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Fast intra prediction algorithm and design for

H.264/MPEG-4 AVC scalable extension

Student: Meng-Hsun Wen Advisor: Tian-Sheuan Chang
Department of Electronics Engineering & Institute of Electronics

National Chiao Tung University

Abstract

H.264/MPEG-4 AVC. scalable extension can provides high compression
efficiency and high wisual quality-with spatial, temporal, quality scalabilities for
diverging decoding terminals. However, this also significantly increases the design

complexity, particularly for real time high definition video encoding.

This thesis proposes a fast two step intra prediction algorithm and its hardware
design to meet real time demands. The first step is the intra block size decision by
distinguishing the block smoothness through selected AC coefficients. The second
step is a transform based mode candidates for 4x4 block and merged 4x4 mode
candidates for 8x8 block. The experimental results shows that we can save more than
80% candidate modes, with similar quality (average BD-PSNR difference: -0.01 dB
for CIF, +0.12dB for 1080p, average BD-Rate difference: +0.01% for CIF, -3.13% for
1080p), when compared with JM full search method. The resulted hardware design
shares single prediction units for different block size computation and interleaved
computes two macroblocks to avoid data dependency with embedded quality layer
processing in the reconstruction loop. The implementation with 90nm CMOS process

costs 148k gate counts, and 17.9k bytes SRAM buffer under 135MHz operating



frequency to support processing rate of three quality layers, three spatial layers (CIF,

SD 480p and HD 1080p) and up to 60 frames per second.
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1. Introduction

With the evolution of video compression technology, more and more related
applications appear, such as digital television, mobile video, Blu-ray DVD, and other
multimedia devices. In the past, a variety of compression methods have been
proposed, such as the recent H.264/AVC standard[1][2], can provide higher and
higher compression efficiency, but its compression and transmission can only provide
a fixed screen size, frame rate and image quality. In other words, different conditions
like network bandwidth (such as modem, cable) or terminal applications (such as
mobile phones, high-definition digital television) require several encoding times and

individual transmission.

Scalable videocading (SVC) [3],the extension of H.264/AVC standard, is
developed by the Joint Video Team (JVT) of ISO /' IEC Motion Picture Expert Group
(MPEG) and ITU-T Video Cading Expert Group (VCEG) and is capable to offer
flexible scalabilities in temporal, spatial-and-quality domains by a single bit-stream[6].
According to different applications, receivers can extract part of bit-stream and

decompress for their requirements.

1.1.Motivation

With high resolution, real time face to face image transmission, 3D or Blu-ray,
etc..., more and more new technology does change the world and bring the people
into the different life style. These new applications not only bring the benefits of daily
life but also accompanied by high-capacity data transmission and high-capacity data

storage. The requirement of high data compression and fast algorithm can be expected

1



higher and higher.

SVC can achieve quite high data compression with different coding features. One
of these features, intra prediction, can provide good compression efficiency. With rate
distortion optimization process, intra prediction can detect all candidates to find the

best prediction.

However, it is hard to meet the real time challenges of Rate-Distortion optimized
intra prediction. Therefore, this research will provide a better efficient fast intra
algorithm and its hardware design for SVC. The proposed design not only achieves

timely computation, but also reduces hardware resource requirements.

1.2. Thesis Organization

The rest of the thesis is organized as follows: Chapter 2 overviews the SVC
standard, Chapter 3-shows the architecture of our SVC encoder; Chapter 4 presents
fast intra prediction and comparison;-and-Chapter 5 shows the proposed hardware

architecture and results. Finally, Chapter 6 concludes this thesis.



2. Overview of SVC Standard

ITU-T Video Coding Expert Group (VCEG)

H.263+ H.263++
@) [ o00)

H.263

H.261 (1995)
(1990) H26L |
(1999~)
H.264/MPEG4 Part 10 Scalable Video
H.26(2/1994MP;3G-2 P Advanced Video Coding(AVC) 9] Coding(SVC)
(2003) (2003~)
MPEG-1 MPEG-4 Part2

(1991) (1999

Earlier standards

ISO Motion Picture Expert Group (MPEG)

Fig. 2-1. The-history of video coding standards

SVC, the extension of H.264/AVC, is developed by The Joint Video Team of the
ITU-T VCEG and_the ISO / IEC MPEG. Comparing with-earlier compression
standards (Fig. 2-1), SVC can encode multi-temporal layers (the number of frame per
second), multi-spatial layers (frame size), and multi-quality layers (image visual
quality) into a single bit-stream, ‘and decode partial bit-stream depending on
application constraints, such us power consumption and Bandwidth, to achieve

“scalable”.

For example, in Fig. 2-2, SVC encodes original input sequence with three
temporal layers, three spatial layers, and three quality layers. Then, Depending on
network condition of transmission environment, minor packets will be eliminated.
Finally, cell phone of decoder part receives the bit-stream packet might only decode
part of the bit-stream, only decode two temporal layers, one spatial layer and two

quality layers due to limitation of transmission speed, low power consumption and
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small screen. Similarly, HDTV can provide powerful decompression capability, and
higher resolution. Therefore, if the transmission condition is allowed, HDTV can
decode three temporal layers, three spatial layers, and three quality layers to achieve

best performance.

Temporal
scalability

SVC
encgder

—_—_
CIF SD _HD

Spatial
scalability

Low bandwidth High bandwidth

Cellphone

3 A Small screen

I
I
|
Temporal
I
scalability Tempgr.al
| scalability
| 30z o
| 1ot Qo  Quality
—>
| CIF
|
I

scalability

Spatial
scalability

Spatial
scalability

Fig. 2-2. The concept of SVC



2.1.Fundamentals of SVC

Input sequence

—
Ty
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K coding | ]
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]
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Low-resolution And intra prediction _ >
motion
H.264/AVCencoder

Fig. 2-3. Architecture of an SVC encoder

Fig. 2-3 shows.the architecture of a SVC encoder, where portion with solid line
indicates basic H.264/AVC encoder. In the beginning, the high-resolution sequence is
down-sampled to obtain.the low-resolution sequence (lower left corner of Fig. 2-3).
One low-resolution frame will be sent into the"H.264/AVC encoder to go through
motion-compensation, intra prediction and base layer coding for basic H.264/AVC
encoding. Then, quality layer coding will add un-delivered coding information into the
bit-stream for multi-quality layers. When the low-resolution frame processing has been
done, processing for high-resolution frame (as Fig. 2-3 upper of right hand side,
high-resolution sequence) will be started in a similar way. These coding information
like motion vectors, residuals and texture of low-resolution frame (as Fig. 2-3 dash
arrow shows) can provide more efficient prediction to multi-spatial layers [8]. Finally,

temporal scalability is available with hierarchical coding structure [7][9].



2.2.Components of SVC Encoder

Spatial domain

.........................
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- - v
= ile— | DERLOCKING |« REC e T — 1Q
-}
Reference frame

Fig. 2-4. Architecture of an H.264/AVC encoder

Due to the requirement reference data for SVC is based on H.264/AVC (in Fig.

2-3 dash line), H.264/AVC encoder will be introduced firstas Fig. 2-4 shows.

First, current frame (upper left corner as Fig. 2-4 shows) will be sent to intra
prediction and inter prediction to eliminate the redundant spatial and temporal data.
The most cost effective prediction residue will be transformed (T) and quantized (Q)
to erase minor information to achieve better compression ratio. Finally, entropy
coding compresses these residues. On the other hand, quantized data is also
reconstructed by inverse quantization (1Q), inverse transform (IT), and deblocking

filter to be the reference for the following prediction. (Fig. 2-4 red dash line shows)



16x16 8x16 16x8

8x8 4%8 8x4 4x4

Fig. 2-5. Block'segmentation.of inter.block

Refermce frame Current frame
t=tl t=12

Fig. 2-6. Search window for inter prediction

For inter prediction, one MB (Macro-block) can be partitioned into 4 types of
partition size (Fig. 2-5), including 16x16, 16x8, 8x16, 8x8 block types. Each 8x8 block
can be further partitioned into 8x8, 8x4, 4x8, 4x4 partition sizes, there is totally 259

block partition combinations. The most cost effective partition block from 259



combinations will be the best inter prediction.

Luma 4x4 Luma 8x8 Luma 16x16 Chroma 8x8

Fig. 2-7. Block segmentation of intra prediction

For intra prediction (Fig. 2-7), luma block includes three different partition sizes




4x4 block size = 9 modes
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Fig. 2-8. Modes of intra prediction: (a) 4x4 block size; (b) 8x8 block size;

(c) 16x16 block size; (d) chroma block
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Vertical mode
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Fig. 2-9. The modes of 4x4 block size

For intra 4x4 example in Fig. 2-9, every 4x4 block will use the reconstructed
pixels from left, upper left, up and upper right side for prediction. The mode with the
minimum cost is the best mode of this 4x4 block. Approaches for 8x8 and 16x16
block size type are similar. Finally, we can select the most cost effective block size

type from these three as the best intra prediction.
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Fig. 2-10. Prediction modes of inter-layer prediction

To provide multi-spatial layers, SVC encoder added six inter-layer prediction
modes (Fig. 2-10) compared with-H.264/AVC. Higher spatial layer will employ the
up-sampled motion vectors, residues, texture from lower spatial layer to support the

prediction (red line) and erase the redundant information.
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Fig. 2-11.Block diagram of quality enhancement coding in SVC

SVC also provides multi-quality layers (Fig. 2-11). Due to quantization procedure,
some information is missed without encoding into bit-stream. In order to enhance
visual quality, SVC encoder proceeds (as Fig. 2-11" quality layer 1, 2) the rest of
transformed coefficients with smaller quantization parameter to encode more detailed

information into bit-stream to achieve multi-quality layers.
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Hierarchical coding structure with delay of zero

13




About multi-temporal layers of SVC, there are different designs by the different
limitation and requirement (Fig. 2-12)[6][7][9]. The three most popular designs are (a)
hierarchical-B structure. (b) Nondyadic hierarchical prediction structure. (c)

Hierarchical coding structure with delay of zero.

