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An Approach to Selective Intra Coding and Early Inter
Skip Prediction in H.264/AVC Standard

Zoran Mili €evic and Zoran Bojkovic

Abstract: This paper presents selective intra coding and early irkigr faist mode
decision algorithm for H.264/AVC and compares performaotél.264/AVC with
prior standards. Video coding standard H.264/AVC provigams in compression
efficiency of up to 50% over a wide range of bit rates and vid=mmlutions compared
to previous standards. In order to achieve this, a robustdatortion optimization
(RDO) technique is employed to select best coding mode afiederece frame for
each macroblock. Also, the original and modification testels are compared for
combined skip and intra prediction method in H.264/AVC aterpwhen B pictures
are analyzed. Experimental results show that the coding itimeduced by 35-42%
through early identification of macroblocks that are likédybe skipped during the
coding process and through reducing the number of candidatkes.

Keywords: Early inter skip prediction, Selective intra prediction deodecision,
MPEG-2, MPEG-4 part 2, Windows Media Video 9, Audio Video @apStandard
(AVS).

1 Introduction

The H.264 video coding standard has the same basic funcitgraents as pre-
vious standards (MPEG-1, MPEG-2, MPEG-4 part 2, H.261, B).26-3], i.e.,
transform for reduction of spatial correlation, quanti@atfor bit rate control, mo-
tion compensated prediction for reduction of temporal €lation and entropy en-
coding for reduction of statistical correlation. Howevir,order to fulfill better
coding performance, the important changes in H.264 occtinéndetails of each
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functional element by including intra-picture predictiamnew 4x4 integer trans-
form, multiple reference pictures, variable block sizesjuarter pel precision for
motion compensation, a deblocking filter, and improvedapytrcoding. Improved
coding efficiency comes at the expense of added complexityet@oder/decoder.
H.264 utilizes some methods to reduce the implementatiomptexity.

The improvement in coding performance comes mainly frompgtesiction
part. Intra prediction significantly improves the codingfpemance of H.264/AVC
intra frame coder. On the other side, inter prediction isagrded by motion es-
timation with quarter-pixel accuracy [4], variable blocizes, multiple reference
frames [5] and improved spatial/temporal direct mode. kinthe previous stan-
dards, prediction must be always performed before textodéng not only for inter
macroblocks but also for intra macroblocks [6].

This paper is organized as follows. The short overview of@d4/2vC standard
is presented in section Il. Section Il explains selectivea coding and early inter
skip algorithm and gives experimental results. Sectiondvatudes the work.

2 Overview of H.264/AVC

The coded output bitstream of H.264/AVC has two layers, MetwAbstraction

Layer (NAL) and Video Coding Layer (VCL) [7]. NAL abstractise VCL data in a
manner that is appropriate for conveyance on a variety ofrcomcation channels
or storage media. The VCL unit contains the core video codgdl, dvhich consists
of video sequence, picture, slice, macroblock and block6WAVC use follow

coding tools [8]:

e Intra spatial (block based) prediction: Full-macroblodéx16) luma or
chroma prediction 4 modes (directions) for prediction andBgFREXxt-
only) or 4x4 luma prediction 9 modes (directions) for prediction;

e Inter temporal prediction block based motion estimatiod emmpensation:
Multi reference pictures, Reference B picture, Arbitragferencing order,
Variable block sizes for motion compensation (seven blazkss 16<16,
16x 8, 8x16, 8x8, 8x4, 4x8 and 4«4, '/, sample luma interpolation' (4
or 1/gth-sample chroma interpolation), Weighted predictiorgrie or Field
based motion estimation for interlaced scanned video;

e Interlaced coding features: Frame-field adaptation (Rectddaptive
Frame/Field (PicAFF) and MacroBlock Adaptive Frame FieWlBAFF))
and Field scan;

e Lossless representation capability: Intra PCM raw sameplae mac-
roblocks and Entropy-coded transform-bypass losslessaback (FREXt-

only);



