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Areas of Image Processing

e Image representation and Modeling

e Image Enhancement

¢ Image Restoration
¢ Image Analysis

¢ Image Reconstruction

¢ Image Data Compression

Applications of Image Processing

e Remote Sensing via satellites

e Image Transmission and Stroage

¢ Medical Image Processing

e Robotics

¢ Automated Inspection




What is the digital images ?

Black
Gray Gray
level
White
Physical Digital Pixels
image image

« Each cell => picture element = pixel = pel
+ Each pel conveys information of brightness with
(256 levels = 8 bit = 1 byte/pel)

—

Gray Gray
scale level

n bits

Color formats

e RGB : Basic format provided by camera

e YUV : NTSC/PAL/SECAM

YIQ: NTSC

YCbCr : Digital Video version

SMPTE240M : US full-digital HDTV
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RGB Color Coordinate

o Tristimulus RGB color cube N
Groen Yellow
¢ RGB: equal bandwidths(8bits each)
Cymm ‘White
e Human eye is more sensitive to- Black // "
Red
Luminance than
Chrominance B e Mageatu
Gamma Correction
® Nonlinear characteristics of CRT is 1
display — ' received G corrected
5 06
:c:
04
where gamma is typically 0 Display
2.2 for NTSC characteristic
2.8 for PAL/SECAM 0 : : . -
. . . 0 02 04 06 08 1
e Correction prior to transmit Voltage 7
0.45
I transmit Iinput DV <1
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YCbCr Color Coordinate

* Scaled, offset version of YUV

N e

Y 030 059 011 | |R

cr| = | 050 042008 | |G
601: | cn) \_0.17 0.33 0.50 ) | B’

C Ve

crl _ | c00 071 J [B’ -YJ
LCb g 0.56 0.00 R -Y
- In 8-bit implementations,

- Y occupies 220 levels : [16, 235]

- Cr, Cb occupy 225 levels : {16, 240]

Sampling

Scan
line
1 000000 OO0
263 -©-0-0-000 OO
2 00000 OO0

2% -O-0-0-0-0-0 OO0

(a) 4:4:4 (b) 4:2:2
-O—0—-0—0-0—0- —O-—O0—O0O—0—0—0—
o O O

-O—o0—0—0-09-0- —-O0—O0—00O-0-0O
-O-—-0—0—0-00- —O—O0OO0O0-0—0-

o O O
(©) 4:1:1 {d) 4:2:0

oY sample (O Cb and Cr samples
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The Needs for Data Compression

Communication
Media l—> g’Vhy do D.ata;
- Multimedia ompression.
- Low Price ]
Broadcasting

Media

- Image Quality
- Multichannel

Storage Media

- Low Price
- Compact Size

Multimedia Information & Multimedia Compression

o Amount of Information Media

Information | —————————  Information Bit Rate
T | BitRate |
Media Typical Value ‘Amount (xx) Ginisec
hout oM sk
Muge (€0} Shour 500 14K
MCR Ahour 1080 1
(vHa Juating)
Curgent TV hour ;0 oM
(Raceir]quaiity}
HPTV hour wzme 126
(Buocquatty}

¢ Bit Rate after Multimedia Compression

Tnformation | Original Bit | Compression | DitRate after
Media Rate (bltw/sec.) Ratio Cn(::nn;o’:::jmn
Tejephone 64% 4 16k
Mgsic(co) 14M 53 RSB &
CR 30K ko ~ 30 1 15m
usit:
Cufrent TV 100 M bo - 2 IR
{Rechiptquaiiy) 3 oM
HDTV 126 ko - 80 1-30m
(Stufsio-quaitty)




Video compression basis

*Remove spatial and temporal redundancy that exist
in natural video imagery
- Correlation itself can be removed in a_lossless fashion

- Application of data compression are primarily in transmission
and storage of information

* Exploit limitations in Human Visual System(HVS)

-Limited luminance and very limited color response
-Reduced sensitivity to noise in high frequencies
(e.g., edges of objects, high detailed areas)
-Reduced sensitivity to noise in brighter areas
-Goal is to throw away bits in a psychovisually lossless manner

- 50:1 or more compression efficiency

Quantization ()

