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Abstract In this paper, we propose an implicit line-based linear intra 16×16 predic-
tion method for high-quality video coding. Typically, in H.264/AVC intra 16×16 ver-
tical and horizontal prediction modes, 256 pixels in the current macroblock are pre-
dicted using 16 adjacent boundary pixels of reconstructed neighboring macroblocks.
One problem of such a block-based intra prediction is that the prediction error in-
creases as the distance between the reference and current pixels increases. Thus, the
prediction accuracy of intra 16 × 16 vertical and horizontal modes is not sufficient
for the mode decision stage. To ensure that the pixels are close to their predictor, we
propose a new implicit intra prediction scheme, which makes full use of the correla-
tion between lines instead of blocks. In the proposed method, we perform prediction,
transformation, quantization, and reconstruction using the line-of-pixels (LOP) to im-
prove the prediction accuracy. Experimental results show that the proposed algorithm
provides an approximately 6.42 % bit-rate reduction compared to the H.264/AVC
FRExt high profile, while maintaining the same decoding quality.

Keywords High quality video coding · H.264/AVC · Intra prediction · Line-based
prediction · Prediction accuracy

1 Introduction

H.264/AVC is the product of partnership efforts known as the joint video team (JVT)
and is currently one of the most commonly used video coding standards. The com-
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pression efficiency of H.264/AVC is higher than any other previous video coding
standards, as it includes more sophisticated coding techniques including intra predic-
tion, variable block size motion estimation, rate-distortion optimized mode decision,
and entropy coding [7, 12, 19].

In image and video coding, intra prediction is one of the important techniques
to reduce the spatial redundancy between adjacent blocks. Unlike previous coding
standards, in which intra prediction was performed in the transform domain, intra
prediction of H.264/AVC is completely performed in the pixel domain by referring
to neighboring pixels of already encoded blocks [13, 14].

In order to improve the performance of intra prediction, many intra prediction
techniques have been proposed. To capture the local information of neighboring re-
constructed samples more accurately, 34 prediction modes for intra 8 × 8 mode [17]
and arbitrary directional intra (ADI) for intra 16×16 mode [9] were suggested. Also,
bidirectional intra prediction (BIP) which combines two types of H.264/AVC intra
prediction mode was proposed [8].

In some cases, the image blocks have repeated patterns instead of distinctive direc-
tion information. In this case, utilizing the global information in place of the spatial
neighboring samples will bring better coding efficiency. Related work includes intra-
displacement compensation (IDC) [20] and template matching (TM). IDC uses an
intra-displacement vector per block partition to get the reference samples. In TM,
one chooses to match the templates which have already been reconstructed. Fur-
ther enhancements using the TM scheme are matching using a single template [15],
backward-adaptive texture synthesis [18], multiple candidates [16], priority-guided
template matching [5], and locally adaptive illumination compensation [21].

Although these approaches improve the coding performance, they still suffer from
the limitation of the block-based structure. In the block-based structure, it is difficult
to predict samples far from reconstructed block boundaries. Thus, a new intra pre-
diction method, line-based intra prediction was suggested [3, 10, 11]. A line-based
prediction seems to overcome the shortcomings of a block-based prediction, because
each line within the current block shares an equal processing and is predicted and
transformed as a basic unit. Since the basic prediction unit is smaller than the case of
block-based prediction, the amount of the residual data is reduced so that the entire
coding efficiency is improved. However, these works require modifying syntax ele-
ments of H.264/AVC, and overhead bits for prediction mode should be delivered to
the decoder side. Also, it is not easy to implement in the current H.264/AVC standard.

In this paper, we have tried to design the implicit line-based prediction for high
bit-rate compression. In our observation, high-definition (HD) contents are likely to
have complex patterns—a lot of homogeneous texture patterns with variations such
as gradation. However, intra 16 × 16 prediction has only four simple prediction di-
rections. In H.264/AVC intra 16 × 16 prediction, 256 pixels within the current block
are predicted from maximum 33 neighboring pixels. Thus, its prediction accuracy is
not enough to be selected as the best mode. As a result, intra 4 × 4 or intra 8 × 8 is
determined as the best mode in most macroblocks.