An Approach to Selective Intra Coding ... 109

e 8x8 (FRExt-only) or 4x4 Integer Inverse Transform (conceflyusimilar to
the well-known DCT));

e Residual color transform for efficient RGB coding withoutgersion loss
or bit expansion (FRExt-only);

e Scalar quantization;

e Encoder-specified perceptually weighted quantizationliregamatrices
(FRExt-only);

e Logarithmic control of quantization step size as a functidrguantization
control parameter;

e Deblocking filter (within motion compensation loop);
e Coefficient scanning: Zig-Zag (Frame) and Field;

e Lossless Entropy coding: Universal Variable Length CodidyLAC) us-
ing Exp-Golomb codes, Context Adaptive VCL (CAVLC), Corttérased
Adaptive Binary Arithmetic Coding (CABAC);

e Error Resilience Tools: Flexible Macroblock Ordering (FM@\rbitrary
Slice Order and Redundant Slices;

e SP and Sl synchronization pictures for streaming and otbes;u

e Various color spaces supported (YCbCr of various types, G&gRGB,
etc. especially in FREXt); 4:2:0, 4:2:2 (FREXxt-only), and:4 (FRExt-only)
color formats.

H.264/AVC defines a set of seven Profiles, each supportingteylar set of
coding functions and each specifying what is required ofreooder or decoder that
complies with the Profile. Also, profiles are defined to cover various applica-
tions from the wireless networks to digital cinema. There three Profiles in the
first version: Baseline, Main and Extended. Baseline pragik® be applicable to
real-time conversational services such as video confergrand videophone. Suit-
able application for the Main Profile includes broadcast imegplications such as
digital television and stored digital video. Extended peois aimed at multimedia
services over Internet [7]. Also there are four High Profiefided in the Fidelity
range extensions for applications such as content-caitiiip, content-distribution,
and studio editing and post-processing: High, High 10, High2 and High 4:4:4.
Since a profile defines a set of coding tools or algorithms ¢hatbe used in gen-
erating a compliant bitstream, a level places constraintsestain key parameters
of the bitstream.

In 2004 Joint Video Team (JVT) added new extensions knowmas-tdelity
Range Extensions (FREXxt) [8], which provide a number of eckd capabilities
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relative to the base specification. Specifically, theseuthel supporting an adap-
tive block-size for the residual spatial frequency transfosupporting encoder-
specified perceptual-based quantization scaling matranes supporting efficient
lossless representation of specific regions in video conten

Also, the Scalable H.264/AVC extension is applied to extéredhybrid video
coding approach of H.264/AVC in a way that a wide range ofiapégamporal and
quality scalability is achieved [9]. It refers to scalalyilias a functionality that
allows the removal of parts of the bit-stream while achigvanreasonable coding
efficiency of the decoded video at reduced temporal, SNRpatia resolution.

H.264/MPEG 4-AVC has received a great deal of recent atieritom indus-
try. Besides the classical application areas of videogenfgng and broadcasting
of TV content (satellite, cable, and terrestrial), the ioy@d compression capa-
bility of H.264/MPEG 4-AVC enables new services and thusngpeew markets
and opportunities for the industry. Another area that héesched a lot of near-
term industry implementation interest is the transmissiad storage of HD con-
tent[10]. H.264 can be applied to consumer equipment sudlyéal cameras, cell
phones, video-over-IP networks, and high-definition digiiroadcasting through
terrestrial or satellite channels, and digital storagdesyissuch as high-definition
DVD [7]. Today H.264/AVC enable IPTV over DSL, because th2é4/AVC stan-
dard lets telephone companies (telcos) deploy broadoastd/D-quality video
content over their existing DSL-based IP access networkeljp them effectively
compete with cable and wireless operators [11].

Table 1 compares the coding algorithms of H.264 with MPEG@ BMIPEG-4
part 2. As it can be seen the advantage of using H.264/MPE&#41p is evident
when coding tools are taken into account.

Other coding standards such as Windows Media Video 9 (WM}42) and
AVS China [13] are briefly compared too (Table 2).

