MODEL-BASED JPEG2000
RATE CONTROL METHODS

- Francesc Auli Llinas -

Adviser: Joan Serra Sagrista

ESCOLA TECNICA SUPERIOR D’ENGINYERIA - December 5th, 2006

GICa SEIC UNRB
Group on Interactive Department of Information and Universitat Autonoma
Coding of Images Communications Engineering de Barcelona



TABLE OF CONTENTS

1. OVERVIEW

k4

La

N

2. RATE CONTROL

—

CPI
ROC

METHODS _ CoRD

3. EXPERIMENTS ..

4. CONCLUSIONS

« REDUCTION OF COMPUTATIONAL COMPLEXITY
« MULTIPLE EXTRACTION
« LAYERS REBUILDING

« CONTROL INTERACTIVE TRANSMISSIONS



TABLE OF CONTENTS

1. OVERVIEW

> > > > 5




OVERVIEW

JPEG2000 CORE CODING SYSTEM

| ORIGINAL IMAGE

.OVERVIEW CPI1 ROC CoRD EXPERIMENTS CONCLUSIONS 1/40



OVERVIEW
JPEG2000 CORE CODING SYSTEM

| ORIGINAL IMAGE

¥

MULTI-COMPONENT
TRANSFORM

BlOVERVIEW | CPI ROC CoRD | EXPERIMENTS  CONCLUSIONS  1/40



OVERVIEW

JPEG2000 CORE CODING SYSTEM

| ORIGINAL IMAGE

v

MULTI-COMPONENT
TRANSFORM

v

WAVELET
TRANSFORM

v
QUANTIZATION

.OVERVIEW CPI1 ROC CoRD EXPERIMENTS CONCLUSIONS 1/40



OVERVIEW

JPEG2000 CORE CODING SYSTEM

' ORIGINAL IMAGE

v

MULTI-COMPONENT
TRANSFORM

v

WAVELET
TRANSFORM

v

‘ | QUANTIZATION

.OVERVIEW CPI1 ROC CoRD EXPERIMENTS CONCLUSIONS  1/40



OVERVIEW
JPEG2000 CORE CODING SYSTEM

| ORIGINAL IMAGE

¥

MULTI-COMPONENT
TRANSFORM

¢

WAVELET
TRANSFORM

v
QUANTIZATION

BBBDVERVIEW | CPI ROC CoRD | EXPERIMENTS | CONCLUSIONS | 2/40



OVERVIEW
JPEG2000 CORE CODING SYSTEM

—~—

=

~

=

— coding pass

bit plane
g ~ ?“::' T
=

‘
. |

:rvf o
| coding pass type:

SPP - Significance Propagation
MRP - Magnitude Refinement
CP - Cleanup -
spp — W
MRP —— |

cP — 8

| ORIGINAL IMAGE

¥

MULTI-COMPONENT
TRANSFORM

¢

WAVELET
TRANSFORM

v

QUANTIZATION

BBPVERVIEW CPI ROC CoRD | EXPERIMENTS CONCLUSIONS 2/40




OVERVIEW
JPEG2000 CORE CODING SYSTEM

| | | (RN '] [ | — | ————— | — [ —— ORIGINAL IMAGE
e ) pe— S j——— [— g [ el e

v

MULTI-COMPONENT
TRANSFORM

¢

WAVELET
TRANSFORM

v
QUANTIZATION

v
TIER-1 CODING

BB ERVIEW | CPI ROC CoRD | EXPERIMENTS HCONCLUSIONS  3/40



OVERVIEW

JPEG2000 CORE CODING SYSTEM

T T ™™ T
- I rrIr ORIGINAL IMAGE

___--—_-- v

| I I N B N B MULTI-COMPONENT
| | I B N D DN BN TRANSFORM

| I DN DN DN DN B DN E— WAVELET

TRANSFORM
v

QUANTIZATION
v

TIER-1 CODING

= RCRD ¥

TIER-2 CODING

1. TARGET BIT-RATE
= QUALITY OPTIMIZATION

2. TARGET QUALITY

- BIT-RATE OPTIMIZATION

B RVIEW

CPI

v

JP2 code-stream

O ) G — ] | N )

ROC

i\ I I S . . . |
b s < .

