A Mathema"éacal Theory of Commumcatmn
By c. E rSHANNON

IN‘I‘RODUCTION

HE rcccnt dcvelopment of va.ncus methnds oI modulatmn such as PCM
and PPM. which. exchange bandwxdth l'or slgnal-to-nmsc ratio has in-
tensified the interest.in a. general thcary nf corimunication. A basis for
~sucha theory is contained in the important apers of Nyguist! and Hartlcy?
“on this subject. In'the present paper we will extend the theory to include a
number of new factors, in part:cular thc cﬁ'ect of noise-in the channel, and
the savings possible due'to the statlstlcal structure of the original message
and due to the nature of the final dcstma.uon of the information,
The fundamental .problem’of communication’ is that of reproducing at
one point either cxactly or approxunately [ message sclected at another
point. . Frequently the messa.ges have sieaning! that is they refer to or arc
correlated accnrdmg to some system "witl certam physical or conceptual
entities.  These semantic aspects of ‘communication’ are irrclevant to Lhe
engineering problem. The significant’ aspect is that the actual message is
one selecled from o sel of posmblﬁ messages.  The system must be designed

- to operate for each possxblc selection, not' just the one which will actually
be chosen since this is unkiown at Lhe time of design.
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WWW 4#7
DLR

Istoric

1989 - Tim Berners-Lee (poza) propune si realizeaza prima
comunicare HTTP (Hypertext Transfer Protocol) server-client, El
folosea deja existentul Internet. Se naste WWW (World Wide Web)

WWW - sistem global de documente hypertext interconectate
logic;

Internet — sistem global de retele de computere interconectate fizic;
TCT/IP - set de protocoale de comunicare intre sistemele de calcul
din Internet;

1990 . 2001 — WWW este referit, retroactiv, drept Web 1.0

Caracteristici pricipale: Pagini statice; folosirea de: frameseturi, extensii
HTML, butoane GIF, guestbook-uri on line, etc.

2002 : prezent — WWW este referit drept Web 2.0
Caracteristici pricipale: Pagini (mai) dinamice; aplicatii care permit
schimbul interactiv de informatii, interoperabilitate, etc.

~2006 : prezellt — apare, lansat de acelasi Tim Berners-Lee, si evolueaza conceptul

de Web 3.0 (urmatoarea ,.epoca” a WWW)
Caracteristici pricipale: Pagini dinamice; Semantica; Personalizare;
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Data, Content and Knowledge DLR

How EO is working ?
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i DLR

= Roots of understanding
= Content => semantic => ontology
= Grand challenge — interoperability of semantics

= Communication between machines vs communication between
individuals

= Syntactic metadata vs Semantic metadata vs semiotic metadata
(Umberto Ecco)

= Semiotics
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Semantic compositionality: the meaning of a hole is a function of
the meanings of its parts and their mode of syntactic combination

factory residence

installation car tree hause
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Symbolic synonymy
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Symbolic synonymy
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Symbolic synonymy
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Data Mining ‘#;;

* 1974 at the Office of Naval Research

« a boiler explosion on a distroyer
* the boiler was the problem for other accidents

» data/information existed, but was ignored
* no tools to find patterns

* R&D program to discover such problems
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What is data mining?

Data created by people

= A process of sorting through a large amount of data and picking out
relevant information.

= Data => information => knowledge => actionable intelligence
(understanding)



i DLR

What is information mining?
Data created by sensor

=  Data understanding from Observation: A contextual approach
e Creation of contextual understanding from data.

e Sensor Data => models working on data create information
(content) => contextual knowledge about geopolitical and
socioeconomic factors => actionable intelligence at the local level
(understanding)

= How does data mining build knowledge?
Memory, communication, pattern recognition

= Challenge is to and to
Issues — formats, etc.



Features A#om

Information must be obtained from the data
Databases and search engines were not designed to
provide contents

Visualization is very important

HMI are crucial
Words - signals — semantics

Visual — perception — cognition

Memory — latency — knowledge - relevance

19



Archives and Libraries A#om

. Archive: a long-term storage area, place or collection containing records,
documents, or other materials of historical interest (that’s passive and static!)

. Library: a depository built to contain books and other materials for reading
and study (that’s active and dynamic!)

What makes the difference?

. Library has:

= A catalogue (better then archives): indexing books based on multiple
criteria, e.g. author, title, keywords, domains (ontology!)...

= Alibrarian: one who has the care of a library and its contents, selecting
the books, documents and non-book materials which comprise its

collection, and providing information and loan services to meet the needs
of its users

20



Searching Libraries ‘#Dm

. Use the catalogue: select indexes and search the books. Next, read them.
- Walk trough the library: browse till you get interested...

