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ABSTRACT

IMPLEMENTATION AND PERFORMANCE ANALYSIS OF 2-D ORDER 16
INTEGER TRANSFORMS IN H.264/AVC AND AVS-VIDEO

FOR HIGH DEFENITION VIDEO CODING

Madhu Peringassery Krishnan, M.S

The University of Texas at Arlington, 2010

Supervising Professor: K. R. Rao

H.264/AVC and AVS-video are two video coding standards that have a wide range of
applications ranging from high-end professional camera and editing systems to low-end mobile
applications. They strive to achieve maximum compression efficiency without compromising the
quality of video. To this end many coding tools are defined in them. Transform coding is one
among them.

Transform coding represents the signal/image (that is currently in time/spatial domain)
in another domain (transform domain), where most of the energy in signallimage is
concentrated in a fewer number of coefficients. Thus the insignificant coefficients can be
discarded after transform coding to achieve compression. In images/videos the DCT-II (which
represents a signal/image as the weighted sum of cosine functions with different frequencies) is
primarily used for transform coding.

H.264/AVC and AVS-video utilize integer approximations of the DCT-Il (known as
integer cosine transform) to reduce computational complexity by performing only fixed-point

arithmetic operations and eliminates the mismatches between the forward and inverse



transforms. The order (size) of the integer cosine transforms used is small (4 x 4 and 8 x 8).
They achieve the best coding efficiency for standard definition and low-resolution videos. But,
better coding efficiency can be achieved for high definition videos by using higher order (16 x 16
and 32 x 32) integer cosine transforms. As high definition videos are becoming more and more
popular, it is imperative that sooner or later they will be integrated into the standards. For this
purpose many higher order (16 x 16 and 32 x 32) integer cosine transforms have been
proposed. But, a comparative study on the performance of these higher order integer cosine
transforms in H.264/AVC and AVS-video has not been done yet.

The purpose of the research is to analyze some higher order 16 x 16 integer cosine
transforms, implement them in H.264/AVC and AVS-video and carry out a comparative study of

their performances.
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1.1 Discrete cosine transform and video compression

CHAPTER 1

INTRODUCTION

Type Il discrete cosine transform (DCT-II) [1] developed by Ahmed, Natarajan, and Rao
is the basic building block of a plethora of image and video compression standards. Due to its
energy compaction nature DCT-II is regarded as the best sub-optimal orthogonal transform that
closely approximates the optimal Karhunen-Loeve transform (KLT) [1].The KLT concentrates its
energy in a few number of coefficients by spatial decorrelation. DCT-Il is also a unitary

transform composed of orthonormal basis vectors.

DCT-II of size 8 is used in many video standards like H.261, JPEG, MPEG-1, MPEG-2,
H.263, and MPEG-4 [2 - 4]. A typical two-dimensional DCT-II of size 8 is separable into two one

dimensional transforms performed first along one axis of the image or video frame, and then

along the other axis of the resultant from the previous procedure, as shown in Figure 1.1.

Row transform

Clxv)

-

Column transform

Figure 1.1 Separable property of DCT-II

Cluv)
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The resultant cosine values are difficult to approximate in fixed precision integers, thus
producing rounding errors in practical applications. Rounding errors can introduce enough error
into the computations and alter the orthogonality property of the transform.

The fixed point implementation problem can be solved by either (1) approximating the
cosines to integer values or (2) by preserving the relative magnitudes, relationships, and
symmetries of the cosines in the cosine matrix to create a reversible integer cosine matrix [5 -
8]. The first approach led to mismatched implementations of the transform in encoders and
decoders and thus introducing errant results. The second approach was to specify an integer
based transform that could be exactly specified and easily implemented in both the encoder and
decoder. Moreover, they were designed to ensure that the forward and inverse transforms are

fully reversible, and hence completely orthogonal.

1.2 Integer cosine transforms

Integer cosine transforms (ICT) can be generated from DCT-II by replacing the real
numbered elements of the DCT-Il matrix with integers keeping the relative magnitudes and
orthogonal relationship among the matrix elements [6]. The integer transform coefficients result
in a computationally less intense procedure that implements similar energy concentration like
DCT-II. It can be implemented using integer arithmetic without mismatch between encoder and
decoder. Moreover, fast algorithms have been developed for implementing them. The typical

block diagrams of an encoder and decoder is illustrated in Figures 1.2 and 1.3.
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The orthogonality of ICT depends on the elements of the transform matrix for orders

greater than four. Due to this constraint, the magnitudes of elements tend to be quite large for

large ICTs (order-16 ICT) [8]. This led to the development of ICTs that are mutually orthogonal

by using the principle of dyadic symmetry [5]. Thus the elements in transform matrices can be

selected without orthogonality constraint. Usually, the magnitudes of elements are designed to

be very small (represented by 4~5 bits) for simple implementation.

In recent years, ICT has been widely used in video coding, such as the order-4 and
order-8 ICTs in H.264 [9] and the order-8 ICT in the Audio video coding standard of China
(AVS) [10] and WMV9 [22].

1.3 HD video coding and integer cosine transforms

High-definition (HD) videos such as in high-definition television (HDTV) broadcasting,
high density storage media, video-on-demand (VOD), and surveillance are of higher resolution
than standard-definition (SD) video, and commonly involves resolutions like 720p (1280 x 720)
and 1080p (1920 x 1080). MPEG-2 [11] was the predominantly used standard for HD video
coding but the significant performance improvements achieved by H.264/AVC [12] has led to its
wide spread acceptance. Another efficient standard is the audio and video-coding standard
(AVS) [13] developed by China and WMV9 [22] developed by Microsoft.

The H.264/AVC basically employs both intra and inter-prediction tools to achieve
accurate prediction and advanced entropy coding schemes to remove statistical redundancy.
The standard defines certain sets of capabilities, known as profiles, targeting specific
applications. It is based on the traditional hybrid concept of block-based motion-compensated
prediction (MCP) and transform coding. The high Profile (HP) [14] designed with HD video
coding in mind, utilizes variable block size transforms (VBT) to achieve coding efficiency. The
concept of VBT coding involves the adaptation of the transform block size to the block size used

for motion compensation as large transforms can provide better energy compaction than a



smaller transform. But they introduce ringing artifacts caused by quantization. By choosing the
transform size according to the signal properties, the tradeoff between energy compaction and
detail can be optimized. A 2-D order-8 ICT is used adaptively as an alternative to the 2-D order-

4 ICT in H.264/AVC. These transforms are illustrated in Figure 1.4.
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Figure 1.4 ICTs in H.264/AVC (a) 4 x 4 transform matrix, (b) 8 x 8 transform matrix [21].

AVS developed by China is compatible with MPEG-2 at the system level, and it involves
Chinese proprietary IP in the compression algorithms [13]. The coding efficiency of the standard
is better than MPEG-2 and is similar to H.264/AVC. Moreover, its implementation in chips is far
easier than H.264/AVC. The enhanced profile (EP) [15] of AVS aims at HD video coding

although it does not support rich functionality like the H.264/AVC. So, it is quite similar to the



main profile of H.264. A 2-D order-8 ICT was initially incorporated in AVS for coding [19], [20].

Figure 1.5 shows the ICT matrix.

8 10 10 9 8 6 - 2
8 9 e 2 8 10 10 6
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ICTg.s =
8 -2 —-10 0 8 -9 —4 10
8 —6 —4 10 -8 -2 10 -0
8 -9 B 2 —8 10 -10 6
8 -10 10 -9 3 -6 + -2

Figure 1.5 8 x 8 ICT matrix in AVS [19][20].

The Table 1.1 describes the profiles in H.264/AVC and Table 1.2 describes the different profiles
in AVS-video.

Table 1.1 Basic profiles in H.264/AVC [14].

Profiles Applications
Baseline Profile Mobile applications
Main Profile SD television broadcasting
Extended Profile Streaming video
High Profile HD television broadcasting




Table 1.2 Profiles in AVS-video [19].

Profiles Applications
Jizhun Profile HD television broadcasting
Jiben Profile Mobile applications

Shenzhan Profile Video surveillance
Jiagiang Profile Multimedia entertainment
1.4 Outline

HD video sequences when compared with lower resolution videos have higher prediction
error correlation [16]. To exploit this spatial property 2-D order 16 integer transforms [8] [17] can
be used. The purpose of the thesis is to implement and analyze various 2-D order-16 integer
transforms on both AVS and H.264/AVC [18].

In order to implement and analyze the 2-D order 16 integer transforms it is imperative to
have a good grasp of H.264/AVC and AVS China. So the second chapter will deal with the
nuances of H.264/AVC and its features. The third chapter considers the AVS China and its
functionality. The fourth chapter comprises of the analysis and implementation details of 2-D
order 16 integer transforms in the standards. Every detail regarding the implementation will be
discussed in this chapter. In the fifth chapter the results will be explained and a conclusion will
be deduced from them. Possible avenues for expansion in future are also discussed in this

chapter.



CHAPTER 2
H.264/AVC
2.1 Introduction

A good video compression algorithm should reduce the following four types of redundancies
[26]:

e Spatial

e Temporal

e Perceptual

e Statistical

The latest video coding standard known as H.264/AVC [28] takes care of all the
redundancies mentioned above using its elaborate set of coding tools. The standard was
finalized in March 2003 as a result of collaborative work done by ITU-T Video Coding Experts
Group (VCEG) and the ISO/IEC Moving Picture Experts Group (MPEG). Currently it is the most
accepted video coding standard as it achieves significant improvement in compression
performance compared to prior standards like MPEG-2 [23]. Applications of H.264/AVC include
video conferencing, entertainment (broadcasting over cable, satellite, DVDs, video on demand
etc.), streaming video, surveillance and tracking applications, and digital cinema.

In order to cater for different applications three basic feature sets called profiles [9] for use
in generating conforming bit streams were established:

e Baseline

¢ Main

e Extended

The baseline profile is intended for low cost mobile applications and video conferencing that

are susceptible to data loss. The main profile is designed with an emphasis on compression



coding efficiency capability and thus is used for standard-definition digital TV broadcasts. The
extended profile tailored for video streaming applications combines the robustness of the
Baseline profile with a higher degree of coding efficiency and network robustness.

In September 2004 the final draft amendment work on Fidelity Range Extensions (FREXxt)
of H.264/MPEG4-AVC was completed [24]. They added four new profiles [9]:

e The high profile (HP) for HD broadcast and storage applications.

e The high 10 (Hi10P) profile that builds on HP to give better decoded picture precision.

e The high 4:2:2 (H422P) profile for interlaced video.

e The high 4:4:4 (H444P) profile supporting up to 4:4:4 chroma sub-sampling.

These profiles added new features like adaptive block-size transform; encoder specified
optimized quantization scaling matrices and region specific lossless representation of video.
Four intra profiles were also provided with the above-mentioned profiles for studio editing and
professional applications.

H.264 /AVC also specify 16 levels that define upper bounds for the bit stream or lower
bounds for the decoder capabilities [21]. Table 2.1 shows the different levels in H.264/AVC. The
level ‘1b’ was added by the FRExts amendment. The levels specify a set of constraints
indicating a degree of required decoder performance for a profile. A decoder that conforms to a
given level can decode all bit streams that are encoded for that level and for all the lower levels.
A profile and level together can be used to define points of interoperability for applications with

similar functional requirements.



Table 2.1 Levels in H.264/AVC [25].

Typical picture Typical frame Maximum Maximum
size rate compression bit number of
rate reference
frames
1 QCIF 15 64 kbps 4
1b QCIF 15 128 kbps 4
1.1 CIF or QCIF 75(CIF) / 30 | 192 kbps 2 (CIF) /9
(QCIF) (QCIF)
1.2 CIF 15 384 kbps 6
1.3 CIF 30 768 kbps 6
2 CIF 30 2 Mbps 6
2.1 HHR 30/25 4 Mbps 6
2.2 SD 15 4 Mbps 5
3 SD 30/25 10 Mbps 5
3.1 1280 x720p 30 14 Mbps 5
3.2 1280 x720p 60 20 Mbps 4
4 HD formats 60p/30i 20 Mbps 4
4.1 HD formats 60p/30i 50 Mbps 4
4.2 1920 x 1080p 60p 50 Mbps 4
5 2k x1k 72 135 Mbps 5
5.1 2k x 1k or 4k x | 120/30 240 Mbps 5
2k
The Figure 2.1 gives an overall picture of the profiles.
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slices B slices 8x8 AN
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Redundant prediction CAVLC CABAC bit depth '
\ pictures Monochrome
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Weighted matrices
prediction ’
Data HigH
partitioning —

Figure 2.1 Profiles in H.264/AVC [25].
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2.2 H.264/AVC encoder

The H.264/AVC encoder can be understood from its typical structural diagram as
illustrated in Figure 2.3. The encoding operation starts by splitting the first frame of a sequence
or random access point into macroblocks (MB). This frame is usually intracoded with no use of
reference frames. The samples in a block are predicted from previously encoded neighboring
blocks. The encoding process selects the best neighboring block and determines how the
samples from these blocks are combined for inter prediction. The decoder is notified of this
selection process.