3 Selective Intra Coding and Early Inter Skip Algorithm

In the open literature the optimal mode (mode decision) fonacroblock is se-
lected as that which produces the least RD cost. The H.26datd employs a
brute force algorithm to search through all possible bleides to find a motion
vector for each macroblock. Thus, the computational buafghe searching pro-
cess is far more demanding than any existing video codingyiéhgn.

A fast intra mode decision algorithm for H.264/AVC intragretion by using
local edge information is proposed in [14]. It is observedittthe pixel along the
direction of local edge are normally of the similar valudsgtis true for both luma
and chroma components). A good prediction could be achiévi pixels are
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Table 1. Comparison of standards MPEG-2, MPEG-4 part 2, a@@44 MPEG-4 part 10 [7].

Feature/Standard MPEG-2 MPEG-4 part 2 MPEG-4 part 10/H.264
Macroblock size 1616 (frame mode)
16x8 (field mode) 1616 16x16
Block Size &8 16x16, 16x8, 8x8 16x16, 8x16, 16x8, 8x8,
4x8, 8x4,4x4
Intra-prediction No Transform domain  Spatial domain
Transform &8 DCT 8x8 DCT/Wavelet &8, 4x4 integer DCT
transform 44, 2x2 Hadamard
Quantization Scalar quantization ~ Vector quantization |&aguantization with step
with step size of sizes of increase at the rate of
constant increment 12.5%
Entropy coding VLC VLC VLC, CAVLC and CABAC
Pel accuracy 1/5-pel 1/4-pel 1/4 -pel
Reference picture One picture One picture Multiple picture
Forward/forward
Bidirectional Forward/backward forward/backward  Fordivackward
prediction mode
forward/forward
Weighted prediction No No Yes
Deblocking filter No No Yes
Picture Types I,P,B I,P,B I, P, B, SI, SP
Profiles 5 profiles 8 profiles 7 profiles
Playback & Yes Yes Yes
Random Access
Error robustness Data partitioning Synchronization, Qeteitioning, parameter
FEC for important data partitioning, setting, flexibile mafalock
packet transmission  header extension,  ordering, redurstiaa, SP
reversible VLCs and Sl slices
Transmission rate 2-15Mbps 64kbps - 2Mbps 64kbps150Mbps
Encoder complexity Medium Medium High
Compatible with Yes Yes No

previous standards

predicted using those neighboring pixels that are in theesdinection of the edge.
Therefore, an edge map which represents the local edgdatinand strength is
created, and a local edge direction histogram is then ésialol for each subblock.
Based on the distribution of the edge direction histogranty a small number of
prediction modes are chosen for RDO calculation duringapriediction. Exper-
imental results show that the fast mode decision algorithoneiase the speed of
intra coding significantly with negligible loss of the qugi

In [15] a fast intermode decision algorithm to decide thet lmesde in intra-
coding is proposed. It makes use of the spatial homogeneittytlae temporal
stationarity characteristics of the video objects. Spedlify, spatial homogeneity
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Table 2. Comparison of WMV-9 and AVS with H.264/MPEG-4 pabt[T].

Feature/Standard MPEG-4 part WMV-9 AVS
10/H.264
Prediction block size 1616, 8x16, 16x8, 8x8, 16x16, 8x8 16x16,8x8
4x8, 8x4, 4x4
Intra-prediction 44, 8x8: 9 modes No &8: 5 modes
16x16: 4 modes
Transform 88, 4x4 integer DCT &8, 4x8, 8x4, 4x4 Asymmetric &8
4x 4, 2x2 Hadamard integer DCT integer DCT
Quantization Scalar quantization Dead zone, uniform  $cplantization
scalar quantization
Entropy coding VLC, CAVLC and Multiple VLC tables VLC
CABAC
Sub-pel filter 1/,-pel: 6-tap, 1/,-pel: 4-tap, 1/4-pel: 4-tap,
1/4-pel: 2-tap 1/4-pel: 4-tap 1/4-pel: 4-tap
Reference picture Multiple pictures One picture Two piesur
Bidirectional Forward/backward Forward/backward,  Fomiybackward,
prediction forward/forward 2 motion vectors symmetric 1tion
mode backward/backward, vector
2 motion vectors
Weighted prediction Yes Yes Yes
Deblocking filter Yes Yes Yes

of a MB is decided based on the MBs edge intensity, and terhptagonarity is
decided by the difference of the current MB and it collocatednterpart in the
reference frame. Based on the homogeneity and statioradritye video objects,
only a small number of intermodes are selected in the the RDGegs. The exper-
imental results show that the fast intermode decision @lguris able to reduce on
the average 30% encoding time, with a negligible peak sigprabise ration loss
of 0,03 dB or, equivalently, a bit rate increment of 0,6%.