Analog Sampling N Source
imagel (N,V‘i”j'St Quantization |, coder
video ae

s Uniform & nonuniform
* Midtreader & midriser

* Scalar & Vector

* Quantization results in Compression
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Quantization ()

Oupe A

P

| ! L]

:, | o

n b "
4 4 4 4 o b I T R i
T o P '
| E J " * ‘I f x v
i : Y
' T [y Decicion vl
r --------------- g > bimeanizalmis

L »

o

| Uniform symmetric midtreader ! I Uniform symmetric midriser |

Transforms

* KLLT (Karhunen-Loeve Transform)

* DFT (Discrete Fourier Transform)

* DCT (Discrete Cosine Transform)

e DST (Discrete Sine Transform)

« WHT (Walsh Hadamard Transform)

« DHT (Discrete Haar Transform)

* LOT (Lapped Orthogonal Transform),

ELT (Extended Lapped Transform)




Energy in DCT domain

Lowsst freq.(DC)

DCT 3
[ a=zuo0a
/‘Dc”“'%ll [ zm=z0xs

<
Inverse DCT

Highest freq.

& 45<*—> bit/pel

¢ 8 bit/pel )
A am
A
/h:cT A4 > /ﬁncr A+ 1
Compression
| A
as A
Average 8 bit/pel Average 3.2 bit/pel
DCT Basis Images

o

T

Outer product of

& 1-D basis vectors

Shows 64 possible
images according to
data structure




Transform Coding using Discrete Cosine Transform

::::::‘ Spatial
Transform domain domain
e | 77— 5
1 per oCT
8x 8 plxels 8 x 8 coefficients 8x 8 pixeld

* DCT is an orthogonai transformation

® 2.D DCT is separable in x and y dimensions

* Has good energy compaction properties

* Close to Karhunen-Loeve Transform (KLT), which is

optimal but depends on image statistics.

Reconstructed
image

* Efficient hardware realization based on the fast algorithm

Example of DCT Transform

|

Blocked Pixel Value

Frequency Coefficient

(Y component) (Y component)




JPEG baseline system

Source
image

offset

Decode
image

Encoder BC
2D
) VWL
(B8] coder
T scan T
AC
Quantization VWL r:::;z;l
table table line
2D
(8x8)
IDCT
Decoder AC

Example of JPEG Image

Original Image

(2MByte)

(40KByte)

JPEG Compressed Image
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JPEG 2000

* JPEG : O.K., but NOT enough!

- BHAME o 58 Y LIS J|sEE Misdhs
NZ2 EEi2 XG4 Ao Z&=

-JPEGS| 2% &5 8|, 22 2 EE A0 2,
Cierst S8 2001 LHet HE2 8

JPEG 2000 Techuical Status

* Digital Watermarking

* Wavelet based
(although DCT could be improved, major emphasis and

expertise in Wavelet technology)

« MPEG-4 VTC (Visual Texture Coding) Compatibility




Digital watermarking

» Copyright and content protection

* Authentication and integrity verification

* Image tagging (tracing original that has been illegally copied)
* Security (e.g., passport photos)

* Metadata tagging (info about content, website address, etc.)

* Secret communication

Network
broadcasting

Provider of
Digital products

User of customer

r
A
:

Pirate

Digital watermarking algorithm

Key —» Algorithm
switch
Copyright Watermark /)_’ Watermark Watermarked
label generator | | P enbedding product
h
Digital
product
Certainty : r
— 0/1
parameter Watermark| 7" Reconstructed
detection Copyright label
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Motion JPEG 2000 (MJ2K)

* Intra-based coding

- easy editing

- robustness to error prone environments

» Single decompression architecture

* Scalability
JPEG| JPEG| JPEG| JPEG| JPEG| JPEG
2000 | 2000 | {2000 | 2000 | 2000 | 2000