Frames between the random access points are inter coded to reduce temporal
redundancy. Inter coding employs the motion compensation technique (Figure 2.2) of choosing
motion data that identifies the reference frame and spatial displacement vectors that are applied
to predict the samples of each block [25]. The difference between the original and the predicted
samples known as the residual is then transform coded and the resultant is scaled and
guantized. The quantized transform coefficients are then entropy coded and transmitted with the
coded prediction information so that the decoder can differentiate between the inter and intra
coded samples. For the prediction of subsequent blocks in the current picture or subsequent

coded pictures a decoder model is present in the encoder itself.

Search window -
Matching block

J-. Ehﬂ:ﬂiun vector — Target block
L—"Earlier reference frame —" P-frame

Figure 2.2 Single frame motion compensated prediction
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Figure 2.3 H.264/AVC encoder block representation [25].

The decoder (Figure 2.15) performs an inverse of the operations done by the encoder.
It inverts the entropy coding process and then using the motion data and the type of prediction
performs the prediction process. Inverse scaling and transforming of the residual is also done
and the deblocking filter is applied to the result to get the video output.
2.2.1 Intra prediction
A frame or picture is considered to be composed of fixed size MBs that each cover 16 x
16 square samples of the luma component. The MBs in a frame are combined into independent
slices (Figure 2.4) each based on type of prediction used. The different slices are:
e | slice (which is intra coded)
e P and B slices (where P stands for predictive and B stands for bi-predictive)
e SP and SlI slices (Switching P and Switching 1) which are specified for efficient switching

between bit streams coded at different bit rates [28].

12
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Slice #1
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Figure 2.4 Grouping of MBs into slices [29].

Intra prediction allows for exploiting spatial redundancy in a video frame .The samples
in an intra predicted MB are predicted by using only information of already coded MBs in the
same frame as the neighboring samples are similar. Usually an MB is coded as an intra-MB
when temporal prediction is impossible. In H.264/AVC the intra coding types are based on
prediction of samples in a given block applied in the spatial domain and not the transform
domain as has been done in previous video coding standard [29].

An MB can be coded as one 16 x 16, four 8 x 8, or sixteen 4 x 4 blocks [27]. For the
prediction purpose of luma component (Y), nine different prediction modes are supported for 4 x
4 and 8 x 8 block sizes and four prediction modes for the 16 x 16 blocks. In DC mode or mode
2 the current block’s samples are predicted using a weighted average (usually mean) of the

neighboring samples. The other prediction modes are shown in Figure 2.5.
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Figure 2.5 Nine prediction directions for the 4 x 4 and 8 x 8 blocks [21].

The 16x16 blocks have four prediction modes:

e Vertical prediction

e Horizontal prediction

e DC-prediction

e Plane-prediction

Plane-prediction involves a linear function between the neighboring samples to the left and
to the top in order to predict the current sample. The intra prediction for the chroma samples
(Ch, Cr) of a MB is similar to the 16x16 type for the Y samples except that they are performed
on 8 x 8 blocks [27].

Figure 2.6 illustrates three out of the nine possible intra prediction modes for the 4 x 4

blocks.
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Figure 2.6 Nine intra prediction modes for 4 x 4 and 8 x 8 blocks [31].

2.2.2 Inter prediction

Inter prediction or more commonly known as motion compensated prediction could be

done for both P-slices (predictively-coded) and B-slices (bi-predictively coded). A variety of

motion-compensated coding types are allowed in P slice-MB. The partitioning of MBs is

illustrated in Figure 2.7.

16 x 16 16x8 8x 16
Macroblock
Partitions
™ sub-
Macroblock
8x8 8x4 4x8 4x4 1:8><8)

Sub-Macroblock
Partitions

Figure 2.7 Partitioning of MBs for motion compensated prediction [29].
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The 16 x 16 P- type MBs can be partitioned into luma block sizes of 16 x 8, 8 x 16 and
8 x 8. The 8 x 8 sub-MB can be further partitioned into 8 x 4, 4 x 8, or 4 x 4 samples [29]. A
syntax element is added for each sub-MB to represent the partitioning used.

In multiple frame motion compensated prediction for P slices (Figure 2.8) displacement
vectors (motion vector) and picture (composed of the slices in a frame or a field) reference
indices are used for the predictively coded block. A multiple picture buffer is used to store the
decoded reference pictures. Quarter sample precision is achievable for the individual motion
vector. Corresponding samples of the reference picture pointed out by the picture reference
index is used if the displacement vector points to an integer sample; else, the prediction sample
is obtained using interpolation between integer sample positions. For this a six tap FIR filter [29]
with weights (1, -5, 20, 20, -5, 1)/32 is used for predicting the half sample positions and the
prediction values at quarter sample positions are generated by averaging samples at integer
and half-sample positions (Figure 2.9). Chroma components are predicted through bilinear
interpolation. The P slices are coded in skip mode if no quantized prediction error sample or a

motion vector or reference index parameter is available.

= = |

4 Prior Decoded Pictures Current
as Reference Picture

Figure 2.8 Multi-frame motion compensated prediction [30].
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Figure 2.9 (a) Predicting half sample positions (b) Predicting quarter sample positions from the
half samples [16].

In multiple frame motion compensated B slice prediction distinct, forward and backward
arbitrary motion-compensated prediction values for building the prediction sample can be used.

Three different types of inter-picture prediction can be chosen for each MB:
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e ListO
o Listl
e Bi-Predictive (superposition of List 0 and List 1)
The B slices can also be coded in direct mode without any additional information [10].
2.2.3 Transform coding
H.264/AVC applies the transform coding to the prediction residual. The version 1
provides two different 4 x 4 transform coding methods for the luma components:
e 4 x 4 integer transform
e 4 x 4 Hadamard transform applied to the DC coefficients of 4 x 4 integer transforms.
The second method is done for intra predicted MBs of type 16 x 16. For the chroma
components either the transform coding methods used are:
e 4 x 4 integer transform
e 4 x 4 Hadamard or 2 x 2 Haar/Hadamard transform applied to DC coefficients of 4 x 4
integer transforms depending on the chroma format.
The second method is again applied for only intra predicted MBs of type 16 x 16.
Figures 2.10 and 2.11 show the transform matrices. The entire integer transforms and
its inverse can be implemented using simple shift and addition operations. The integer precision

needed is 8+b bits for processing a b bit video [13].

11 1 1
2 1 1 -2
Hy =
7114 4 1
12 2 —1

Figure 2.10 The 4 x 4 Integer transform [5]
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Figure 2.11 (a) The sixteen 4 x 4 blocks with DC coefficients (b) The Hadamard transforms
applied on the DC coefficients.

The main features of small transforms [9] are:

e Improved intra and inter prediction process decorrelates the samples. So the
dependence on transform coding has decreased. Thus a small transform is as

good as a large one.
e Smaller transforms result in less ringing artifacts
e Computational requirement is less
In HD videos the smoothness and texture is preserved if larger transform sizes are

used. With this in consideration the FRExt amendment introduced the separable 8 x 8 integer
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transforms that approximates the 2D 8 x8 DCT [13][14]. Figure 2.12 illustrates the transform

matrix used.

8 8 8 8 8 8 8 8
12 10 6 j -3 -6 -10 -12
8 4 -4 -8 -8 -4 4 8
10 -3 -12 -6 6 12 3 -10
g8 -8 -8 8 8 -8 -8 8
6 —12 3 10 -10 -3 12 -6
4 -8 8§ -4 -4 g8 -8 4
3 -6 10 -12 12 -10 6 -3

Figure 2.12 The 8 x 8 integer transform matrix [4]

The forward and the inverse transforms can be implemented using simple butterfly
operations. The quantization of transform coefficients is performed using uniform-reconstruction
quantizer [4]. The 52 quantizer step size scaling parameters can be selected using the
guantization parameter (QP). The quantized transform coefficients are zigzag scanned (Figure

2.13) and entropy coded to get the bitstream.
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2.2.4 Entropy coding
H.264/AVC supports two entropy coding techniques:

e Context-adaptively switched sets of variable length codes( CAVLC)

o Context-based adaptive binary arithmetic coding (CABAC)

CAVLC is the baseline entropy coding method of H.264/AVC. Its basic coding tool consists
of a single variable length coder (VLC) of structured Exponential Golomb codes. CAVLC utilizes
VLC tables that are designed to match the conditional probabilities of the context and thus the
entropy coding performance is much improved.

CABAC design is based on three components [11]:

e Binarization (a unique mapping of non-binary syntax elements to a sequence of bits

called the bin string)

e Context modeling (the bin string can either be processed in the regular coding or the

bypass mode depending on the context)

e  Binary arithmetic coding

Compared to CAVLC, CABAC can typically provide reductions in bit rates for the same
objective video quality when coding standard definition and HD videos [11].
2.2.5 Deblocking filter

Perceptual quality is of high importance to users in modern video applications. The
block based coding scheme employed in H.264/AVC results in visually noticeable
discontinuities along the block boundaries. So in order to improve perceptual quality and
prediction efficiency H.264/AVC applies a deblocking filter to the block edges, except at picture
and block boundaries (Figure 2.14). The transform size determines the block size used for
deblocking. The deblocking filter is adaptive to different levels in the picture (slice level, block
edge level and sample level) and thus prevents any de-blurring effects. Both horizontal and
vertical edges are deblocked by this procedure [9]. The filter is applied to MBs in the raster scan
order: first from left to right and then top to bottom. This is done after the MBs have been

predictively reconstructed.
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Figure 2.14 Luma and chroma boundaries to be filtered by in loop deblocking filter [16].

2.2.6 Error resilience

The encoded video should support all prevalent and future network protocols and
architectures. The standard provides a video coding layer (VCL) and a network abstraction layer
(NAL). The VCL deals with efficient representation of the encoded video. The
NAL deals with the interface between the codec and the outside network architectures.
Several error resilience features like parameter sets, data partitioning, flexible ordering of MBs,

and flexible ordering of slices are also supported [9].
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2.3 H.264/AVC decoder

The H.264/AVC decoder can be illustrated as shown in Figure 2.13.
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The decoder has to do all the inverse operations of the encoder in the reverse order. The first
step is to decode the CAVLC/CABAC encoded bitstream. Then the bitstream is then rescaled,
de-quantized and converted from the transform domain to get the prediction error values. The
prediction errors are added to a predicted block obtained from motion vectors, reference frames

and previously decoded frame. Deblocking filter is applied before the picture is displayed or

stored.
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Figure 2.15 H.264/AVC decoder block diagram [12].
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CHAPTER 3
AVS-VIDEO
3.1 Introduction
Audio-video coding standard (AVS) of China was formulated by the AVS Workgroup

(established in June 2002) [32]. AVS standard comprises of four main technical standards [33]:

e System
e Video
¢ Audio

o Digital copyright management
e Support standards such as consistency verification
AVS-video specifies the techniques used for coding video. It defines four profiles (Table
1.2) [34] targeting different applications like commercial broadcasting and storage media,
mobile video having smaller picture resolution, video surveillance and multimedia entertainment
respectively.

3.2 AVS-video encoder

The typical AVS-video encoder block diagram is shown in Figure 3.1 [35]. A picture of a
video is split into macroblocks (MB) of size 16 x 16. A group of continuous independent MBs
can be combined to form a slice. Intra or inter prediction is done for each MB in a slice. The
prediction used will be the same for all MBs in a slice. Then the prediction residual, which is the
difference between the original sample and the intra or inter predicted sample is transform
coded. The resultant transform coefficients are quantized, scanned and entropy coded to form
the bitstream. The encoder also contains a model of the decoder (Figure 3.12) that reconstructs
the predicted frame/field and stores it in a buffer. They are used to decide the type of prediction

for the succeeding frames/fields.
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Figure 3.1 AVS-video encoder [35].

3.2.1 Intra prediction
Intra prediction exploits spatial redundancy between samples within a picture. AVS-
video supports intra prediction [36] on:
e 8 x 8 blocks
e 4 x 4 blocks
e Adaptive block size (8 x 8 /4 x 4)
The 8 x 8 block size intra prediction allows five prediction modes (Figure 3.2) for luma
components: DC (Mode 2), vertical (Mode 0), horizontal (Mode 1), diagonal down left (Mode 3),
diagonal down right (Mode 4). The four 8 x 8 luma blocks in a 16 x 16 block can each be

predicted using any of the above five modes. But before using modes 2, 3 and 4 a three tap low
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pass filter with weights (1, 2, and 1) is applied on the reference samples. This is to prevent

visible artifacts due to large size blocks for intra prediction [37]. The four prediction modes for

chroma components are: DC, vertical, horizontal and plane.
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Intra prediction using 4 x 4 blocks gives better coding efficiency for low-resolution
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Figure 3.2 Five prediction modes for 8 x 8 luma blocks [35].

videos [52]. There are nine modes (Figure 3.3 (a)) that invoke some specific techniques like:

26



e Direct intra prediction (DIP) in which the all the 4 x 4 luma sub-blocks in MBs marked as

Dip mode takes the most probable mode as its intra prediction mode even if it is

different for each.

e Padding before prediction (PBP) where the reference samples r5, r6, r7 and r8 (Figure

3.3 (b)) are padded from r4, and c5, c6, c¢7 and c8 are padded from c4, so as to skip the

conditional availability test of up-right (Mode 7) and down-left (Modes 0 and 1)

reference samples in both the luma and chroma components [52].

e Simplified chrominance intra prediction (SCI) which limits the availability of intra

prediction modes for the chroma components to three: DC, vertical and horizontal

modes [38].
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Figure 3.3 (a) Directional modes for 4 x 4 luma (left) and chroma intra prediction (right)
(b) Padding of r5, r6, r7, r8 from r4 and c¢5, c6, c7, c8 from c4 [52].

