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1. Source Models in Image Coding
2. Block—Based Coding

3. Object—Based Analysis—Synthesis
Coding (OBASC)

4. Knowledge—Based Coding

5. Conclusion

Research was mainly performed at the Institut flir Theoretische Nachrichtentech-
nik und Informationsverarbeitung Universitat Hannover
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éeneration of Video

Moving real object
at time t,

Motion

- =

B ... attime ber 1 / 5
real SDﬂ/ _
Mapping
X by
Frame k rairets

Frame k+1

Source Model:
Description of the Frame—Differences
by Motion of Model Objects
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Use and Efficiency of Source Models

1. Use of a source model

— to describe the image signal by
parameters of the model

— to encode the model parameters
instead of the original image signal

— redundancy reduction

— irrelevance reduction

2. Efficiency of a source model

— can be measured with the data rate
required for encoding the model
parameters

AT&T
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6bject Displacement and
Motion Compensated Prediction

Frame k-1
Stationary Background

.Ob_j_ept

Frame k
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Source Models in Image Coding

H.261/MPEG1/MPEG2:
— Source model: Translatorically moving square blocks

— Model parameters: Motion, colour

— Limitations:

¢ boundaries of moving objects
¢ prediction image subjectivley unpleasant
¢ low irrelevance reduction

Object—Based Analysis—Synthesis Coding (OBASC):

— Source models: Moving 2D flexible objects /
moving 3D objects

— Model parameters: Motion, colour and SHAPE

— Advantages:

¢ boundaries of moving objects
¢ subjectively correct prediction image
¢ higher irrelevance reduction

— Disadvantage:

¢ additional parameter set

Bell Laboratories .
AT&T Visual Communications Research Department ORoE
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§ource Models for OBASC

e 2D—Objects with 2D Motion
— Rigid 2D—-Objects
— Flexible 2D-0bjects
e 2D-ODbjects with 3D-Motion
e 3D-Objects with 3D Motion
— Rigid 3D-Objects
— Flexible 3D-Objects
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AT&T Visual Communications Research Department

Ostermann




Image Analysis

Source Model: Flexible 2D —-Object (F2D)

Synthesized
Image I’

Real

Image Analysis

Image Iy, 4

MCg>p—Objects / \ MFg>p—Objects

(MC: Model Compliance)

llllll

Colour

Shape

(Redundancy reduction)

Motion
(Redundancy reduction)

(MF: Model Failure)

By -
—F



Source Models for 3D-Objects:
Rigid Object (R3D) |

Shape F: N control points P

Texture C: Sk

P=[R-P+T



Source Models for 3D-Objects:
Rigid Object (R3D) Il

Shape of real objects:
— Flexibly connected rigid components

Shape of model objects:
— Flexibly connceted rigid model object
components u, motion parameters Eu




Source Models for 3D-Objects:
Flexible Objekte (F3D)

Extension of source model R3D

Flexible shift of control points in plane on the
surface

2 shift parameters/control point

P = pin) 1 sIAN) 4 g(Mg(n)
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Image Analysis
Source Model: Rigid 3D—-Object (R3D)

Synthesized Ral
Image I’k Image Iy, 1

Image Analysis

MCR3D—Objects/ \ MFRr3p—Objects

(MC: Model Compliance) (MF: Model Failure)
Colour
&
1
Shape ok
U I

] P Motion

'
/ OBASC: Source model 3D




Betection of Areas of Model Failure |

Synthesis Error:areas where real image and synthesized
image differ significantly when compared to

background noise

Difference Image

Areas of Synthesis Errors
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Betection of Areas of Model Failure Ii

Areas of synthesis errors

error signal
size of area
shape of area

Geometrical distortions Areas of model failures
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Geometrical distortions (Irrelevancy) are neglected

MPEG—4 New York 93:Model Failure



OBASC: Image Analysis R3D

Synthesized Real

Image I’y | Image |y, 1
Image Analysis

MCrap-Objects«— = MFpap—Obijects

(MC: Model Compliance) (MF: Model Failure)
Texture - &
e
e Shape 1y

..




aBASC: Parameter Coding R3D

Synthesized Real
Image I’k Image I, 1
Image Analysis

MCrap-Objects«— = MFgap-Objects

(MC: Model Compliance) (MF: Model Failure)

Texture

1.1 bit/pel
4% of image area

Shape

Motion




OBASC: Image Analysis F3D

MCrap— MFRap— Real

Objects s Objects/ Image |, 1

Image Analysis

MCrap—-Object <~ > MFegp—Objects
- (MC: Model Compliance) (MF: Model Failure)

Texture -

Shape PR




2D Shape Coding

Approximation of Object Shape by Polygons

— Maximum elongation ——» starting points (PQRS)

— Quality measure of the approximation :
absolute distance between the original contour and the ap-
proximated contour : D < Dy ax

D1 < Dmax

R

Ny J

Improving Approximation with new Point T

OBASC: Shape Coding
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\7ideo Presentation

Test Sequence CLAIRE
e QOriginal

e Shape of Model Object

e MF-Objects

e Coded Video
— Comparison F2D — R3D (64 kbit/s)
— F3D (56 kbit/s)
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Ieénowledge—Based Coding:
Extension of Source Model

Problem:

— colour parameters of MF—objects
require 60 % of data rate

— detection of MF—objects independent of
iImage contents (object—based)

Goal:
— reduction of MF—objects

Approach:
— detection and tracking of faces

¢ detection of eyes and mouth

¢ adaptation of facial mask

¢ face tracking with facial mask
— scene dependent detection of

MF—objects (knowledge—based)

Outlook: semantic coding



Izénowledge—Based Coding:
F3D with Candide

Additional shape parameters
— mouth position

— eye positions

R. Rydfalk, "CANDIDE, A parameterised face”, Internal Report Lith—
ISY-I-0866, Linkdping University, Linkoping, Sweden, 1987
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Rnowledge—Based Coding: Results

Number of frames to detect face
— Claire 9 frames

— Miss America 14 frames
— Michael 4 frames

Area of model failure in %
(object—based versus knowledge—based)

(Claire, CIF, 10 Hz)

MF-area in %
PN P @

10 20 30 40 50
frame

Hannover Institut fiir Theoretische Nachrichtentechnik
und Informationsverarbeitung

J&m Ostermann




Conclusions

Source models for image coding

Block—based hybrid coding
e H261, MPEG-1, MPEG-2, H.263

Object—based analysis—synthesis coding
e Image analysis

e Increased coding efficiency due to better
modelling of the real world

Knowledge—based analysis—synthesis coding

e Increased coding efficiency due to scene
knowledge

e Face model with limited degree of freedom

Computer graphics applied to image coding
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