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ABSTRACT

In this paper, we propose a new H.264/AVC based intra
codec for near lossless coding. The proposed algorithm is
composed of two parts: line-based intra prediction and
modified context-based adaptive binary arithmetic coding
(CABAC). Experimental results show that the proposed
method provides about 8.95% bit savings, compared to the
current H.264/AVC FRExt high profile.

Index Terms— H.264/AVC, intra coding, context-
based adaptive binary arithmetic coding (CABAC), near
lossless video coding, high quality video coding

1. INTRODUCTION

As demands for high quality video services continue to
increase, the efficient method to encode high-definition
(HD) contents becomes important issue of the next
generation video coding. Compression of high quality video
faces severe requirements to the quality of the reconstructed
data. There are three kinds of video coding methods:
lossless, lossy, and near lossless coding.

In order to encode HD sequences efficiently, it is very
important to select an appropriate coding method. In terms
of the decoded quality, lossless coding is suitable to encode
HD contents, but it allows modest compression ratios,
ranging normally from 1.5 to 3. Lossy coding yields much
higher compression ratios by allowing some distortion in the
reconstructed image; however, we incur a quality
degradation of the decoded HD content.

Thus, near lossless coding seems to be the most suitable
method for high quality video coding in terms of the
introduced distortion and compression performance [1]. To
date, since H.264/AVC [2] has been developed by mainly
focusing on lossy coding, it does not provide good coding
performance for near lossless video coding.
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(C1090-1111-0003)).

978-1-61284-350-6/11/$26.00 ©2011 IEEE

After finalizing the standardization of the first version
of H.264/AVC, JVT developed extensions to the original
standard, known as the fidelity range extensions (FRExt) [3].
When developing the FRExt amendment, JVT focused on
improvement of functionality for lossy and lossless video
coding. To enhance coding performance of H.264/AVC for
near lossless video coding, more efficient coding techniques
for core parts such as prediction, transform, quantization, or
entropy coding is required.

In this paper, we have tried to improve both prediction
and entropy coding. Generally, the magnitude of the error
increases for prediction pixels farther away from the
boundary pixels used for prediction. To maximize the
prediction accuracy, we propose a line-based intra 16x16
prediction using line-of-pixels (LOP) as the prediction unit,
not the entire macroblock.

For this task, we sequentially encode and reconstruct
each LOP after prediction to utilize the reconstructed LOP
as reference data of the next LOP. As the distance between
pixels to be predicted and reference pixels is relatively short,
we can take full advantage of correlation between
neighboring pixels. In this way, higher prediction accuracy
than the traditional block-based prediction method is
obtained with no change of H.264/AVC syntax elements.

An improved context-based adaptive variable length
coding (CAVLC) for lossless coding based on the statistical
characteristics of residual data for lossless coding was
proposed [4]. Although CAVLC is available for all profiles
in H.264/AVC, main target of CAVLC is the baseline
profile and the applications of this profile is limited.

We modified context-based adaptive binary arithmetic
coding (CABAC) [5] in the H.264/AVC standard for near
lossless coding. CABAC was originally developed for lossy
coding; it was designed by taking into consideration the
typically observed statistical properties of residual data.
However, the statistical characteristics of residual data in
near lossless coding are quite different from those of
residual data in lossy coding. It means that use of
H.264/AVC CABAC is inappropriate for near lossless intra
coding. Thus, by considering the statistical properties of
residual data for near lossless intra coding, we removed the
coding stage for the unnecessary syntax element.



- Intradsd
3500 Intea Sx8

= Intral G 16

00000 O

Lo

(b) Horizontal mode

(a) Vertical mode

Fig. 2. H.264/AVC intra 16x16 prediction.

2. PROPOSED NEAR LOSSLESS INTRA CODING
2.1. Line-based intra prediction

We checked the selected intra mode distributions for
various quantization parameters (QP), as shown in Fig. 1. In
lossy coding (over QP = 21), the number of intra 16x16
prediction modes is larger than the number of intra 4x4
prediction modes; in near lossless coding (below QP = 21),
the number of intra 16x16 prediction modes is smaller. This
result indicates that the prediction accuracy of intra 16x16
prediction mode is not sufficient for selection as the best
mode in near lossless coding. From this observation, we can
know that the intra 16x16 prediction performance of
H.264/AVC in near lossless coding should be improved.