In adaptive block size intra prediction the 4 x 4 block size can be used adaptively with

the 8 x 8 blocks. An indicator in the MB header notifies its use [39]. If the block sizes used by

the current block and the neighboring blocks are different a mapping between the modes used
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by the two block sizes is needed (Table 3.1).

Table 3.1 Mapping between 4 x 4 and 8 x 8 intra prediction modes [35].

4 x 4 intra prediction modes 8 x 8 intra prediction
modes
O-Intra_Luma_Down_Left 3-Intra_8 8 Down_Left

1-Intra_Luma_Vertical_Left

2-Intra_Luma_Vertical O-Intra_8_8_ Vertical

3-Intra_Luma_Vertical_Right

4-Intra_Luma_Down_Right 4-Intra_8_8_Down_Right

5-Intra_Luma_Horizontal_Down

6-Intra_Luma_Horizontal 1-Intra_8 8 Horizontal

7-Intra_Luma_Horizontal_Up

8-Intra_Luma_DC 2 —Intra_8_8 DC

3.2.2 Inter prediction
Inter frame prediction exploits the temporal redundancy in a video sequence by utilizing
previously decoded frames/fields. Inter frame prediction can be done for 16 x 16, 16 x 8, 8 x 16,
8 x 8 block sizes. A maximum of two reference frames or four reference fields are used for inter
frame coding. The different techniques used for inter prediction are:
e P-prediction
e Bi-prediction
e Interpolation
e Motion vector prediction
In P-prediction the reference frameffield should be previous to the currently coded
framef/field in display order. Only one motion vector and reference index is used in this scheme.

The prediction involves five MB modes as listed in Table 3.2 [35].
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Table 3.2 Five modes in P-prediction [35].

MB type MvNum (Mode number)
P_Skip 0

P 16 x 16 1

P_16x8 2

P_8x16 3
P 8x8 4

Bi-prediction uses both forward and backward decoded reference frames/fields for

prediction. Two motion vectors and references indices are used here. Bi-prediction can be

further subdivided into direct prediction

and backward motion vectors in DP are obtained from the motion vector of its corresponding

block in the backward reference and vary with the temporal block distance between predicted

and reference blocks. The forward moti

current MB while the backward motion vector is derived from the forward motion vector by the

symmetric rule (Figure 3.4).
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(DP) and symmetric prediction (SP) [40]. The forward

on vector in SP is transmitted for each partition of the
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Figure 3.4 Symmetric prediction AVS-video [40].
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Interpolation allows quarter sample motion vector accuracy. The sub-sample
interpolation is called as two steps four taps (TSFT) interpolation [41] .The first step derives
half-sample values and the filter coefficients for the first step are (-1, 5, 5, -1). The second step
with filter coefficients (1, 7, 7, 1) derives the quarter-sample values from the half-samples
(Figure 3.5). An adaptive interpolation filter is also defined [42] but it involves higher

computational complexity.

0
\/

o 000 0
00
b
00

0 ©

Figure 3.5 Quarter-sample interpolation [52].

In AVS-video the difference between the predicted motion vector and the actual motion vector is
transmitted in the bitstream. Motion vector prediction (Figure 3.6) takes the actual motion
vectors of the neighboring blocks and scales them to motion vector candidates of the current
block. The scaling factor depends on the temporal distance between the current and the

reference frames/fields.
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Figure 3.6 Mation vector prediction (Scaled MVC is predicted from motion vectors of
neighboring blocks; Scaled MVB and Scaled MVA) [35].

3.2.3 Transform coding
In AVS-video, transform coding is carried out on prediction residuals. Due to

considerations of implementation complexity, the forward and the inverse transforms are

designed as non-normalized ICTs (NNICT) [43]. The integer transforms can be divided into two

types depending on the size of the transform kernel:
8 x 8 block size transform

e 16 x 16 block size transform
The 8 x 8 NNICT, an approximation of 8 x 8 DCT, is performed with the pre-scaled

integer transform (PIT) technique [43]. The transform kernel is illustrated in Figure 1.5. The 16 x

16 NNICT which has been recently added is an extension of 8 x 8 NNICT as shown in Figure

3.7. Itis particularly useful for coding high definition videos [39].
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Figure 3.7 16 x 16 NNICT [35].

3.2.4 Quantization and scanning

In frequency un-weighted quantization [35] all the coefficients of 8 x 8 transform in
AVS-video are quantized with the same quantization parameter (QP).The quantization
parameter can take 64 values. For the coefficients of 4 x 4 transform a QP shift parameter is
transmitted in the bitstream [39]. The QP for blocks applying 4 x 4 transform will be the resultant
of subtracting QP shift from original QP. The adaptive quantization mode [44] provides
frequency weighted quantization modes: normal, detail-protecting and non-detail-protecting with
the purpose of preserving details or eliminating details by using different weighting quantization
matrices for different frequency bands. Normal mode is the same as un-weighted quantization.
The other two modes use three pre-defined frequency band distributions, a set of weighting
parameters - (128, 167, 154, 141, 141, 128) for detail-protecting mode and (122, 115, 115, 102,
102, 78) for non-detail protecting mode [44] and a model parameter to produce frequency-
weighted quantization matrices.

Scene - adaptive weighted quantization [44] can be used to modify quantization

parameters separately for 'U' and 'V' components of chroma. Scanning of the transform coded
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prediction residuals can be done in two ways:

e Fixed order scan

e Adaptive Scan

In fixed order scan the order of scanning 8 x 8 blocks differ in MBs coded with frame or

field coding (Figure 3.8). The zigzag scan is adopted for 4 x 4 blocks (Figure 3.9).

o 1 2 3 4 5 6 7 ) 0o 1 2 3 4 5 6 7
0 lo|1 |5 |6 |14]15]27]|28 l o] o] 3| 11]16|22]32]( 38] 55
1 |24 (7 [13|16]26]29]|42 1] 1] 6| 12]20]25]|33] 42| 57
2 | 3|8 [12[17[25]30]41(43 2| 2| 7] 15|21]28(37] 43| 58
3 19 |11 |18 [24(31]40] 44 (53 3| 4)10] 19[27]|31(39] 47| 59
4 11019 |23 |32 39|45 52|54 4] 5] 14| 24| 30| 36| 44| 50| 60

20122 133 |38 (46|51 (55]60 5] 8| 17] 26|35]| 41|48 52| 61
6 |21 ]34 (37 [47|50]56] 59|61 6l ol 18] 29| 401 46| 51| 54| &2
7 | 35|36 |48 [49 [ 57| 58| 62|63 7| 13| 23] 34| 45| 49| 53| 56| 63

o] 1 2 3

1 s &
2 4 7 12
3 8 11 13
o 10 | 14 15

j

Figure 3.9 Scan order for 4 x 4 blocks [52].

Adaptive scan technique [45] involves the adaptive use of both the scanning techniques

(Figures 3.9 and 3.10) in conjunction with adaptive block transforms to provide for the best scan

order for the current frame/field.

3.2.5 Entropy coding
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The entropy coding methods employed in AVS-video are: variable length coding (VLC)
enhanced arithmetic coding (EAC). VLC provides low complexity less efficient coding by either
fixed length or exp-Golomb codes. The syntax elements are coded using VLC while for
guantized transform coefficients a more efficient scheme 2-D VLC [46] is adopted.

EAC provides higher coding efficiency at relatively higher computational complexity.
The encoding process consists of three steps [47]:

e Binarization where a given non-binary valued syntax element is uniquely
mapped to a binary sequence
e Context modeling where the statistics of the already coded syntax elements are
used to estimate probability of the current syntax element
e Binary arithmetic coding
3.2.6 In-loop deblocking filter

Deblocking filters remove blocking artifacts present in the video. Several application
specific deblocking filters are employed in AVS-video. The default deblocking filter is defined to
operate on 8 x 8 blocks. The vertical boundaries are first filtered horizontally followed by the
horizontal boundaries filtered vertically (Figure 3.10). A much more simplified deblocking filter is
defined for the 4 x 4 blocks [48]. Moreover, a sample/pixel level deblocking filter [49] can also

be used.
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3.2.7 Error resilience

Error resilience in AVS-video is achieved through: scene signaling where the type of
scene transition can be used to construct lost parts of the current frame/picture from previous
frame/picture/, specifying core frame/picture [50], using a flexible picture header [51], using
flexible slice set [51] and using constrained DC intra prediction mode which constrains the
prediction values of DC mode to be fixed to 128 for 8 x 8 luma blocks to prevent error
accumulation [51].

3.3 AVS-video decoder

The AVS-video decoder (Figure 3.11) takes in the encoded bitstream with all the syntax
elements and reconstructs the original video sequence from the bitstream. The bitstream is VLC
or EAC decoded first. As the second step it is inverse quantized depending on the quantization
parameter. Then it is inverse transform coded to get the prediction residual. After that

depending on whether it is intra frame/field coded or inter frame/field coded, intra prediction or
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motion compensated inter prediction is done respectively. The reconstructed frameffield is

stored in a frame buffer for further predicting successive frames/fields.

Quantizaton Intra
Control Prediction
A
Decode >
Rate Bitstream
» Buffer > Parser
Forward
+ - Frame Buffer “
VLC Motion Vector - Motion
Decode —» Reconstruction Compensation “
y Backward <
Frame Buffer
Mode
Lal s
Decision  femccccccccaaaa
Other Parameters

Figure 3.11 AVS-video decoder [50].

The main features of AVS-video standard were explained in this chapter. The next
chapter will be dealing with the utility of higher order 2-D 16 x 16 ICTs in HD video coding.
Different types of 2-D 16 x 16 ICTs will be introduced and their implementation in AVS-video

and H.264/AVC will be discussed.
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CHAPTER 4
HIGHER ORDER 2-D ICTS FOR HD VIDEO CODING
4.1 Introduction
Spatial correlation in pictures/frames of a video is the statistical measure of the degree
of dependency between samples/pixels that are near to each other [53]. HD videos have higher
spatial correlation when compared to lower resolution videos [18]. The correlation coefficient r
(4.1) measures the correlation of nearby samples/pixels, and can be considered to be a

stochastic process [55].

r(ngny) = E[(x(n ) —py ) (x(ng) —ny )/ oye; (4.1)

The symbols n; and n, denote nearby samples, x (n;) and x (n,) represent the intensity
values of the samples n; and n,, |, 4> and o1, 0, represent the respective means and standard
deviations and E is the expectation operator. Table 4.1 shows the correlation coefficients
computed for prediction residuals of video sequences belonging to different resolutions. Here r
(2) is the correlation of adjacent pixels and r (2) the correlation of alternate pixels, W1 and y,, are
their respective means and o,; and o, are their respective standard deviations. From Table 4.1
we can see that p,; of HD video sequences are relatively higher than that of lower resolutions
like wide video graphics array (WVGA) and wide quarter video graphics array (WQVGA).
Moreover, W, for lower resolution video sequences are almost zero while for HD sequences it
remains high. Thus, HD videos show higher spatial correlation in general. This property of HD
videos can be exploited to achieve better coding efficiency by using higher order ICTs [54].

