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B. Abstract (% < # &)

Multimedia service is believed to be the driving force for developing wide-band wireless
communication systems. However, there are a number of challenges in delivering real-time mul-
timedia over wideband wireless networks such as packet loss and heterogeneous mobile receivers.
Thus, a new technology for video representation, the so-called Scalable Video Coding (SVC) stan-
dard has been developed in recent years. The goal of this project is to study, design, simulate and
implement various streaming audio/video algorithms based on the concept of the scalable video
coding. The entire duration of this project is 3 years. We will outline the final results of the third
year on this report. There are three major items: “Parallel processing of H.264/AVC and the im-
plementation on NVIDIA CUDA platform”, “Fast algorithms for H.264/AVC scalable extension”,
and “Source modeling of wavelet coefficients for scalable wavelet image/video coding".

Because of the recent development of very powerful general-purpose graphics processor
(GPGPU), it is now also used for non-graphics applications that require a large amount of compu-
tations. NVIDA proposed a flexible GPGPU architecture called CUDA. In this project, we suggest
an efficient block-level parallel algorithm for the variable block size motion estimation (ME) in
H.264/AVC with fractional pixel refinement on the CUDA platform. We decompose the H.264
ME algorithm into 5 steps so that we can achieve highly parallel computation with low external
memory transfer rate. Experimental results show that, with the assistance of GPU, the processing
time is 12 times faster than that of using CPU only.

The conventional video coding standards adopt the single-layer coding scheme because they
are designed for specific applications. However, different clients have different computing capa-
bilities and transmission bandwidth. Thus, the single-layer scheme does not provide satisfactory
solution for the heterogeneous network environment. Therefore, H.264/AVC scalable extension is

constructed and standardized to solve these problems. The H.264/AVC scalable extension adopts a



multi-layer coding structure and has very complicated prediction methods between layers. Hence,
the encoding procedure is highly complicated. To reduce the complexity, we develop fast algo-
rithms for H.264/AVC scalable extension while these schemes produce similar video quality.

In addition to the DCT-based H.264/AVC scalable coding system, the wavelet-based video
coding structure produces fully embedded scalable bitstreams and better high-definition video
quality. In this project, we first collect wavelet coefficients and propose a new source model after
careful analysis. The probability distribution of wavelet coefficients has been previously modeled
as Laplacian or generalized Gaussian distribution (GGD). The Laplacian model is simple in cal-
culation but not accurate; on the other hand, GGD is accurate but requires a very complicated
modeling procedure. We reformulate the GGD source model and propose a new parameter p in it,
where p is the probability of zero-value coefficients. Moreover, a piecewise linear approximation
method is proposed to further reduce complexity. Our experiments show that the p-GGD model
has high accuracy and consistent performance for modeling the wavelet coefficient pdfs for both
spatial 2-D DWT and interframe wavelet video cases.

Keywords: MPEG, H.264, Scalable video coding, multi-core architecture, parallel computation,

fast algorithm, interframe wavelet video.
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Table C-1 %t

- H A EHRRET S

CPU AMD Athlon 64X2 2.1GHz
PC memory 2,048MB
oS Microsoft Windows XP sp2
Compiler Microsoft Visual Studio 2005
NVIDIA GeForce 8800GTX
Core Clock 575MHz
GPU Processor numbers 128
CUDA Memory Clock 900MHz
Memory 768MB
Memory Bandwidth 86.4(GB/sec)

CUDA Toolkit and SDK 1.1

NVIDIA Driver for Microsoft Windows XP with CUDA Support (169.09).

Table C-2 #j bSR3 5— S H H 242 4oid 2k

PC (msec) | CUDA (msec) | Speedup | CUDA using one thread(msec)
Intra_16x16 4.06 0.63 6.4x 265
Intra_4x4 15.94 0.92 17.3x 753
Intra_chroma | 2.19 0.31 7.1x 93
Total 22.19 1.86 11.9x 1112
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Table D-2. Functionality of Switches

Switch number Functionality
1.2 Intra/Inter mode selection
3 Inter-layer motion prediction
4 Inter-layer residual prediction (transform domain)
5 Reconstruction at the enhancement layer
6 Inter-layer texture prediction
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Fig. D-5 The motion vector differences using (a) the motion vector of the base layer or (b) the mo-

tion vector predictor at the enhancement layer as reference
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Fig. D-6 Comparison of Turning off the Residual Prediction in Transform Domain in B Frames
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Fig. D-7 Inter-Layer Dependency Settings of SVC Encoder for CGS (a) 2-Layer Case, (b) 4-Layer
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Fig. D-8 Flowchart of Proposed Algorithm



Modeg,, is Intra YES—

NO > YES
J }

Y
Do inter prediction with/out Do inter prediction without IntraBL, Intra8x8,
residual prediction residual prediction Intradx4
A

Decide best MB mode & keep Context)
info. for next layer A

Fig. D-9 Layer-adaptive Mode Decision

Table D-3. Look-up Table for Layer-adaptive Intra Mode Selection

Prediction Modes of Reference Layers

Candidate Intrad4x4/Intra8x3

Modes

0 (V)
1(H)
2(DOC)
3 (DDL)
4 (DDR)
5(VR)
6 (HD)
7 (VL)
8 (HU)
The candidate mode set is {@} if both the previous two layers are with the same mode;
otherwise, the candidate mode set should include {@, O}.