. A friend told me...: go to the material using prior information

o Ask the librarian: the ideal librarian, he
= reads all the incoming books
= interprets contents
= associate with other information
" creates categories
= understand the inquiry
= dialogues
= comments, and

= suggest ...
21



Knowledge based Image Information Mining TSX Ground Segment Systems DLR

Integrated in operational environments
Image Information Mining (11IM)

technologies for enhanced information e
content extraction from EO image it
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KIM CONCEPT: SIMPLE DLR

Earth Observation Data

1

Data Ingestion Interactive Training Image Query
Image Tiling » Label Generation » Image Classification
Feature Extraction Label Export > Ranking

Clustering




Today: Interactive, user adapted, EO data content access #mn
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Data, Content and Knowledge

DLR

Knowledge
nowledge .%EB@D

27




i DLR

Rationale

= An observation, strictly, is only a sensation. ... But as soon as we go beyond
sensations we are making inferences. (Jeffreys)

28



What is image ?
Data Structure

@image{filename [ width [ height [ alttext [ extension]]]]}
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30

Data Structure
Signs & Symbols

@image{filename [ width [ height [ alttext [ extension]]]]}

What is image ?
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Rationale

= An observation, strictly, is only a sensation. ... But as soon as we go beyond
sensations we are making inferences. (Jeffreys)

= Signals, signs, symbols: images are messages
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i DLR

Scene meaning inferred from images

34
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Scene meaning inferred from images

Jail
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Scene meaning inferred from images

Villas
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Rationale

= An observation, strictly, is only a sensation. ... But as soon as we go beyond
sensations we are making inferences. (Jeffreys)

= Signals, signs, symbols: images are messages
= Meaning depends on components
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38

Scene meaning inferred from images
Buildings
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Scene meaning inferred from images

Agriculture Fields
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Rationale

= An observation, strictly, is only a sensation. ... But as soon as we go beyond
sensations we are making inferences. (Jeffreys)

= Signals, signs, symbols: images are messages
= Meaning depends on components
= Meaning depends on spatial context
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Scene meaning inferred from images

Circular Forest

Landsat 30 m resolution
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Scene meaning inferred from images

Nuclear Facility
.

0.6 resolution

Image © 2006 DigitalGlobe
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Rationale

= An observation, strictly, is only a sensation. ... But as soon as we go beyond
sensations we are making inferences. (Jeffreys)

= Signals, signs, symbols: images are messages
= Meaning depends on components

= Meaning depends on spatial context

= Meaning depends on resolution
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i DLR
Scene meaning inferred from images
Winter Landscape: Pine
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Scene meaning inferred from images

Image geometry context Winter Landscape: Oak
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i DLR

Rationale

= An observation, strictly, is only a sensation. ... But as soon as we go beyond
sensations we are making inferences. (Jeffreys)

= Signals, signs, symbols: images are messages
= Meaning depends on components

= Meaning depends on spatial context

= Meaning depends on resolution

= Meaning depends on imaging geometry
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Inferred from images

Scene meaning
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Scene meaning inferred from images

Building: aggregation of image components

Wide correlation “speckle” Extended
saturation

Layovered Dihedral
roof on base

Specular Double
on base bouncing

Tower Maas river Layover $
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Rationale

= An observation, strictly, is only a sensation. ... But as soon as we go beyond
sensations we are making inferences. (Jeffreys)

= Signals, signs, symbols: images are messages
= Meaning depends on components

= Meaning depends on spatial context

= Meaning depends on resolution

= Meaning depends on imaging geometry

= Meaning depends on perceptual context

= Meaning depends on temporal context

= Meaning depends on signal components
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Semantic compositionality: the meaning of a hole is a function of the
meanings of its parts and their mode of syntactic combination

factory residence
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Image Semantics Generative Model

- U semantics

A signal categories

C signal calsses

D, 8 images
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The syntax

Semantic compositionality: the meaning of a hole is a function of
the meanings of its parts and their mode of syntactic combination

PERFECT PRESENT
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KIM hierarchical information representation: coding

level 0: D
image data
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CONCEPT DE COMMUNICATION AVANCE
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the meaning of a whole is a function of the meanings of its parts and
their mode of syntactic combination
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Coding
Image space | Class space Semantic label space L
[ | l‘;!]I-;.I l[""il 1 L' l
[ ml-i. 1 l[""il X L .
| W, o, L,
[_1 mh_g m| 1 L 1
[ ml-i."- II::ﬂl q

plw,/[1) @, L)

55



i DLR

Coding and Data Bases
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the structure of an indexed data-base and how the search
engine uses this structure to find similar objects
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Oil storage tanks, Singapore
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