In the succeeding sections the development of ICTs from DCT-II in general and
three specific 2-D order 16 ICTs that will be implemented in H.264/AVC and AVS-video

particularly for HD video coding will be discussed.
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Table 4.1 Correlation of nearby pixels for various video resolutions.

r(1) r(2)

Test sequences Resolution By Oyt Hyg Tpg
Kimono 0.8673 | 0.1284 | 0.7311 |0.1434
Parkscene | 1920 %1080 (HD) ["07431 | 0.1820 | 0.6695 | 0.1967
Cactus 0.8542 | 0.1692 | 0.7483 | 0.1245
Vidyol 0.7539 | 0.2401 | 0.4073 | 0.1842
Vidyo2 1280 x 720 (HD) 0.6643 | 0.1982 0.3060 0.1569
Vidyo3 05474 | 0.1125| 0.3221 |0.2923
PartyScene 0.4953 | 0.1598 | 0.2019 | 0.1757
BQMall 832 x 480 0.4517 | 0.2145| 0.1966 | 0.2450
BasketballDrill (WVGA) 05594 | 0.1183 | 02301 | 0.1032
BQSquare 0.3543 | 0.2935 | 0.0964 | 0.1722
BlowingBubbles 416 x 240 0.2879 | 0.1515| 0.0473 | 0.1906
BaketballPass (WQVGA) 0.2177 | 01784 | 00355 | 0.2098

4.2 Integer cosine transforms

DCT-Il [2] maps a vector x of length N into another vector X of transform coefficients

having the same length (4.2).
X=H x (4.2)

Here the matrix H, called the transform matrix, can be defined as in equation (4.3).
lj kT
H(k,n) = C"*q'li cos[(n+0.5)—7] (4.3)
where kK, n=0,1,.....,.N-1

1
e, = —=fork=20
k \."2

38



¢y =1fork+0

The elements of the matrix H and H' are irrational numbers. Thus, the finite bit
precision in a computer will not reconstruct the same data if forward and inverse transforms are
done in cascade. Moreover, if the forward and the inverse transforms are implemented in
different machines with different floating-point representations, the error can be large. Scaling
the matrices H and H' and then rounding it to the nearest integer can negate the errors. But, if
the scaling factors are large, the norms of the rows (basis vectors) turn out to be very high and
the computational complexity will increase. Thus, an orthogonal (4.4) matrix H with small integer
elements is highly desired.

HH' =1 (4.3)

This has led to the development of ICTs by the principle of dyadic symmetry [6]. The
ICTs maintain the structure such as relative magnitudes, signs, dyadic symmetries, and
orthogonality among the elements of the transform matrix.

4.3 Simple 2-D order 16 ICT

The order 16 ICT is developed from the DCT-II matrix defined in equation (4.5) [8].

N i i=1
D [L,j] = 4 _ (4.5)

«,-: as[@}’ 1=j =16

The matrix D can be modified using the principle of dyadic symmetry [6] into matrix Ty as
shown in Figure 4.1. The dots show that the matrix extends to the right with alternating even

and odd symmetry along the solid line drawn inside.

39



X X Xo Xo Xo o X Xy Xy oo
X X3 Xy X1 Yo Xy Xy x| -Xs Xy e
o Xy X X4 —rha Xy Xy X -k X e

L S o S Tt e e SE N I E I S
Iy X —Ip iy Xy Ip I X1 o Iz -
s Xg - Xy —Ij o X XIn|-xn X
Iy —Xg —X —Xing  Xg o Xy X —X Xy o
Tis= o =X —n Ig oIy -1y —X 14 Iy oo
" Iy —hy —n Iy R R Ty Iy —Xg -
Iy —Xs¢ —Xp n —xns —n I n|y-xn —x -
g —Xr Xy s —Xy —Xig X3 =X | —Xu Iy e
I =n L Iy -n n Iy —Is I8 —Xjig e

L e T e e
[y =60 0 =i Iy Xy -y n|-no I
T L > S ' BT 1 S E I
St A ) e . B & Bt o =1

Figure 4.1 Matrix T,¢ generated from DCT-Il matrix D [8].

The 15 elements (Xq, Xy, etc.) are chosen to be integers that maintain the orthogonality
of Ty The selection can be considered to be a tradeoff between complexities of
implementation, transform coding gain and coding efficiency [56]. The T.5 proposed by Fong
[56] is an extended version of the order 8 ICT used in AVS-video or H.264/AVC, depending on
the standard where it has to be integrated. Thus two different T can be generated for
implementation in AVS-video and H.264/AVC. The flow diagrams for the order 8 ICTs are
shown in Figures 4.2 and 4.3 [16]. They can be implemented using basic additions and shift

operations.
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Here the elements X, X;.... X7 represent prediction residuals or pixel intensity values
and X,, X;.... X7 represent transform coefficients. The flow diagram for T, comprises of two

such 8 point forward ICT blocks implemented in parallel as shown in Figure 4.4 [56].
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ﬁ g Order8 ICT 3
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X1 Cre Yo
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Figure 4.4 Flow diagram for 1-D order 16 forward ICT [56].

In Figure 4.4 elements X,, X;.... Xi5 represent prediction residuals or pixel intensity
values, Cy, C;.... Ci5 are the intermediate results from addition operation and Y, Y;.... Y5 are
the resulting transform coefficients. The separability property allows 2-D 16 x 16 ICT to be
implemented using 1-D order 16 ICT (Figure 1.1). The number of additions and shifts required
for the implementation are shown in Table 4.2.

Table 4.2 Number of operations [56].

Number of shifts Number of additions Total number of
Simple order operations
16 ICT 24 88 112
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4.4 Modified 2-D order 16 ICT

The magnitude of matrix elements in odd part (having odd symmetry) is relatively higher
than the even part (having even symmetry) of the general transform T,¢. Thus a modified order
16 ICT was proposed by Dong et al. [16], where the even part is kept the same and the odd part
is redesigned to reduce computational complexity with respect to order 16 DCT-IIl. Thus, two
different order 16 ICTs can be generated for implementing in AVS-video and H.264/AVC

respectively. Figure 4.5 shows the even (Tg), odd parts (Tg,) of T16 and the modified odd part
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- X X X X Edil EI. il Eeil |
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Figure 4.5 (a) Even part of T (b) Odd part of T4 (c) Modified odd part [16].

The selection of elements in Mg, is based on three considerations:
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e The magnitudes of the elements should be comparable to the even part Tg,

e The second basis vector of the resultant order modified ICT (MICT) should be
similar to Tqg

e Fast algorithms can be developed for implementing it.

Since the elements of Mg, are selected without orthogonality constraint, they can have a
smaller magnitude than the elements of Tg, without affecting the inherent orthogonal property of
T16. The first three basis vectors of resultant MICT matrix (Myg) are similar to T.s. So the low
frequency coefficients are unchanged and good energy compaction is achieved for HD videos.
Thus a tradeoff can be achieved between computational complexity and performance in the
high frequency end of the coefficients. This has led to the choice of (X1, X3, X5, X7, Xg, X11, X13, X15)
as (11, 11, 11, 9, 8, 6,4, 1) [16]. The M can be implemented using basic addition and shift
operations (Figure 4.6). The even part, which is Tg. itself, can be implemented as in Figures 4.2
and 4.3. The matrix Mg, could be split into three matrices M;, M, and M3 such that:

Mgo = M1 X Mz X M3 (4.6)

The matrices My, M, and M3 can be represented using additions and shifts as explained

in [57].
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In Figure 4.6 yq, y1, etc. are the prediction residuals or pixel intensity values and Yo, Y, etc. are

the transform coefficients. The number of additions and shifts required for the implementation

are shown in Table 4.3.

Table 4.3 Number of operations [16].

Modified

Order 16 ICT

Number of shifts

Number of additions

Total number of

operations

32

150

182




4.5 2-D order 16 binDCT based on Loeffler’s factorization

The DCT-Il can be factorized into planar rotations and butterflies (Figure 4.9) [58, 59].
The factorization of order 16 DCT-II as proposed by Loeffler et al. [63] (Figure 4.8) is more
efficient than that proposed by Chen et al [58], in terms of the nhumber of operations required for
implementation. This representation requires 31 shifts and 81 additions [63]. In order to reduce
the number of shifts, planar rotations can be represented in terms of three shears, or lifting
steps [60, 61] (Figures 4.7). Thus a rotation, which notionally needs 4 shifts and 2 additions, can

be implemented by 3 shifts and 3 additions.

X 4’6‘9 @ YIT T 4’6‘9 @ X

l—pos L l—Poscc l—pos | gina l—Posa
sinc sinc sinc since
Xz | é | Yo Yo | é | Xz
(a)
(b)

Figure 4.7 (a) Representation of a plane rotation by 3 lifting steps. (b) Inverse transform [60,
61].
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Figure 4.8 Flow graph for order 16 DCT-II proposed by Loeffler et al. [58] (Ch =cos E

Sn =sin).
32
The relations between X;, X, and Yy, Y, (Figures 4.7 (a) and (b)) are derived in

equations 4.7 to 4.10. In many cases this can be further reduced (Figure 4.8) to 2 shifts and 2
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additions. In Figure 4.9 (a) blocks p and u represent the shifts and K; and K, represent the
scaling factors. The reduction is achieved by moving scaling factors to the quantization stage.

The shears still contain parameters that are generally irrational but can be approximated by
dyadic-rational coefficients as proposed by Liang and Tran [62]. The tradeoff between coding

efficiency and computational complexity is achieved by tuning the approximations.

Y; = X, + 2aX, +a® bX, +abX, (4.7)
Y, =X, + b(aX; + X,) (4.8)
where a = 1;::3 and b= sin o
X, =Y, + 2a¥, + a® bY; + ab¥] (4.9)
X, =Y, + bla¥, +Y;) (4.10)
where a = — 1;;0:“ and b= —szin

The binDCT [62] based on Loeffler et al [63] factorization (binDCT-L) as proposed by
Liang and Tran can implement the order 16 DCT-Il with an optimum number of shifts and
multiples. Although the binDCT is not exactly an integer cosine transform, it uses only fixed
point arithmetic operations for computing. The flow diagram for binDCT is shown in Figure 4.10.

The dotted blocks represent the scaling factors.
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Figure 4.9 (a) General rotation; (b) Scaled lifting structure for (a); (c) Orthogonal plane rotation;
(d) Scaled lifting structure for (c); (e) Permuted version of (c); (f) Scaled lifting structure for (e)
[62, 64, 65].
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Figure 4.10 Order 16 binDCT-L [62].
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The number of shifts and multiplies for order 16 binDCT is given in Table 4.4.

Table 4.4 Number of operations [62].

Order 16

binDCT-L

Number of shifts

Number of additions

Total number of

operations

51

106

157

In the next chapter implementation details of the above order 16 ICTs in H.264/AVC
and AVS-video and comparisons on the basis of transform coding gain and objective quality

(BD-PSNR and BD-Bitrate [66] observed on video sequences of various resolutions will be

discussed.
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CHAPTER 5
PERFORMANCE ANALYSIS AND CONCLUSIONS
5.1 Introduction
Transform coding gain [67] G1c (5.1) is a good measure of the energy compaction

efficiency of a transform.

N 2.
e 52
[ITL':'_ Ty )

Gre =

where ET:}___ is the covariance of the elements of the source. The numerator represents the

arithmetic mean of variances of transform coefficients. The denominator represents the
corresponding geometric mean. To compare the transform coding gain of three ICTs explained
in the previous chapter a 1-D, zero mean, unit variance first order Markov process (Figure 5.1)
is considered as the source. The adjacent element correlation of the source can be denoted as
p. From Table 4.1 we can see that HD video sequences have p varying from 0.5 to 0.9. Figure
5.1 and Table 5.1 compares the variation of transform coding gain (in dB) with p for all the three
ICTs with respect to order 16 DCT-Il. Here simple order 16 ICT (SICT) 1 and SICT 2 represent
the ICT (explained in section 4.3 of Chapter 4) implemented in H.264/AVC and AVS-video
respectively. The modified order 16 ICT (MICT) 1 and MICT 2 represent the ICT (explained in
section 4.3 of Chapter 4) implemented in H.264/AVC and AVS-video respectively. From the
graph we can come to the conclusion that order 16 binDCT-L gives the best transform coding
gain for higher values of p (9.4499 dB for p = 0.95) when compared to order 16 DCT-II (9.4554
dB for p = 0.95. The modified order 16 ICT 1 and MICT 2 give 8.8925 dB and 8.8201 dB
respectively for p = 0.95. The corresponding values for SICT 1 and SICT 2 are 8.7693 dB and

8.7416 dB respectively.

52



1 p plh pts
p 1 ol pl
T= : : :
plt ple 1 p
pis pid p® 1

Figure 5.1 Matrix representation of first order Markov source of size 16 with correlation p.
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Transform coding gain (dB)
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e 5T 2 (AVS-videa) ==&=PMICT 2 [AVS-video) =@=Q0rder 16 binDCT-L

Figure 5.2 Comparison of transform coding gains of various order 16 ICTs with respect to order
16 DCT-II
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Table 5.1 Variation of transform coding gain with p

p|Order 16 DCT-II |SICT 1 (H.264/AVC)IMICT 1 (H.264/AVC)SICT 2 (AVS-video) MICT 2 (AVS-video)|Order 16 binDCT-L
0.15 0.3523 0.338 0.3392 0.3279 0.3386 0.352
0.25 0.7715 0.7618 0.7654 0.7609 0.7632 0.7713
0.35 1.1803 11629 1167 1.1611 1.1637 1179
045 1.349% 12078 12184 11995 12169 1.348
0.55 14539 1.2305 1.2671 12193 1.2587 14508
0.65 15383 13663 1.3887 1.3642 1.3906 15362
0.75 20537 19107 19652 1.8993 1.9348 20516
0.85 3.1185 2803 2917 2.7951 28879 3.1024
0.9 9.4554 8.7693 8.8925 8.7416 8.8201 9.44%9

The performance of the ICTs can be evaluated on the basis of BD-bitrate and BD-
PSNR [66] achieved when the standards (H.264/AVC and AVS-video) are integrated with the
ICTs. The values are calculated with respect to the default performance achieved by the
standards. Here BD-PSNR gives the absolute PSNR gain at the same bitrate and BD-bitrate
gives the percentage bitrate savings at the same PSNR.