2.3.Summary

SVC needs high data computation due to a lot of prediction modes. Especially,
when we proceeds inter prediction, it needs to access the pixel data of reference
frames from external memory. If the encoding. flow is not properly design, this may
induce repeated reading of reference data which occupies the access bandwidth. There

is further analysis and discussion on chapter 3.
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3. Architecture Of Our SVVC Encoder

The target of our SVC encoder is 3 quality layers, 3 spatial layers (CIF, SD 480p,

and HD 1080p), and up to 60 frames per second.

3.1.Coding Methodology

One GOP

P

dt: %%?g“@u %%
P4y vl

layers

(HWO) (HWO) (HWO) HWI) (HWO) (HWO) (HWIL) (HW1) HW1)
Coding order

Fig. 3-1. Coding flow chart

There are some memory .analyses-for.H:264/AVC scalable extension encoder
[4][5], and we adopt “frame parallel encoding scheme [10]”. Under the structure of
frame-parallel encoding scheme, when two P or two B frames proceed inter prediction
at the same time, search window can be shared to decrease the access of the external

memory and reduce the internal memory.

Fig. 3-1 shows coding flow of one GOP (group of pictures) under frame parallel
encoding scheme. It starts with | frame, from CIF, SD 480p to HD 1080p frames (1.1
—>1.2->1.3). Then we encode two P frames at the same time (2.1 ©2.2->2.3). Finally,

we encode triple times two B frames (3.1 —=23.2-2>3.324.1 24254351
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>5.25.3).

Un-referenced pictures

Q2 P \ B B B P B B B P
1 t 1 1 \ t 1 1 1
Q1 P \ B }r/ P \ B }r/ P

—~ o ]
Q0 UP)B\B’AP>B\B’B<P3
——
Key pictures

Fig. 3-2. Key picture concept

About reference frames, the-Key Picture Concept [11] is-adopted as Fig. 3-2
shows. I and P frames are considered to be “‘key pictures” and use base layer as
reference frames in their encoding. But-B frames are considered as “non-key pictures”
and use highest quality layers as reference frames: Because some frames will not be
referenced, there is no requirement to full reconstruct-and the following procedures
like deblocking can be eliminated. We only need to calculate and store temporary

reconstructed data in internal memory for the use of intra prediction.
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3.2.Hardware Architecture and Encoding Schedule

| Global control |

v

) h)
2z <=
m @ m @
<% FME <5 DEBLOCK
O o [eNe]
2z 22
@ T @ PAN
IME
\ 4

INTRA
and
QUALITY
LAYER

4 I 1

Memory Controller |

1

External Memory

| ENTROPY

A 4

AYONIN
ONOdJ-ONId

AdOWIN
ONOd-9NId

Fig. 3-3. Hardware-architecture of our SVC encoder

Fig. 3-3 shows.our SVC hardware structure. The first pipeline stage contains IME
module. The second pipeline ‘stage contains:FME module and INTRA module. And
the last pipeline stage contains deblocking filter module and entropy coding module.
The Ping-Pong memories are adopted between each stage. And each stage can

proceed two MBs data at the same time. (Please refer 5.1 for further discussion)
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» GOP
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S1 |i/pP B3 B1 B4 P1 B5 B2 B6 P2

SO [i/p] |B3]|B1]|B4]| |P1] |B5]|B2]|B6] [P2]
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HW1 BI(SO)[ ----- B5(S0)[B5(S1)[B5(S2
HW2 B2(S0)] ----- B6(S0)[B6(S1)|B6(S2

<= 454 cycles
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> i
IME mB1 | M2 | mB3 | MB4 || ~°°°"
FME mB1 | mB2 | mB3 | mB4 || ====*
INTRA mB1 | MB2 | mB3 | mB4 || ~°°""
QUALITY LAYER mB1 | mB2 | mB3 | mBa4 || ="
DEBLOCKING mB1 | mB2 | mB3 | mB4 || -=--"
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Fig. 3-4. Encoding schedule of our SVC encoder
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Global- start

Global pingpong
Memory control

IME-state
IME-done

FME-state
FME-done

INTRA-state
INTRA-done

DEBLOCK-state
DEBLOCK-done

ENTROPY-state
ENTROPY-done

MB1
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I
_ L
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[
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>< working > waiting —><_ working
N
> working >< waiting working
[
> working > | wwaiting ¢ ><_ working
[]

Fig. 3-5. Global control

Fig. 3-4 shows how to proceed the pipeline MB data in hardware. In the first,

GOP-axis shows the sequence will be divided into GOPs. Every GOP includes 24

frames. The Frame-axis shows all 24 frames of one GOP. Two frames will be encoded

at the same time. The MB-axis shows one frame will be divided into group of MBs

according to pipelined encoding flow. At the same time period. Therefore, INTER

IME,

INTER FME,

INTRA PREDICTION, DEBLOCKING and ENTROPY

CODING modules will be calculated at the same time period.
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In the beginning, the global control sends start signal to each pipeline module as
Fig. 3-5 shows, and the status of each module will be switched from waiting to
working. Every module extracts the data from the external memory or the Ping pong
memories of previous stage to proceed the algorithm and storage the result into the
ping-pong memories of next stage. When the algorithm has been done, the status of
each module will be switched to waiting and send the ending signal to the global
control. After all modules have sent ending signal, the global control will send next

start signal to repeat the same procedure again.

3.3.Summary

Although we have introduced the frame-parallel encoding scheme to reduce the
data access of external memory and the key picture concept to decrease the amount of
data reconstructionin  this chapter. However, due to the frame-parallel encoding
scheme demand, the.intra prediction module needs to parallel proceed two MBs. To
simplify hardware design, next chapter will focus on the fast intra prediction

algorithm.
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4. Fast Intra Prediction For SVC

4.1.Introduction of Reference Work

Luma

Chroma

Intra 4x4 Intra 8x8 Intra 16x16
l l Block partition size
A\ 4

4 Modes 9 Modes 9 Modes 4Modes| Prediction modes

\J
Find the Find the
best mode best mode

Fig. 4-1. Block partition sizes and prediction modes of intra Prediction

There are a lot of researches proposed intra fast algorithms. These proposals can be

divided into two types.

The first type is to determine block partition size through the smoothness of MB
before any mode prediction. A smoother MB will be partitioned into larger block
partition size. There are some related studies [16]. For examples, the gradient vector at

each pixel [12], the entropy of brightness of the MB pixels [13], the total pixel
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difference of inner and outer of MB boundary [14], or the DC/AC energy ratio from

the 16x16 DCT of MB [15] can help us to determine the MB is flat or not.

The second type is to quickly select mode candidates from all prediction modes.
The principle is to determine the directional tendency of MB, and modes with adjacent
directions usually has higher probability to be chosen. There are also a lot of researches

for this prediction type, like [17]-[21].

However, none of these approaches have optimized the two issues together to
attain better quality while reduce the hardware cost significantly. Our study will

present a new approach to optimize the selection of block size and mode together.
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4.2.0verall Fast Intra Prediction

MB
AC1>TH1?
N
4xd 8x8 AC2STH2 ? 16x16
1! Y N
L]
A 4 Y A 4
Mode candidates | | Mode candidates Mode candidates
for 4x4 blocks -bl for 8x8 blocks for 16x16 blocks

Fig. 4-2. Overall fast intra prediction diagram

Fig. 4-2 shows the proposed algorithm. We first decide the possible block type

through the smoothness test of the MB. Then, we use transform domain based

Find the best mode

;

approach to decide the best mode prediction of the selected block type.
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Mode candidate Mode candidate
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i
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y

w

ACl:Zj:OZ::0|fij|x|_(i+ ji-1)/2] AC2 = i 22:|fk|

sub_ MB=0 k=0

except i+j=0

Fig. 4-3. Calculation process for mode candidates and block size parameters

4.3.Fast Intra Block Size Prediction Algorithm

4.3.1. Determination of 4x4 Block Size

The concept of the block type decision exploits the smoothness characteristic of a
MB. In general, a smoother region will tend to select the larger block size. Previous
approaches used the AC/DC ratio to calculate the flatness. However, it requires
complex computation. Instead, our first flatness test uses the sum of AC components

in a 4x4 Hadamard transformed block as an index, AC1, which is defined as

x|(i+j-1)/2] Eq. 4-1

3 3
wc1=3 31,

i=0 j=0

This Hadamard transform is the same as the Hadamard transform used in intra

16x16 blocks, whose input are the DC components of the 16 4x4 integer transformed
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block. With this, we can distinguish the intra 4x4 block type with other block sizes.
Fig. 4-4 shows the number of MBs for different block types and corresponding AC1
values. We can find that AC1 value for the 4x4 block type is tended to be small for all
tested sequences and quantization parameters, since 4x4 block partition will be

rougher and has lower low frequency components.
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(e)
Fig. 4-4. The number of MBs for different block types and corresponding AC1 values
Thus, we can define the following condition:

{ AC1 = TH1 choose 4x4 block size

AC1 <TH1  choose 8x8 block size or 16x16 block size. Eq.4-2

The threshold value, TH1, is highly dependent on Qp size, as shown in Fig. 4-4.
Thus, we test foreman, moble, akiyo and weather sequences under Qp at 8, 18, 28, 38,
48 to find the proper TH1 values to minimize the RD performance loss. Fig. 4-5

shows the corresponding TH1 values; which.can be fitted as
TH1 = 2571.4Qp? —.1228.6Qp + 1000. Eq. 4-3

Thus, the threshold,.value, TH1,-will-adapt as the Qp is changed.