On the other side a fast inter mode selection algorithm wagqgsed in [16] to
alleviate the encoder complexity due to mode decision, evmi&intaining picture
quality and other coding efficiency. The Finterms algorithvakes use of a spatial
content measure to assign different levels of inter-modesath macroblock de-
pending on its complexity. The lower the complexity of thecnwdolock content,
the fewer inter-modes the encoder has to check, and vica.vers

The paper [17] seeks to provide an algorithm for fast codirafenselection
in H.264/AVC encoders by reducing the number of candidateleso A rate es-
timation method for further reduction of Lagrangian codtukation is presented,
too. Itis concluded that total computation for mode setectian be reduced sig-
nicantly if the cost calculations for less probable modeg, étra modes in very
low motion videos, can be skipped. Also the computation @areduced further if
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R is estimated in the cost calculation.

To find the best coding parameters for each macroblock, HAX&2 reference
software encodes all possible combination of parametedscaftulates the rate
and distortion of a given macroblock for each combinatiomisTmeans that the
encoder calculates the R-D costs of all possible codingonptand chooses the
coding mode of a given macroblocks which has minimum R-D [k&jt

The modification software version with algorithm appliedlwees computa-
tional processing through early identification of macral® to be skipped [19].
Prior to coding each macroblock, the encoder estimatesatieedistortion cost of
coding or skipping the macroblock. Based on these estim#tesmacroblock is
either coded as normal or skipped. Skip prediction modekdomeduce computa-
tion whilst maintaining or improving rate-distortion perinance.

To generate the problem we have implemented one known skitigtion al-
gorithm [20] for complex calculations. Our research indsdMain profile with
correspondence tools, the skip algorithm only for B pictuamd rate distortion
optimization mode selection disabled.

We used the skip algorithm only for B pictures because, ingamison to prior
video-coding standards, the concept of B pictures is géimecain H.264/AVC.
Generally, B pictures utilize two distinct reference pretluffers, which are re-
ferred to as the first and second reference picture buffepetively. In B pic-
tures, four different types of inter-picture predictioreaupported: list O, list 1,
bi-predictive, and direct prediction. If no prediction @rsignal is transmitted for
a direct macroblock mode, it is also referred toBaslice SKIP modand can be
coded very efficiently, similar to the SKIP mode in P slice8][1

Let Mi be the coding mode (one &f possible modes) chosen by the encoder
for macroblockX; and letM; = K denote the skip mode. The rate-distortion cost of
coding an macroblok is given in

J(X) = D(Xi, Mi) + AR(X;, Mj) 1)
while costs of skipping a macroblock is [20]:
J(Xi,K) = D(XK) 2)

respectively, wher@ is a weighting parameter (Lagrange multiplier). Note that
the rate associated with a skipped macroblock is effegtizefo. MacroblocKkx;
should be skipped (not coded) if

D(X, Mi) +AR(X, M) > D(X)i,K) 3)

D(X,K) is the distortion between the current macroblok and the aneti
compensated macroblok from the reference picture with déesplacement from
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the predicted vector MVp. The distortion measure is setbttebe mean-squared
error (MSE).D(X;,K) may be calculated prior to coding the current macroblock,
i.e. its calculation does not depend on any outputs of thenggatocessD(X;, Mi)

is the MSE between the current macroblock and the decodedns&ucted mac-
roblock while R(X;,M;) is the number of bits required to code the current mac-
roblock using coding modi; € {1,...,K —1}. The actual values dd(X;, M;) and
R(Xi, M;) are not available prior to coding, and thus these paramatersstimated
for each macroblock in the current fran(i®) using the following models