5.2 Implementation in H.264/AVC and performance analysis

The three 2-D order 16 ICTs are implemented into JM 17.2 reference software [68] for
H.264/AVC. The scaling and quantization matrices used for simple and modified 2-D order 16
ICTs are the same as that in the reference software as they are extended versions of the order
8 ICT, while that used for 2-D order 16 binDCT-L is specified in the Appendix. The selection of
transform size is based on MB level R-D cost [71]. The H.264 high profile is used for encoding
the video sequences. The video sequences can be downloaded from [69]. Table 5.2 specifies
some of the configuration parameters used for encoding. The encoding is performed with a
system having Intel i7 Quad 4, 2.60 GHz processor supporting 6GB RAM. The operating
system used is Windows 7. Video sequences belonging to HD (1920 x 1080, 1280 x 720),
WVGA (832 x 480) and WQVGA (416 x 240) are used for evaluating the performance. The

results (bitrates verses PSNRs, percentage bit rate savings (BD-bitrate) verses BD-PSNR for



each sequence) are tabulated. The graphs for one sequence from each of the different

resolutions are also shown.

Table 5.2 Configuration Parameters.

Group of pictures (GOP) size 8
GOP structure IBBBBBBP
Intra frame period 05s
R-D optimization on
QP 22,27,32,37
Reference frames 2
Fast motion estimation on
Search range +32
Deblocking filter on
Entropy coding CABAC
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5.2.1 Performance of simple 2-D order 16 ICT (SICT)
Results for HD (1920 x 1080) sequences:

Table 5.3 Comparison of bitrates and PSNRs for three 1920 x 1080 sequences (H.264/AVC

with SICT).
H.264/AVC with Simple 2D ICT Default H.2B4/AVC
Segquence name | QP bitrate (kbps) Y PSNR UP3SNR V-PSNR|bitrate (kbps) Y PSNR U PSNRE  V PENR
Kimaono 22 11128.712 ar.63 4306 4514 11134.11 3760 43.00 4516
il 0436 688 35 326 406766 426057 S4406723 35319 406692 424108
3z 5621776 334748 300813 41.1953 5632.26 33456 300561 41.1871
37 3502688 326486 383154 407401 3507433 326123 382045 405126
FarkScene 22 4360638 744 4288 4344 4362 4886 37.26 42 BB 43.33
27 282096 353146 40.7148 42.6534| 2835451 353071 407042 426567
3z 1513.8264 33,482 381326 41.2028 1518.362 33479 301252 41.2028
ar GZB 6464 326537 3B5015 40.7281 B33.2678 32512 384048 407265
Cactus 22 737784 377416 419747 42.0858| 7379276 376983 419654 42.0832
T 581804 356108 23B8.0584 40.0161 582511 356081 3B.0S69 400138
32 382006 342778 37.3159 38.8342| 3821732 342755 37.3137 38.8297
i 2660 344 32 B584 36.5484 37.6315 2674838 3ZB548 365451 376284
Kimono

38

375 ll
37

30.5 /
36

355 /
35 7/ =4=H.264/AVCwith Simple 2-

345 / DICT

34

335 / == Default H.264/AVC
33

325 d

32 I I |
0 5000 10000 15000

Y PSNR (dB)

Bitrate (Kbps)

Figure 5.3 Y PSNR variations with bitrate for Kimono sequence (H.264/AVC with SICT).
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Table 5.4 BD-bitrate and BD-PSNR (H.264/AVC with SICT).

Sequence name BD-bitrate (%) BD-PSNR (dB)
Kimono -4.32 0.27
ParkScene -5.91 0.34
Cactus -3.59 0.22

Results for HD (1280 x 720) sequences:

Table 5.5 Comparison of bitrates and PSNRs for three 1280 x 720 sequences (H.264/AVC with

SICT).
H.264/AVC with Simple 2-D ICT Dafault H.264/AVC

Sequencaname| QP  |bitrate (kbpe) Y PSNR  UPSNR  V-PSNR |bitrate (kbps) Y PSNR  UPSNR WV PSNR
Widyal 22 18T 48 40 53 477 45,38 1807 .82 40 .48 44 71 4538
& 158474 a08 483 44,38 1803.82 103 4388 4438

3 1400.28 Te4 4309 4334 141484 ez 4304 4325

ki) 12402018 356886 428554 427401| 12830M2 35123 424502 428628

Vidyad 22 137231 400164 481228 448285 138088 400054 46118 448172
i 861287 384175 455853 436542 BTE.128 384117 455331 438014

a2 ST0.746 366454 44AT4T 427015 §76.837 365035 44GR4E  L25T2E

a 1501948 341342 432674 414380| R4 0357  3L(M2 431848 404285

Vidyod 22 80084 401372 461RB1  46.1545 906272 401075 48012 46.0293
& SEB324E 387625 451484 45T 573392 387519 451035 45.0513

32 76328 3T.M4 0 44138 438853 JB3EIZ AT1BL 4407TE} 43T

ki) 282804 3B8MEB 431838 421188 283281 3GBE4R  4254H 420284
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Figure 5.4 Y PSNR variations with bitrate for Vidyol sequence (H.264/AVC with SICT).

Table 5.6 BD-bitrate and BD-PSNR (H.264/AVC with SICT).

Sequence name

BD-bitrate (%)

BD-PSNR (dB)

Vidyol -2.57 0.19
Vidyo2 -3.81 0.22
Vidyo3 -1.91 0.12
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Results for WVGA (832 x 480) sequences:

Table 5.7 Comparison of bitrates and PSNRs for three 832 x 480 sequences (H.264/AVC with

SICT).
H.264/AVC with Simple 2-D ICT Default H.264/AVC
Seguence name| QP bitrate (kbps) Y PSNR U PSNR  V-PSNR | bitrate (kbps) Y PSNR U PSNR WV PSNR
BamMall 22 1928 .84 35.30 3917 40.07 194928 35.29 39.22 40.09
27 128276 3344 3re 38.75 1283.28 3342 37985 38.72
32 835.22 31.56 36.86 3747 847.15 31.57 36.83 3747
37 549.57 29.73 3579 36.28 552.16 29.75 35.87 36.38
PartyScene 22 1950.08 37.13 3911 3047 1996.09 37.13 39.11 39.46
27 82119 3463 3742 3770 B4384 3484 3742 37.70
32 570.49 3232 36.02 36.27 567.45 32.33 36.01 36.28
37 372,67 26.89 3299 33.07 373.57 26.88 33.05 33.13
BasketballDrill 22 853.1018 35132  3B.687 38.15 855723 351075 38.012 38.0293
27 730.54 3332 36.40 36.22 735.85 33.33 36.42 36.38
32 413.64 31.26 3470 34.40 414.79 31.34 34.75 34.44
37 308.68 30.21 3399 33.32 307.47 30.32 33.73 33.20
BQMall
36
355
35 /‘.
34.5 7
34
& 335 ,(
2 33 -
g 325 +=—H.264/AVC with
w32 Simple 2-D ICT
- 315 /
31 / ~—Default H.264/AVC
30.5
30 i
29.5
29 T T T T 1
0 500 1000 1500 2000 2500
Bitrate {Kbps)

Figure 5.5 Y PSNR variations with bitrate for BQMall sequence (H.264/AVC with SICT).

Table 5.8 BD-bitrate and BD-PSNR (H.264/AVC with SICT).

Sequence name

BD-bitrate (%)

BD-PSNR (dB)

BQMall -1.35 0.08
PartyScene 1.05 -0.04
BasketballDrill 1.02 -0.01
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Results for WQVGA (416 x 240) sequences:

Table 5.9 Comparison of bitrates and PSNRs for three 416 x 240 sequences (H.264/AVC with
SICT).

H.264/AVC with Simple 2-0 ICT Default H.264/AVC
Sequencename| QP  |bitrate (kbps) Y PSNR UPSNR V-PSNR |bitrate (kbpz) Y PSNE UPSNR WV PSNR
BOSquare 22 1160.50 341858 400166 408547 11705892 341775 401654 406576
il 67268 318442 303213 398428 B7EE06 31837 303405 396142
2 46891 304695 388123 389728 473264 304504 388376 39.0257
3 26275 265043 381482 382388 261152 28518 38208 3B.1561
BlowingBubbles 22 97487 3450585 37.3838 38.8607 98186 345092 374163 38.8968
il £10.8904 325302 360315 37657 B08.7867 325677 36.0151 37.6863
32 442 467 313888 35142 3B.T2ET 4405467 313765 351623 36.80497
KT 263.149 206086 3381 358193 26548 208555 33795 354762
BaskethallPass 22 39812 36812 40138 42.11 350006 36875 40122 420293
e 2759843  34.7636 3826  37.7511 27147867 34.7453 3816768 376898
¥ 201.3521 334324 373794 36.7384 2054533 333962 375023 36.7765
i 1326365 316012 361729 354423 1345733 31.5847 364376 3547
BQSquare
345
34 /.
335 /
33 7
~ 325
a1
3 3 /
w 315 .
g 1 / == 264/AVC with
5 e / Simple 2-DICT
> 30
25 / <= Default H.264/AVC
29 /
28.5 ‘
28
0 500 1000 1500
Bitrate (Kbps)

Figure 5.6 Y PSNR variations with bitrate for BQSquare sequence (H.264/AVC with SICT).
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Table 5.10 BD-bitrate and BD-PSNR (H.264/AVC with SICT).

Sequence name BD-bitrate (%) BD-PSNR (dB)
BQSquare 1.16 -0.04

BlowingBubbles 1.34 -0.11

BasketballPass -11 0.17

5.2.2 Performance of Maodified 2-D order 16 ICT (MICT)
Results for HD (1920 x 1080) sequences:

Table 5.11 Comparison of bitrates and PSNRs for three 1920 x 1080 sequences (H.264/AVC

with MICT).
H.264/4VC with Modified 2-0 ICT Default H.264/AVC
Seguence name QF |btrate (kbps} YPSMR U PSNR  V-PSNR |bitrate (kbpzs) Y PSNRE  UPSNR WV PSHNR
Kimano 22 11130127 T4 4317 4535 1113411 37.80 4300 4516
27 9438427 35357 40TETT 427068 94406723 35319 406682 424108
3z 5631887 335850 301924 420084 5E32.268 33456 300881 411871
ar 3505.78 326601 354265 408502 3507433 326123 382045 405126
ParkScene 22 4361.75 3766 43.03 4345 | 43624896 37.26 4288 43.33
27 282107 354257 408250 427645 2835451 353071 407042 426567
3z 151501789 33593 303645 414249 1518362 33479 391252 412028
a7 9301276 328087 386124 40.84 0332676 32512 384048 407265
Cactus 22 TATEO01  3TH630 421832 421024 TATO276 376983 419654 420832
27 582215 356563 381684 401259 5825.11 356091 3B.0568 400139
3z 382121 343004 374265 389031 3821732 342785 373137 3BBaoT
ar 2672254 330163 366720 378411 674938 328548 365451 376254
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Figure 5.7 Y PSNR variations with bitrate for Kimono sequence (H.264/AVC with MICT).

Table 5.12 BD-bitrate and BD-PSNR (H.264/AVC with MICT).

Sequence name

BD-bitrate (%)

BD-PSNR (dB)

Kimono -6.5 0.34
ParkScene -8.81 0.38
Cactus -3.02 0.25
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Results for HD (1280 x 720) sequences:

Table 5.13 Comparison of bitrates and PSNRs for three 1280 x 720 sequences (H.264/AVC

with MICT).
H.264/AVC with Modified 2D ICT Default H.264/AVC

Seouence name| QF  |bitrate (kbps) Y PSNR  IUPSNR  V-PSNR | bifrate(kbps) Y PSNR UFSWR W PSKR
Vidyo1 22 1905.55 a0.75 44140 45,60 1907.82 4048 47 4539
27 1601.63 a0 4413 4443 1603.92 0.0 43 88 4439

32 1406.00 37 88 4377 43 56 141494 ar &2 43 04 4375

37 12453154 358051 427083 428529 12530912 35123 424507 4726626

Vidyod 22 137513 402467 46365 45136 138088 400054  46.119 448172
7 BE6.25 384555 456437 437635 B76.128 384117 45533 436014

32 572105  3GA037 440321 420834 676832 J65035 446646 425728

37 J52.4810 342673 433578 A1 E364| 3840357 012 431048 400265

Vidyod 22 003A7B3 402731 463145 46254 o0e.272 401075 46.012 460203
27 E71332  JBBS43 455343 452454 573302  AT7510 451035 450513

32 JB0459 37454 44437 443504 BIGI2 JWAH4 440783 437

k1 20784 372150 435432 427799 203281 J6B540 425451 420284

Vidyo1

41

“ /

395
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385

34
375 =4 H.264/AVCwith Modified

37 20ICT
36.5

36
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35
345
34 | | |
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e
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Figure 5.8 Y PSNR variations with bitrate for Vidyol sequence (H.264/AVC with MICT).
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Table 5.14 BD-bitrate and BD-PSNR (H.264/AVC with MICT).

