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ABSTRACT

Video compression algorithms require decision making re-
garding the selection of different coding modes. Of all the
encoding elements in H.264, inter prediction is computa-
tionally most intensive and thus adds to the computational
burden for the encoder. In this paper, we propose a fast
inter prediction algorithm for JVT video coding standard
H.264/AVC. The fast prediction algorithm is based on the
edge information obtained by calculating the edge histogram
parameters of the frame difference residual image. The in-
clusion of different modes for motion estimation is based on
the direction information obtained from the edge histogram
parameters. The proposed method reduces the computa-
tional complexity and time considerably by upto 63% com-
pared to the JVT benchmark JM12.4 while maintaining sim-
ilar PSNR and bit rate. Experimental results for various test
sequences at different resolutions are presented to show the
effectiveness of the proposed method.
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1. INTRODUCTION

The H.264/AVC [1] is the video coding standard devel-
oped by Joint Video Group (JVT) of ITU-T Video Coding
Experts Group (VCEG) and ISO/IEC MPEG Video Group.
It has been approved as one of the most efficient coding so-
lution. It builds on the concepts of earlier standards such
as MPEG-2 and MPEG-4 Visual and offers better compres-
sion efficiency and greater flexibility in compressing, trans-
mitting and storing video. The H.264/AVC video coding
standard improves the coding performance significantly by
adopting many advanced techniques like entropy encoding,
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small block size computation and in-built deblocking filter
that contribute to the increase in complexity.

H.264 process the video image in blocks [15]. Irrespective
of the video resolution, the number of blocks have an effect
on the computational requirements. H.264 permits the use
of different block sizes, 16 x 16 pixels called a macroblock
(MB) down to 4 x 4 pixels. Fine details in a MB are de-
fined using smaller blocks whereas coarse and homogenous
regions by larger blocks. For each MB, the H.264 forms a
prediction based on previously coded data, either from the
current frame (intra prediction) or from other frames that
have already been coded and transmitted (inter prediction).
The rate-distortion optimization (RDO) procedure is uti-
lized in the prediction process for the purpose of selecting
the optimal mode from all candidate modes.

Several approaches have been proposed to reduce the com-
plexity and time for the inter mode decision [4, 5, 6, 7, 8, 9,
11, 13, 16, 17]. In [5] adaptive MB selection is used for mode
decision. In [7] the fast motion estimation is based on the
successive elimination algorithm (SEA) using sum norms to
find the best estimate of the motion vectors and to imple-
ment efficient calculations for variable blocks. In [3], edge
histogram based fast intra mode decision has been proposed.
In [16] edge histogram parameters have been used for fast
inter mode decision. In this paper, we propose a edge his-
togram based fast inter mode decision process where we use
the edge histogram parameters to first identify whether a
MB is homogenous and can be encoded using larger block
size. Edge detection is then done for the frame difference
residues and based upon the directions of edge, mode deci-
sion is taken.

The paper is organized as follows. Section 2 gives an
overview of the inter prediction modes and certain observa-
tions that have been made based on a detailed study of the
inter prediction modes. Section 3 presents the proposed fast
encoding algorithm based on the observations made in Sec-
tion 2. The results of the proposed scheme as compared to
JM12.4 are given in Section 4. The comparisons are made in
terms of coding efficiency, reduction in computational com-
plexity and time. The paper ends with conclusions.

2. ANALYSIS OF FULL MOTION ESTIMA -
TION IN H.264

2.1 Inter Mode Decision in H.264/AVC
The H.264/AVC standard supports both intra and inter
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Figure 1: Inter prediction block sizes for a MB

prediction processes. In the inter prediction process, there
are sevemn blOCk SiZeS P16x167 P16x87 nglﬁ7 pgxg7 P8x47 P4x8
and P44 that are used by H.264 besides the SKIP and the
INTRA modes [10], [15]. For each MB, all the modes are
tried and one which gives the least RD cost is selected for
encoding. However, in real video sequences the distribution
of modes is not uniform among the MBs [10]. It depends
upon the characteristics of the video sequences. Regions
with homogenous motion, smooth motion of moving back-
ground and static background use larger block size motion
compensation. For regions with high detail and complex
motion, smaller block sizes to represent motion gives better
coding efficiency.