In the conventional intra 16x16 prediction of
H.264/AVC, the current macroblock is predicted by
referencing neighboring pixels of previously coded upper
and left macroblocks. In other words, the prediction
accuracy is dependent on the location of pixels, i.e., pixels
located further provide poor prediction performance. As
shown in Fig. 2, in the intra 16x16 vertical and horizontal
prediction modes, the prediction accuracy of the last LOP is
the lowest. As a result, the number of coding bits increases.
In particular, when the input sequence has a homogeneous
texture pattern with variations such as gradation, the intra
16x16 mode in H.264/AVC cannot yield sufficient
prediction accuracy. Therefore, in order to improve
prediction accuracy of the intra 16x16 mode, we propose a
more efficient line-based intra prediction method for near
lossless intra coding in H.264/AVC by modifying the
relevant coding procedure of intra 16x16 prediction.
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Fig. 3. Line-by-line intra 16x16 prediction.
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Fig. 4. Encoding structure of the proposed intra prediction method.

Table 1. Modified prediction equations

Mode Prediction Equation
. pred(x,0) = p(x, -1) ey
Vertical mode
pred(x,y) = r(x,y-1) 2
. pred(0,y) = p(-1,y) (3)
Horizontal mode
pred(x,y) = r(x-1,y) )

In the vertical and horizontal mode of intra 16x16, 256
pixels in the current macroblock are predicted using 16
neighboring pixels. Generally, closer pixels give better
prediction accuracy. The process of the line-by-line
prediction is shown in Fig. 3.

The prediction equations of the proposed method are
shown in Table 1. In the proposed method, we make the
predicted pixel values of the first line within the current
macroblock using Eq. (1) or Eq. (3) according to the mode.
Then, the predicted pixel values are subtracted from the
original pixel values and the residual data is formed. The
transform, the quantization, the inverse quantization, the
inverse transform are applied one after another to make the
reconstructed pixel values, r(x,y). This reconstructed pixel
values are used as the reference data of the next line.
According to the prediction mode, we use Eq. (2) or Eq. (4)
as the prediction formula. The above prediction process is
continued until the last line of the macroblock.

In Fig. 4, we depict the encoding structure of the
proposed method used to implement a line-based prediction.
The coding procedure of the proposed intra prediction can
be summarized in the following steps:

Step 1 Prediction of the first line of pixels (LOP).

Step 2 Transform and quantization of the residual LOP.
Step 3 Inverse quantization and inverse transform.

Step 4 Encoding next LOP using the reconstructed LOP.

The coded block pattern (chbp) signals as to whether
there are non-zero coefficients in the transform block or not.
In the conventional H.264/AVC, the cbp of the Intra_16x16
mode is just calculated one time. Thus, we should change



the calculation procedure for chp in the proposed algorithm.
Since the prediction unit of the proposed Intra 16x16
coding is LOP, we can compute the cbp for each LOP,
cbpline, where the subscript line represents the
corresponding line position. The chp for the macroblock is

calculated from the cumulative value of chpy;,., as in Eq. (5).
15

Cbp = Cbpo +Cbp1 +ee +Cbp15 = z Cbpline (5)

line=0

2.2. Proposed CABAC

In lossy coding, the degree of quantization is higher than
that of near lossless coding. Hence, the probability
distribution of a non-zero coefficient is likely to decrease as
the scanning position increases. However, the
characteristics of residual data in near lossless coding are
different from those in lossy coding.
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Fig. 5. Probability of non-zero coefficients.

In near lossless coding, the probability of existence of
non-zero coefficients is independent of the scanning
position. That is, in near lossless coding, non-zero
coefficients frequently occur at the higher scanning position,
compared to the case of lossy coding. Although near
lossless coding is lossy coding, the statistical characteristics
of residual data are much similar to lossless coding. Figure
5 shows the probability distribution of existence of non-zero
coefficients according to the scanning position. As expected,
a significant difference can be seen in the statistics between
residual data of lossy and near lossless coding.

Therefore, in order to reflect the above observations

more accurately, we propose more efficient CABAC for
near lossless intra coding in H.264/AVC by modifying the
relevant coding parts of CABAC.
In lossy coding, the occurrence probability of a non-zero
coefficient is likely to decrease as the scanning position
increases due to the higher QP value. Therefore, the
coefficient tends to be zero at the higher scanning position.
In this case, last_significant coeff flag plays an important
role for the early termination of significance map coding.