Sequence name BD-bitrate (%) BD-PSNR (dB)
Vidyol -5.30 0.31
Vidyo2 -3.55 0.26
Vidyo3 -2.08 0.20

Results for WVGA (832 x 480) sequences:

Table 5.15 Comparison of bitrates and PSNRs for three 832 x 480 sequences (H.264/AVC with

MICT).
H.264/AVC with Modfied 2.0 1CT Oefault H264/AVC

Sequenceneme | QP  |birste jkbps) YPSNR UPSNR V-PSNR |birate (kops) YPSNR UPSNR  VPSNR
BQMall 2 193749 3542 W3 4019 194028 3520 3822 4009
7 128163 363 B34 BET| 128326 3342 TR 3472

2 B4145 370 372 3179 BAT15 AT 36B3 3T4T

3 55083 2095 312 W74 55216 2075  35B7 3638

PartyScene 22 106086 3747 306 Jr4( 19900 373 3OM 39.46
7 B25080 72 I Y B43B4 3484 3742 310

2 bR0BE 3238 3BTI 3666 B6745 3233 3601 36.28

3 3623 896 331 3T 37357 2688 3306 3313

Basketbal Dnll 2 B54 0185 35258 3BBOTT  3BGS| @872 35075 3012 380293
&7 73339 34T JBES 3636 73585 3333 3642 3638

2 41542 333 M8 W10 41479 1M M7y M4

3 J0o78 44 MHAT 3355 0747 3032 313 3320
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Figure 5.9 Y PSNR variations with bitrate for BQMall sequence (H.264/AVC with MICT).

Table 5.16 BD-bitrate and BD-PSNR (H.264/AVC with MICT).

Sequence name BD-bitrate (%) BD-PSNR (dB)
BQMall -2.83 0.18
PartyScene -1.39 0.11
BasketballDrill -0.61 0.07
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Results for WQVGA (416 x 240) sequences:

Table 5.17 Comparison of bitrates and PSNRs for three 416 x 240 sequences (H.264/AVC with

MICT).
H.264/AVC with Modified 2.D ICT Default H 264/8C
Sequence name| QP |bitrate (kbpz) Y PSNR  UPSNR  V-PSNR |birate (kbps) Y PSNR UPSNR  VPSNR
BQSquare 2z 17143 342085 40245 407485 1170892 341775 401654 406576
i 67480 319543 304673 308445  67BB06 31837 303408 306142
k) 47134 305383 380543 300132 473264 304504 3REATE 300287
Bl 20286 ZBR2T 3B3453  3R3AA| 281152 28518 JB208 361561
BlowingBubbles | 22 OTRT12  MME264 7436 3RO612 OB196 345092 374163 364968
I 81104 326746 JB5545 ITETET| GOBTEET 325677 360151 3TEEE3
2 44187 M3 3832 I6BSAT| 4405467 313765 351623 36.6007
i 64013 07425 M3 57B4E 26548 208550 33705 354762
BasketbalPasz | 22 5112 36046 40246 426437 350006 36875 40122 420293
7 216384 736 3BIT WET2Y|  ZTATEET 347451 381676 376898
k) 246%1 3ATHME 37783 368564 2054533 333062 375023 367765
ki) 138512 37474 365244 380436 1345733 315047 364376 3547
BQSquare
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Figure 5.10 Y PSNR variations with bitrate for BQSquare sequences (H.264/AVC with MICT).
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Table 5.18 BD-bitrate and BD-PSNR (H.264/AVC with MICT).

Sequence name BD-bitrate (%) BD-PSNR (dB)
BQSquare -1.31 0.22

BlowingBubbles -2.34 0.27

BasketballPass -1.03 0.16

5.2.3. Performance of 2-D order 16 binDCT-L
Results for HD (1920 x 1080) sequences:

Table 5.19 Comparison of bitrates and PSNRs for three 1920 x 1080 sequences (H.264/AVC
with binDCT-L).

H.264/AVC with 2:0 binDCT-L Default H.284/AVC

Sequence name| QP | bitrate (kbps) Y PSNR  UPSNR V-PSNR|bitrate (kbps) Y PSNR UPSNR VPSNR
Kimono | 2 305 7847 4317 4523 111341 3760 4300 4518
a 0430967 35640 407806 425734 04408723 35318 40002 424108

3 5631988 3373 38.2513 4130053 563226 33456 390561 411871

3 3506.74 320083 384632 40861 3507433 326123 382045 405126

Parkscene | 22 4362038 IR 4324 4384| 436248% 3726 4288 4333
i 203468 354548 417567 428334 2835451 3530T1 407042 428567

32 1516462 336482 3926 41463 1518362 33478 381252 41.2028

3 0332887 32787 3875 408081 9332678 32512 3B4B48 407265

Cactus i 7137843 378616 41851 422836 7379276 376983 4196%4 420832
& 5624321 3581 382574 403281  5BE511 32G081 36.0563 400138

32 J62186 343338 373682 3B.4442 B2 AT AT 36828

i 07318 329434 3BT 3756 2074838 328548 366451 37624
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Figure 5.11 Y PSNR variations with bitrate for Kimono sequence (H.264/AVC with binDCT-L).

Table 5.20 BD-bitrate and BD-PSNR (H.264/AVC with binDCT-L).

Sequence name

BD-bitrate (%)

BD-PSNR (dB)

Kimono -6.45 0.29
ParkScene -4.18 0.23
Cactus -3.17 0.16
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Results for HD (1280 x 720) sequences:

Table 5.21 Comparison of bitrates and PSNRs for three 1280 x 720 sequences (H.264/AVC
with binDCT-L).

H.264/AVC with 20 binDCT-L Default H.264/AVC

Sequence name| QP  |bitrate (kbps) YPSNR UPSNR  V-PSNR |bifrate (kbps) YPSNR UPSNR WV PSNR
Vidya1 22 100682 4088 4491 4562 100782 4048 471 4539
27 160141 47 4452 4452 160382 O3 4380 4439

32 141061 e 4355 4355 141484 3752 4304 4325

i 12511967 357006 428301 42821 12530812 35123 424802 426628

Vidyo3 22 1379674 404842 46420 451205  13B0BR 400054 46118 448172
27 B7376 3BETTS 45631 436680) G7E.128 384117 45533 436014

32 574832 368932 447476 428415 5TA.B32 365035 446646 425728

i 3524834 3421 438743 415280) 3540357 34012 431948 400265

Vidyod 22 803476 403266 464881 463451 806272 401075 46012 460203
27 §71246 381125 45345 4522231 5TA42  3R7S19 451035 450813

32 382546 37HRM 445301 438001 383632 372184 440763 4374

k] 200041 379678 434032  421344| 203281 368548 425451 420284

Vidyo1

41

40.5 j
40

395

39
385

38 =4=H.264/AVCwith 2-D

375 binDCT-L
37

36.5 =f=Default H.264/AVC
36
355
35 i

Y PSNR (dB)

0 1000 2000 3000
Bitrate (Kbps)

Figure 5.12 Y PSNR variations with bitrate for Vidyol sequence (H.264/AVC with binDCT-L).
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Table 5.22 BD-bitrate and BD-PSNR (H.264/AVC with binDCT-L).

Sequence name BD-bitrate (%) BD-PSNR (dB)
Vidyol -4.73 0.36
Vidyo2 -4.35 0.31
Vidyo3 -1.59 0.19

Results for WVGA (832 x 480) sequences:

Table 5.23 Comparison of bitrates and PSNRs for three 832 x 480 sequences (H.264/AVC with

binDCT-L).
H.264/AVC with 2.0 binDCT-L Default H.264/AVC

Secuencename | QP  |hbirate kbps) YPSNR UPSNR V-PSNR |bitrate (kbps) YPSNR UPSNR VPSNR
BaMall 22 194732 377 3066 4031 04028 3520 3822 4009
& 128245 3300 3844 3800 128328 3342  A70e  3ET2
k) 84361 Huy 3 IE B4715 3157 3883 I 4
ki ba14 3012 BBL BB 55216 2875 3587 3638
PartyScene 22 197060 T8 3EE 308D 198608 3713 3 3946
q B3t1s Mel I 37104 B4384 3484 42 I
2 SRAEI 3248 JBEY BT 56745 3233 36.01 36.28
J JeES0 A 3322 BH 73587 2688 3308 3313
BazketballOnll 2 Ba5435 3831 389854 3875  8RAT2Y 3Ai075 802 380293
T 73488 3348 BTY B4 73585 3333 3642 36.38
2 41424 ¥z MBS M 41478 314 3475 3444
k1 J0610  30BE M4 33ED 0747 3032 0 3_13 3BA
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Figure 5.13 Y PSNR variations with bitrate for BQMall sequence (H.264/AVC with binDCT-L).

Table 5.24 BD-bitrate and BD-PSNR (H.264/AVC with binDCT-L).

Sequence name

BD-bitrate (%)

BD-PSNR (dB)

BQMall -6.65 0.47
PartyScene -5.92 0.32
BasketballDrill -3.75 0.19
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Results for WQVGA (416 x 240) sequences:

Table 5.25 Comparison of bitrates and PSNRs for three 416 x 240 sequences (H.264/AVC with

binDCT-L).
H.284/AVC with 2-DbinDCT-L Default H.264/AVC

Sequence name| (QF  |bitrate (kbps) YPSNR UPSNR V-PSNR |birate (kbps) Y FSNR LU PSNR WVPSNR
BQSquare 22 117387 34385 404533 40865 1170592 341775 401654 406576
il 678.00 322566 30673 40235  BTRBO6 31837 303405 306142

K7} 47362 30843 302343 303132 473264 304504 38.83TE 300257

kil 28313 287645  3BEBO  3B4B3T) 281152  2B518  3B20B 381561

BlowingBubbles | 22 080712 347764 375656 3B.0RET DB1O6 345082 G&74163 388068
il 610.38 327461 J6.58 37TETET| 60B7BET 325677 36.0151 376863

k7 44512 31543 35362 36843 4405467 313765 351623 366097

37 265913 296625 M3 355445 26548 206559 33795 354762

BasketbalPass | 22 35355 3A743 40216 428371 3500068 36875 40122 420203
il 277245 348856 38421  37E61| 2T4TBAT 34.7453 381676 376898

K7} 2056321 333225 A7HE21 387311 2054533 333082 375023 367765

ki 1358512 318111 364144 350656) 1345733 315947 364376 3547

BQSquare

36

355

35

4 A
@ 335 Vi
T 33 7
o 325
z 32 /f/ —4—H.264/AVCwith 2-D
@ 3L 7 binDCT-L
o 3]
> 305 /

30 =f=Default H.264/AVC

295

29

285

28 . . .

0 500 1000 1500
Bitrate (Kbps)

Figure 5.14 Y PSNR variations with bitrate for BQSquare sequence (H.264/AVC with binDCT-
L).
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Table 5.26 BD-bitrate and BD-PSNR (H.264/AVC with binDCT-L).

Sequence name BD-bitrate (%) BD-PSNR (dB)
BQSquare -1.13 0.19

BlowingBubbles -0.65 0.06

BasketballPass 1.52 -0.15

5.3 Implementation in AVS-video and performance analysis

The three 2-D order 16 ICTs are implemented into RM 52e reference software
[70] for AVS-video. The combined scaling and quantization matrices used for simple and
modified 2-D order 16 ICTs are the same as that in RM 52e as they are extended versions of
the order 8 ICT, while that used for 2-D order 16 binDCT-L is specified in the Appendix. . The
selection of transform size is based on MB level R-D cost [66]. The AVS enhanced profile
(Jiagiang) is used for encoding the video sequences. Table 5.3 specifies some of the
configuration parameters used for encoding. The encoding is performed with a system having
Intel i7 Quad 4, 2.60 GHz processor supporting 6GB RAM. The operating system used is
Windows 7. Video sequences belonging to HD (1920 x 1080, 1280 x 720), WVGA (832 x 480)
and WQVGA (416 x 240) are used for evaluating the performance. The results (bitrates verses
PSNRs, percentage bit rate savings (BD-bitrate) verses BD-PSNR for each sequence) are

tabulated. The graphs for one sequence from each of the different resolutions are also shown.
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Table 5.27 Configuration Parameters.