CoRD | EXPERIMENTS | CONCLUSIONS | 4740



OVERVIEW

RATE-DISTORTION OPTIMIZATION
L | ORIGINAL IMAGE

/]
\ / | A
\ R,D"  R?D? R3D}  R'D*  RSD’ / MULTEA('::)S l‘ggg 'I:E NT

v

WAVELET
1 TRANSFORM

v

convex hull QUANTIZATION
I

v

TIER-1 CODING

PCRD 3

TIER-2 CODING

R

generalized Lagrange multiplier ) v

1. TARGET BIT-RATE | JP2 code-stream *
) min(D+)\R)=min(Z(Df+)\Rj))
> QUALITY OPTIMIZATION ;

2. TARGET QUALITY

> BIT-RATE OPTIMIZATION i (R+AD)=min (Z (R,+)\D,))

BBVIEW CPI ROC CoRD = EXPERIMENTS  CONCLUSIONS 5/40



OVERVIEW

RATE-DISTORTION OPTIMIZATION

| ORIGINAL IMAGE

v

MULTI-COMPONENT
TRANSFORM

v

WAVELET
TRANSFORM

v
QUANTIZATION

v

TIER-1 CODING

v

TIER-2 CODING

¥

15% JP2 code-stream

PCRD

wava

ENCODING TIME OF THE
JPEG2000 CODING STAGES

CPI ROC CoRD EXPERIMENTS CONCLUSIONS 6/40



OVERVIEW
RATE-DISTORTION OPTIMIZATION

1999 2000 2001 2002 2003 2004 2005 2006

|Parisot |
| Battiato

| Ardizzone |

g OTHER ]

BBEEW CPI ROC CoRD A EXPERIMENTS | CONCLUSIONS  7/40




OVERVIEW

QUALITY SCALABILITY / PROGRESSION

SINGLE QUALITY LAYER CODE-STREAM MULTIPLE QUALITY LAYERS CODE-STREAM
L T T T T T T 1 IeeeasSSy U T PSS T TS T T [T SISIS,

1) LACK OF QUALITY SCALABILITY 2) INADEQUATE RATE ALLOCATION OF
IN SINGLE QUALITY LAYERS WINDOWS OF INTEREST (WOI)
CODE-STREAMS THROUGHOUT THE QUALITY LAYERS

!

> e >

il 5| EEEEEEEEEmOEE

NONE OF THE STATE-OF-THE-ART RATE
CONTROL METHODS ADDRESSES THESE POINTS

BB | cPI  ROC CoRD | EXPERIMENTS | CONCLUSIONS | 8/40



OVERVIEW

RESEARCH PURPOSES

1) TO PROVIDE QUALITY SCALABILITY TO ALREADY
ENCODED CODE-STREAMS

a0 (171 (i) () i) TTTT1 T 11 (S,

I | )

woI
» \unn jun s mjannnnmnm;

2) LOW COMPUTATIONAL COMPLEXITY - coder / decoder

I (I O 1| =i )] o
,e**" interactive
e’ transmission

3) JPEG2000 COMPLIANT

B cr1  ROC  CoRD  EXPERIMENTS  CONCLUSIONS | 9/40



TABLE OF CONTENTS

2. RATE CONTROL
METHODS




RATE CONTROL METHODS

CODING PASSES INTERLEAVING (CPI)

| ORIGINAL IMAGE

v

MULTI-COMPONENT
TRANSFORM

¢

WAVELET
TRANSFORM

v
QUANTIZATION

coding level:

coding passes of the
code-blocks selected by the
transparent red boxes

ROC CoRD | EXPERIMENTS | CONCLUSIONS |10/40




RATE CONTROL METHODS
CODING PASSES INTERLEAVING (CPI)

| ORIGINAL IMAGE

¥

MULTI-COMPONENT
TRANSFORM

¢

WAVELET
TRANSFORM

v
QUANTIZATION

v
CPI RATE CONTROL

BERR.