70000
60000 /O—Aﬂ—eeee&
50000

40000 ////

E / 38, 35000
= 30000
20000 28, 22000 —Quadre.atic
trend line
10000 ’/g/' 18,9000
0 ¥,2000 . . . .
0 10 20 30 40 50 60
Qp

Fig. 4-5. Corresponding TH1 values with different Qps

4.3.2. Determination of 16x16 Block Size

Above condition cannot distinguish the intra8x8 and intra 16x16 well. Thus, we

propose the second smoothness test, AC2, by summing the first three AC components
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of the 16 4x4 integer transformed blocks, which is defined as

2= T 3 Eq. 4-4

sub _MB =0 k=0

Fig. 4-6 shows AC2 distribution for intra8x8 and intral6x16. We can find that the
AC?2 value of intra8x8 is tended to be larger since 8x8 block partition will be rougher
and has higher high frequency component. Thus, we can define the following

condition to distinguish intra 8x8 and intra 16x16

{ AC2 = TH2 choose 8x8 block size Eq. 4-5
AC2 < TH2 choose 16x16'block size '
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Foreman, Qp=28, 10000 MBs
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Fig. 4-6. The number of MBs for different block types and corresponding AC2 values

Similarly, the threshold value, TH2, is also highly dependent on the Qp values.
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With the similar approach, we can find the relationship of TH2 and Qp as

TH2 = 228.57Qp? — 891.43Qp + 1220 Eq. 4-6

3000
2500 /—AHSB(%
2000
1500
/ 38, 1300
1000 —— Quadratic

18, 500 / rrend I
500 - * 28,500 rendfine

0

TH2

Fig. 4-7. Corresponding TH2 values with different Qps

4.4.Fast Intra Mode Prediction Algorithm

4.4.1. ~Intra 4x4 Mode Prediction, Intra 16x16 Mode

Prediction and Intra chroma Mode Prediction

With fast block type selection, we will predict the possible modes in the selected
block type. Our approach for 4x4 and 16x16 block is adapted from the transform
domain fast intra prediction algorithm [25] with modification of enforced DC mode
selection and weighted cost for most probability mode as that in JM [22]. However,
[25] uses independent mode prediction for 4x4 and 8x8 blocks, which implies two
hardware units for high throughput demands. Chroma prediction is also adapted from

[25] with enforced plane mode selection.
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Fig. 4-8. Directional intensity calculation of texture

The original intra 4x4 mode prediction method [25] is:
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4x4

DC Mode DC Mode Max(IH,1V,ID) Mode VD
o OFF (ON)
A\ v
Mode DV Mode DV Compare
057N)  (1,68N) (IV+IDV),(IH+IDH)

A\
Mode DV Mode DH Mode D
(34,5.7) (3.4,6.8) (B4N)

Fig.4-9. Intra 4x4 mode decision of [25]

The modified intra 4x4 mode prediction method is:

4x4

v
DC Mode
ON
Max(IH,IV,ID) Mode VD
©0)
v A 4
Mode DV Mode DV Compare
0,57 (1,6,8) (IV+IDV),(IH+IDH)

v
Mode DV Mode DH Mode D
(34,57 (3,4,6,8) (€XD)

Fig. 4-10. Intra 4x4 mode decision of modified algorithm

The original intra 16x16 mode prediction method [25] is:
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16x16

Boundary?

Max(IH,IV,ID)=?

IDCNAC <

the16DCoff? Horizontal Mode  Vertical Mode  Plane Mode
ON ON ON
v
DC Mode DC Mode
ON OFF

Fig. 4-11. Intra 16x16 Mode Decision of [25]

The modified intra 16x16 mode prediction method is:

16x16

<Max(IH,1V,ID)=?
v

DC Mode  Horizontal Mode Vertical Mode Plane Mode
always ON ON ON ON

Fig. 4-12. Intra 16x16 mode decision of modified algorithm

The original intra chroma mode prediction method [25] is:
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Chroma

1H i\ iD

v

DCMode  Horizontal Mode Vertical Mode Plane Mode
always ON ON ON ON

Fig. 4-13. Intra.chroma mode decision.of [25]

The modified intra.chroma mode prediction method is:

Chroma

y @ N
v v
DCMode  Plane Mode Vertical Mode Horizontal Mode
always ON ON ON ON

Fig. 4-14. Intra chroma mode decision of modified algorithm
4.4.2. Proposed Intra 8x8 Mode Prediction

Our concept for fast intra 8x8 is to reuse the information of 4x4 blocks by
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merging the candidates of 4x4 to generate the ones of 8x8. With this approach, we can
avoid extra computation and transform hardware to predict 8x8 candidates. Table 4-1
shows the correlation of 4x4 and 8x8 prediction modes for the same MB. We can find
the correlation is very high for the prediction modes of 4x4 and 8x8. Most of 8x8 best

modes will appear in the 4x4 candidate modes.

Best mode
Hit rate=8x8 best mode in the 4x4 candidate
Best mode | distribution
modes (%0)
(%)
0 10.98 87.78
1 13.09 93.79
2 23.20 100.00
o 30 3 3.97 36.96
mode o 4 15.67 96.89
(Full mode)
5 7.15 83.03
6 0.57 96.47
7 493 79.64
8 11.44 95.25

Table 4-1. The correlation 0f 4x4. and 8x8 prediction'modes for “Foreman” sequence

with 100 frames

Fig. 4-15 shows an example to generate 8x8 prediction mode candidates from 4x4
mode candidates. First, we sum up the number of 4x4 mode candidates, S,
within the same 8x8 block. Then we can use the following rules to determine

8x8 mode candidates, where n is the mode number.

For all 8x8 prediction moden = 0to 8
if ((n< 2)and (Sn > 0)) assign mode, to 8x8 mode candidates
else if((n > 2) and (Sn > 1)) assign mode,, to 8x8 mode candidates
else (n=2) assign DC mode to 8x8 mode candidates

Eq. 4-7
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To further reduce the 8x8 mode candidates, we discard larger mode number till the

total number of predictions is less than 5.

4x4 Mode Candidates 8x8 Mode Candidates

1.2 0,2 0,2,5,7 |2,3.4,5,7
0,1,2 0,2,5,7

1,2 2346 | 0257 | 0,25,7

7 B 7 N

23468 2,3,4,6,8\ 12 | a2
1,234 1,2
12 2,3,4,6,8/ 12| 1268
N o, N /
\/ \/

MODE 0 r 2 3 4 5 6 1T 8

SUB_MBI NP E 1 1
SUB_MB2 N ERE 1 i
SUB_MB3 i 1
SUB_MB4 DEEE ] 1
~ -~ -
suM RERENE 3 ED
| . -, . |
>0 ON >2
— B ERERE X X
NO MORE THAN 4 MODES
— B ERERE

Fig. 4-15. 8x8 mode decision with merged 4x4 candidates
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4.5.Simulation Results

In the following simulation, 300 I-frames in 16 sequences with CIF and 1080p
resolutions are under tested. The comparison of bit-rate (BR) and PSNR between
original result in JM 12.4 [22] (with the low-complexity mode) and proposed
algorithm is listed in Table 4-2 and Table 4-3, and the average mode candidates for

each sequence is summarized in Table 4-4.

Table 4-2. Rate-distortion.comparison between JM 12.4 and proposed algorithm for

300 I-frames

QP=8 QP=12 QP=16 QP=20
APSNR(dB)| ABR(%) |APSNR(dB)| ABR(%) |APSNR(dB)| ABR(%) |APSNR(dB)| ABR(%)
Akiyo 0.01 0.85 -0.03 0.94 0 2.41 0.02 -0.68
Foreman 0 0.97 -0.04 0.94 -0.01 1.48 -0.05 1.66
News -0.02 0.31 -0.01 0.21 0.02 161 0.01 0.75
Table -0.01 1.47 -0.02 -0.80 0.07 “1.30 0.08 -1.24
CIF Mobile 0 1.01 0 1.33 -0.01 1.46 -0.02 0.85
Silent 0 0.70 -0.01 0.84 0.01 1.05 0.01 1.27
Mother_daughter| 0.02 0.66 -0.01 0.81 0.03 2,51 0.05 0.98
Stefan 0 1.29 -0.01 1.84 0 1.45 0.01 1.40
Coastguard 0.01 1.19 0.01 0.30 0.06 -0.24 0.1 -1.17
Average 0.00 0.94 -0.01 0.71 0.02 1.16 0.02 0.42
Tractor 0.02 0.85 0 0.74 0.02 0.88 0.04 -0.32
Sunflower 0.04 0.97 0 1.07 0.02 1.32 0.03 0.05
Station2 0.01 0.31 0 0.73 0.07 1.09 0.06 -0.26
1080p| Pedestrian_area| -0.01 1.47 -0.02 0.46 0.04 1.72 0.04 0.85
Rush_hour -0.03 1.01 -0.02 0.62 0.04 2.53 0.04 0.74
Riverbed™ 0.02 0.70 0.02 0.73 0.03 0.79 0.04 -0.59
Blue_sky** 0.01 0.66 -0.02 0.36 0.02 0.90 0.01 0.50
Average 0.01 0.85 -0.01 0.67 0.03 1.32 0.04 0.14
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(a)