Group of pictures (GOP) size 8
GOP structure IBBBBBBP
Intra frame period 05s
R-D optimization on
QP 22,27,32,37
Reference frames 2
Fast motion estimation on
Search range +32
Deblocking filter on
Entropy coding CABAC

5.3.1. Performance of Simple 2-D order 16 ICT and results
Results for HD (1920 x 1080) sequences:

Table 5.28 Comparison of bitrates and PSNRs for three 1920 x 1080 sequences (AVS-video

with SICT).
AV 5-video with Simple 2-D ICT Default AVS-video
Sequence name ap bitrate (kbps) ¥ PSMR  UPSNR V-PSNR |bitrate (kbps) ¥ PSNR U PSNR VWV PSHR
Kimono 22 11012.8018 37.53244 4287 44 97 11131.11 37.38 4275 4402
27 G344 5407 3536242 4057 421 8438.93 35.204 404503 421718

32 55B3.00006 3223353 3844 40.88 5640.304 32.1380 3B.3267 40.8211
7 3486 44241 3156481 36.85 3880 3521.650 314234 36.542 38.65M1
ParkScene 22 4258 B47ET 3602241 4175 4282 | 4301.5832 36.78 41.82 4257
7 2T87.61232 3456836 3098 4159 J7p5.568 344135 308623 41.5480
32 1441.07271 32.70853 38.13 4085 1455.628 32563 38.0187 408134
37 870.083676 31.82055 37.70 39.57 878.8724 31.678 37.6743 30.5276
Cactus 22 71BB.13755 36.61523 4082 4125 7T260.745 364512 404956 41.2083
27 B711.211 34.47223 3715 30.08 57880 343178 37.034% 30.0208
32 36B82.37331 33.26683 36.34 w7 3718560 331178 38.2304 37.7208
£ 2574 85338 31.73095 3582 36.52 2600.862 315888 35.7100 364867
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Figure 5.15 Y PSNR variations with bitrate for Kimono sequence (AVS-video with SICT).
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Table 5.29 BD-bitrate and BD-PSNR (AVS-video with SICT).

Sequence name

BD-bitrate (%)

BD-PSNR (dB)

Kimono -8.45 0.37
ParkScene -7.31 0.33
Cactus -5.51 0.26
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Results for HD (1280 x 720) sequences:

Table 5.30 Comparison of bitrates and PSNRs for three 1280 x 720 sequences (AVS-video with

SICT).
AVS-video with Simple 2-0 ICT Default AVS-video
Sequencename| QP  |birate (kbps) YPSNR UPSNR V-PONR | birate (ibps) YPSNR UPSNR VPSR
Vidyo! 2 189153 40.09 4328 4405 101258 Kl B} 1 4580
27 180283 3810 4341 4401 182045 AME 424 4305
2 W74 3710 4230 4350 143200 3693 4214 4352
ki 1288.73 %28 117 228 13010465 35117 410102 422128
Vidyo? 2 130531 3828 4537 4431 141083 381054 4510 44245
r 88040 e 482 48 BRO284 370578 44042 434601
2 57680 341 4484 4310| 583210 845 444008 43128
a7 7231 A0 4385 4200|  7BASHT  B5M 43481 420065
Vidyod 2 82408 4030 4500 4800 B34.362 402072 44012 45E203
7 57633 880 428 4532| 562745 8510 441035 452515
2 408.12 3B 414 24 410832 37184 412761 42385
ki 2717 85 1.7 4218 300478 384834 411008 421195
Vidyo1
41.00
40,50
40.00 ’
3950
@ 39,00 /
= 2350 /
4 3
> 38.00 e
B 3750 == AVS-video with Simple 2-
. £7.00 bt
2030 | &= Default AVS-video
36.00 I
35,50 i
35.00 | . |
0.00 1000.00 200000 3000.C0
Bitrate (Kbps)

Figure 5.16 Y PSNR variations with bitrate for Vidyol sequence (AVS-video with SICT).
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Table 5.31 BD-bitrate and BD-PSNR (AVS-video with SICT).

Sequence name BD-bitrate (%) BD-PSNR (dB)
Vidyol -5.18 0.29
Vidyo2 -6.57 0.34
Vidyo3 -3.23 0.21

Results for WVGA (832 x 480) sequences:

Table 5.32 Comparison of bitrates and PSNRs for three 832 x 480 sequences (AVS-video with

SICT).
AVE-video with Simple 2-D ICT Default AVS-video
Sequencename| QP  |bitrate (kbps) YPSNR UPSNR  V-PSNR |barate (kbps) YPSNR UPSNR  VPSNR
BQMal 2 1844 01 35.14 age2 3074 107253 515 3807 38.70
27 1288.18 2303 ares 3838 1306.45 387 37.70 3242
a2 858.57 30.00 3654 araa 870.76 30.12 36.58 arar
1 587.78 28.28 35.58 0804 575.584 28.30 35682 38.08
PartyScens 22 188082 3564 3882 2012 201928 588 3888 3218
27 854.71 33.16 ara2 3738 866.85 3310 ETAT 3740
a2 581.01 30.85 35.72 54 500.17 i 35.70 3508
a7 381.07 2540 32.78 3278 306.62 2943 3280 3283
BaskethallDril 2 866.24 3.6 awmn ar60 ETE54 338475 377E2 3N.T2E3
27 T4T 40 385 36.13 B04 758.10 3188 38A7 36.08
a2 431.24 2086 3448 3410 437.36 2880 3450 3414
1 326.33 28.84 3342 3287 330,00 2887 3348 2|
BQMall
36.00
35.00
. 3400
S 33.00
£ 3200 /
5 / —4— AVS-video with Simple 2-
o 3100 DICT
>
30.00 / == Default AVS-video
29.00
28.00 { ; ;
0.00 1000.00 2000.00 3000.00

Bitrate (Kbps)

Figure 5.17 Y PSNR variations with bitrate for BQMall sequence (AVS-video with SICT).

77



Table 5.33 BD-bitrate and BD-PSNR (AVS-video with SICT).

Sequence name BD-bitrate (%) BD-PSNR (dB)
BQMall 1.14 -0.02
PartyScene 1.26 -0.03
BasketballDrill 111 -0.01

Results for WQVGA (416 x 240) sequences:

Table 5.34 Comparison of bitrates and PSNRs for three 416 x 240 sequences (AVS-video with

sSICT).
AVS-video with Simgse 2-D ICT Default AVS-video
Sequencename| QP  |bitrate (kbps) YPSNR UPSNR  V-PSNR |birate (Mops) Y PSNR UPSNR VPSR
BOSquare 3] 116768 2386711 30.88832 4032563 118540 330841 307042 4033%
77 83334 3162778 3005795 3028234 ERIT43 3MA436 MATM 302002
Y, 43151 2031044 37.00007 3660306 488842 28326 3701524 387017
7 0679 2031044 77317 ITEMEY| 311467 283ME 77468 37EIDT
BlowingBubbles| 22 03167 3420864 3004032 3B56508 9662 43158 360551 385728
77 B1905 3235011 3553083 37235403 6204708 203743 555N MR
Y, 44355 3116751 MB47I2 364784 455378 I1AEM MT011 364857
a7 7617 2044777 3332400 35.14517) 2803745 204625 33338 351512
BaskealFass| 22 35130 3060320 39.04474 4100006 56.743 300816 305008 417053
77 29212 M45ME2 3780130 3735033 2864187 MERID 377084 373858
Y, 21725 331862 37.02823 3644521 2205623 332028 70411 364525
a7 13703 313856 35.98201 35.13807| 130.1185 314013 350764  35.148
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Figure 5.18 Y PSNR variations with bitrate for BQSquare sequence (AVS-video with SICT).

Table 5.35 BD-bitrate and BD-PSNR (AVS-video with SICT).

Sequence name BD-bitrate (%) BD-PSNR (dB)
BQSquare 1.01 -0.01

BlowingBubbles 2.18 -0.08

BasketballPass 1.96 -0.06
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5.3.2. Performance of Modified 2-D order 16 ICT
Results for HD (1920 x 1080) sequences:

Table 5.36 Comparison of bitrates and PSNRs for three 1920 x 1080 sequences (AVS-video

with MICT).
AVS—video with Modified 2-D ICT Default AVS-video
Sequence name QP  |bitrate (kbps) Y PSNR UPSMR  V-PSMR |birate (kbps) YPSNR  UPSMR WV PSNR
Kimono 22 110754574 17 54385 4281 440 1113111 kTl 4275 44 02

27 0301.73535 3537ME  40.40 42M B438.03 35204 404503 421719
a2 S612.10248 227 B4 40.88 | 540304 321380 383267 408211
1) 3504.05071 57423 3684 BT 61660 3142 33542 3365
ParkScene 22 4280.05538 803142 4179 4284 43015832 2676 41.82 4257
27 2781.50016 34578668 400 4181 2TH5.566 344130 308623  41.5480
a2 144835086 327183 3818 40487 1455620 32563 380167 400134
a7 474473038 2183005 2742 050 GTRATM  JMETE 27643 20.ATA
Cactus 22 722444128 AT 4043 4127 T260.745 364512 404856 412083
27 57400585 24482583 3718 ao0e 67830 MA1TE 37030 300208
a2 3700.97116 2327877 MWW 778 70560 23NMTE 262304 377208
a7 2587.85760 317442 3545 3654 | 2600862 315886 357100  30.4867

Kimono

33
3/.5
37
36.5

355
35
34.5
3L
33.5
33
325
32
315
31 I [

0 5000 10000 15000

== AV/S-videa with Modified
2-DICT

Y PSNR (dB)

—-Dcfault AVS video

Bitrate (Kbps)

Figure 5.19 Y PSNR variations with bitrate for Kimono sequence (AVS-video with MICT).
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Table 5.37 BD-bitrate and BD-PSNR (AVS-video with MICT).

Sequence name BD-bitrate (%) BD-PSNR (dB)
Kimono -5.79 0.37
ParkScene -4.61 0.29
Cactus -3.12 0.24

Results for HD (1280 x 720) sequences:

Table 5.38 Comparison of bitrates and PSNRs for three 1280 x 720 sequences (AVS-video with

MICT).
AVE wdto wih Medied 2.0 ICT Defaut AVE vides
Sequencaname| QP |birale (ibps) YPSNR UPSNR V.PSNR | biratekbps) YPSNR UPSNR VPSR
Vidyo! ] 189535 40010 4312 &40 0125 W a1
¥l 180587 B4 435 &0 162045 3832 42K 438
2 W01 WA 2% 4360 43200 B® 218 48
K[| 1200 BXA 4121 8| 1485 BT 41002 208
Vidyod i) 13813 BN 41 8432|4083 310 B8 WM
¥l B2 YM dE 4N BR0ZB4 J7AS7R &AAd2 434AD1
1 STTOT 42 4488 4320|  SRI2I9 3245 444000 431228
a7 7307 70 4300 4300 3704567 3553 43481 420005
Vidyod ) g2505 4040 4513 4401 034380 402072 44912 450003
7 ST B0 M 53| SRS 8519 &0 452515
kY) i A 4147 4144 410432 37184 412781 42388
3 W WM 4N 4N J00478 3048 411008 421185
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Figure 5.20 Y PSNR variations with bitrate for Vidyol sequence (AVS-video with MICT).

Table 5.39 BD-bitrate and BD-PSNR (AVS-video with MICT).

Sequence name

BD-bitrate (%)

BD-PSNR (dB)

Vidyol -2.57 0.34
Vidyo2 -2.68 0.26
Vidyo3 -3.12 0.33
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Results for WVGA (832 x 480) sequences:

Table 5.40 Comparison of bitrates and PSNRs for three 832 x 480 sequences (AVS-video with

MICT).
AVS-video with Modied 2D ICT Detault AVS-video
Sequencename| QP | birate (kbps) Y PSNR_UPSNR_V-PSNR |birate (kbps) Y PSNR_UPSNR VPSR
BaMal z 195675 W88 2204 39.77| 107253 M5 2897 2070
7 120800 3305 767 3841| 130845 3ET WA 3842
2 88378 W10 3855 18|  EO7e 3002 38 I
37 57123 2820 3560 07|  s7ss4 2830 3582 3608
Patyscene | 2 200311 3500 3883  39.14| 201020 668 886 0.1
7 85002 WA7 A4 30| 88885 30 AT 3740
2 58545 3088 3573 3867|  50017 3088 3576 358
37 39345 2541 2278 2081|3086 2543 3280 3283
Baskealnil | 2 87151 3363 3774 3771 87854 36415 31762 37.720
7 75204 3188 W14 WOT|  7ESN0 3ES 3BT 3608
2 43380 2087  M4T  MA3| 43736 2080 M50 44
37 32831 2885 245 289 2006 2887 3348 20
BQMall
35.00
34.50 —
34.00 ’,
33.50 7
- 33.00 1
m 32.50 1
T 32.00 /
z 3150 1 o y
= 31.00 1 == AVS-videowith Modified
o 3050 2DICT
sam o f
> 19.00 / == Default AVS-video
28,50 o
28.00
2750
27.00 I | 1
0.00 1000.00 2000.00 3000.00
Bitrate (Kbps)

Figure 5.21 Y PSNR variations with bitrate for BQMall sequence (AVS-video with MICT).
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Table 5.41 BD-bitrate and BD-PSNR (AVS-video with MICT).

