 -0.041 0.219 8.80 -0.048 0.196 7.42 -0.044 0.288 7.17
Alg-2 -0.426 0.935 46.08 -0.279 2.121 39.54 -0.044 9.431 35.57

Proposed -0.056 0.100 37.42 -0.052 -0.015 39.58 -0.054 -0.035 41.63

Paris(CIF)
Alg-1 -0.043 0.399 8.80 -0.045 0.264 9.24 -0.037 0.399 10.22
Alg-2 -0.416 3.310 65.55 -0.068 9.96 52.12 0.017 17.61 49.11

Proposed -0.065 0.729 54.67 -0.061 0.997 54.59 -0.056 0.794 56.47

Foreman(CIF)
Alg-1 -0.025 0.409 8.90 -0.021 0.335 11.36 -0.033 0.694 10.93
Alg-2 -0.415 9.158 48.77 -0.141 13.264 45.10 -0.011 17.794 45.65

Proposed -0.061 1.037 43.26 -0.072 1.486 46.06 -0.091 1.574 50.55

Mother&
Daughter.(CIF)

Alg-1 -0.0073 0.199 14.18 -0.001 -0.249 18.50 -0.003 -0.350 30.474
Alg-2 -0.343 2.874 71.82 0.070 15.605 59.97 0.099 20.205 58.83

Proposed -0.076 0.849 60.12 -0.017 1.338 60.28 -0.030 0.917 61.71

values indicate decrements.
We used two methods for an objective comparison of the

encoding performance. These are Jing’s [4] and Salgado’s
[5] methods, which are well-known as efficient and fast algo-
rithms. In the table, Jing’s method is denoted as Alg-1 and
Salgado’s method as Alg-2.

Table 2 shows the results of all algorithms for the IPPP se-
quence type. The proposed algorithm achieves a better speedup
factor with a minimal loss of image quality and a minimal
bit increment. In most sequences, Salgado’s method yields
a large bit increment and PSNR loss. For QP=24 of the
Salesman sequence, results show that the encoding speed can
be improved up to 70.59% with an increase of 0.546% in the
bits. The proposed scheme requires a negligible bit increment
with a minimal loss of image quality, but provides a higher
speed-up factor in most sequences.

Jing’s (Alg-1) method achieves good PSNR and bit per-
formance with a lower speed-up factor than the other two
methods. From this result, we can see that the proposed scheme
can achieve an improvement of up to 40%∼70% with the av-
erage loss of 0.052 (dB) and bit increment of 0.708%, in the
total encoding time.

4. CONCLUSIONS

We have proposed a fast inter-mode determination algorithm
based on the macro-block (MB) tracking scheme and rate-
distortion (RD) cost for P -slices in H.264/AVC video coding.
The proposed fast inter mode decision algorithm yields good
performance because of an adaptive RD thresholding scheme
using the RD cost of the most correlated MB that was tracked
in the previous frame for the current MB, except for SKIP
mode. Also, the technique for the selection of the partial can-
didate modes provides improved speed for the motion esti-
mation procedure. Through comparative analysis, a speed-up
factor of 40%∼70% was verified with a negligible bit incre-

ment and a minimal loss of image quality.
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