TIER-1 CODING

B  ROC CoRD | EXPERIMENTS  CONCLUSIONS 11740



RATE CONTROL METHODS

CODING PASSES INTERLEAVING (CPI)

' ORIGINAL IMAGE |

v

MULTI-COMPONENT
TRANSFORM

v

1 WAVELET

TRANSFORM
v

4/, QUANTIZATION
| v

V4 CPI RATE CONTROL

4 REARR

/ TIER-1 CODING

B ROC CoRD | EXPERIMENTS CONCLUSIONS 12/40




RATE CONTROL METHODS

CODING PASSES INTERLEAVING (CPI)

PCRD vs CPI (cafeteria image, gray, lossy mode)

_,#H#Hi:i::::;ffffiéégbﬂ

ﬂv\n \ Tt 1 N1 NoA
VAT AW e n AN A s A A s B =

="y AN \ \J A =
g -0,15 : -
g -0,2

-0,25

(in dB)
o
—
—]

PSNR diff

- MRP+CP

-0,35 ; , : . ‘——MRD{#_
1

2 3 4 ‘ —=CP] ‘ 5
bits per sample (bps)

B ROC CoRD | EXPERIMENTS | CONCLUSIONS 13/40



RATE CONTROL METHODS

REVERSE SUBBAND SCANNING ORDER,
CODING PASSES CONCATENATION (ROC)

Changes to CPI from a
particular bit-rate onward:

scanning order

- Subband scanning order

4
| l! /z - Resolution level
/

- Concatenation of MRP
J and CP of each code-block

I ROC COoRD | EXPERIMENTS CONCLUSIONS 14/40



RATE CONTROL METHODS

REVERSE SUBBAND SCANNING ORDER,
CODING PASSES CONCATENATION (ROC)

HIGH LEVELS: CPI

- MEDIUM/LOW LEVELS: ROC

I OC CoRD EXPERIMENTS CONCLUSIONS 15/40



RATE CONTROL METHODS

REVERSE SUBBAND SCANNING ORDER,
CODING PASSES CONCATENATION (ROC)

PCRD vs CPI, ROC (cafeteria image, gray, lossy mode)

-0,05

- RV

-0,25

|
&
iy

PSNR difference (in dB)

=
|
Q\_
el

=0,3

— PCRD
-0,35 i i i I s P}
— ROC

bits per sample (bps)

.  CoRD | EXPERIMENTS | CONCLUSIONS |16/40



RATE CONTROL METHODS

REVERSE SUBBAND SCANNING ORDER,
CODING PASSES CONCATENATION (ROC)

PCRD vs CPI, ROC (orchid image, gray, lossy mode)

: MM NS
_, k\/ N

J \ )\,
Y Y — PCRD

-0,35 : | _ :
¢ 3 CPI 3

— ROC

o
(Y

(=]
ey
(9]

o
M

PSNR difference (in dB)

bits per sample (bps)

B  CoRD | EXPERIMENTS | CONCLUSIONS |17/40



RATE CONTROL METHODS

CHARACTERIZATION OF THE RATE-DISTORTION
(CoRD)

R ORD EXPERIMENTS | CONCLUSIONS |18/40



RATE CONTROL METHODS

CHARACTERIZATION OF THE RATE-DISTORTION
(CoRD)

R ORD EXPERIMENTS | CONCLUSIONS |19/40



RATE CONTROL METHODS

CHARACTERIZATION OF THE RATE-DISTORTION

(CoRD)

P! Vikram rate-distortion
Sﬁii """"""""""""" model (2005)
cp [ 1) Concatenation of MRP

Spp; | and CP of each
o code-block
Sppi |IE[ |\ L
g 2) Slope prediction based
= - 8 WD - on the number of
§ significant coefficients
Sf;f;; """""""""""""""""""""""""""""""""" balloon effect!
e\ \EE \E/ \EE
SPP!
CP;

_________________________________________________________________________________

B D EXPERIMENTS | CONCLUSIONS |20/40



RATE CONTROL METHODS

CHARACTERIZATION OF THE RATE-DISTORTION
(CoRD)

EXPERIMENTS CONCLUSIONS 21/40




RATE CONTROL METHODS

CHARACTERIZATION OF THE RATE-DISTORTION
(CoRD)

PCRD vs CPI, ROC, CoRD (orchid image, gray, lossy mode)

\ AN\ 4
\ 4
0,05 -t W\ 2F
_ | \ J\ ) / -
8 01
‘g A}
g -0,15 f -
|
EI_J n
£ 0,2
& -0,25
-0,3 - PCRD
— CPI
-0,35 f T I
1 2 —hROC 3
bits per sample (bps) — CoRD

B EXPERIMENTS CONCLUSIONS 22/40



RATE CONTROL METHODS

CHARACTERIZATION OF THE RATE-DISTORTION
(CoRD)

PCRD vs CPI, ROC, CoRD (fruit basket image, gray, lossy mode)
| . ( v l
0,1 : \ ' | . . '_‘ | ;
| ( \/ / N\
-0,15 J .- > N\ r
\ \ a