[ Proprietary audio compression and synchronization [

> oW

© @ 3@

Market and application

DSC(Digital Still Camera) with Moving Video

Internet Video

Mobile Phone/PDA

Video Capturing System

High Quality Digital Video Recording System

Remote Surveillance System

Medical Imaging

Remote Sensing

High Resolution Mapping




DSC with Moving Video

1. Target compression ratio : Prcgrammable from lossless to 100:1
2. H/W requirement : Low memory, low power consumption
3. Wavelet kernel : Integer wavelet is preferred
4. Chroma format : 4:2:0 YUV or 4:2:0 YUV + Alpha
5. Frame rate : From 1 to beyond 30 ips
Bitrate at the compression ratio(1/30, 1/60) for DSC
Image Format VGA SIF QSIF
: P‘E‘::':'Iii‘;gs] 640 x 480 320 x 240 160 x 120
Bitrate 1%(4:2:0) 1.23 307.2 76.8
10 fps [Mbps] [Kbps] [Kbps]
Bitrate 2+(4:2:0) 614.4 153.6 38.4
10 fps [Kbps] [Kbpsl [Kbps]

1* : Compression ratio is 1 to 30
2% . Compression ratio is 1 to 60

H.261

e Motion-compensation and transform coding
= Basis of most video coding standards

e [TU-T Study Group 15
» Videophone and video conferencing
. Low bit rates, low delay
» 1984: audiovisual services at m 384 kbit/s (m=...5)
= 1988-90:p 64 kbit (p=1...30)
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Block Diagram of H.261 Codec

[ Encoder ]
Video In N4 » DpCT » Q I >
Inverse
DCT
A
D
4/
Loop Motion
Filter | Compensation
( Decoder )
Inverse TN -
DCT > >
'Y
Loop |, Motion
Filter Compensation

Picture Format and Resolution for CIF/QCIF

CIF QCIF
Luminance 4 352 4 | 288lines 2 176 2 [ 144 lines
Y
180 pels
360 pels
Chroxél:)nance 2 176 2 | 144 lines 1| 88 |1]|72lines
180 pels 90 pels
Chroxginance 2 176 2 | 144 lines 1! 88 (1] 72lines
90 pels
180 pels




What is the MPEG ?

» MPEG = Moving Picturs Experts Group

* Aim was to create the best video compression

standards for multimedia znd broadcast applications

« MPEG-1 Video aimed at £ F resolution

-352 x 480, 30Hz, non-interlaced, 1.5 Mb/s

- CD-ROM applications

+ MPEG-2 Video aimed at CCIR-601 resolution

-720 x 480, 30Hz, interlaced, 4-10 Mb/s

- broadcast applications, including HDTV

MPEG video structure

]

(a) Video sequence layer

011

2131 Y
II] Cr
[5]1 b
(e) MB iayer

M=3
bicturd icture
15
P)
(b) GOP layer
16 16
18 [[MB1]mB2 ] [mB 44}

(d} MB Slice laver

{f) Biock layer
{zig-zag scan order )
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MPEG-1 Encoder

Quantization Parameters

ﬁ ™ From Rate TOVLC
Re-Sequenced Controller Encoder
input pct 3> a v >
"& T coefficient:
Predicted > Q —=>
mage Motion
v vectors
Motion oeT
Estimator Embeddeddeoder| 4—%
rame
Memory 1
Inte% Motion <_J
Ci
P Prodict Frame « o
o<t A Memory 2
inter

Motion Vectors

MPEG-2 : A superset of MPEG-1

. MPEG-2 = MPEG-1 Syntax Elements
+ Interlace Tools
+ New Syntax Structures
+ Scalable Modes
+ Profiles & Levels




Forward

Motion Compansation

Group of Pictures

Forward

Motion Compsnsation

T 1
Bidirectional
Motion Compensation

T
Bidirectional
Motion Compsansation

T L
Bidirectional

Motion Compensation

GORP structure example.; IBBPBBPBB (M=3, N=9)

Layer Structure of MPEG-2 Video

Sequence

I

[72]

layer

S I SHTSequence Header
layer GOP H G:)l: _H GOP H GOP GOP -G £ pi
GOP =
ayer | [1]B|B|P|B|B[P[B[B].... B|P

Slice
Picture
layer
Slice -
Sl- - e
la;,f: MB MBll\:IB MB| ... | ... l MB : Macro BlocK
AN 8 ~~[3]
Macro 112 A 518 l 6 81 ’__r___sz ﬂ
Block T2
layer 3|4 ! Qt! C 314 |
L Y] Y
18
Block 8