QP=24 QP=28 QP=32 QP=36
APSNR(dB)| ABR(%) |[APSNR(dB)| ABR(%) |APSNR(dB)| ABR(%) [APSNR(dB)| ABR(%)
Akiyo 0.06 -1.36 -0.02 -3.67 -0.06 -6.74 -0.08 -8.91
Foreman -0.04 1.90 -0.07 0.29 -0.13 -2.08 0.1 -3.16
News 0.01 1.06 0 -0.47 -0.06 -2.28 -0.06 -3.80
Table 0.12 0.50 0.07 1.67 0.01 -0.43 0 -4.08
CIF Mobile -0.02 1.11 -0.05 1.09 -0.11 0.51 -0.11 0.47
Silent 0.03 2.32 -0.03 1.62 -0.09 -0.70 -0.07 -3.39
Mother_daughter| 0.08 1.59 0.03 0.96 0.1 -3.32 -0.05 -6.84
Stefan 0.01 153 0.01 1.38 0.01 0.93 0.05 0.61
Coastguard 0.19 -0.70 0.16 -0.76 0.07 -0.99 0.09 -1.03
Average 0.05 0.88 0.01 0.23 -0.05 -1.68 -0.04 -3.35
Tractor 0.5 <129 0.16 -2.79 0.08 -3.55 0.06 -4.65
Sunflower 0.05 -0.87 0.01 -2.03 -0.05 -2.33 -0.09 -1.87
Station2 0.1 0.58 0.11 -1.17 0.08 511 0.1 -7.82
1080p| Pedestrian_area| 0.06 0.24 0.06 -3:39 0.01 -6.35 -0.01 -6.41
Rush_hour 0.04 -1.59 0.03 -1.81 -0.01 -3.22 -0.05 291
Riverbed* 0.13 -1.40 0.16 -3.11 0.11 -4.22 0.14 -5.08
Blue_sky** -0.01 0.37 -0.03 -0.60 -0.06 -1.77 -0.05 2.9
Average 0.07 -0.57 0.07 -2.13 0.02 -3.79 0.01 -4.53
(b)
Note:

Entropy coding method: CABAC

Measurement unit: APSNR (dB), ABR (%)

*:250 I-frames

**:217 I-frames
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Table 4-3. Delta BD-RATE and BD-PSNR between JM12.4 and proposed algorithm

Qp =20,24,28,32

WA "BD-PSNR | BD-RATE
Akiyo 0.19 -3.09
Foreman -0.12 1.86
News 0.00 0.01
Table 0.03 -0.53
CIF Mobile -0.17 1.37
Silent -0.11 1.81
Mother_daughter -0.01 0.10
Stefan -0.13 1.28
Coastguard 0.21 -2.70
Average -0.01 0.01
Tractor 0.22 -4.89
Sunflower 0.08 -1.97
Station2 0.13 -3.32
1080p | Pedestrian_area 0.11 -3.53
Rush_hour 0.07 -3.14
Riverbed* 0.22 -5.11
Blue_sky** 0.00 0.05
Average 0.12 -3.13

Note:

Entropy coding method: CABAC

Measurement unit: APSNR (dB), ABR (%)

*:250 I-frames

**:217 I-frames
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Table 4-4. Average mode candidates in encoding

JM 12.4 (Full search) Proposed Proposed

Qps Qp=8 Qp=12

4x4 | 8x8 [16x16| ANaxa 4x4 | 8x8 [16x16( ANix 4x4 | 8x8 [16x16[ AN

Akiyo 8.86 | 8.72 | 3.80 21.38 2761031 | 0.34 341 230 | 0.99 | 0.18 3.47
Foreman 8.86 | 8.72 | 3.80 21.38 3.67 | 0.10 | 0.12 3.89 335042 | 011 3.87
News 8.86 | 8.72 | 3.80 21.38 3.18 1 0.36 | 0.23 3.77 2.70 | 1.08 | 0.05 3.83
Table 8.86 | 8.72 | 3.80 21.38 3.84 1031|001 4.16 2.51 | 1.42 | 0.00 3.93
CIF |Mobile 8.86 | 8.72 | 3.80 21.38 413 ] 0.02 | 0.02 4.18 4.10 ] 0.06 | 0.01 4.18
Silent 8.86 | 8.72 | 3.80 21.38 4111 0.06 | 0.04 4.20 3.89 | 0.26 | 0.03 4.18

Mother_daughter| 8.86 | 8.72 | 3.80 21.38 2.86 | 0.09 | 0.45 3.40 2.69 | 041 ] 0.33 3.43

Stefan 8.86 | 8.72 | 3.80 21.38 3.37 (.0.19 | 0.19 3.75 3.30 | 0.46 | 0.05 3.81
Coastguard 8.86 | 8.72 | 3.80 21.38 4.16 | 0.06:) 0.00 4.22 3.73 | 0.45 | 0.00 4.19
Average 8.86 | 8.72 | 3.80 21.38 3.56 | 0.17 | 0.16 3.89 3.17 | 0.62 | 0.08 3.87

Savings (%) 59.771 98.1 19591 | 81.83 |64.17(92.94|97.79| 81.88
Tractor 89718941 3.95 21.86 3.86 | 0.06 | 0.13 4.05 3541039 | 0.10 4.03
Sunflower 8.97.'8.94 | 3.95 21.86 3.97 1 0.11 |.0.10 4.18 332 | 0.77 | 0.04 4.13
Station2 897 | 8.94 | 3.95 21.86 3.66 | 0.14 | 0.26 4.06 3.05 | 0.88 | 0.10 4.03

1080p|Pedestrian_area | 8.97 | 8.94 | 3.95 21.86 2.9971 0.58 | 0.23 3.80 2.09'| 146 | 0.17 3.72

Rush_hour 8.9718.94 | 3.95 21.86 2.56 1 1.12 | 0.17 3.85 1.82 | 2.00 | 0.02 3.84
Riverbed* 8.971.8.94 1 3.95 21.86 4.35 | .0.01 | 0.00 4.36 4.12 | 0.21 ] 0.00 4.33
Blue_sky** 8.97 | 8.94] 3.95 21.86 2.78 | 0.13 | 0.65 3.56 2.53 | 0.60 | 0.47 3.60
Average 8.97 | 8.94 | 3.95 21.86 3.45 | 0.31+) 0.22 3.98 2.92 1090 | 0.13 3.96
Savings (%) 61.49 [96.55|94.47| 81.79 |67.39| 89.9 196.76 | 81.90

(@)
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Proposed Proposed Proposed
Qp=16 Qp=20 Qp=24
4x4 | 8x8 [16x16| ANas 4x4 | 8x8 [16%x16]| ANaga 4x4 | 8x8 [16%x16| ANaya
Akiyo 1.75 | 1.69 | 0.05 3.49 1.29 | 2.10 | 0.06 3.45 1.03 | 207 | 0.24 3.35
Foreman 297 | 0.77 | 0.09 3.83 256 | 1.12 | 0.10 3.77 205 ] 152 | 011 3.69
News 238 | 142 | 0.01 3.82 191 | 1.83 | 0.02 3.76 155 | 2.02 | 0.09 3.66
Table 1.77 | 2.02 | 0.00 3.80 1.48 | 2.27 | 0.00 3.75 1.27 | 2.45 | 0.00 3.72
CIF |Mobile 401 | 015 | 0.01 4.16 3.79 1 032 | 0.01 4.13 351 | 0.55 | 0.02 4.08
Silent 342 | 0.68 | 0.01 411 268 | 1.31 | 0.01 3.99 196 | 1.87 | 0.03 3.87
Mother_daughter| 2.24 | 1.02 | 0.17 3.44 155 | 159 | 0.20 3.34 095 | 1.88 | 0.37 3.20
Stefan 3.17 | 0.64 | 0.01 3.82 2951 0.83 | 0.01 3.80 2.74 | 0.95 | 0.07 3.75
Coastguard 3.13 | 1.01 | 0.00 414 235 | 1.70 | 0.00 4.05 171 | 2.27 | 0.00 3.98
Average 2.76 | 1.04 | 0.04 3.85 2.28 | 1.45/| 0:.05 3.78 186 | 1.73 | 0.10 3.70
Savings (%0) 68.84 | 88.03 1.98.94 | 82.02 |74.22|83.3598.78 | 8231 |78.98]|80.14|97.25| 82.70
Tractor 2.83 | 1.06 | 0.09 3.97 1.79 | 1.99 |-0.09 3.88 091 | 276 | 0.11 3.78
Sunflower 2.20.| 1.75 | 0.02 3.97 1.31 | 2.50 | 0.02 3.84 0.78 | 2.92 | 0.05 3.74
Station2 197 1.89 | 0.03 3.88 1.06 | 2.66 | 0.04 3.75 051 | 298 | 0.14 3.63
1080p|Pedestrian_area | 1:32-| 2.17| 0.15 3.64 0.78 | 2.64 | 0.15 3.56 041 | 291 | 0.17 3.49
Rush_hour 1.19 | 256 | 0.01 3.76 0:70 |.2.98 | 0.01 3.70 0.39 | 3.23 | 0.03 3.65
Riverbed* 3.24°1 0.99 | 0.00 4.23 195 | 2.12 | 0.00 4.07 0.99 | 2.97 | 0.00 3.96
Blue_sky** 2271 1.05 | 0.31 363 2.03 | 1.22¢| 0.34 3.58 203 | 1.22 | 0.34 3.58
Average 2.14 | 164 | 0.09 3.87 137 | 2.30 | 0.09 3.77 0.86 | 2.71 | 0.12 3.69
Savings (%0) 76.09 | 81.66 97.82 | +82.30 |84.67 | 74.24 | 97.67 | 82.76 90.4 |69.6496.97 | 83.10
(b)
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Proposed Proposed Proposed
Qp=28 Qp=32 Qp=36
4x4 | 8x8 [16x16| ANax 4x4 | 8x8 [16%x16]| ANga 4x4 | 8x8 [16%x16| ANaya
Akiyo 0.77 | 2.08 | 0.37 3.22 0.47 | 2.08 | 0.54 3.09 0.26 | 1.92 | 0.75 2.93
Foreman 1551192 | 0.13 3.60 1.09 | 225 | 0.17 351 0.69 | 246 | 0.25 341
News 127 | 1.96 | 0.28 351 098 | 1.87 | 048 3.33 0.70 | 1.88 | 0.61 3.20
Table 1.04 | 2.62 | 0.02 3.68 0.82 | 269 | 0.11 3.62 0.60 | 2.70 | 0.23 3.53
CIF |Mobile 3.07 | 0.92 | 0.02 401 247 | 140 | 0.03 3.90 183 | 1.92 | 0.04 3.79
Silent 134 | 236 | 0.05 3.76 0.76 | 2.84 | 0.06 3.66 0.38 | 3.10 | 0.10 3.58
Mother_daughter| 0.48 | 2.17 | 0.47 3.12 0.20 | 2.34 | 0.53 3.06 0.06 | 2.38 | 0.58 3.01
Stefan 240 | 1.03 | 0.23 3.66 198 | 1.28 | 0.32 3.58 147 | 1.67 | 0.35 3.49
Coastguard 1.22 | 2.70 | 0.00 3.92 0.82 | 3.05 | 0.00 3.87 0.45 | 3.37 | 0.01 3.83
Average 146 | 1.97 | 0.17 3.61 1.07 | 2.20 /| 0:25 3.51 0.71 | 2.38 | 0.32 3.42
Savings (%0) 83.51|77.37 }.95.42 | 8313 |87.96 | 74.77|93.48 | 83.56 |91.93]|72.71]|91.47| 84.01
Tractor 0.44 | 3.11 | 015 3.70 0.22 | 3.18 |-0.23 3.63 0.11 | 3.07 | 0.34 3.52
Sunflower 0.48.] 3.00 | 0.16 3.63 0.30 | 275 | 0.38 343 0.19 [ 223 | 0.71 3.13
Station2 0.22 | 3.03 | 0.28 3.53 0.07 | 3.08 | 0.33 3.48 001 [ 292 | 0.44 3.38
1080p|Pedestrian_area | 0:20-| 2.95 | 0.26 341 0.09 | 267 | 0.48 3.24 0:04 | 219 | 0.77 3.00
Rush_hour 0.21 | 299 | 0.27 3.47 0:10 |-2.10 | 0.81 3.00 0.04 | 152 | 1.15 2.71
Riverbed* 0.46 | 3.45 | 0.00 3.91 0.18 | 3.69 | 0.01 3.87 0.05 | 3.72 | 0.05 3.82
Blue_sky** 1.79-] 1.13 | 0.54 3.46 1.56 | 1.10«| 0.68 3.34 1.33 | 1.15 | 0.77 3.25
Average 054 | 281 | 0.24 3.59 0.36 | 2.65 | 0.42 3.43 0.25 | 240 | 0.61 3.26
Savings (%0) 93.96 | 68.55194.04 | .83.59 |95.98|70.32|89:48 | 84.31 |97.18|73.13|84.69| 85.09
()