The temporal redundancies between frames are exploited
in inter mode decision. Fig.1 shows the partitioning of a
MB in seven modes. The SKIP mode directly copies the
contents of the MB of the reference frame at the same posi-
tion in the reconstructed current frame without performing
motion compensation. INTRA mode uses the spatial redun-
dancies in the pixels of the MB without performing motion
estimation (ME). In the full motion estimation (FME) the
encoder tries all the modes and chooses the best mode in
terms of the least RD cost (Jmopg) by employing the La-
grangian RDO process [14]. The Lagrange mode decision for
a macroblock Sy proceeds by minimizing the Jyopr defined
as

JMODE(Sk, MODE|QP, )\MODE) (1)
= SSD(Sk, MODE|QP) + )\MODER(Sk7 MODE|QP),

where QP indicates the MB quantization parameter and
Amopg is the Lagrangian multiplier. R(-) represents the
number of bits associated with the chosen mode, residual
data, MVs, MB header and QP. Macroblock mode, MODE,
is varied over the sets of possible MB modes. SSD(-) is
the sum of the squared differences between the original and
the reconstructed pixels. The computation of the RD cost
requires the availability of the reconstructed image and the
actual bit count. This necessitates that the encoding and
decoding processes are completed for every mode. Thus the
computational requirements for the mode selection process
is very high.

2.2 Mode Distribution in H.264/AVC

Neighboring video frames have large similarities between
them. ME and compensation attempts to reduce the tem-
poral redundancy by exploiting these similarities. It is ob-

Table 1: Different Classes of Sequences

Type CIF Sequence QCIF Sequence
News, Mother and daughter(MaD) Suzie, Claire
Class A Container, Hallmonitor Missamerica
Foreman, Coastguard Foreman, Silent
ClassB Harbour, Ice Crew
Mobile, Flower Mobile, Football
Class C Tempete, Stefan Soccer

served that natural videos have a lot of homogenous regions
with similar spatial property which usually get encoded with
larger block sizes. Regions having little or no motion that
is region which are considered stationary get encoded in the
SKIP mode. Regions having similar motion also get encoded
with larger block sizes. Areas with large and complex mo-
tion and having boundaries of moving objects get encoded
with smaller block sizes. In order to study the distribution
of modes, FME was performed on sequences having different
motion complexity. Table 1 shows video sequences classified
into three classes: Class A having low and simple motion,
Class B having medium to high motion and Class C having
high motion complexity.

Table 2: Distribution of MBs (%) in different Modes
at QP=32

Sequence SKIP | Pisxis | Piexs | Psxis | Psxs | INTRA

CIF News 82.57 | 6.55 2.25 1.85 | 6.68 0.00
Class A Container 83.46 | 15.42 0.21 0.23 0.67 0.01
Hallmon 64.76 | 23.30 | 2.92 | 3.25 | 5.57 0.20

Coastguard | 20.58 | 44.76 | 6.70 | 8.35 | 19.38 0.23
Class B Foreman 29.02 | 34.41 8.90 7.97 | 18.50 1.20
Tce 64.76 | 11.20 | 4.82 | 3.92 | 14.85 0.45

Flower 24.92 | 51.82 | 3.06 2.70 | 17.47 0.03
Class C Mobile 12.04 | 40.54 | 8.62 | 9.82 | 28.98 0.42
Stefan 22.69 | 39.67 | 4.71 5.86 | 26.04 1.03

QCIF Claire 91.17 | 5.95 0.49 0.66 1.73 0.00
Class A Suzie 60.63 | 23.12 | 7.41 5.03 3.54 0.27
MissAmerica | 64.89 | 28.46 | 2.09 2.01 2.49 0.06

Foreman 34.53 | 37.88 6.54 7.34 | 12.76 0.95
Class B Silent 75.70 | 8.10 1.93 1.32 | 12.88 0.07
Crew 16.92 | 25.37 | 12.63 | 5.97 | 38.01 1.10

Football 15.20 | 2048 | 6.26 | 11.45 | 28.35 18.26
Class C Mobile 11.57 | 42.22 | 10.85 | 12.14 | 22.87 0.35
Soccer 18.90 | 29.00 | 12.63 | 15.97 | 22.40 1.10

Table 2 shows the distribution of MBs (in %) encoded in
different modes for a QP value of 32. The Pgxs mode in-
cludes the Psyxs, Psxa, Paxs and Paxs. The results clearly
show that Class A sequences have most of the MBs encoded
with larger block sizes, Class B sequences have MBs encoded
with both large and small block sizes whereas for Class C
sequences, smaller block sizes are more prevalent. From the
observations made above it may be concluded that for all
types of sequences there are many MBs encoded in the SKIP
mode and Pigx16 mode. If such MBs can be detected at an
early stage, it will result in large savings in computation.
Thus, if the stationary and homogenous regions in a frame
can be determined prior to ME early decision on the encod-
ing mode can be taken.