Bm (Xi(n)v M_(”)) :adD(n—l) (Xi(nfl)’ M_(nfl)) ()

R(n) (Xi(n)> Mi(n)) —a, R(n-1) (Xi(n_l), M_(n—l)) (5)

D-D(x™ Y M"Y is the MSE between the original and reconstructed

|
macroblocks in the same position in the previous fraifre— 1), while

R(”*l)(xi(”_l),Mi(”_l)) is the number of bits required to code the macroblock in
the same position in the previous frame andanda; are fixed parameters. The
skip prediction algorithm proceeds as follows [20]:

e For every macroblock, calculaf@”(X;,K) and read previously stored values
D(n-1) (Xi(n_l), M_(n—l)) andrR™1 (Xi(n_l), M_(n—l))_

| |
e Calculate the activity factor for the current macroblock

Fi — D(n—l) ()(i(n_l)7 M_(n_l)) . R(n—l) ()(i(n_l)7 M_(n_l)) (6)

| |
e Calculater using equation (by substitutirfg for F):
A = (7.734-10 8F +5.239. 10 %)xd 368810 °F+03203QP (7,
Choose skip mode if the following expression is true:

D(nfl)(xi(nfl)’Mi(nfl)) +0.52 R(nfl)(xi(n*]-)’Mi(n*]-)) > D(n)(X|,K) (8)
e If skip mode is chosen, no further processing is carried owt the mac-
roblock is marked as skipped. If code mode is chosen, pratessnac-
roblock as normal.

H.264/AVC encodes the macroblock by iterating all the lunteai decisions for
each possible chroma intra prediction mode for the bestngpdfficiency. Num-
ber of mode combinations for luma and chroma components imaeroblock is
C8x(L4x16 + L16), where C8, L4, and L16 represent the number of modes f
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chroma prediction, 44 luma prediction and 1616 prediction, respectively. It
means that, for an macroblock, it has to perform(9x16 + 4) = 592 different
RDO calculations before a best RDO mode is determined.

The key idea of the chosselective intra prediction mode decisionethods
for fast intra mode decision stems from the fact that the daimg direction of
a bigger block is similar to that of smaller block [21]. Thesbgrediction mode
of 4x4 luma block within 16«16 block has the same direction as that ok16
luma block. The computation of the intra prediction and theoma prediction
can be reduced on the base of the overall edge information fhe 16<16 intra
prediction result.

The 9 modes luma intra predictions modes is assorted of #h ldlock to
make four candidate groups according to the directionarination of the 1616
prediction mode. Therefore the unlikely modes are filteretjior to the RD cost
computation based on the directional correlation betwe®enl® luma block and
4x 4 luma block.

Selective intra prediction mode decision method for88chroma intra pre-
diction modes is proposed for the enhancement of chroma pridiction. Even
though the luma block and the chroma block are from luminasigeals and
chrominance signals separately, they encode the samersedtimage, 1616
pixel macroblock, and share overall directional inforroati The number of chroma
prediction modes is narrow down from 4 modes to 2 modes, doupto the best
prediction mode of the 1616 luma block.

In accordance with previous, the number of candidate mooegx$4 luma
block size is decreased from 9 to 4-7 modes, whilex16 luma block size has
same value (4 modes). The number of candidate modes>8rdhroma block
size is decreased from 4 to 1-2 modes. The number of mode oatidis for an
macroblock is only X (4x16 + 4) = 68 at the best case, whereas the current RDO
calculation in H.264/AVC requires»4 (9x 16 + 4) = 592.

3.1 Experimental results and discussion

Our experiment environment is based on modification of H /28drence encoder
of JM 10.2 (modification version - JIM10.2M), which was deyad by JVT [22].
Experimental results are tested with the follow conditidvigin profile; MV search
range has value 32; Quantization parameter has value 40;bbluof reference
frames is 5; Hadamard transform; CABAC; IBBP format; spgoij and covering
6 video sequences of the different activity, same resaisti@CIF). All tests in the
experiment are run on the Pentium Intel 2.53 GHz, with 512 MBVRand the OS
Microsoft Windows XP.