Note:

*:250 I-frames

**:217 I-frames

From the above results, the BD-RATE is increased by 0.01% for CIF sequences

and decreased by 3.13% for 1080p sequences in average, and the BD-PSNR is

decreased by 0.01dB for CIF sequences and increased by 0.12dB for 1080p sequences.

In most cases, the performance of the proposed algorithm pretty approaches or the

performance of full search algorithm in JM 12.4. And in high Qp points, especially
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with 1080p resolution, the performance of the proposed algorithm is even better. The
main reason is that we use Integer transform instead of Hadamard transform for

SATD-Cost computation.

The comparison result with [23], [25] and proposed algorithm is listed in Table
4-5 with four different QP values (from 8 to 32). In high Qp points, the proposed

algorithm outperforms.

Table 4-5. Comparison between [23]*, [25]** and our proposed algorithm*** for

APSNR and ABR
QP =38 QP =16 QP =24 QP =32

[23] | [25] | Proposed | [23] | [25] | Proposed | [23] | [25] | Proposed | [23] | [25] | Proposed
Akiyo |APSNR | -0.16| -0:02 -0.01| -0.07| -0.02 -0.05( -0.04| -0.04 -0.02| -0.03| -0.18 -0.15
(QCIF) |ABR 0.27| 1.42 0.94/-0.76| 1.64 1.67| 0.75| 1.50 0.02{ 1.02| 1.19 -4.50
Foreman |APSNR | -0.15| 0.02 0.00{.-0.07| 0.03 -0.01(-0.04| 0.06 0.00{ -0.03| 0.03 -0.08
(QCIF) |ABR 0.15| 0.26 0.95| 0.43| 0.94 0.88| 0.74| 1.65 141| 0.88| 253 -0.04
Mobile |APSNR | -0.20f 0.03 0.00| -0.09| 0.05 -0.01( -0.07| 0.11 =0.02| -0.08| 0.10 -0.11
(CIF) ABR 0.36] 0.51 1.01| 0.58| -0.77 1.46( 0.74] 121 1.11| 0.89| 2.14 0.51
Stefan  |[APSNR | -0.18| 0.02 0.00| -0.07| 0.03 0.00( -0.07| 0.09 0.01| -0.08| 0.05 0.01
(CIF) |ABR 0.30| 0.55 1.29| 0.61| 1.03 1.45| 0.81| 1.56 1.53| 1.10{ 0.99 0.93
Shields |APSNR | -0.22| 0.05 -0.02|.-0.10| 0.06 0.01[.-0.06( -0.03 0.03| -0.06| -0.13 -0.02
(720p) |ABR 0.29 0.70 0.66| 0.50| 1:13 0.60{ 0.90| 1.93 1.63| 1.23| 3.93 -4.11
Stockholm |[APSNR | -0.23| 0.06 -0.08 -0.12| 0.07 0.01| -0.05| -0.06 0.06| -0.04| -0.20 -0.05
(720p) |ABR 0.20{ 0.80 0.61| 0.36| 1.38 0.86| 0.95| 1.25 2.45| 1.37| 4.15 -0.47
Tractor |APSNR | -0.16| 0.01 0.02| -0.06| 0.04 0.02| -0.04| 0.02 0.15| -0.02| -0.41 0.08
(1080p) |ABR 0.04| 0.32 0.80| 0.54| 1.03 0.88| 1.13| 1.08 -1.29| 1.31] 3.01 -3.55
APSNR |-0.19( 0.03 -0.01(-0.08| 0.04 0.00/-0.05| 0.02 0.03]-0.05/-0.11 -0.05

Average
ABR 0.23| 0.65 0.90| 0.54| 1.13 1.11| 0.86| 1.45 0.98| 1.11]| 2.56 -1.60

Note: measurement unit: APSNR (dB), ABR (%)

*: implemented in JM 12.0, intra 8x8 mode is not included, 100 I-frames, CAVLC, and compared with JM 12.0 in RDO mode

**: implemented in self-developed program, intra 8x8 mode is included, 100 I-frames, CAVLC, and compare with JM 12.4 in low
complexity mode

***: implemented in JM 12.4, intra 8x8 mode is included, 300 I-frames, CABAC, and compare with JM 12.4 in low complexity

mode
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On the other hand, the comparison of average mode candidates between [23], [24]
and proposed algorithm is summarized in Table 4-6. The “ANgy” means the

equivalent average mode computation per 4x4 block, which can be defined as
AN4x4 = mode cadidate number for 4x4 + mode cadidate number for 8x8

+ mode cadidate number for 16x16 Eq. 4-8

For example, for full intra prediction search, its ANsyxs =9 + 9 +4 = 22, Due to the
fast intra block size algorithm, we can reduce more than 1/2 prediction modes.
Besides, by the help of the 8x8 mode decision with merged 4x4 candidates method,
we select less than 5 modes for intra 8x8. Therefore, the proposed algorithm further

reduces about 66 % of mode candidates corresponding to [24].

Table 4-6. Comparison between [23], [25] and our proposed algorithm for average

mode candidates

[23] [25] Proposed Proposed

Qps Qps Qp=8 Qp=12

4x4 |16x16| 4x4 | 8x8 |16x16|AN4x4| 4x4 8x8 |16x16|AN4x4| 4x4 | 8x8 |16x16|AN4x4

Coastguard| 4.11 2 387362 | 1.69 | 9.18 | 3.98 | 0.11 |-0.00 [ 4.09 | 3.53 | 0.54 | 0.00 | 4.07

Container | 4.33 2 352 | 375 |11.73 9 3147 047 | 007 | 3.68 | 253 | 1.03 | 0.05 | 3.61

Foreman | 4.67 2 3.74| 402 | 1.83 | 959 | 882 | 003 [ 0.03 | 392 | 3.72 ] 0.14 | 0.06 | 3.92

QCIF
News | 44 | 2 |382] 381|155 918 | 369 017 | 010 395 [ 358 | 0.28 | 0.08 | 3.94

Silent | 4.66 2 41 | 405 | 1.8 | 995 | 418 | 0.01 | 0.00 | 420 | 413 | 0.06 | 0.00 | 4.19

Average | 4.43 2 381 ] 385 172 938 | 3.76 | 0.16 | 0.04 | 3.97 | 3.50 | 0.41 | 0.04 | 3.94

Mobile | 4.43 2 3.7 | 383 162 | 915 | 413 | 0.02 | 0.02 | 418 | 410 | 0.06 | 0.01 | 4.18

Paris 4.33 2 385 | 38 |166 | 931 | 399 | 0.07 | 0.02 | 4.09 | 357 | 047 | 0.01 | 4.05

CIF Stefan | 4.57 2 348 | 386 | 183 | 9.17 | 3.37 | 0.19 | 0.19 | 3.75 | 3.30 | 0.46 | 0.05 | 3.81

Tempete | 4.37 2 383 37 | 141 | 894 | 385 | 0.04 | 0.18 | 4.06 | 3.79 | 0.14 | 0.15 | 4.07

Average | 4.43 2 372 38 | 163 | 915 | 384 | 0.08 | 0.10 | 4.02 | 3.69 | 0.28 | 0.05 | 4.03