2.3 Directional Partitioning in H.264/AVC

From Fig.1 it is observed that the the partitioning of the
MB is either horizontal or vertical. Pigxs and Psys4 are ver-
tical partitions whereas Pgx16 and Paxg are horizontal parti-



tions. Hence, if the direction of the moving boundaries in a
video can be determined early, then only directional modes
can be chosen for encoding.

3. PROPOSED FAST MODE DECISION AL-
GORITHM

The proposed fast mode decision algorithm is based on the
observations made in the previous section. Here, each MB
is first examined for stationarity. If the MB is stationary, it
is encoded in the SKIP mode. Otherwise, the MB is further
examined for homogeneity. If it is homogeneous, the MB is
encoded using larger block sizes. If both these conditions
are not satisfied, then directional prediction is done for the
MB. Each of the decision process is described here.

3.1 Determination of Stationarity

Stationarity refers to the stillness between consecutive
frames in the temporal direction. Regions having similar
motion in consecutive frames are also considered station-
ary. The MBs which are temporally stationary will usually
get encoded in the SKIP or in the Pigxi6 mode. The sim-
plest method of temporal prediction is to use the previous
frame as the prediction for the current frame. Hence to
form a prediction, the frame difference residue (Rpr) is ob-
tained by subtracting the previous frame (MBp) from the
current frame (MB¢) and the sum of difference absolute val-
ues Sprrr is obtained as

RDF(17J) = MBC(lv.]) - MBP(17.])7 17.] = 17 EEE) 16 (2)

16,16

SpirF = Z abs(Rpr) (3)

i=1,j=1

It is observed that if the MB is stationary, then the frame
difference residues in Rpr have very low values resulting in
a small value of Spirr. Thus if Sprrr is below a threshold
Tg, the MB is classified as stationary and will be encoded in
the SKIP mode or in P1gx1¢ mode. Here the threshold Ts is
taken as 200 as per [16]. If the MB satisfies this condition
then further it is determined whether the MB qualifies for
the SKIP mode. If all the residues in Rpr are very low, then
the MB can be considered temporally stationary. Hence the
residues in Rpr are examined and if all the residues in Rpr
have absolute values less than or equal to 1, then the MB
qualifies for the SKIP mode and further ME is terminated.

The MBs that do not satisfy this condition but still have
Spirr below Tg is encoded in the Pigx16 mode. MBs that do
not qualify for the stationarity condition are further tested
for homogeneity.

3.2 Determination of Homogeneous Region

Homogeneous regions have similar spatial properties. There
exist many techniques for detecting homogenous regions. In
this paper the homogenous region detection is based on the
edge information as video object have strong edges. The
edge based homogeneous region detection has been proposed
in [16] and is described here.

The edge map is created for each frame using the Sobel
operator. Each pixel in the block will be associated with an
edge vector containing edge direction and amplitude. We

define edge vector D; ; = {dx; ;,dy; ;} where

d‘ri,j = Pi-1,4+1 + 2 X Pij+1 + Pit1,j+1 — Pi-1,-1 (4)
—2 X Pij—1 — Pit1,j-1

dyij =pit1j-1+2 X piy1j +Piv1jtr —picrj-1 ()
=2 X Pi—1,j — Pi—1,j+1

Here dz; ; and dy;,; are the degrees of differences in ver-

tical and horizontal directions. The amplitude of the edge
vector is computed by

Amp(D ;) = [dxi ;| + |dyi,;l (6)
N,N

Samp(N) = Y Amp(i,j) (7)
i=1,j=1

Homogeneity of a block of size N x N (where N is 16 or 8)
is determined by using the amplitudes as per (7). If the sum
of the amplitude Samp is below a certain threshold (Tyy) it
is designated as a homogenous block otherwise it is nonho-
mogeneous. The decision is taken as follows:

.o, af Samp < Tin
Decision = { 0, otherwise

The homogeneity is first tested for N=16 that is for 16 x 16
block which is a MB. The Tin16 for N=16 is taken as 20000
as given in [16]. If Samp(16) is less than Tin16 then the MB
is homogenous and ME will be performed with larger block
sizes namely Pigx16, P16xs and Pgxi16. Otherwise, each MB is
divided into four 8 x 8 subblocks (N=8) and each subblock
is tested for homogeneity. The Tyus for each subblock is
taken as 5000. If Samp(8) is less than the Tins then the
subblock is homogenous and ME is performed with Pggs
mode. Otherwise for each subblock, direction based ME is
performed and is described next.