Level and Profile for MPEG-2 Video

21 gize | 22! gize |Frame rate| Bitrate | VBV size motion vector
Profile | Level | Tooioy | (pels) | (Hz) | (Mbps) | (M bit) (ﬁj’;
Simple | Main 720 576 30 15 1835 | -128~1275
Low 352 288 30 4 0489 | -64~635
ai Main 720 576 30 15 1835 | -128~127.5
A0 High-1440] 1440 | 1152 60 60 7340 | -128~127.5
High | 1920 | 1152 60 80 9787 | -128~1275
Low 352 288 30 3 0367 | _64~635
SNR @ | (089)
) 10 1223
Main 720 576 30 a9 | day | 1281215
05 1835
. 720 576 30
Spatial [High-1440 (%500 | (1152 | (80) Eggg 8338 128 ~127.5
4 0.489
. 352 288 30
Main | 30 | Ge) | G0 8 (5); 8 12‘3;% 128 ~127.5
20 2447
. . 720 576 30
High [High-1440] (/sa0) | (1152) | (60) Eggg g;ggg 128 ~127.5
25 3036
. 960 576 30
. -128 ~127.
High | aoo0) | (152) | 60y | & | Shap|
()= &% LayerE X
o A/V Object Compression

- General toolbox for application

- Interactivity based on contents

o Characteristics

- Accessibiliy

- Usability

- Interactivity

- Error Resilience

- Scalability




MPEG-4 Elements

« Communication access and manipulation of digital audio-visual data

Tools for
synthetic scenes

O O

Tools for
natural scenes

TOOLS

D : D ;}] D ALGORITHMS
I | | |

PROFILES

MPEG-4 A/V Systems

AV objects AV objects \ AVobjects
coded coded Cl/ uncoded
L
s el
P
Ceorme . | BIFS _—
OIS ) ene. 1 & EJ-  lBEs |
Info = Z‘; dee. | | B
= p-4 =
] /]
@};] -z @NC {2 E ;g- —ldecl g-
o3 b A ]
€ 1) £ g
= [3] b
] 5 | -:|deci-
ez @NC f| D
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MPEG-4 Scenes

audiovisual objects
-
,.l
e
audiovisual BN g
hierarchically multiplexed presentation 1
downstream control / data ol 1
.
hierarchically multiplexed
upstream control / data
< & / N
scene -~
coordinate o =
system
/ :
video y
compositor l-"
projection 7
plane / P

OO

o
hypothetical viewer o

speaker display

user input

Static Sprite Coding Tools




The Position of the MPEG-4

A
HDTV
Size SDTV
of
image
TV Phone
Compact TV Phone
10k 100k IM 1M [ops] - ,
rans. informations
Wireless N-ISDN TV Broadcasting
CD-ROM DVD
Relations between Standards
Bitstream
MPEG-1 | MPEG-2 H.263 MPEG-4
Decoder
MPEG-1 V) X X X
MPEG-2 V) J X X
H.263 X X o X
MPEG-4 X b'e D J
Q : decoding

X : Not mandatory
* : Baseline bitstream which is not use the option of H.263
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Comparison of MPEG-4, DV and Motion JPEG2000

Compression . Easiness of e
Format Performance Complexity Editing Scalability
Motion
JPEG2000 0 * * A
DV - + ++ None
MPEG-4 ++ 0 0 +

(++: Very Good, + : Good, 0 : Average, - : Poor)

Configuration of MPEG4 Mobile Information Terminal

L

————

Wireless

Terminal

-
Network I/

Multimedia Processing
(MPEGH4 video/audio
codec, mux, demux)

