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This paper presents a novel intra prediction algorithm, named position-dependent filtering (PDF), to
improve the intra prediction accuracy. Different from the existing schemes where the samples along
one prediction direction are predicted with the same set of filtering coefficients, in the proposed PDF,
position-dependent filtering coefficients are employed, i.e., different sets of filtering coefficients are
pre-defined for samples with different coordinates in one coding block. For each intra prediction mode,
the set of linear filtering coefficients for each position within one block is obtained from off-line training
using the least square method. Moreover, to further reduce the algorithm complexity, a simplified PDF
(sPDF) is proposed. In sPDF, only a subset of reference samples are used for prediction and the others
are discarded because of the minor contribution to intra prediction. The proposed algorithm has been
implemented in the latest ITU-T VCEG KTA software. Experimental results demonstrate that, compared
with the original KTA with new intra coding tool enabled, up to 0.53 dB of average coding gain is achieved
by the proposed method, while applicable computational complexity is retained for practical video
codecs.
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1. Introduction

Intra prediction (IP) is an important technique in image and vi-
deo compression to exploit the spatial correlation within one pic-
ture. After intra prediction, the differences between estimated
and real sample values instead of the original ones are coded and
transmitted, known as residues. Good intra prediction techniques
can generate residues with low energy, which is of great impor-
tance for compression. The development of intra prediction tech-
niques has passed several decades. The basic idea can be tracked
back to differential pulse code modulation (DPCM) coding in
1980 [1]. In MPEG-2 [2], transform-domain intra prediction is em-
ployed to handle DC coefficients with DPCM. After that, the related
research is mainly focused on spatial-domain intra prediction with
multiple prediction directions and mode selection [3-5]. One suc-
cessful example is the intra prediction method defined in H.264/
AVC [6]. In H.264/AVC, line-based intra prediction is employed,
where the prediction block is created by extrapolating the recon-
structed samples surrounding the target block along a specific
direction. Moreover, to better capture the local properties of video
signal, H.264/AVC employs flexible macroblock partition modes for
Intra coding, including 4 x 4 (Intra4 x 4), 8 x 8 (Intra8 x 8) and
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16 x 16 (Intral6 x 16). For predicting the luminance component,
nine prediction modes (i.e., eight directional modes plus one DC
mode) are employed in both Intra4 x 4 and Intra8 x 8 modes,
and four prediction modes (vertical, horizontal, DC and plane
modes) are utilized for Intra16 x 16. The efficiency of each parti-
tion mode is first evaluated by the encoder using a certain criteria,
and the one which optimizes the criteria will then be selected for
the actual coding.

The recent advances of intra prediction methods for further
coding gain in the literature mainly concentrate on two aspects:
(1) better utilization of neighboring samples and (2) utilization of
global instead of local signal information. For the first aspect, ef-
forts are devoted to investigate more intra prediction modes or
better filtering methods. To capture the local information of neigh-
boring reconstructed samples more accurately, 34 prediction
modes are employed in angular intra prediction for Intra8 x 8
[7], and arbitrary directional intra (ADI) for Intral6 x 16 [8]. The
idea of ADI is similar to angular intra prediction except for the dif-
ferent definition of intra prediction direction. In angular intra pre-
diction, the prediction direction is given by the displacement of the
bottom row/rightmost column of the block and the reference row/
column around the block. While in AD], the intra prediction direc-
tion is determined by a tuple (dx, dy) which defines the line to be
used to calculate the reference samples of the current pixel. Con-
structing several intra prediction subsets by uniform rotation from
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original predictors of H.264/AVC is introduced in [9]. In [10], bidi-
rectional intra prediction is proposed to combine two kinds of the
existing intra prediction modes. To get better interpolation filter-
ing coefficients, the available reconstructed region within a tem-
plate is used to calculate the filtering coefficients [11]. Liu et al.
utilized two windows of reconstructed pixels from two previous
frames to train the linear prediction coefficients at both encoder
and decoder [12]. In [13], Wang proposed a distance-based
weighted prediction method to improve the prediction efficiency
of DC mode. Later, a weighted cross prediction mode is proposed
[14]. With the revised interpolation method, the decorrelation abil-
ity is enhanced and higher coding gain can be achieved.