3.3 Directional Motion Estimation

From Fig.1 it is seen that the partitioning of the MBs into
different sizes are either horizontal or vertical. Hence if the
direction of the motion can be determined early, only those
modes pertaining to the motion direction can be utilized for
ME. Since the computational complexity for smaller block
size ME is more, hence the directional approach is applied
to those subblocks which are nonhomogeneous. The frame
difference residue Rpr of the collocated MB in the difference
frame will contain the information of the changes between
two consecutive frames. In the proposed algorithm, Rpr is
divided into four 8x8 subblocks and edge detection is done
on each subblock. The direction of the edge is determined
for each subblock. The direction of the edge is determined
by the hyper-function

o

Ang(D; ;) = 180 X arctan(%) (8)
d:Ei’j

|Ang(D; ;)| < 90°

The direction which gives the maximum histogram is taken
as the direction for the motion estimation. To determine
the direction, we divide the search range into three regions
namely horizontal, vertical and plane region as shown in
Fig.3. The region selected will depend upon the maximum
histogram. Region I pertain to horizontal edge, Region II
to vertical edge and Region III pertain to diagonal edges
respectively. The modes selected for different regions are as
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Figure 3: Partitioning into different regions

Table 3: Mode Selection for Different Regions

Region | Modes Selected
I Psxs, Paxs
11 PSXS, P8x4
111 Psxs, Psxa
Puaxs, Paxa

given in Table 3. A typical histogram generated for different
regions for the difference frame is given in Fig. 2.

3.4 Overall Algorithm

In the previous subsections, the principle idea of determi-
nation of homogeneous region and selecting a subset of all
the modes for ME is illustrated. For clarity, the overall pro-
cedure for the proposed method for fast inter mode decision
is summarized below:

1. For each MB in the current frame, subtract the col-
located MB in the previous frame to get the residual
difference Rpr and calculate Spirr.

2. If Spirr < Ts and all residues in Rpr is < 1, encode
MB in the SKIP mode. Go to step 10 . Else

3. If Spirr < Tgs but have some residues in Rpr > 1,
encode the MB in Pigx16 mode. Go to step 10. Else

4. If the MB is non stationary, perform edge detection
and generate the edge histogram.

5. If SAmp(IG) < Ttn16 then MB is homogenous. Perform
ME with Piexi6, Piexs and Psxie modes. Select the
mode that minimize the RDO cost. Go to step 10.
Else

6. Divide the MB into four 8 x 8 subblocks.

7. For each 8 x 8 subblock, if Samp(8) < Ttns then sub-
block is homogenous. Perform ME with Pgxs mode.

8. Otherwise, perform edge detection on the collocated
subblock in Rpr and find the maximum histogram M1.

(a) If M1 corresponds to Region I, perform ME with
Psys and Psyxs modes. Select the mode that min-
imize the RDO cost.

(b) If M1 corresponds to Region II, perform ME with
Psxs and Pgys modes. Select the mode that min-
imize the RDO cost.

(¢) If M1 corresponds to Region 111, perform ME with
ngg, ng47 P4x8 and P4X4modes. Select the rnode
that minimize the RDO cost.

9. Repeat steps 7 and 8 for all subblocks.

10. Select the best mode and proceed with the next MB.

4. EXPERIMENTAL RESULTS

This section compares the results of the proposed algo-
rithm with the previously reported Wu. et al.’s algorithm
[16]. Results are presented as improvements over the stan-
dard H.264/AVC benchmark JM12.4. The fast intra predic-
tion from [3] is included in the intra prediction process. The
experiments were carried out using some common video se-
quences of different classes at the CIF and QCIF resolution
as listed in Table 1. The configuration used is the baseline
profile, motion search range of £16, sequence type IPPP and
one reference frame. First 100 frames of each sequence ( 90
frames for Stefan) are processed and only the first frame is
intra coded. QP used are 24, 28, 32 and 36 as per the rec-
ommended simulation conditions in [12]. Comparisons are