Intradx4/Intra8x8

Table D-4. Candidate Modes of Inter Prediction for Op,_;>30

Temporal T, —Ty_ Ty —T
layer Skip 16x16 16x8 8x16 8x8 Skip 16x16 16x8 8x16 8x8
e | O 19 Q. o oo .0 1.9 .0 9.
16x8 O (@] O O
st | QST NN R R o T

Table D-5. Candidate Modes of Inter Prediction for Op,.; =30

T,—T
Temporal layer =g, Toxs | 8x16 | 8x8
16x16
16x8
8x16
sx8 |
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Table D-6. Candidate Modes of Sub-macroblock of Inter Prediction for all Op Values

Temporal layer T,-Ty
Skip8x8 O
e8| o
s |
4x8

4x4

YES:
Search in List_L0 with MB (Partltlon) at Base MB to Be Tested is
Index ry Layer is Pred L0? Inter16x16?

Search in List_L1 with MB (Partltlon) at Base .
Exhaustive Search for
Index ry Layer is Pred L1?
Reference Frame Index

& Update Context Info.
Search in Both Lists MB (Partltlon) at Base
with Index rg, 1y Layer is Bi_Pred?

Fig. D-10 Layer-Adaptive Selection of Reference Frame Index
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Table D-7. Testing Conditions

Testi CIF AKIYO, FOOTBALL, MOBILE, STEFAN
esting
Sequences ACIF | CREW, HARBOUR, ICE, SOCCER
Software: JISVM 9 11
M.E. Search Range: £32 pixels
RDO: Enabled
Encoder GOP Size: 8

Configurations | Entropy Coding Mode: CABAC

Macroblock Adaptive Inter-Layer Prediction: Enabled
Machine: Athlon 3800+, 64-bit, Dual-core Processors,
2.0GB RAM with Windows XP
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Table D-8. Performance comparisons with JSVM 9.11

Sequences APSNR (dB) ABitrate (%) TS (%) TS (%)
AKIYO -0.01 0.47 84.2 94.0
FOOTBALL -0.04 1.51 82.3 93.6
MOBILE -0.02 0.96 82.4 92.6
STEFAN -0.01 0.77 82.7 93.3
CREW -0.01 0.34 83.1 932
HARBOUR 0.00 0.23 83.1 93.2
ICE -0.01 0.58 83.4 93.5
SOCCER -0.01 0.63 83.5 93.8

Ak 2 o RFELIFVARL PRERE 2R FLANBERT 2 RE 2 ou
MR ZRETAMY O FE - BT R T AR S PR 2 AR SRR TR e
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Fom hhw gwﬂm%%mé’ﬂigiﬁﬁwiééﬁﬁﬁﬁ%’#%iw%ﬁ%@&
BH w7 E A PR A (MCTF) [35] © %548 MCTF 2. (6 » P gh chiid 4 5 & F

IRy
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Fig. E-1 An example of wavelet coefficients modeling. (LL-LL-HL subband of image Lena).
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Fig. E-2 ®(v) at ve[0.5, 2.5] and its piecewise linear approximation.

E.3.2.2 Piecewise linear estimation for the shape parameter

tFig. B-2¢ A7 R > O0)LE MR- B & E 12 T s T
A B3t St (piecewise linear)A$3iT = 34 3 {0 o F S ¥ a0 O(v) B ve[0.5,2.5]2 B ¥ 12
FI 2B GVARMARIT e NE R B S o AR R IEE L > AR OW) R ve[0.525]
Bend S 2+ BRAT* Liks M i ﬁfﬁlk*_i\j A E - B velf, fi]ed Bk
?\;ﬁJ’(Desz(V)f;*i'&ﬁ% ﬁﬂﬁéﬂ’#.ﬁ}i’ S

(/) ~P(f: )

D, (v)=
et (V) =7

2 j={12,..10} »

v=f)+0(f), @)

Uos his Jos s Jas 5 S [ Jys Jos froh

8
=1{0.5,0.5625,0.625,0.6875,0.75,0.875,1,1.25,1.5, 2, 2.5} ®)

Fig. E-2 5 1% Qe (MAEIT O(V) s % > I Oy (V)F £ 8- H F1F A 1 S8 B B vesm
(I)_lest(pc) » 2 e

-1 _ fl _fi—l _
O la(po) = gt s lee =R (D)+ 9)
po €8, =[(f,,). O(/)] (10)