To improve the prediction accuracy of intra 16 × 16 prediction and take full ad-
vantages of the line-based structure, we implicitly implement line-based coding to
directional prediction mode, including vertical and horizontal mode. In terms of syn-
tax elements that are transmitted to the decoder, the intra 4 × 4 mode requires more
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bits to represent the mode information than the intra 16 × 16 mode. As such, with
the proposed method, the entire number of coding bits is efficiently reduced. Note
that the proposed method does not require any modification in syntax elements of
H.264/AVC, so it can easily be applied to the current standard.

The rest of this paper is organized as follows. In Sect. 2, we will briefly review the
intra prediction process of H.264/AVC. In Sect. 3, we will analyze the characteristics
of HD contents for high-quality video coding and introduce the implicit line-based
intra 16 × 16 prediction in Sect. 4. In Sect. 5, the coding performance and the com-
putational complexity of the proposed method will be shown. Finally, the paper will
be completed with our conclusions presented in Sect. 6.

2 Overview of Intra Prediction in H.264/AVC

H.264/AVC employs intra prediction to reduce the spatial redundancy between spa-
tially adjacent blocks. The intra prediction is recognized as one of the key technolo-
gies contributing to the high performance of H.264/AVC. Unlike previous video cod-
ing standards such as H.263+ and MPEG-4 Visual, intra prediction in H.264/AVC is
always conducted in the spatial domain, by referring to neighboring pixels of the cur-
rent block. To capture the local properties of the video signal, H.264/AVC employs
three flexible macroblock partitions: intra 4 × 4, intra 8 × 8, and intra 16 × 16. For
predicting the luminance component, nine prediction modes are employed in both
intra 4 × 4 and intra 8 × 8 partitions, and four prediction modes are utilized for the
intra 16 × 16 partition. Details of the prediction process are described in following
subsections.

2.1 Overview of Intra 4 × 4 Prediction

There are nine luma prediction mode directions, as shown in Fig. 1. Each prediction
mode direction generates 16 predicted pixel values using some or all of the upper
and left-hand neighboring pixels. The predicted pixels are calculated by a weighted
average of the neighboring pixels for each mode except the vertical, horizontal, and
DC mode directions. The intra 4 × 4 prediction is usually selected in regions that
include complex textures or object edges.

2.2 Overview of Intra 8 × 8 Prediction

For high-quality video, intra 8×8 prediction is introduced in H.264/AVC high profile
by extending the concepts of intra 4 × 4 mode. Similar to the intra 4 × 4 prediction
mode, the intra 8 × 8 prediction mode has eight different prediction directions and
one DC prediction mode. Prediction directions of the intra 8 × 8 mode are the same
as those of the intra 4 × 4 mode, except for the size of the block. Each intra 8 × 8
prediction generates 64 predicted pixel values within the 8 × 8 block using some or
all of the upper and left-hand neighboring pixels.
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Fig. 1 Nine prediction directions of intra 4 × 4 mode

Fig. 2 Four prediction directions of intra 16 × 16 mode

2.3 Overview of Intra 16 × 16 Prediction

The intra 16 × 16 prediction mode is selected in a relatively homogeneous area. Four
prediction modes are supported, as shown in Fig. 2. The 256 pixel values within the
macroblock are generated from some or all of the upper and left-hand neighboring
pixels. These modes are specified similar to modes in intra 4 × 4 predictions except
the plane prediction. The plane mode is an approximation of a bilinear transform
based on integer arithmetic.
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Fig. 3 Decoded quality comparison (left: QP = 24, middle: QP = 28, right: QP = 32)

3 High-Quality Video Coding

3.1 The Suitable Range of the Quantization Parameter

The H.264/AVC standard has been developed by mainly focusing on lossy coding,
so algorithms for lossy video coding have reached a quite mature stage. Thus, it does
not provide good coding performance for application areas that require high quality
(high bit-rate environment). Recently, as the number of services and popularity for
higher quality video representation are expanding, the interest and importance for
high bit-rate compression is also increasing, including lossless or near-lossless video
coding [2].