Table 4: Performance Comparison For Different Se-

quences
Class Sequence Performance Comparison
Proposed Wu et al’s [16]
APSNR [ ARate [ AT | APSNR | ARate [ AT
(%) (%) (%) (%)
CIF News -0.10 -0.08 76.00 0.02 2.01 39.23
Class A MaD 0.02 2.46 73.98 0.01 0.85 43.21
Container 0.04 1.06 63.32 0.05 1.55 46.18
Hall 0.05 2.98 63.90 0.06 0.90 34.67
Foreman 0.05 2.92 64.96 0.07 1.22 34.90
Class B | Coastguard -0.01 1.78 43.48 0.05 0.54 26.30
Ice 0.03 2.67 77.11 0.07 1.29 45.68
Harbour 0.01 0.81 30.36 0.05 1.10 21.56
Flower 0.02 1.62 52.41 0.05 2.98 36.85
Class C Stefan 0.09 2.26 40.72 0.02 1.46 32.25
Tempete -0.01 0.92 42.68 0.09 1.02 27.21
Mobile -0.04 -1.30 38.62 0.09 1.69 12.35
Average 0.01 1.50 | 55.62 0.05 1.38 | 33.36
QCIF Claire -0.08 -1.01 83.82 -0.01 -0.95 47.35
Class A | MissAmerica -0.01 0.56 79.67 0.02 0.91 48.23
Suzie 0.05 0.50 75.05 0.05 0.49 42.91
Foreman 0.04 1.91 52.24 0.04 1.29 30.25
Class B Silent 0.09 0.92 73.12 0.09 0.79 42.62
Crew 0.09 1.04 62.90 0.05 1.65 19.64
Football 0.04 1.05 53.18 0.05 1.86 32.42
Class C Mobile 0.07 1.04 28.08 0.07 1.50 15.32
Soccer -0.04 -0.90 | 61.15 0.03 3.03 20.19
Average 0.02 0.57 63.24 0.04 1.17 33.21

made in terms of distortion and percentage differences in
rate and time taken for encoding. To evaluate the average
encoding performance over a range of QPs, the differences
in PSNR (APSNR) in dB and bitrate (ARate (%)) are cal-
culated according to numerical averages between RD curves
as given by Bjontegaard [2]. The parameters AT, APSNR
and ARate are defined as,

- Tf&s“) % 100%
JM

APSNR = (PSNRym — PSNRiast)
) x 100%

AT = (1

Raterast — Ratejum
Ratejum

ARate = (
(9)

Positive/negative value of ARate indicate increase/decrease

in bitrate as compared to the standard JM software. Posi-
tive/negative value of APSNR indicate decrease/increase in
the quality as compared to the standard JM software. Pos-
itive values of AT indicate the time saving or speedup.

4.1 Distortion and Compression Ratio comparisons

Table 4 lists the performance of the proposed algorithm
in comparison to JM12.4 implementation and Wu et al.’s
algorithm [16]. The results are arranged for different classes
of sequences. The trend in the results shows that for some
of the sequences there has been marginal improvement in
the PSNR performance. There is an average 0.01 dB loss in
PSNR in the proposed method. It is interesting to note that
the bitrate for some of the sequences has actually decreased
marginally giving a better bitrate performance. However the
average bitrate increase is 1.5%. Fig.4 shows the RD curve
for QCIF sequence Foreman and CIF sequence Mobile.

4.2 Computational Speedup

Table 4 shows the percentage reduction in encoding time
AT(%) for sequences of different classes. The time saving
obtained depends upon the type of sequence. An increased
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Figure 4: RD Curve for Foreman(QCIF) and Mobile
(CIF) sequence

saving (83%) is noted for Class A sequences whereas time
saving obtained for Class C sequences is comparatively low.
This is due to the fact that Class A sequences have low
motion complexity and hence a large number of MBs get
encoded with larger block sizes. However, for all sequences,
the proposed algorithm exhibits a good computational sav-
ing regardless of the QP setting. Class A and B sequences
benefit more from the SKIP mode detection by detecting
the stationary regions whereas Class C sequences benefit
more from further examination of the directional features
for smaller subblocks.

5. CONCLUSIONS

In this paper, an improved mode decision algorithm based
on the stationarity of the MB and the edge histogram statis-
tics of the residual difference frames for H.264/AVC video
coding standard has been proposed. The temporal redun-
dancies between frames of the video is exploited in the pro-
posed scheme. The proposed fast inter prediction is based on
observations made from extensive experiments performed on
different test sequences. Results of simulations carried out
on different sequences demonstrate that there is very little
degradation of the PSNR and the bitrate performance of
the proposed algorithm despite a large saving in encoding
time and computation. The average encoding time saving
is around 74% for Class A, 58% for Class B and 45% for
Class C sequences. The proposed method achieves almost
the same coding performance in terms of picture quality and
compression ratio as that of the H.264/AVC standard and
improves on Wu et al.’s [16] algorithm. Hence, for a variety
of sequences with varying motion activities, the proposed
algorithm gives a consistent performance on encoding time
reduction, computational saving and coding efficiency.
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