TR * T RGP N TR 7 *»&fﬁ%ﬁa%@@% B P(9)E(10)5¢ ¥

FTEORPBEIFALIE > VEAFTEGRFEAFE N EMF AR L fLdoTable E-1977F o
Table E-1 Look-up table for shape parameter estimation
(/)= P(fi)

i S, fi—r, (1) /i

1 [2.739, 2.000] -11.810 2.000 0.5625
2 [2.000, 1.563] -7.005 1.563 0.6250
3 [1.563,1.281] -4.506 1.281 0.6875
4 [1.281, 1.089] -3.080 1.089 0.7500
5 [1.089, 0.848] -1.926 0.848 0.8750
6 [0.848, 0.707] -1.126 0.707 1.0000
7 [0.707, 0.555] -0.610 0.555 1.2500
8 [0.555,0.476] -0.314 0.476 1.5000
9 [0.476, 0.399] -0.154 0.399 2.0000
10 [0.399, 0.363] -0.073 0.363 2.5000

Rk F B2 B p-GGD WREAIP > T AT TASBRA IR
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E.3.2.3 Modeling accuracy evaluation

2 A B A R I A F 2 FaL ® o AP35l * 7 Kullback-Leibler (K-L)Z £ B
(diversity)sh= ;= » 7 L 5 A %] § (differential entropy) » H #c& ;4 40 :

KL(pllq)= Zp(x)log{p(( ;j an
e p SEFOFHPILG o8 g B 5 oREFaB IR 0 Bt AP SR KL
LR FRIREEC(12)5 7)) $3 plE A 3 KL £ B RAR ] & & e frd ey 5
RS

KL(p|lq)+KL(¢|l p) (12)

51 21
E.4 ";%E—E’ X ?ﬁ

F# 213k 9 60 p-GGD R HA] » AT AR AR ] R R TR S A G
iR o AP BRI o AP p-GGD & Laplacian AR A Rl BT
g o B 2-D DWT i 4% pF > Daubechies 9/7 & & % (biorthogonal)-|- ;& i& & + [44] 2 & ¥
B S F AR Y I P EE S ‘Eﬁ |t & 4% o Fig. E-3%17m 7 &"Pepper"
SRR fheh & % BT ] LIRS BRI A B 2 AR - 2 T L
p-GGD 1‘”‘“'] £ PHCRE A TR Laplacian & 4% - Table E-2R &% - iR[3# % f"Lena" ¥ >
fI* K-L £ 8 & k&5 p- GGD Pt’ Laplacian = fa #5i-3] e 7r & v i o F588 k38 > p-GGD #i-
A L HEF P i EFJ,% A LHAE S # » ¥4 Laplacian 7 4 ZEF B TR o

Table E-2. K-L divergences of two source models for the 2-D DWT coefficients for image “Lena”.

Band HL | LH | HH | LL- | LL- | LL-
Index HL | LH | HH
Mode
Laplacian | 0.22 | 0.07 | 0.03 | 0.68 | 0.52 | 0.42
p-GGD | 0.16 | 0.08 | 0.03 | 0.22 | 0.21 | 0.20
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Fig. E-3 The pdfs of wavelet coefficients (dots) and their approximations by Laplacian (dotted line)
and the proposed p-GGD (solid line) models in the subbands: (a) HL, (b) LH, (¢) HH, (d)
LL-HL, (e) LL-LH, (f) LL-HH. The test image is “Pepper”.

B e Bl A AR e [38] 0 PR - B o) g Skl 4 MCTF &

2-D DWT iz 1% I & 2

o Table E-3 7 &g 7+ 7

"Bus"¢* "Mobile" i CIF fZ+7 & 2 P[384R

MR A GOP=8 ¥ 16 (7 K-L £ 8 B %% - p-GGD -3 %7 41 7 & Laplcain & fr e % %
% oo — ALK 0 35BS HoAR 5 SUE A ELAREE L A 45 e ATable E-3 (b)Y AT UF R
A ARLFENITIREPETAE Y > p-GGD RARBERT B iREmAE o KA hEEN
e g I p-GGD A A "F." 4 2-DDWT & & F & B[ AR cha A wT > % 3
LAFend T o vt fede Lapleain #3] 0 p-GGD 47 f g cnfmA T P A 2S¢ BT - R

R4 AT o

Table E-3 K-L divergence comparison of two source models for temporal-spatial subband coeffi-
cients. (a) “Bus” with GOP=8. (b) “Mobile” with GOP=16.

Band Temporal Level 2 Temporal Level 3
dex (H-frame) (H-frame)
LL | HL | LH | HH | LL | HL | LH | HH
Model
Laplacian | 0.89 | 0.38 | 0.30 | 0.08 | 0.70 | 0.33 | 0.27 | 0.10
p-GGD | 0.28 | 0.19 | 0.09 | 0.07 | 0.22 | 0.14 | 0.07 | 0.07
(a)
Band Temporal Level 4 Temporal Level 5
ex (H-frame) (L-frame)
LL | HL | LH | HH | HL | LH | HH
Model
Laplacian | 0.85 1 0.33 1 0.30 | 0.19 | 0.47 | 0.46 | 0.38
p-GGD ] 0.20 ] 0.05]0.03 {0.02 | 0.06 | 0.10 | 0.07
(b)

A IEE TP > A PR By MAF SRR D p-GGD MR HA] > F Ramst R
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