A/D p» Earphone
[

D/A |« Microphone
<_>Camera < Camera

VF

PCMCIA : Personal Computer Memory Card and International Association




Video Editing based on MPEG-4

DV Camera DV Capture

Transform

Vs et 0ar
\ ’@ = AVI-MPEG

MPEG-1 Camera

Video Camera

MPEG-1
Encoder
board

MPEG Non-Linear
Editing Software

transformr
ngine

VideonetlV
R
‘\f&fﬂ
MPEG-4 U
File
[VCML|
VCML
Contents

%

L

Video Indexing
System

MPEG-7

* Multimedia Content Description Interface

* Multimedia Data in Various forms of media

* Need for efficient search / retrieval, and maintenance of

multimedia data

Feature

Extraction

Standard
. Search
» Description Eneine
(MPEG-7) g
Scope of MPEG-7

59



60

People wants

e to find a picture of “the Motorbike from Terminator 11"

e to search a sequence where “King Lear congratulates his
assistants on the night after the battle”

® to search for “twenty minutes of video according to my
preferences of today”

=—=> Need for CONTENT-based search technology

Object of MPEG-7

* Goal :
— allowing efficient search for multimedia content
using standardized descriptions
* MPEG-1,2,4:
— Representation of contents itself
* MPEG-7 :
— Representation of information about the content
—“Metadata”
—“Bits about Bits”




Scope of MPEG-7

Information
Search

Information

Manipulation

Information

Content
Metadata

that I want

Information
Content
Metadata

HPC

Search and Get
——> Specific Contents

What to Standardize ?

e A set of Descriptors

A set of Description Schemes

e Description Definition Language

— A Language to specify DSs (and possibly Ds)

One or

more ways to Encode descriptions
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Applications of MPEG-7

«Push applications
— broadcasting, web-casting
— indexing and retrieval --> selection and filtering
— streamed descriptions

— personalized TV service

*Pull Applications
— audio-visual archives, databases, web search
— initial motive for MPEG-7,

«AV material “as searchable as text is today”

International Standards

Standards Bit rate Source | Application Year
JPEG . Storage,
(Still Image) 10-20:1 Image Compressed TX 1992
H.261 . Video phone,
(Slow Motion) P x 64 Kbps Video Video conference 1950
MPEG -1 . .
(Moving Picture) 1-1.5Mbps Video/Audio | Storage(DSM) 1992
MPEG -2 . . Transmission
(H.262) <1060 Mbps Video/Audio TV, HDTV) 1994
MPEG 4 <4 Mbps . . Video phone, Ver. 1:1999.02
(H.263) (<64 Kbps) | Video/Audio | yyopite Internet | Ver. 2 : 2000.02
FCC GA, ATSC . .
(HDTV, DTV) <100 Mbps Video/Audio | HDTV, DTV 1993
. Internet/ WWW
JPEG 2000 50:1 Image/Video * Imagery, DSC * 2000.12
Multimedia Visual Content
MPEG -7  |content Description| Video/Audio Search 2001.09
Interface




Video Encode

r for HDTV

lControl of Image qualityl

I

—_.I , #4 1 Bit coded
HDTV | dividing—{ | | 43 > Stream —> Bit
mage . of | { ‘ 42 »  Mux Stream
image » #1 ”
MPEG-2 .
Video e
Encoder
Local decoded image
Example of HDTV Codec Spec.

Resolution 1,440 pixel x 1,035 line x 30 frame
Color format 4:2:0/4:2:2

MPEG-2 Simple Profile@High 1440 Level

Image Picture Frame structure

codec

Motion compensationl Frame / Field / Dual frame

DCT Frame / Field
BPS 20 ~ 60 Mbit/s
Codec MPEG-1 Layer 2

audio number of channel 4 ch
BPS/Ch 192 kbit/s /ch
MPEG-2 transport stream
Mux
Error correction Reed-Solomon
Bit rate| BPS 44.736 Mbit/s or 59.648 Mbit/s
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3D processing of Digital Broadcasting Receiver

Data from the broadcasting

Video data | 3D CG data

Audio data

] | —
@ ‘I Image display <>
Speaker | |3D CG display

Lﬂ:ﬂﬂ_—_ﬂﬂ’_ﬂ

Digital Broadcasting Receiver

Conclusion

e MJ2K: Easy editing, robust, low cost for the video engine
in the internet appliances

o Universal Accessibility
- Interoperability based on WWW
- Scalability, Error Prone

o Interactive Service
- Manipulation and design for the contents

e Multimedia contents description

e Muitimedia Framework (MPEG-21)
- More Information (http://drogo.cselt.it/mpeg/)