Maximum

Number

(@)
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Proposed Proposed Proposed
Qp=16 Qp=20 Qp=24
4x4 | 8x8 | 16x16 | AN4x4 | 4x4 8x8 | 16x16 | AN4x4 | 4x4 8x8 | 16x16 | AN4x4
Coastguard| 3.05 | 098 | 0.00 | 4.03 | 254 | 144 | 0.00 | 3.98 193 | 197 | 0.00 | 3.90
Container | 2.19 | 1.37 | 0.03 | 359 | 2.07 | 147 | 0.03 | 357 178 | 173 | 0.05 | 355
Foreman | 352 | 0.33 | 005 | 390 | 332 | 051 | 005 | 3.87 | 291 | 083 | 0.06 | 3.80
QclF News 3.35 0.48 0.08 391 2.76 0.99 0.08 3.83 2.36 1.34 0.08 3.78
Silent 3.86 0.29 0.00 4.15 3.36 0.70 0.00 4.06 2.74 122 0.00 3.95
Average | 3.19 | 069 | 003 | 392 | 281 | 1.02 | 0.03 | 386 | 234 | 142 | 004 | 3.80
Mobile | 4.01 | 015 | 001 | 416 | 379 | 032 | 001 | 413 | 351 | 055 | 0.02 | 4.08
Paris 326 | 075 | 000 | 401 | 293 | 104 | 000 [ 398 | 259 | 133 | 001 | 3.93
CIF Stefan 317 | 064 | 001 | 382 | 295 | 0.83 | 001 | 3.80 | 274 | 095 | 0.07 | 3.75
Tempete | 3.70 0.27 0.10 4.08 3.51 0.42 041 4.05 3.13 0.69 0.16 3.98
Average | 353 | 045 | 0.03 | 402 | 330 | 066 |[:0.03 | 399 | 299 | 088 | 0.06 | 3.93
Maximum
5 4 2 5 5 4 2 5 5 4 2 5
Number
(b)
Proposed Proposed Proposed
Qp=28 Qp=32 Qp=36
4x4 8x8 | 16x16 | AN4x4 | 4x4 8x8 [16x16 | AN4x4 | 4x4 8x8 | 16x16 | AN4x4
Coastguard| 1.31 | 250 | 000 | 882 | 074 | 299 | 001 | 874 | 038 | 326 | 0.04 | 3.68
Container | 1.39 | 2.03 | 0.09 | 850 | 1.13 | 2.01 | 025 | 339 | 080 | 202 | 041 | 3.23
Foreman | 2.31 | 1.32 | 0.07“ 8.70 | 1.65 | 1.85 | 0.09 | 3.59 101 | 234 | 012 | 347
QclF News 1.84 1.77 0.10 3.72 141 2.05 0.15 3.61 1.03 231 0.19 3.53
Silent 1.74 2.02 0.00 3.76 0.92 2.70 0.01 3.62 0.54 3.01 0.01 3.56
Average | 1.72 1.93 0.05 3.70 117 2.32 0.10 3.59 0.75 2.59 0.15 3.49
Mobile 3.07 0.92 0.02 4.01 247 1.40 0.03 3.90 1.83 1.92 0.04 3.79
Paris 214 1.67 0.03 3.85 1.54 2.13 0.08 3.74 1.02 2.45 0.15 3.62
CIF Stefan 2.40 1.03 0.23 3.66 1.98 1.28 0.32 3.58 1.47 1.67 0.35 3.49
Tempete | 2.46 1.22 0.19 3.87 1.59 194 0.21 3.74 0.80 2.58 0.23 3.60
Average | 2.52 121 0.12 3.85 1.90 1.69 0.16 3.74 1.28 2.16 0.19 3.63
Maximum
5 4 2 5 5 4 2 5 5 4 2 5
Number
(©)
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4.6.Summary

By the proposed fast intra algorithms, during intra prediction, more than 80%
intra luma modes (4x4, 8x8, and 16x16) can be skipped with similar quality (average
BD-PSNR difference: -0.01 dB for CIF, +0.12dB for 1080p, average BD-Rate

difference: +0.01% for CIF, -3.13% for 1080p).
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5. Hardware Design for SVC Intra Encoder

This chapter will go through the demand of our SVC with fast algorithm and final
implementation of hardware design. We will start from system analysis (memory
usage and throughput). Next is to introduce the architecture of hardware,
corresponding encoding schedule and the specific hardware module design. Finally,

we will compare the results with previous studies.

5.1. System Analysis and its Selutions

With spec defined. intra prediction procedure, it takes more resources to support

strong dependencies between sub-MBs.

For example, ‘our target spec of hardware design is'3 quality layers, 3 spatial

layers (CIF, SD 480p, and HD/1080p), and up to 60 frames per second.
For hardware, the processing number of MB/per second is:
(CIF_MB_ Number + SD"MB_ Number+ HD MB_ Number ) * Frame_Rate
= (396 + 1,350 + 8,160 )*60=594,360 MBs

With the limitation of 135MHz working frequency, the usable cycles to proceed

one MB are:
( Frequency / MB_Number)

= (135M /594,360 ) = 227 cycles
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Fig. 5-1. Coding schedule

(@) non-interleaved coding schedule; (b) interleaved coding schedule;

As Fig. 5-1-a shows, when 4x4 sub-MB of upper left corner is processing, 4x4

sub-MBs of its right and bottom site need to wait till it finishes the reconstruction

value to predict. During the wait, there are a lot of arithmetical units will stand by, and

it is hard to finish sixteen 4x4 sub-MB within 227 cycles. In order to fix the standby

of arithmetical units and limited cycles issue, we adopt the frame-parallel encoding

scheduling as shown in Fig. 5-1-b. Due to there is no any dependence between each

MB of different frames during the algorithm of intra prediction, hardware can process

MBs more efficient.
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A. Intra-Residue with 16-pixel Throughput

With fast intra prediction algorithm, the required computation of every MB can

be split into two parts.

The first part is the extra computation to determine the best block size and the

candidates of prediction mode.

Luma_pixels + Cb_pixels + Cr_pixels

=16*16 + 8 * 8 + 8 * 8 = 384 pixels

The second part is the computation to find the best prediction.

Luma_pixels* mode candidates + Cb pixels* mode.candidates + Cr_pixels *

mode_candidates=

16*16*5+8*8*3+8*8*3=1,792pixels (4x4 blocktype) or

16*16*4+8*8*3+8*8*3=1,536pixels  (8x8block type) or

16*16*2+8*8*3+8*8*3=1,024 pixels (16x16 block type)

Therefore, to combine these two parts and consider processing two MBs of

different frames at the same period, the bottom neck is:

(Max_Processing_Pixels_For_Fast_Mode_Decision+

Processing_Pixels_For_Fast_Block Size_Decision) * MB_numbers

=( 1,792 + 384 )*2=4352 pixels

The pixel number of every cycle needs to handle is

(Total_Processing_Pixels)/(Avaliable_Processing_Cycles)

49



=4352/(227*2)=9.59 pixels/cycle => 16 pixels/cycle

So, the throughput is set to 16 pixels.

B. Intra-Reconstruction and Quality-Refine with 8-pixel Throughput

During proceeding quantization, reconstruction and quality layers, due to the
computation is fewer, the throughput can be lower to reduce the area of hardware. The

analysis shows as following.

First, the pixel number of every MB per quality layer is

Luma_pixels + Cb_pixels + Cr_pixels

=16*16 + 8 * 8 + 8* 8 = 384 pixels

And the pixel number of processing two MB with 3 quality layers is

Total_Pixels_per_MB * Number_of MB* Number_Of.Quality Layers=

384 * 2 * 3 = 2304 pixels

Then the pixel number of every cycle needs to handle is

(Total_Processing_Pixels)/(Avaliable_Processing_Cycles)=

2304 / 454 = 4.48 pixels => 8 pixels

Therefore, the throughput is set to 8 pixels.

According to these analyses, we can adopt frame-parallel with interleaved coding
flow and separate hardware architecture into two parts. The first part is intra—residue
of 16 pixels throughput. The second part is intra reconstruction and quality refine of 8
pixels throughput; then we can achieve the tough system requirement by one set of

hardware.
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5.2. Architecture and Encoding Schedule

Block size filter Mode filter
< . Mode
Block size | ] Mo Sandidag b |4x4 8x8 16x16
Address ¢ (4x4 16x16) butf
[ | controller type e
maker
¢ AC16 < A
accumulator Fast8x8 |
Mode -
Luma
DC <
A 4 buffer
Luma/Ct Cost-4x4
~ Pic0/Picl
Memory

Intra-residue
Throughput: 8 Pixel

Fig. 5-2. Hardware architecture of fast intra prediction

Fig. 5-2 is the overall hardware architecture of this work. It can be divided into 3
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blocks. The top block is to compute Intra—residue prediction with 16 pixels
throughput. The center block is to compute quantization and reconstruction with 8

pixels throughput. And the bottom block is to compute quality layer with 8 pixels

throughput.
450 cycles
. .
a - e
I ' I I I
INTRA MB1 MB2 MB3 MB4 Privivlvlyiyts
/- Pic2
Picl
stagel stage2 stage3 ~
b o/ 25 \5/ 75 \100 / 450
= = » CYCLE
Block Size and Block Size and Chroma Chroma Interleaved
Intra-residue Mode Candid Mode Candid Prediction Prediction Prediction
For Picl MB2 For Pic2 MB2 For Picl MB2 | For Picl Mb2 For Pic1-MB2 and Pic2-MB2
Chroma Chroma Chroma Chroma Interleaved
Recnstruction Quality layer Quality layer ionjR i ruction for Pic1-MB2 and Pic2-MB2,
For Picl MB1 For Pic2 MB1 For Picl MB2 || For Picl MB2 Qualitx Layer for Pic1-MB1 and Pic2-MB1
Interleaved
Prediction
For Pic1-MB2 and Pic2-MB2
10 cycles
. .
C —! :{—
T T » CYCLE
Intra-residue Pic1|Pic2|Pic1|Pic2}Picl|Pic2|Pi ic2l  eee--
16x16 8x8 4x4 16x16 8x8 4x4
or or or or
d 10 cycles
. .
—p ¢
- - - - - - - - - - - - » CYCLE
Picl1 § Pic2 | Picl | Pic2 } Picl Pic2 | Picl Piez ) .. Picl Pic2 | Picl Pic2
For exemple axa | 8xs | axa | 8xs | axa | sxs | axa | sxs axa | 8xs | axa | sxs

Fig. 5-3. Encoding schedule of fast intra prediction

Fig. 5-3 shows the corresponding encoding schedule of hardware. As Fig. 5-3-b

shows, block size type and mode candidates of current two MBs would be calculated
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by Intra-Residue modules. At the same time, reconstruction modules proceed quality
enhancement layers of chroma block of previous two MBs. Then, Intra-Residue and
reconstruction modules deal with base layer of current chroma blocks. Finally, the
hardware interleaved computes two current MBs to avoid data dependency with

embedded quality layer processing of previous MBs in the reconstruction loop.