In high-resolution video service, the quality of reconstructed video is important.
Thus, we tested the high-definition (HD) sequence, Toys and Calendar using various
quantization parameters (QP) from 24 to 32. Figure 3 shows the decoded image and
we can observe that the complex texture region within the white circle is abruptly cor-
rupted. Since an intra-coded frame can be used as a reference frame of inter frames,
the quality is more important than any others. Thus, we determine that the suitable
QP for high-quality video coding is below 28 [4].

In this research, we set QP from 16 to 28 (high bit-rate compression). Using this
range of QP, we can encode the high-resolution video without noticeable quality
degradation. Although this work is not the standard work issue, we believe that it
could be used in application areas that require high quality, such as source distribu-
tion for storage purpose, digital document, digital cinema, etc.

3.2 Analysis of Intra Mode Distribution

The best mode is selected based on rate-distortion optimization. It means that in all
possible mode combinations, a mode having the best video quality is selected in the
condition of a given code rate. We checked the best mode distribution for various QPs,
as shown in Fig. 4. In low bit rate, the number of intra 16 × 16 modes is larger than
the number of intra 4 × 4 modes. In high bit rate, the number of intra 16 × 16 modes
is smaller after the competition among various modes. This result indicates that the
image does not contain many homogeneous regions in high bit-rate environment, and
using variable block sizes up to the 16 × 16 size is enough for prediction.

Consequently, instead of exploring the larger block sizes of H.264/AVC, we fo-
cused on the prediction accuracy improvement of the intra 16 × 16 mode. After the
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Fig. 4 Selected best mode distribution for various quantization parameters

Fig. 5 Prediction result comparison between the Intra 16 × 16 and Intra 4 × 4 modes

prediction accuracy of intra 16 × 16 mode is improved, the number of selection of
intra 16 × 16 in the high bit-rate environment will be increased. The intra 16 × 16
mode consumes small overhead bits for representing mode information than the intra
4 × 4 mode. Thus, if the selection of intra 16 × 16 is increased, the entire number of
coding bits will be decreased.

High-resolution video generally has many complex patterns due to its substantially
higher resolution. Figure 5 shows the prediction results of intra 16 × 16 and intra
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4 × 4 modes, when we try to predict the left-hand block. Red circle in Fig. 5 stands
for remaining pixels that are not removed by prediction, i.e. residual data. We can
know that the amount of residual data after intra 4 × 4 prediction is smaller than that
after intra 16 × 16 prediction. Simple directional prediction of intra 16 × 16 cannot
cover this kind of block. For this reason, the intra 4 × 4 mode is frequently selected
as the best mode. Especially, in high bit rate, the correlation between reference pixels
and current pixels is kept, because the noise of quantization and the smoothing effect
of deblocking filter in high bit rate are smaller than that in low bit rate.

4 Implicit Linear Intra Prediction

In this section, we propose an implicit linear intra coding method. Although the intra
prediction in H.264/AVC shows lower complexity and good coding efficiency, there is
still room for further improvement. The correlation between two samples is inversely
relative to the distance between them. Therefore, samples at each position within one
block should be predicted closer reference pixels.

In the conventional intra prediction of H.264/AVC, the intra 16 × 16 mode is se-
lected as the best mode in the homogeneous region. However, since the prediction
unit is 16 × 16 block, pixels located further provide poor prediction performance in
the vertical and horizontal modes. Thus, when the input sequence has a homoge-
neous texture pattern with variations such as gradation, the intra 16 × 16 mode in
H.264/AVC cannot yield sufficient prediction accuracy. It results in the increase of
the residual data.

In order to improve prediction accuracy of the intra 16 × 16 mode, we propose
a more efficient line-based intra prediction method in H.264/AVC by modifying the
relevant coding procedure of the intra 16 × 16 mode. The entire coding procedure of
the proposed line-based intra prediction can be summarized in the following steps:

(1) Step 1: Prediction of the first line of pixels (LOP).
(2) Step 2: Transformation and quantization of the residual LOP (Encoding).
(3) Step 3: Inverse quantization and inverse transformation (Reconstruction).
(4) Step 4: Encoding next LOP using the reconstructed LOP.

Further details of the proposed coding method are described in the following sub-
sections.

4.1 Prediction of the First LOP

To take full advantage of the correlation between pixels, we perform a line-based
prediction instead of the traditional block-based prediction. Note also that in the pro-
posed method we do not predict the entire macroblock in one operation. Figures 6(a)
and (b) show the proposed line-based prediction procedures for the vertical and hori-
zontal modes, respectively.