Scanning position 1234567891011 |12(13|14|15(16
Transform coefficient level | 9 | 0 [-5|3 |0 [-7[4 )0 |8 [-11|-6]0|3(1|0]0

significant_coeff flag 1fojrjryofr{rjofrf{rjrfof1rjt
last_significant_coeff flag | O 0]0 0|0 0|00 0|1

Fig. 6. Example for significance map coding in lossy coding.

Scanning position 1234567 (8]|9[10(11]12(13]|14]15(16
Transform coefficientlevel | 9 | 0 [-5(3 [0 [-7| 4|0 |8 |-11|-6[/0 |3 [1[0]O0
significant_coeff flag 1(fofj1|trjof1frfofrjrjrjof1rf{rjojo

Fig. 7. Example for significance map coding in near lossless
coding.

However, in near lossless coding, the occurrence
probability of a non-zero coefficient is independent of the
scanning position, as shown in Fig. 5. Thus, the last non-
zero coefficient is terminated at the end of the scanning
position. In this case, it is meaningless to encode
last_significant_coeff flag that indicates the position of the
last significant coefficient. Therefore, we remove
last_significant coeff flag coding process in significance
map coding and directly encode all significant coeff flags
at the scanning position from 1 to 16.

An example for significance map coding of CABAC in
lossy coding is represented in Fig. 6 when the scanning
position of the last significant coefficient is 14; the gray
shaded  significant coeff flag  and  last_significant
_coeff flag are encoded in significant map coding. Note that
both significant coeff flag and last _significant _coeff flag
for the last scanning position of a sub-block are never
encoded.

However, since we removed last significant coeff flag
coding process, significant coeff flag is unconditionally
encoded up to the last scanning position. Figure 7 indicates
an example for significance map coding in near lossless
coding. All gray shaded significant _coeff flags are encoded
in the proposed significance map coding, as shown in Fig. 7.

3. EXPERIMENTAL RESULTS

In this paper, an efficient line-based intra prediction and an
improved CABAC for near lossless coding have been
presented. To verify efficiency of the proposed methods,
experiments were performed on various test sequences of
YUV420 and 8 bits per pixel (bpp) format with 720p HD
and 1080p Full HD resolutions. We implemented our
proposed method in the H.264/AVC reference software
version JM 12.2 [6]. The encoding parameters for the
reference software were as follows:

1) ProfileIDC = 100 (High)

2) LevelIDC =51

3) IntraPeriod = 1 (only intra coding)

4) QPISlice =8, 10, 12, 14

5) Transform8x8Mode = 1

6) SymbolMode =1 (CABAC)



In order to evaluate coding performance of each
proposed method, we experimented with two parts
according to different settings as follows:

1) Method I: line-based intra coding
2) Method II: Method I + modify significance map coding

To verify efficiency of the proposed method, we have
performed two kinds of experiments. In the first experiment,
we compared the performance of the proposed method
(Method I and Method II) with that of H.264/AVC, as
shown in Table 2. The Bjentegaard delta peak signal-to-
noise ratio (dB) and the Bjontegaard delta bit rate (%) are
used to evaluate the performance of the proposed algorithm
in Table 2 with respect to H.264/AVC.

From Table 2, we confirmed that the proposed method
provided better coding performance by approximately
8.95% with 720p HD and 1080p Full HD resolution
sequences, compared to the conventional H.264/AVC.

In the second experiment, we encoded test sequences
using our proposed method (Method II), H.264/AVC, and a
well-known near lossless coding technique, JPEG-LS [7]
and then, compared coding performance of our proposed
method to that of JPEG-LS. Comparisons were made in
terms of compression ratio (CR) and PSNR in Table 3. The
CR is calculated as follows:

Original image size
Bitrate

Compression Ratio =

(6)
proposed

In Table 3, M is the max allowed loss per symbol in
near lossless coding. Using M value, we can fix the decoded
image quality and compare the coding bits. From the result,
we validate that the proposed method guarantees the best
coding performance in near lossless coding.

For an exact comparison, we plot the bits per pixel
(BPP)-distortion curve for some test sequences in Fig. 8; the
x-axis of the graph is BPP and the y-axis is the PSNR. In
Fig. 8, the dashed curve represents the performance of
Method II. Since the upper curve indicates better
performance, we confirmed that the proposed method
provides the best coding performance for all test sequences
in near lossless coding.