About interleaved scheduling, as Fig. 5-3-c shows, MB1 and Mb2 alternately
share hardware with each 10 cycles. And with fast algorithm of previous chapter,

MB1 and MB2 will be one of 4x4, 8x8 and 16x16 block sizes.
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5.3. Specific Components

According to the discussion of Section 5.1 and 5.2, we hope that the SVC intra
encoder can share single prediction units for different block size computation.
However, the calculation procedure is different for each block partition size. It is
necessary to adjust some prediction units to combine different purposes. For example,

4x4 DCT calculates 4 pixels length rows and columns, but 8x8 DCT calculates 8 pixel

lengths rows and columns.

Hence, in this section, we will introduce specific components with shared

hardware. Finally, there.is a simple summary from Table 5-1.

N vy gl g Chroma prediction | Quality layer
Module 4x4-1-8x8 | 16x16
Intra_Residue
BlockSize Y,
CostMode v Y Y \
Mode8x8 V.
Mode Chroma V.
Trans4816DC v i V
Hadamard2x2 v
Prdiction 48DC v V. V V
Prdiction DC \ v Y v
Prdiction Pls \% \
Prdiction_Plane \ \
Residue Y \% Y \
Reconstruction
Quantization v i Y v v
IQuantization v i i v %
ITrans48DC v Y Y Y v
Reconstruction416C v Y v \
Reconstruction8x8 Y \
NormM inus v

Table 5-1. The table of components with shared hardware
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5.3.1.

“CostMode” Module

in01
in02>®> v | |
n03
inl0
. . If (mode=0,1,4,5)
n20 iH
in30 X0
mnll 0
in22>@-> iD IAC or SATD or AC1
in33 If (mode=3,4,5,7 and count!=0)
mnl2
m13>@-> DV X3
in23 X4
in21 :
in31>@-> iDH ‘% X14
in32 X15
X0
X1 AC2
X2
If (mode=0)
Fig. 5-4. Architecture of “CostMode”
INPUT
MODE XO | X1 | X2 | X3 | X4 | X5]| X6 | X7 | X8| X9 [X10[X11[X12|X13|X14|X15
0 Mode4x4 and AC2 in00[in01 [in01]in11]in02[in03]in12]in13|in20{in21]in22|in23[in30]in31]in32{in33
1 Mode16x16 and AC1_1 [in00|in01[in01]in11[in02{in03|in12|in13]in20|in21]in22|in23]in30{in31]in32[in33
2 SATD 4X4 in00{in01 [in01]in11{in02{in03]in12|inl13|in20|in21|in22|in23|in30|in31[in32]in33
3 SATD 8X8 in00|in01|in01|in11in02|in03|in12|in13|in20{in21|in22|in23|in30|in31|in32|in33
4 SATD 16X16 m00[in01 [in01]in11]in02[in03]in12]|in13|in20{in21]in22|in23{in30]in31]in32{in33
5 SATD 16X16 n00|[in01 [in01]in11]in02[in03]in12]|inl13|in20{in21]in22|in23[in30]in31]in32{in33
6 AC1 2 n03[inl12{in21]in30]in13[in22]in31]in23|in32{in31]in23|in32{in31|in23|in32[in31
7 SATD chrom in00/in01 [in01]inl1]in02{in03]in12]inl13|in20{in21]in22]in23{in30]in31]in32{in33

Table 5-2. Input selection of “CostMode”
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The “CostMode” module not only provides mode candidates for 4x4 blocks and
16x16 blocks and the SATD for residue, but also calculates the AC1 and AC2 values

for block size decision.

Fig. 5-4 shows the architecture of “CostMode”, the left hand side in the figure
can calculate the directional tendency of texture (IV, IH etc.) for mode candidates. On
the other hand, the right hand side in the figure provides the SATD, AC1 and AC2
with accumulation procedure. And the further description of the inputs is shown in the

Table 5-2.

5.3.2. Prediction Modules

About mode prediction modules, we adopt the hardware designs proposed by [25].
The module “Prediction” can calculate different prediction modes with different block
size types. Because- it is not resource-efficient to complete DC or plane mode
prediction within one cycle, the DC mode is calculated in‘module “Prediction DC”

and the plane mode is calculated in module “Prediction Plane”.

Neighboring Pixels

< %

Block size
Prediction mode
Counter

I

Fig. 5-5. Architecture of module “Prediction”
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4x4 block size

5 A =+~

Fig. 5-6. Output assignment for module “Prediction”
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Fig. 5-5 shows the architecture of “Prediction”, which can provide the 4x4
prediction modes within one cycle, the 8x8 prediction modes within four cycles, the
16x16 prediction modes within sixteen cycles and the chroma prediction modes
within four cycles. From the spec, every output pixel of any prediction mode is
calculated from maximum 3 neighboring pixels, so this architecture can provide each

prediction mode by proper input assignment. And the output assignment is drawn in

Fig. 5-6.
Up neighboring Pixels Left neighboring Pixels
0—> <« 0
> 0 0 <
' P Left available Up available 1 0
Acc [« » |Acc
»()e
128
w Left available or up available

DC value

Fig. 5-7. Architecture of module “Prediction DC”

Fig. 5-7 shows the architecture of “Prediction DC”, which can provide the DC
modes for the 4x4, 8x8, 16x16 and chroma block types. The 8x8 DC mode and the

16x16 DC mode is calculated by accumulation process.
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16x16 X Chroma X
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Up neighboring Pixels Left neighboring Pixels
H a v
YVYY YVY YVY YVY
+ + + +
X P W W X X yF 7 "= X :|X'Y
>> >> >> >>
Out0 Qutl, eee=- Qutld Outl5

Fig. 5-8. Architecture of module “Prediction Plane”

Finally, Fig. 5-8 shows the architecture of “Prediction Plane”, which can provide

16x16 plane mode and chroma plane mode.

The equations for 16x16 Plane mode are:

H=Yx * [p(7 +1,—1) — p(7 —i,—1)],fori = 1~8

V=Xy*[p(-1,7 +1i) — p(—1,7 —i)],fori = 1~8

a=16 * [p(—1,15) — p(15,—1)]
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b=(5*H+32) » 6

c=(5*xV+32)»6
Pred(x,y)=[a+b*x(x—7)+cx(y—7)+16] > 5
The equations for chroma Plane mode are:

H=Yx* [p(4+1i,—-1) — p(4—i,—1)],fori=1~4
V=Yy=*[p(-1,4+1i) — p(—1,4—1)],fori =1~4

a=16 * [p(—=1,7) — p(7,-1)]

b=(17 *H+16) » 6
c=(17 *V + 16

Pred(x,y)= [a
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5.3.3. “Trans48DC” Module

Horizontal Transform (2,4,6,8) 1
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Fig. 5-9. Hardware architecture of module “Trans48DC”

The architecture of “Trans48DC” is shown in Fig. 5-9, which can provide 4x4

Integer transform, 8x8 Integer transform, and 4x4 Hadamard transform.
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in4 out3
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in7 out5
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in5 outé
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(b)
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in0 out0
Inl out2
in2 out3
In3 outl
in7 out5
in6 out?7
in5 outb6
in4 outd

(©)

Fig:5-10. Data path for forward horizontal transform

Fig. 5-10 shows the architecture of “Horizontal transform™, and (a) ~ (c) represent
the data flow of 4x4 Integer transform, 8x8 Integer transform, and 4x4 Hadamard

transform under the shared hardware:
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in0 out0
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(b)

Fig.’56-12. Data path for forward 4x4 vertical transform

In addition, Fig=5-11 shows the architecture of "Vertical transform 4x4",and (a) ~
(b) represent the 4x4 ' Integer  transform, 4x4 Hadamard transform under the

shared hardware. Fig:’5-12 shows the architecture of “\ertical transform 8x8".
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CYCLE 1 2 3 4 5 6 7 8 9 10 11 12

IN_VALID | rowl~4 | rowl~2 row3~4 row5~6 row7-8 I rowl~4 I row1"4| row1"4| row1”‘4|

INPUT | | axa | axa | a8 | ax8a | &8 | aa | axa | aa | a4 | | |

OUT_VALID_4x4 | col1~4 | | col1~a | coir~a | col1~a | col1~a |

OUTPUT _4x4 | | | axa | | | | axa | aa | aa | axa | | |

OUT_VALID_8x8 coll~2 col3~4 col5~6 col7~8 I

OUTPUT_8x8 | | | | | | | sx8 | sx8 | sx8 | sxs | | |
(b)

Fig. 5-13. Timing diagram of “Trans48DC”

For all transform types, the calculation process can be divided into two steps.
First, to calculate several row data by “Horizontal transform”, and the result is
temporarily stored in transpose buffers. Then the re-arranged data will be put

into ”Vertical transform 4x4” or’Vertical transform 8x8> for the final result.
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Fig. 5-14. Data flow for 4x4 transform
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Fig. 5-15. Data flow for 8x8 transform
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Fig. 5-16. Data flow for 4x4 transform and 8x8 transform
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Fig. 5-14 shows how to calculate 4x4 Integer transform and 4X4 Hadamard

transform, and Fig. 5-15 shows how to calculate 8x8 Integer transform.