For the vertical mode, we define 1 × 16 pixels as the LOP. Then we make predic-
tion values for this LOP by copying neighboring pixels in the upper macroblock, as
shown in Fig. 6(a). The prediction equation of the vertical mode is given by

pred(x,0) = p(x,−1) where x ∈ {0,1, . . . ,15} (1)
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Fig. 6 Prediction method for the first LOP

where pred(·) and p(x,−1) represent predicted values and neighboring pixel values
of previously coded upper macroblock. After this prediction, the predicted LOP is
subtracted from the corresponding LOP of the original block to produce residual
data; only the residual LOP is encoded.

On the other hand, we define 16 × 1 pixels as the LOP for the horizontal mode;
then we make prediction values for this LOP using

pred(0, y) = p(−1, y) where y ∈ {0,1, . . . ,15} (2)

The predicted LOP is subsequently subtracted from the corresponding LOP of the
original block to produce residual LOP.

4.2 Transformation and Quantization of Residual LOP

Prior to the transformation, the residual LOP should be rearranged to construct the
4 × 4 residual block, X. Note that an accurate prediction reduces the quantity of
residual data to be coded. As the residual data decrease in number, its correlation is
subject to a substantial decrease; thus, since line-based prediction gives more accurate
prediction results than the conventional prediction, the correlation of its residual data
becomes lower. To construct the 4 × 4 block to be used for the transformation and
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Fig. 7 Rearrangement of residual LOP for transformation

Fig. 8 Rearrangement of the reconstructed block for further prediction

quantization, we rearrange the residual LOP in raster order, as shown in Fig. 7. For
this low-correlated signal, there is no rearrangement method that can provide an even
better coding efficiency than the raster scan, which we have confirmed by performing
extensive experiments using various rearrangement methods, including zigzag order.

After prediction of the first LOP, the residual LOP is transformed and quantized
to give a set of quantized transform coefficients. In recent research works, line-based
prediction with one dimensional (1D) transform has been introduced [3, 11]. Their
intra 4 × 4 prediction method is cooperated with 1D transform. However, in the case
of intra 16 × 16 block, the coding performance is not guaranteed because the residual
signal after line-based prediction is quite random and there is not so much depen-
dency in 1D signal. Thus, the 4 × 4 integer discrete cosine transform (DCT) and
the quantization of the conventional H.264/AVC are used. There could be a potential
work for finding the best rearrangement pattern for residual 1D data.

4.3 Inverse Quantization and Inverse Transformation

The encoder immediately reconstructs the inverse transformed and inverse quantized
block of the residual LOP to provide reference data for further predictions of the next
LOPs. First, the inverse quantization and inverse transform are performed. Then the
differential block X′ is produced; note that the differential block is not same as the
residual block X because of the coding errors. Then X′ is rearranged from a 4 × 4
block to a line, as shown in Fig. 8. We add the predicted LOP to X′ to create the
reconstructed LOP, which is then used as reference data for predicting the next LOP.
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Fig. 9 Further prediction method using the reconstructed LOP

4.4 Further Prediction Using Reconstructed LOP

Using the reconstructed LOP, the next LOP is predicted, as shown in Fig. 9. Fig-
ures 9(a) and (b) show the prediction process of the vertical and horizontal modes,
respectively; this process is repeated until the last LOP within the current macroblock.

The equations for further predictions of vertical and horizontal modes are as fol-
lows:

pred(x, l) = r(x, l − 1) where x ∈ {0,1, . . . ,15} (3)

pred(l, y) = r(l − 1, y) where y ∈ {0,1, . . . ,15} (4)

where r(x, y − 1) and r(x − 1, y) indicate the reconstructed pixels. l in Eqs. (3)
and (4) represents the position of the current line within the macroblock, which vary
from 1 to 15.