4. CONCLUSIONS

In this paper, we have proposed an efficient H.264/AVC-
based intra codec for near lossless coding. Considering the
different characteristics between near lossless coding and
lossy coding, we have modified the intra coding method
using line-based prediction and modified context-based
adaptive binary arithmetic coder (CABAC) methods. In the
proposed method, we break the traditional block-based intra
coding using new prediction unit and modified syntax
element. Experimental results show that the proposed
method provides approximately 8.95% bit saving, compared
to the H.264/AVC FREXxt high profile.
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Table 2. Performance of proposed method with respect to H.264/AVC near lossless intra coding

image Method BDPSN BDRATE
Rush_hour Method I 0.47 -6.26
(1920 x1080) Method I1 0.51 -6.63
Pedestrian Method 1 0.48 -6.12
(1920 x1080) Method 11 0.52 -6.50
BasketballDrive Method 1 0.76 -9.94
(1920 x1080) Method I1 0.86 -11.12
Toys and Calendar Method [ 0.56 -4.83
(1920 x1080) Method 11 0.89 -7.55
Bigships Method 1 0.22 -1.95
(1280 x720) Method I1 0.37 -3.17
Jets Method 1 2.01 -21.42
(1280 x720) Method 11 2.22 -22.83
Vidyol Method 1 0.58 -7.75
(1280 x720) Method I1 0.64 -8.48
Vidyo4 Method I 0.35 -4.98
(1280 x720) Method 11 0.38 -5.29
Average Method I 0.68 -7.91
Method 11 0.80 -8.95

Table 3. Comparison of compression ratio for H.264/AVC, JPEG-LS, and proposed method

M=1 M=2 M=3 M=4
Image Method PSNR PSNR PSNR PSNR
CR (B) CR (@B) CR (B) CR (B)

H264/AVC | 420 52.52 543 49.17 6.62 46.58 6.63 46.58
Rush_hour | JPEG-LS 4.36 54.01 531 52.15 6.73 50.34 8.78 48.47
Method 11 5.00 53.29 6.19 51.44 7.90 4970 | 1043 | 47.90

H264/AVC | 442 52.39 575 4934 6.92 46.77 8.14 44.85
Pedestrian | JPEG-LS 4.52 54.52 543 52.63 6.79 50.83 8.63 48.99
Method II 518 53.72 6.34 51.84 8.04 50.09 | 1037 | 4835

Buskerball | E264/AVC 3.16 52.57 421 49.24 5.07 46.56 6.03 4437
e JPEG-LS 3.39 53.80 3.95 52.38 4.72 50.98 5.62 49.79
Method II 4.57 52.16 5.49 50.74 6.71 4934 8.14 48.00

;| H264/AVC 3.03 52.61 4.00 49.30 476 46.66 547 44.65
ggjﬂ‘;’; iy JPEG-LS 2.56 54.68 2.90 52.58 3.45 50.41 4.11 48.40
Method II 2.96 53.19 3.45 51.04 4.18 49.28 5.04 47.48

H.264/AVC 3.07 52.57 3.95 4922 4.67 46.58 533 44.52

Bigships JPEG-LS 2.93 54.60 3.34 52.65 3.92 50.73 4.59 48.90
Method II 3.23 53.54 3.77 51.48 451 49.59 5.39 47.80

H.264/AVC 3.82 52.50 521 48.98 711 46.46 9.54 44.67

Jets JPEG-LS 4.14 54.48 4.98 52.23 6.20 50.16 7.87 48.23
Method 11 5.83 52.94 7.19 51.15 8.90 4939 | 1136 | 47.71
H264/AVC | 417 52.55 527 4930 6.32 46.74 739 44.77

Vidyol JPEG-LS 4.25 54.10 5.19 5221 6.59 50.49 831 48.90
Method II 525 52.92 6.45 51.8 8.00 49.71 9.73 48.30

H264/AVC | 447 52.66 5.80 49.41 711 46.89 8.42 44.93

Vidyod JPEG-LS 4.75 54.29 5.89 52.39 7.50 50.73 9.47 4921
Method II 5.52 53.47 6.90 51.68 8.64 50.09 | 10.65 | 48.68

H264/AVC | 3.79 52.55 4.95 49.25 6.07 46.66 7.12 44.92

Average JPEG-LS 3.86 54.31 4.62 52.40 5.74 50.58 717 48.86
Method 11 4.69 53.15 572 51.36 711 49.65 8.89 48.03
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