For some usual cases, the image blocks have repeated patterns
instead of distinctive direction information. In this case, utilizing
the global information instead of the spatial neighboring samples
will bring in better coding efficiency. Related research works in-
clude intra displacement vector and template matching, etc. [15-
20]. In [15], intra displacement compensation (IDC) utilizes an in-
tra displacement vector per block or partition to get the reference
samples. Other related works including intra prediction based on
template matching using a single template [16], backward-adap-
tive texture synthesis [17], multiple candidates [18], priority-
guided template matching [19] and locally adaptive illumination
compensation [20] are proposed and studied.

In our simulations, it is observed that the correlation among dif-
ferent target samples and reference samples shows diversity.
Therefore, in this paper, a position-dependent filtering (PDF) ap-
proach is proposed to further improve the intra prediction accu-
racy. In PDF, each target sample is predicted by extrapolating the
neighboring reconstructed ones with its own set of linear filtering
coefficients. To obtain these sets of filtering coefficients, the least
square method is used for off-line training. Furthermore, in consid-
eration of computational complexity, the filtering coefficients are
fixed during the encoding or decoding process. Different from the
intra prediction method in H.264/AVC, the sets of linear filtering
coefficients in our proposed method are designed to be both mode-
and position-dependent. That is to say, for different locations of
samples within one block, different sets of filtering coefficients
are employed. With the proposed method, the intra prediction is
further refined and therefore higher prediction accuracy is
achieved. Moreover, to further reduce the algorithm complexity,
a simplified PDF (sPDF) is proposed. In sPDF, only a subset of refer-
ence samples are used for prediction and others are discarded be-
cause of their minor contribution to intra prediction.

The remainder of this paper is organized as follows. In Section 2,
a brief review of the intra prediction method in H.264/AVC is pro-
vided. The proposed PDF are discussed in Section 3, with detailed
descriptions including the motivations, PDF algorithm, filtering
coefficient matrix derivation process, implementation and simpli-
fication. Performance of the proposed method is validated in

Section 4 with extensive experimental results and analysis. Finally,
in Section 5, the paper is concluded and some expected future
work is also presented.

2. Spatial intra prediction in H.264/AVC

In H.264/AVC, for Intra4 x 4 and Intra8 x 8 macroblock parti-
tions, nine intra prediction modes are available including one DC
mode and eight directional modes. For example, the directional
modes in Intra4 x 4 are illustrated in Fig. 1(a). The prediction block
is derived by extrapolating the neighboring reconstructed samples
along some direction with fixed coefficients. Fig. 1(b) illustrates 16
samples of one 4 x 4 block which are predicted by the recon-
structed samples of upper and left-hand reference samples of cur-
rent block. The filtering process to obtain the predictor values is
not shown in this figure. In Fig. 1(b), the samples to be predicted
in one 4 x 4 block and their reference samples are labeled as C;
(0 <i< 15) and P; (0 <j < 12), respectively. For brevity, let P de-
note a vector containing the reconstructed reference sample values

(e.g., P to P1, form a 13 x 1 column vector P). Let C* denote a vec-
tor containing the predicted sample values of the current coded

block for a specific spatial IP mode k (e.g., predictor values C* of

all samples C; form a 16 x 1 vector a‘) The filtering coefficient ma-
trix W* corresponding to the filtering coefficient sets can be de-
fined to specify the IP mode. Here, W* may be expressed as follows:
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By doing the following multiplication, we can obtain the predicted

value vector C* as follows:

-

Cck=wk.p. (2)
That is,

k| k k k k

Co Woo:  Wo1, ---» Woi,  Woia Py

- k k k k

ck Wig: Wi, Wit Win P

=| : : 3)

- k k k k

ck, Wigor Wigrs - Wi, Wi Py

~ k k k k P

ck, Wisor Wist, - Wisq, Wisgo 12

(a) Directional intra modes

(b) Boundary and inside samples

Fig. 1. Spatial intra4 x 4 prediction in H.264/AVC.
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