The coded block pattern (cbp) signals whether there are coefficients in the trans-
form block or not. In the conventional H.264/AVC, one cbp is calculated for each
macroblock in the intra 16 × 16 mode. Thus, we should change the calculation pro-
cedure for cbp in the proposed algorithm. Since the prediction unit of the proposed
intra 16 × 16 coding is in terms of LOP, we can compute the cbp for each LOP. The
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Fig. 10 Prediction result comparison between the conventional Intra 16 × 16 and proposed line-based
Intra 16 × 16 predictions

cbp for the macroblock is then calculated from the cumulative value of cbp for each
LOP.

Figure 10 shows the improvement of the prediction accuracy by the proposed
method. The left-hand original data are the same as in Fig. 5. Using the proposed
method, we can predict the original data well and the amount of residual data is sig-
nificantly reduced. Moreover, by comparing Figs. 5 and 10, we can confirm that the
prediction performance of the proposed method is better than that of the intra 4 × 4
mode.

In addition, the proposed method does not induce the prediction complexity in-
crease. Although the proposed method performs prediction, transform, and quanti-
zation line-by-line, only the process order is changed. That is, the proposed method
changes how to construct the prediction unit, not the number of processes, as shown in
Fig. 11. The numbers depicted in Fig. 11 indicate the number of processes. Both con-
ventional and proposed methods perform 16 times prediction, transform, and quanti-
zation.

5 Experimental Results and Analysis

In order to verify the efficiency of this method, we performed experiments on Big-
ships (1280 × 720), Jets (1280 × 720), ShuttleStart (1280 × 720), BasketballDrive
(1920 × 1080), Cactus (1920 × 1080), BQTerrace (1920 × 1080) with YUV 4:2:0
in 8 bits per pixel format. The proposed method is implemented in the H.264/AVC
reference software version JM 12.2 [6].
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Fig. 11 Comparison of the number of processes

Table 1 Encoding parameters
Parameter Value

ProfileIDC 100 (high profile)

LevelIDC 51 (HD sequence)

IntraPeriod 1 (intra only)

QPISlice 16, 20, 24, 28

Transform8x8Mode 1 (intra 8 × 8 is used)

SymbolMode 1 (CABAC)

Implementation of the proposed method was achieved by replacing the conven-
tional intra 16 × 16 vertical and horizontal modes. All the tested sequences are intra
only coded and have various frame rates. The detailed encoding parameters for the
experiment are summarized in Table 1.

5.1 Performance of the Proposed Algorithm

In order to verify the efficiency of our proposed method, we compare coding result of
the proposed method with that of H.264/AVC. The results for several test sequences
are shown in Table 2. Here, the Bjøntegaard delta peak signal-to-noise ratio (dB) and
the Bjøntegaard delta bit rate (%) are used to evaluate performance of the proposed
algorithm [1]. In the experiment, we used all intra prediction modes (intra 16 × 16,
intra 8 × 8, and intra 4 × 4 modes) by turning on the Transform8x8Mode option.
We confirmed that the proposed method provides average bit savings of 6.42 % for
720p and 1080p HD resolution sequences, compared to the conventional H.264/AVC
FRExt high profile.

Figure 12 shows the rate-distortion curve of test sequences. We can find that the
proposed technique achieves consistent gains for all test sequences and especially ef-
ficient in the high bit-rate range. As expected, the proposed method performed much
better in test sequences such as BasketballDrive that contain a lot of gradation pat-
terns, as shown in Fig. 13.

Table 3 shows the mode distribution change for all test sequences when we use
the proposed method. In the tables, we can observe that the number of intra 16 × 16
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Table 2 Performance comparison between H.264/AVC and the proposed method

Image QP H.264/AVC Proposed Algorithm Bjøntegaard Delta

PSNR
(dB)

Bit-rate
(Kbps)

PSNR
(dB)

Bit-rate
(Kbps)

BD_PSNR
(dB)

BD_RATE
(%)