For example, if we want to calculate 4x4 Integer transform, in the first cycle, four
rows are calculated by “Horizontal transform” and the result is stored in transpose
buffers. At the second cycle, the re-arranged data is calculated by “Vertical transform

4x4” for the final result.

Now we consider the 4x4 transform and 8x8 transform are calculate and the same
time. As upper left corner in Fig. 5-16 shows, we assume that 8x8 transform has been
processed by 4 cycles and 4x4 transform.is ready to begin. In the next two cycles,

4x4 data will be calculated without any conflict with 8x8 data.
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5.3.4. “ITrans48DC” Module
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Fig. 5-17. Hardware architecture of module “ITrans48DC”

The architecture of “ITrans48DC” is shown in Fig. 5-17, which can provide 4x4
inverse Integer transform, 8x8 inverse Integer transform, and 4x4 inverse Hadamard

transform.
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in0 out0
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in6 out?7
in5 out6
in7 out5
in4 outd

(©)

Fig=5-18. Data path for inverse horizontal transform

Fig. 5-18 shows the architecture of ""Horizontal transform", and (a) ~ (c) represent
the data flow of 4x4 inverse Integer transform, 8x8 inverse Integer transform, and 4x4

inverse Hadamard transform‘under the shared hardware.
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Fig.5-20. Data path for 4x4 inverse vertical transform

In addition, Fig=5-19 shows the architecture of "\ertical transform 4x4",and (a) ~
(b) represent the 4x4 inverse /Integer -transform, 4x4 inverse Hadamard transform
under the shared hardware. Fig. 5-20 shows the architecture of "Vertical transform

8x8".
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CYCLE 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

IN_VALID |row1'“2 row3“4| rowl row2 row3 row4 row5 rowé row7 row8 |row1“2 row3"4|row1"'2 row3“4|

INPUT | | axa | axa | 8x8 | 8x8 | 8x8 | 8x8 | 8x8 | 8x8 | 8x8 | 8x8 | axa | axa | axa | axa | | | | |
OUT_VALID_4x4 |col1"’2 col3~a] Jcol1~2 col3~a|col1~2 coiz~a|

OUTPUT_4x4 | | | | axa | axa | | | | | | | | | axa | axa | axa | axa | | |
OUT_VALID_8x8 ] coll col2 col3 cold col5 col6 col7 col8 |
OuTPUT 8x8 | | | | | | | | | | | | 8x8 | 8x8 | 8x8 | 8x8 | 8x8 | 8x8 | 8x8 | sxs |

Fig. 5-21. Timing diagram of “ITrans48DC”

For all transform types, the calculation process can be divided into two steps.
First, to calculate several row data by “Horizontal transform”, and the result is
temporarily stored in transpose buffers. Then the re-arranged data will be put

into ”Vertical transform 4x4” or-’Vertical transform 8x8> for the final result.
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Fig. 5-22. Data flow for 4x4 inverse transform
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Fig. 5-23. Data flow for 8x8 inverse transform
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Fig. 5-22 shows how to calculate 4x4 inverse Integer transform and 4x4 inverse
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Hadamard transform, and Fig. 5-23 shows how to calculate 8x8 inverse Integer

transform.



For example, if we want to calculate the 4x4 inverse Integer transform, in the first
two cycles, four rows are calculated by “Horizontal transform” and the result is stored
in transpose buffers. At the third and fourth cycles, the re-arranged data is calculated

by “Vertical transform 4x4” for the final result.

Now we consider the 4x4 inverse transform and the 8x8 inverse transform are
calculate and the same time. As upper left corner in Fig. 5-24 shows, we assume that
the 8x8 inverse transform has been processed by 8 cycles and the 4x4 inverse
transform is ready to begin. In the next four cycles, the 4x4 data will be calculated

without any conflict with 8x8 data.

5.3.5. Memory

Table 5-3 shows all memories in this design, compared to an H.264/AVC encoder,

an SVC encoder needs to store more information for quality enhancement coding.

Name Type Entry Width | Number
Intra-Residue
Current MB Dual port 96 (2 MBs) 64 1
Neighboring pixels Single port] 960 (2 rows) 64 1
Neighboring modes Single port| 240 (2 rows) 16 1
Best coefficients Dual port 24 76 4
Reconstruction
Reconstructed pixels for BL Single port 96 (2 MBs) 64 1
Quality Layer
Pre-quantized coefficients Two port 96 (2 MBs) 136
Scaled transform coefficients Two port 96 (2 MBs) 136
Reconstructed pixels for EL Single port 96 (2 MBs) 64

Table 5-3. Internal memory storage for proposed design
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5.4.Implementation Results

This proposed design is implemented by Verilog and synthesized under the

90-nm CMOS technology process.

5.4.1. Gate Count

Table 5-4. List of gate count for [23], [24], [25] and proposed design

Module [23]* [24]** [25]*** | Proposed
Block size decision, Cost
) \ 11,934 12,923 24,779 8,262
calculation and mode decision
Transform 9,392 19,868 42,783 25,573
Prediction and residual generator 17,449 6,646 31,362 11,896
Quantization andsreconstructed
29,378 70,104 86,344 43,344
path
Global control 20,846 24,534 21,137 52,415
Quality enhancement Not Support - Not Support | 9,024 6,151
Total 88,999 134,075 215,429 | 147,641

*: synthesizing in 100 MHz, UMC 0.18xm technology
**: synthesizing in 145 MHz, UMC 0.13um technology, and not support plane mode

***: synthesizing in 135 MHz, UMC 90nm technology

As Table 5-4 shows, the total gate count of the proposed intra prediction module
excluded internal memory is about 148 k.

Compared to [25], the gate count of proposed design is effectively decreased by
30%. The main reason is that [25] uses double hardware resources (double transform

modules, double SATD cost modules... etc.) to support intra prediction and this work
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only uses one hardware resource.

Besides, if we compare the proposed design with [24], the gate count increment

of this work is about 10%. The reason is that our proposed design needs extra

components for plane mode and quality enhancement layer which are not support in

[24].

5.4.2.

Comparison

Table 5-5. Comparison between [23], [24], [25] and this work

Design feature [23] [24] [25] This work
CMOS technology UMC 0.18pm | UMC 0.13um UMC .90nm UMC 90nm
System pipeline MB-based MB-based MB-based MB-based
Pixel parallelism 8 pixels 8'pixels 16 pixels /8 pixels | 16 pixels / 8 pixels
Max operation frequeney| ' 100 MHz 145 MHz 135 MHz 135 MHz
Gate count 89 k 134 k 215k 148 k
N/A (dual) 48x64(x1)] (dual) 96x64(x1)] (dual) 96x64(x1)
(single) 16 x 112 (x.2) 128 x 152 (x 1) 24 x 76 (x 4)
8 x'96 (x'2)| (single) 960 x.64 (x 1) (Two) 96 x 136 (x 4)
240x 16 (x1)|  (single) 96 x 64 (x 1)
On-chip memory usage 128 x 128 (x 1) 240x 16 (x 1)
128 x 136 (x 1) 960 x 64 (x 1)
128 x 64 (x 1)
96 x 64 (x 1)
96 x 136 (x 2)
Standard H.264/AVC H.264/AVC SvC SvC
Number of quality layers 1 1 3 3
16 CIF HD 1080p HD 1080p HD 1080p
(1408 x 960 ) (1920 x 1080) (1920 x 1080) (1920 x 1080)
+SD 480p +SD 480p
Max target resolution (720 x 480) (720 % 450)
+CIF +CIF
(352 x 288) (352 x 288)
Frame rate 30 fps 30 fps 60 fps 60 fps

82




Throughput (MB / sec) 158,400 244,800 594,360 594,360
Hardware efficiency
1.780 1.826 2.759 4.016
(throughput / gate count)
Processing cycles/MB 620 600 454 454
Enhanced Integer transform
Cost function SAITD DCT-based SATD
DCT-based SATD -based SATD
Plane mode Y N Y Y

Table 5-5 shows the comparison between [23], [24], [25] and this work.

Compared to [24], this work uses more internal memories for quality enhancement

coding in order to support the SVC standard. In conclusion, the hardware efficiency

of this work is higher than the previous works.

5.5.Summary.

In this chapter, we proposed an efficient hardware design for SVC intra encoder.

With 135 MHz working frequency and 90 nm CMOS technology, the gate count of

this work is about 148 k. And this encoder can support 3 quality layers, 3 spatial

layers (CIF, SD 480p, and HD:1080p), and 3 temporal layers (up to 60 Hz frame rate).
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6. Conclusion and Future Work

In summary, the main contribution of this thesis can be divided into two parts:

First, we propose a fast two step intra prediction algorithm in Chapter 4. We
observe the transformed patterns to determine the flatness and the directional
tendency of texture. Then we use the result to choose the suitable block partition size
and select few prediction modes. Compared to the reference software, JM, this
proposed algorithm skips over 80% of candidate modes, with similar quality (average
BD-PSNR difference: -0.01 dB for CIF, +0.12dBfor 1080p, average BD-Rate

difference: +0.01% for CIF, -3.13% for 1080p).

Second, in Chapter5, the implementation of a SVC intra encoder is introduced.
Through the application of fast intra prediction algorithm and interleaved scheduling
with embedded quality layer processing in the reconstruction loop, this encoder can
support three quality layers, three spatial layers (CIF, SD480p and HD 1080p) and up

to 60 frames per second.

For the future work, the proposed design can be further integrated with inter

prediction and inter-layer prediction for more powerful coding efficiency.
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