In our experiments, we use the first 50 frames of the diffetest sequences.
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The test sequences have been selected to emphasize diKiertof motions and
contents, such as low-to-high amount of movement, cameyairg and panning
motion and context with complicated texture. We used fdr@egquences in QCIF
format (Claire, Coastguard, Container, Grandmother, N&atesman).

Our idea is to perform tests and compare different test @assin order to show
which improvements are obtained by our version JM 10.2M.

In order to compare and to analyze the output results we ehttasfollowing
key factors: signal - to noise ratio (SNR) for luma (Y) picwomponent, the bit
rate (kbps) and the computational time (ms).

Table 3 shows experimental results when both test softwenson are used.

Table 3. Experimental results.
Test sequences Computational Time (%) SNR (dB) Bit rate (%)

Claire -35.41 0.03 0.24
Coastguard —38.01 0.04 2.87
Container —42.26 0.00 —0.53
Grandmother —39.88 0.00 0.89
News —39.00 0.07 2.52
Salesman —34.53 0.04 1.71
Average —38.18 0.03 1.28

Table 3 shows the performance of the combined method (SKdempediction
and selective intra prediction decision) in B slices in tBBP structure. When the
number of reference frames is 5, the proposed method givexlerg time saving
from about 35% until over 42%. The encoding time in averageedticed over
38%. This means that the modified H.264/AVC encoder is fasi@n reference
software JM 10.2. Figure 1 shows computational time redactcurve with romb
dots marks original, while curve with square dots marks rication results for
computational time depending on the number of pictures)fontainer test se-
guence. This sequence was chosen because it gives the Hestnpace of the

Comtainer QCIF

12 5 7 9 11 12 45 47 19 21 23 25 27 20 M X3 B ¥ W 41 42 45 47 40

2
8

=
g 8

=]

computations
time(ms)

nurmber of pictures

|+ original softw are —m— madific ation = oftw are |

Fig. 1. Computational time for Container (QCIF) test seaq@en
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proposed scheme in sense of computational saving time.

However, there is very negligible loss in term SNR: it is oGlY3 (dB) in
average. On the other hand, our values for the bit rate agbtlfiincreased (from
—0.53t0 2,87%).

Table 4 summarizes the simulation results for the seveftdrdnt fast coding
algorithms compared to our the best test sequence Contaitegms of the compu-
tational time, the bit rate and PSNR. It can be seen that thy@oged algorithm give
the better results especially in term of computationalrsgatime. The obtained re-
sults show that our IM10.2M algorithm achieves values 00&% 6 computational
time reduction in comparison to algorithms in [14] and [Wwhile that differences
are less for another two algorithms [15] and [16], but stttbr.

Table 4. Comparison results for the several different fagimg algorithms

Sequence Performance Algorithm | Algorithm | Algorithm | Algorithm | IM10.2M
[14] [15] [16] [17]

Time (%) —16.460 —39.05| —30.85 —15.6| —42.26

Container| PSNR (dB) —0.104| -0.027 —0.02 0.05 0.00

Bit rate (%) 2.077 0.45 0.10 - —0.53

4 Conclusion

This paper describes the main features of H.264/AVC stahdad compare those
features with features of another video coding standardE&R2, MPEG-4 part
2) and especially with Windows Media Video 9 and AVS standar@omparison
is shown that H.264/AVC provides better compression, effiticoding of video
contents and appropriate bit rates for equivalent per¢epfuality. Also, this pa-
per compares the two test models (original and modificatfoncombined skip
and intra prediction method in H.264 encoder, when B pigtae analyzed. Our
experimental results indicate that coding time is reduge8%42% through early
identification of macroblocks that are likely to be skippadidg the coding pro-
cess and through reducing the number of candidate modese ot significant
loss of rate-distortion performance. Coding time is sulitsaitly reduced because a
significant number of macroblocks are not processed by thedsar.
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