Bigships
(HD, 1280 × 720)
First frame

16 47.08 61143.12 46.00 51110.40 0.31 −4.74

20 43.47 40422.96 42.62 33569.76

24 40.54 25798.08 40.01 23119.68

28 37.76 16042.80 37.46 15061.68

Jets
(HD, 1280 × 720)
First frame

16 46.45 32622.48 45.99 23141.04 0.20 −7.57

20 43.67 16313.04 43.37 13814.40

24 42.00 8712.00 41.82 8208.72

28 40.45 5236.56 40.25 4983.12

ShuttleStart
(HD, 1280 × 720)
First frame

16 48.58 19584.24 48.04 16558.56 0.09 −2.55

20 46.13 11039.04 45.77 9649.68

24 44.14 6380.64 43.89 5915.28

28 42.13 3559.20 41.97 3405.12

BasketballDrive
(HD, 1920 × 1080)
First frame

16 48.13 112107.12 46.42 76696.56 0.51 −14.90

20 42.83 59862.48 42.34 45584.40

24 40.33 27544.08 40.16 25075.44

28 38.84 14913.84 38.70 14117.28

Cactus
(HD, 1920 × 1080)
First frame

16 46.48 172070.88 45.79 150515.00 0.29 −5.78

20 42.25 106455.36 41.83 92064.72

24 39.38 60227.52 39.07 54915.84

28 37.36 34913.28 37.13 32742.72

BQTerrace
(HD, 1920 × 1080)
First frame

16 48.06 169545.12 47.26 158143.90 0.30 −2.98

20 44.52 124250.16 43.64 112598.60

24 40.23 83761.44 39.51 73423.44

28 36.90 53018.64 36.38 47027.52

Average 0.28 −6.42

modes, i.e., the best modes of some blocks changed to Intra 16 × 16 mode. This
change implies that the proposed prediction method improves prediction accuracy
of intra 16 × 16 coding quite well. Providing the same image quality, Intra 4 × 4
requires more bits to represent the mode information than the Intra 16×16 mode, we
can reduce the bit rate using the proposed method.

5.2 Complexity Analysis of the Proposed Algorithm

In this subsection, we evaluate the complexity of the proposed method and compare
the result to the conventional H.264/AVC. Measurements have been done based on
Intel Xeon E5630 2.53 GHz CPU with 32 Gbytes RAM and the operating system
was Windows 7. The complexity is reported in terms of the amount of computing
time required to encode the given test sequence and the results are shown in Table 4.
Here, a negative sign means that the proposed method saves computing time.
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Fig. 12 Rate-distortion (RD) curves of proposed algorithm

Fig. 13 BasketballDrive that
contains a lot of complex
patterns
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Table 3 Mode distribution change

Image QP H.264/AVC Proposed Algorithm Intra
16 × 16
Mode
Increase
(%)

Intra
16 × 16
(%)

Intra
8 × 8
(%)

Intra
4 × 4
(%)

Intra
16 × 16
(%)

Intra
8 × 8
(%)

Intra
4 × 4
(%)