-0,35 )
-0,4 \,/' = PCRD

— CPI

PSNR difference (in dB)

1 1 I _—
bits per sample (bps) — CoRD

B EXPERIMENTS CONCLUSIONS 23/40



TABLE OF CONTENTS

3. EXPERIMENTS ..




EXPERIMENTS

CODING PERFORMANCE
ISO 12640-1 corpus

JPEG2000 CODING PARAMETERS: CORPUS FEATURES:
-9/7 DWT 5 levels - 8 images
- derived quantization - size 2048x2560
- code-block size 64x64 - gray scaled to 8 bpp

- no precincts
- RESTART coding variation
- LRCP progression

B £ X PERIMENTS CONCLUSIONS 24/40



EXPERIMENTS

CODING PERFORMANCE

-0,05

-0,1

-0,15

40,2

PSNR difference (in dB)

-0,25

o

PCRD vs CPI, ROC, CoRD (ISO12640-1 average, gray, lossy mode)

— PCRD

— CPI
—ROC

1 2 3
bits per sample (bps)

4 — CoRD 5

. OVERVIEW ©cPI ROC CoRD 1

AVERAGE PSNR DIFFERENCE

CPI ROC CoRD
-0.122 -0.074 -0.051

' CONCLUSIONS 25/40



EXPERIMENTS

CODING PERFORMANCE

PCRD vs CoRD, LAYERS (ISO12640-1 average, gray, lossy mode)

P
l § /\ J|

-0,25

o
iy
"-L-_'_

o
M

PSNR difference (in dB)

- PCRD

| —20LOG LAYERS

0.3 . . | | ——40 LAYERS (3 ranges) .

L 2 3 —_CoRD >

bits per sample (bps)

AVERAGE PSNR DIFFERENCE

20 layers 40 layers CoRD
-0.638 -0.058 -0.051

B PERIMENTS  CONCLUSIONS 26/40



EXPERIMENTS

CODING PERFORMANCE
REMOTE SENSING corpus

JPEG2000 CODING PARAMETERS: CORPUS FEATURES:
-9/7 DWT 5 levels - 5 images
- derived quantization - Sensors: TM (Landsat), HRG (SPOT)
- code-block size 64x64 - different sizes
- no precincts - gray scaled to 8 bpp
- RESTART coding variation
- LRCP progression

ERIMENTS | CONCLUSIONS 27/40



EXPERIMENTS

CODING PERFORMANCE

PCRD vs CPI, ROC, CoRD (RS corpus, gray, lossy mode)

-0,05

: -\ W/A\)\WAAA\ ¥ AVAV
RNV YV
: y vV W /

bits per sample (bps)

AVERAGE PSNR DIFFERENCE

CPI ROC CoRD
-0.079 -0.090 -0.039

B R TMENTS CONCLUSIONS 28/40




EXPERIMENTS

CODING PERFORMANCE

PCRD vs CoRD, LAYERS (RS corpus, gray, lossy mode)

-0,05 -

A\ Al M
MRV V4 vv \/\\

-0,1

~0:15 1

PSNR difference (in dB)

— PCRD
0,2
\ —— 20 LOG LAYERS

-0,25 i , —— 40 LAYERS (3 ranges)
' : —— CoRD i
bits per sample (bps)

AVERAGE PSNR DIFFERENCE

20 layers 40 layers CoRD
-0.377 -0.047 -0.039

B R TMENTS CONCLUSIONS 29/40



EXPERIMENTS

CODING PERFORMANCE
MEDICAL corpus

JPEG2000 CODING PARAMETERS: CORPUS FEATURES:
-9/7 DWT 5 levels - 6 images
- derived quantization - Type: CR, Mamo, Radio
- code-block size 64x64 - Different sizes
- no precincts - gray scaled to 8 bpp
- RESTART coding variation
- LRCP progression

MENTS  CONCLUSIONS 30/40



EXPERIMENTS

CODING PERFORMANCE

PCRD vs CPI, ROC, CoRD (medical corpus, gray, lossy mode)

o 4

|
g-o,os : \vtg’“ \ AV . “r . F Av
é -0,15 P! A :
1\ M =
-0,25 —CPI |
P : j :gc?RCD

bits per sample (bps)