Sequence name BD-bitrate (%) BD-PSNR (dB)
BQMall 0.35 -0.01
PartyScene 0.27 -0.02
BasketballDrill 0.34 -0.01

Results for WQVGA (416 x 240) sequences:

Table 5.42 Comparison of bitrates and PSNRs for three 416 x 240sequences (AVS-video with

MICT).
AVS-video with Modified 2-D ICT Default AVS-video
Sequencename| QP |birate (kbps) YPSNR UPSNR V-PSNR | birate (kbps) YPSNR UPSNR VPSNR
BQSquare 2 118300 330730 2060220 403215 118548 330841 307042 403336

vi] 09235 3163411 3886174 30.27841 603743 318438 3B88TM 202002
2 45447 3117375 1480000 36.47475 455378 311831 M4T011 384857

i 31084 283181 77348 3782015 NG 28346 377408 378321
BlowngBubbles | 22 Pe483 3430551 404401 BN 00002 M5 001 5128
a G722 3236450 3554323 3735100 6204708 323743 36553 373623

L+, 45447 3117375 400000 36.47475( 455378 311831 JATON1 354857
3 27081 20453606 33328 35.04185( 2803745 204625 33338 351522
BasketbalPass | 22 35603 266706 200437 4100278 350743 300616 3006600 417083

a 28585 3454153 3700000 3735450 2804187 45510 377084 37.30%8
E¥, 2012 3310284 37.02000 3044150 2205623 132028 370411 304525
1) 13884 23130188 3500561 3513548 1301185 314013 350784 35146
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Figure 5.22 Y PSNR variations with bitrate for BQSquare sequence (AVS-video with MICT).

Table 5.43 BD-bitrate and BD-PSNR (AVS-video with MICT).

Sequence name BD-bitrate (%) BD-PSNR (dB)
BQSquare 0.15 -0.01

BlowingBubbles 0.17 -0.01

BasketballPass 0.36 -0.02
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5.3.3. Performance of 2-D order 16 binDCT-L
Results for HD (1920 x 1080) sequences:

Table 5.44 Comparison of bitrates and PSNRs for three 1920 x 1080 sequences (AVS-video
with binDCT-L).

AVS-video with 2-D binDCT-L Default AVS-video
Sequencename| QP  |bitrate (kbps) Y PSNR UPSNR V-PSNR | bitrate (kbps) YPSNR UPSNR VPSNR
Kimono 22 11130.632 375511 4292 4501 11131.11 37.38 4275 44.92
27 94386 353800 4061 4226 943893 35204 404503 421719
32 5640.03 322996 3848  40.90 5640.304 321389 38.3267 40.8211
37 3518911 315805 3669 3873 3521659 314234 36542 38.6521
ParkScene 22 4300.1892 36.9408 4179  42.66| 43015632 36.78 41.62 42.57
27 2791674 345856 4002 4183 2795568 344135 39.8623 41.5489
32 1454982 327258 3817  41.00 1455.629 32563 38.0167 40.9134
37 877.7724 31.8364 3782 3961 878.8724 31678 37.6743 39.5276
Cactus 22 7255365 36.6335 4066 4129 7260.745 364512 404956 41.2083
27 5766.01 344894 3718  39.10 5768.9 343178 37.0348 39.0206
32 3719191 332834 3638  37.81 3719.569 33.1178 36.2304 37.7298
37 2600595 317467 3585  36.56 2600.862 31.5888 357109 36.4867
Kimono
38.0000
37.5000 ’
37.0000 4
36.5000
& 36.0000
T 35.5000
o 35.0000
7 333888 ==AVS5-videowith 2-D
33,5000 binDCT-L
> 33,0000
32.5000 —f—Default AVS-video
32.0000
31.5000 #
31.00C0 T T |
0 5000 10000 15000
Bitrate (Kbps)

Figure 5.23 Y PSNR variations with bitrate for Kimono sequence (AVS-video with binDCT-L).
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Table 5.45 BD-bitrate and BD-PSNR (AVS-video with binDCT-L).

Sequence name BD-bitrate (%) BD-PSNR (dB)
Kimono -8.24 0.34
ParkScene -7.83 0.28
Cactus -8.11 0.32

Results for HD (1280 x 720) sequences:

Table 5.46 Comparison of bitrates and PSNRs for three 1280 x 720 sequences (AVS-video with

binDCT-L).
EVSyideowith 2D binDCT-L Default AVS-video

Sequencename| QP | Dbitrate(kbps) YPSMNR  UPSNR  V-PSNR |hitrate (kbps) Y PSNR UPSNR W PSNR
Vidyo1 o 1893.44 40.11 4333 44497 1612 56 19 431 4489
7 160425 3848 4315 4404 162045 3811 4284 4395

32 1418.58 32 423 4381 143290 36.93 424 43482

LY} 128804 3529 4122 4230] 13010465 Z/UT 40102 422126

Vidyod o 138672 3830 4542 43 141083 381054 4519 44245
a7 881.36 3785 44 87 4355 800284 37H5TE 44442 434601

LY 57738 3843 4489 43N 593219 36245 444686 431228

kY] IT2eE  3/T1 4370 4301|  I7B4RST 35534 43481 429265

Yidyod b 82502 4041 4514 4802 934362 402072 44912 459203
I 57692 3871 4432 454 582745 38519 441035 452515

kY 40653 373 4148 4245 410632 37184 412781 42365

LY 20747 BET  NR 4220 00478 36483 411098 421195
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Figure 5.24 Y PSNR variations with bitrate for Vidyol sequence (AVS-video with binDCT-L).

Table 5.47 BD-bitrate and BD-PSNR (AVS-video with binDCT-L).

Sequence name BD-bitrate (%) BD-PSNR (dB)
Vidyol -7.45 0.41
Vidyo2 -5.28 0.26
Vidyo3 -2.14 0.13
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Results for WVGA (832 x 480) sequences:

Table 5.48 Comparison of bitrates and PSNRs for three 832 x 480 sequences (AVS-video with

binDCT-L).
AVS-video with 2-D binDCT-L Default AVS-video
Sequencename [ QP | bitrate (kbps) YPSNR UPSNR V-PSNR |bitrate (kbps) YPSNR UPSNR VPSNR
BQMall 22 1954.78 3483 38.96 39.76 1972.53 34.80 3897 3979
27 129469 3414 37.69 3840 1306.45 3397 3770 3842
Ky 862.92 30.27 36.57 3715 870.76 30.12 36.58 3717
7 570.66 2845 35.62 36.06 575.84 28.30 35.62 36.08
PartyScene 22 2001.09 35.86 38.85 39.14 2019.26 35.68 38.86 39.16
27 859.05 3336 37.16 37.38 866.85 3319 3717 3740
32 584 .86 31.04 35.76 3596 590.17 30.88 35.76 3598
7 393.05 2555 32.80 32.81 396.62 2543 3280 3283
BasketballDrill 22 870.63 3382 37.76 N 87854 336475  37.762 37.7293
27 75128 3204 36.17 36.06 758.10 31.88 36.17 36.08
2 43342 30.04 3450 3412 437.36 29.89 3450 34.14
Kyl 327.98 29.02 3348 3289 330.96 28.87 3348 3291
BQMall
35.00
3450 F—
34,00
33.50
a‘ 33.00 ll
T 32.50 |
o 32.00 1 _
= 3150 | == AVS-video with 2-D
¢ gggg ] binDCT-L
73000 ’ =fl=Default AYS-video
29.50 ,
29.00
28.50 {
28.00 T 1
0.00 1000.00 2000.00 3000.00
Bitrate (Kbps)

Figure 5.25 Y PSNR variations with bitrate for BQMall sequence (AVS-video with binDCT-L).
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Table 5.49 BD-bitrate and BD-PSNR (AVS-video with binDCT-L).

Sequence name BD-bitrate (%) BD-PSNR (dB)
BQMall -0.16 0.02
PartyScene 0.35 -0.01
BasketballDrill 0.81 -0.03

Results for WQVGA (416 x 240) sequences:

Table 5.50 Comparison of bitrates and PSNRs for three 416 x 240 sequences (AVS-video with

binDCT-L).
AVS-video with 2-D binDCT-L Default AVS-video

Sequence name| QP  |bitrate (kbps) YPSNR UPSNR V-PSNR [bitrate (kbps) Y PSNR UPSNR
BQSquare 22 1179.53  33.9807 39.70023 40.32957 118546 33.9841 39.7042
27 690.27 31.64044 38.86951 39.28627 693.743 31.6436 38.8734

32 486.40 28.32177 37.91145 38.69783 488.842 28.3246 37.91524

37 309.91 271234 37.74303 37.82832 311.467 27.1656 37.7468

BlowingBubbles 22 991.64 3431237 36.9514 38.56894 996.62 34.3158 36.9551
27 625.34 3237106 3555034 37.35856| 628.4798 32.3743 35.5539

32 45310 3117998 34.69763 36.48205 455,378 31.1831  34.7011

37 278.97 2945955 3333467 3514868 280.3745 29.4625  33.338

BasketballPass 22 354.96 36.67793 39.65663 41.70113 356.743 36.6816 39.6608
27 284.99 3454844 3770263 37.36206| 286.4187 34.5519 37.7064

32 219.46 3319948 37.0374 36.44885| 220.5623 33.2028 37.0411

37 13842 3139816 35.9728 35.14249 139.1185 314013 359764
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Figure 5.26 Y PSNR variations with bitrate for BQSquare sequence (AVS-video with binDCT-L).

Table 5.51 BD-bitrate and BD-PSNR (AVS-video with binDCT-L).

Sequence name BD-bitrate (%) BD-PSNR (dB)
BQSquare 0.16 -0.01
BlowingBubbles 0.22 -0.01
BasketballPass 0.18 -0.02

5.4 Conclusions and future work

The BD-PSNR and BD-bitrates for SICT, MICT and binDCT-L implemented in
H.264/AVC show that considerable bitrate savings or PSNR gain can be achieved for HD
videos (1920 x 1280, 1280 x 720) when compared to the default ICTs (2-D 8 x 8 and 2-D 4 x 4
ICT) present in the standard. A negative BD-bitrate or positive BD-PSNR denotes better coding
efficiency. Moreover, the coding efficiencies of SICT, MICT and binDCT-L for lower resolution

videos (WQVGA, WVGA) are similar to the default ICTs. The binDCT-L gives the best coding
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efficiency among the three implemented 2-D order 16 ICTs. This is due to the fact that binDCT-
L is the best approximation of the 2-D order 16 DCT-Il among the lot and it can be implemented
using relatively few shifts and additions. From the figures in section 5.2 and 5.3 it can be
deduced that the BD-PSNR and BD-bitrates for SICT, MICT and binDCT-L implemented in
AVS-video follow on similar lines as that of H.264/AVC. The only difference is that for the same
bitrates AVS-video shows a relatively smaller PSNR gain and the performance of SICT, MICT
and binDCT-L for lower resolution videos though comparable to the default ICT (2-D 8 x 8), is
inferior to that of H.264/AVC. The binDCT gives the best performance here too.

The research work dealt with 2-D order 16 ICTs only. Higher order 2-D ICTs (32 x 32,
64 x 64) can be developed and integrated into the standards similarly. These higher order ICTs
can give better coding efficiency for extra high definition videos (4096 x 2560) but they will
increase the computational complexity. Integration of 2-D order 32 ICT and 2-D order 64 ICT
into high efficiency video coding (HEVC) [72] (the successor to H.264/AVC), is being considered
by joint collaborative team on video coding (JCT-VC). The test model under consideration

(TmuC 0.9) is the latest version of the test model for HEVC.
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APPENDIX A

THE 16 x 16 MATRICES FOR QUANTIZATION AND DEQUANTIZATION
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The 16 x 16 combined quantization and scaling matrix used for 2-D order 16 binDCT

based on Loeffler et al [63] factorization is shown below.
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The correspondingl6 x 16 combined dequantization and inverse scaling matrix used for 2-D

order 16 binDCT based on Loeffler et al [63] factorization is shown below
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APPENDIX B

SELECTED FRAMES FROM VIDEO SEQUENCES
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Figure B.1 First frame from Kimono (1920 x 1080)

Figure B.2 First frame from Parkscene (1920 x 1080)
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Figure B.3 First frame from Cactus (1920 x 1080)

Figure B.4 First frame from Vidyol (1280 x 720)
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Figure B.5 First frame from Vidyo3 (1280 x 720)

Figure B.6 First frame from Vidyo4 (1280 x 720)

99



Figure B.8 First frame from BQMall (832 x 480)
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Figure B.9 First frame from BasketballDrill (832 x 480)

Figure B.10 First frame from BQSquare (416 x 240)
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Figure B.12 First frame from BasketballPass (416 x 240)
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