Bigships
(HD, 1280 × 720)
First frame

16 0.1 96.3 3.5 33.5 64.1 2.5 33.3

20 3.7 81.6 14.7 25.7 67.5 6.8 21.9

24 15.7 64.7 19.6 12.7 69.5 17.8 −3.0

28 28.4 59.4 12.2 26.7 61.5 11.8 −1.7

Jets
(HD, 1280 × 720)
First frame

16 5.6 47.3 47.1 18.4 42.0 39.6 12.8

20 4.1 60.9 34.9 18.9 51.0 30.1 14.7

24 9.4 59.4 31.2 14.6 57.9 27.5 5.2

28 14.9 63.7 21.4 18.2 61.9 19.9 3.3

ShuttleStart
(HD, 1280 × 720)
First frame

16 1.4 76.2 22.4 7.3 70.0 22.8 5.8

20 6.3 69.1 24.6 10.8 63.2 26.0 4.5

24 15.4 37.7 46.9 26.2 34.3 39.5 10.8

28 12.7 37.4 49.9 23.5 35.7 40.7 10.8

BasketballDrive
(HD, 1920 × 1080)
First frame

16 1.6 45.8 52.6 19.3 36.9 43.8 17.7

20 2.4 51.3 46.3 17.6 46.7 35.7 15.1

24 5.8 53.5 40.7 10.9 53.4 35.8 5.1

28 9.3 60.7 30.0 10.3 60.2 29.5 1.0

Cactus
(HD, 1920 × 1080)
First frame

16 25.2 39.4 35.4 51.5 24.4 24.1 26.4

20 13.9 61.7 24.4 21.8 58.3 19.9 7.8

24 22.4 50.3 27.3 26.0 53.8 20.2 3.6

28 32.4 52.4 15.2 45.2 40.1 14.7 12.8

BQTerrace
(HD, 1920 × 1080)
First frame

16 35.0 58.4 6.6 34.0 33.8 32.2 −1.0

20 45.3 46.9 7.9 45.6 46.0 8.4 0.3

24 58.6 31.4 10.0 59.8 31.3 8.9 1.2

28 65.5 29.5 5.0 63.8 30.6 5.6 −1.7

In comparison with results of the conventional H.264/AVC standard, about 6.31 %
computing time reduction has been achieved. From the experimental results in Ta-
ble 4, we can observe that the amount of computing time is much reduced in Big-
ships, Jets, and BasketballDrive sequences. As shown in Table 3, these sequences
show a lot of mode changes from other mode to intra 16 × 16 mode, when we use the
proposed method. Thus, we can confirm that the complexity of the proposed implicit
intra 16 × 16 prediction method is lower than the conventional method.

Main reason of the computing time reduction is as follows. As mentioned in
Sect. 4, both conventional and proposed methods perform the same number of pro-
cesses. There is no computing time increase caused by line prediction unit. However,
prediction processes of intra 4×4 and intra 8×8 mode are more complex than that of
intra 16 × 16 mode, since intra 4 × 4 and intra 8 × 8 mode have nine prediction mode
candidates. The proposed method improves the prediction accuracy of intra 16 × 16
mode. Thus, using the proposed method, the number of intra 16 × 16 selections is
increased and total computing time is saved.
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Table 4 Computing time comparison between H.264/AV and the proposed method

Image QP H.264/AVC Proposed Algorithm �TimeEnc
(%)Total

Time
(s)

Frame per
Seconds
(fps)

Total
Time
(s)

Frame per
Seconds
(fps)

Bigships
(HD, 1280 × 720)
First frame

16 11.310 0.09 8.627 0.12 −23.72

20 8.455 0.12 7.691 0.13 −9.04

24 6.256 0.16 5.959 0.17 −4.75

28 4.867 0.21 4.649 0.22 −4.48

Jets
(HD, 1280 × 720)
First frame

16 7.192 0.14 6.256 0.16 −13.01

20 4.773 0.21 4.493 0.22 −5.87

24 3.432 0.29 3.369 0.30 −1.84

28 2.730 0.37 2.699 0.37 −1.14

ShuttleStart
(HD, 1280 × 720)
First frame

16 5.304 0.19 4.961 0.20 −6.47

20 3.728 0.27 3.557 0.28 −4.59

24 2.776 0.36 2.761 0.36 −0.54

28 2.309 0.43 2.293 0.44 −0.69

BasketballDrive
(HD, 1920 × 1080)
First frame

16 23.120 0.04 19.173 0.05 −17.07

20 14.711 0.07 13.120 0.08 −10.82

24 9.984 0.10 9.782 0.10 −2.02

28 7.675 0.13 7.628 0.13 −0.61

Cactus
(HD, 1920 × 1080)
First frame

16 30.872 0.03 28.594 0.03 −7.38

20 21.341 0.05 19.921 0.05 −6.65

24 14.446 0.07 13.884 0.07 −3.89

28 10.889 0.09 10.608 0.09 −2.58

BQTerrace
(HD, 1920 × 1080)
First frame

16 31.013 0.03 29.344 0.03 −5.38

20 24.430 0.04 22.932 0.04 −6.13

24 18.314 0.05 16.942 0.06 −7.49

28 13.852 0.07 13.135 0.08 −5.18

Average 11.824 0.15 10.932 0.16 −6.31

6 Conclusions

In this paper, we proposed an efficient line-based intra 16 × 16 prediction method for
high bit-rate compression. Considering the different characteristics of high-definition
(HD) contents, we modified the intra coding mechanism without any change of syntax
element of the H.264/AVC standard. Note that we break from the traditional block-
based prediction method and designed a new prediction method based on line-of-
pixels (LOP). As a result, we could achieve a more accurate intra 16 × 16 mode by
reducing the distance between the reference and current pixels. Experimental results
show that the proposed method provides approximately 6.42 % bit savings, compared
to the H.264/AVC FRExt high profile.
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