AVERAGE PSNR DIFFERENCE

CPI ROC CoRD
-0.097 -0.104 -0.053

B R EFN TS CONCLUSIONS 31/40




EXPERIMENTS

CODING PERFORMANCE

PCRD vs CoRD, LAYERS (medical corpus, gray, lossy mode)
0 M
-0,05
o
o o M A\a
£ 0,1 W A M
; v )
9 -0,15
i
S |
s = I T
— PCRD
-0,25
—— 20 LOG LAYERS
-0,3 . ——40 LAYERS (3 ranges)
1
bits per sample (bps) — CoRD

AVERAGE PSNR DIFFERENCE

20 layers 40 layers CoRD
-0.377 -0.096 -0.053

| OVERVIEW  €PI ROC ©coRD EXpERME 0 0000 32/20



EXPERIMENTS
VISUAL COMPARISON

IMAGE: Portrait, gray scaled
COMPRESSION RATIO: 0.03125 bps (256:1)

d
-

1 layer 40 layers 1 layer + CoRD
23.06 dB 24.7 dB 24.7 dB

| OVERVIEW ©(CPI HROC CcoPD ©BXpEmnMBe 0 33/20



EXPERIMENTS

COMPUTATIONAL LOAD OF CoRD

#CODING PASSES
bps | CODING TIME (tier-1) | SPEED UP | CODED / INCLUDED
PCRD: 23307 / 1387
0.0625 6% 16 /
e CoRD: 14314 1430
PCRD: 23307 / 2550
0.125 10% 10 4
| CoRP: 2952 4 2951
PCRD: 23307 / 4508
0.25 15% 6.6 4
T —— CoRD; =302 4 5056
PCRD: 23307 / 7136
0.5 25% 4 4
 —— UoRD: 6Le7 / 6056
PCRD: 23307 / 10507
1 35% 2.9 L
 — CoRDr 1005y 10204
PCRD: 23307 / 15126
2 50% 2 L
L e CoRD: 136791 14646

ISO 12640-1 average

| OVERVIEW (©PI ROC CoRD EXPEROIMENI @ 33/20



EXPERIMENTS
RATE CONTROL METHODS COMPARISON

coding performance
0.125 bps 0.5 bps 1 bps

0.125 bps 0.5 bps
computational load

. OVERVIEW | CPI  ROC CoRD @ EXPERIMENT! 2 35/40



EXPERIMENTS

DEMONSTRATION: BOIeye

r 2 - -

- o o

BOIeye ( Java apphcat:on )
 ' IMAGE: LandSat 7109 x 4864 .
COM PRESSION 5 DWT lossy mode, blocks 64x64

Jm, e SINGLE LAYER CODE-STREAM (36 MB)

_ http / / www g:c: uab cat/BOI

. OVERVIEW CPI  ROC CoRD EXPERIMENTS = 36/4a0




TABLE OF CONTENTS

4. CONCLUSIONS

« REDUCTION OF COMPUTATIONAL COMPLEXITY
« MULTIPLE EXTRACTION
« LAYERS REBUILDING

« CONTROL INTERACTIVE TRANSMISSIONS



CONCLUSIONS

Interactive transmission

QUALITY SCALABILITY <
Code-stream truncation

~ Single quality layer

2P ESLO0Y -~ code-streams [~
QUALITY LAYERS -

s WOI transmission " |

-
.‘..I.
"y
"

STATE-OF-THE-ART RATE CONTROL METHODS
coder computational complexity

OVERVIEW CPI ROC CoRD EXPERIMENTS cOr = 37/40



CONCLUSIONS

Interactive transmission

QUALITY SCALABILITY <
Code-stream truncation

, Single quality layer

JPEG2000 code-streams
QUALITY LAYERS *

12 WOI transmission

RESEARCH PURPOSES:

1) TO PROVIDE QUALITY SCALABILITY TO ALREADY
ENCODED CODE-STREAMS

2) LOW COMPUTATIONAL COMPLEXITY
3) JPEG2000 COMPLIANT

OVERVIEW CP1  ROC CoRD EXPERIMENTS COF = 37/40



CONCLUSIONS

CPI - coding Passes Interleaving

t Implicit simple rate-distortion model
v Coding performance penalization

ROC - Reverse subband Order & coding passes Concatenation

t Improved coding performance
{ Unstable

CORD - characterization of the Rate-Distortion slope

t Novel rate-distortion model

I,/

=mii]Jli
i

ol |||
' I|]I]|[t

t High coding performance

mifl]

=B
|

SIONS 38/40



CONCLUSIONS
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