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Presentation Objective

We want to answer the question, “How can we establish
the relationship between information sets such as
needed for a fusion process????”

B Address movement of information across multiple
hypothesis classes

mRelate it to developing the identification of objects

mDescribe how it can be combined both within and
between JDL levels

B Result will be an information architecture that is naturally
adaptive to information regardless of quality, level,
specificity
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Solution Requires Good Architecture
Definition
M Defining architecture requires investigation into detailed

taxonomic relationships between information sets and
subsequent canonical mappings

B Subsequent response mapping can be defined
B Results can be tied into JDL model

B Taxonomy — a classification scheme for objects with
mutually exclusive labels (parallels study of ontologies)

mCID {Friend, Assumed Friend, Hostile, etc.}
mNationality {US, Russia, France, Iraq, etc.}
mCategory {Air, Sea, Land, etc.}

mPlatform {Fighter, Bomber, Civil, etc.}
mType {F-14, F/A-18, F-22, etc.}

mClass {F-14A, F/A-18D, etc.}
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Taxonomy f-refinement

B Taxonomy A is an f-refinement of taxonomy B if:
mfis afunctions. 4, p suchthapifzp,  then

B0 b)) = ¢ where ¢ = empty set

A F-16A F-16B F-16C F-16D F/A-18A F/A-18B F/A-18C F/A-18D F/A-18E F/A—-18F

AL N

B F-16 F/A-18

M If a taxonomy of A is an f-refinement of taxonomy B and a [
A, b 1 B, and f(a) = b, we say that a is an f-refinement of b

mExample: F/A-18A in the Class taxonomy is a refinement
of F/A-18 in the Type taxonomy
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Partition Refinement

M Given a set S of objects, a
taxonomy imposes a partition
on the set

B Each element of the partition is
the set of all elements of S for
which a single element of the
taxonomy is the appropriate
name

B Example: an element of the
partition imposed on aircraft
by the Type taxonomy is the
set of all F-15s, all 747s, etc.

B A taxonomy T, is a refinement
of another taxonomy T, if the
partition imposed by T, is a
refinement of the partition
imposed by T,
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Canonical Mapping

B Canonical mappings provide a way to exploit
information about an object from different
taxonomies to categorize the object in one of those
taxonomies, or in another, completely different,
taxonomy

M Set of canonical mappings must be defined between
any two related taxonomies

M In the case of a collection of
taxonomies that are successive T, T,
refinements, the canonical mappings
reflect the hierarchical nature of the / A %
taxonomies themselves

T > 1
W Example: sets T, and T, are related °
through both the mapplng m, and the
composite mapping m,"m, (so not a T, T,

true canonical mapping)
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Response Mapping

B Response mapping is a way to interpret a response with
elements from one taxonomy in terms of another taxonomy

B Provides a means of interpreting a response with elements
from more than one taxonomy in the various referenced
taxonomies

B Example: let R be a response
from a source of information
composed of a set of attributes,
let the canonical mapping from
taxonomy T; to taxonomy T; be m;
- Each taxonomy potentlally has
elements that are part of the
response (R, and R, in the figure),
as well as elements that are the
images, under a canonical
mapping, of elements in other
taxonomies (m,,(R,), m,,(R,),
m,;(R,), my(R,)
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A priori CID Bayesian Network (Level 1)

M Given a-priori state

Nationality
NI e _ o of universe for F-14,
Soymt 0 148 0.57 F-16, F/A-18 and
Indonesia 0.25 (

F16A 20.0 . .
israel 30.9 F168 540 Boeing 737 aircraft
Netherlands 0 F16C 29.5
Norway o F16D 15.3
Pakistan 0 FA18AC 12.9
Portugal o FA18BD 4.00
Singapore 0 FA18E 0.43
Taiwan 0 FA18F 0.43
\T/ha"andl 8 Boeing737200 0.32
ponezuela 0 Boeing737300 0.50
Ga [res) Oy 0 Boeing7374000.65 Cl
Sreece S Boeing737500 1.14 ass
TOFEa 0 Boeing737700 0.50 F14A 8.78
s 0 Boeing737800 0.42 F14B 0.57

nite rab... Boeing737900 0.56 F14D 0.57
Canada 0 F16A 20.0
Australia 0 F16B 3.40
Kuw ait 0 F16C 29.5
Finland 0 F16D 15.3
Switzerland 0 FA18AC 12.9

. Categor :
Malaysia 0 — 1009 LA | FA18BD 4.

ran ~ FA18E 0.
Argentina 0 — FA18F 0.
(E)hinla ) 8 E}‘é Boeing737200 0.

nglan Boeing737300 0.
Japan 0 EATB a7 Boeing737400 0.
goland 8 olElinig Boeing737500 1.

ermany Boeing7377000.
ll\DAhllllpmes 8 Platform Boeing737800 0.
orocco ; I — Boeing737900 0.
: , Fighter 95.9 9
SaudiArabia 0 Commercial 4.10
Sweden 0
Africa 0
Brazil 0 = =
S ae 0 B Shaded areas (Nationality and Platform)
Spain 1.26

represent where new info will be inputted
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A priori CID Bayesian Network (Level 1)

Nationality
uUs 61.4 ——
Belgium 2.09
Denmark 0.89
Egypt 2.65 )
Indonesia 0.33
Israel 3.20 }
Netherlands 3.24 )
Norway 0.89
Pakistan 0.94
Portugal 0.21
Singapore 0.68
Taiwan 1.78
Thailand 0.74
Venezuela 0.25
Bahrain 0.26
Greece 1.82
Korea 2.26
Turkey 3.34 )
UnitedArab... 1.01
Canada 1.63
Australia 1.51
Kuwait 0.49
Finland 0.70
Switzerland 0.37
Malaysia 0.60
Iran 0.84
Argentina 0.18
China 0.43
England 0.43
Japan 065
Poland 0.21
Germany 0.83
Phillipines .056
Morocco 0.37
SaudiArabia 0.16
Sweden 1.04
Africa 0.17
Brazil 0.62
France 0.37
Spain 0.90

/

o

F14A
F14B
F14D
F16A
F16B
F16C
F16D
FA18AC
FA18BD
FA18E
FA18F

Boeing737200
Boeing737300
Boeing737400
Boeing737500
Boeing737700
Boeing737800
Boeing737900
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M BN after new sensor inputs:
m Fighter (0.85)
m COM Air (0.15)
m Israel (0.7)
m US (0.1)
® Indonesia (0.1)
m Spain (0.1)

Type

7.93
50.8
16.9
24 .4

Category |
Air 100 _ —
F14
F16
FA18
Boeing737
Platform
Fighter 75.6
Commercial 24.4
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Class
F14A 7.11
F14B 0.41
F14D 0.41
F16A 17.3
F16B 4.07
F16C 23.4
F16D 6.10
FA18AC 12.2
FA18BD 4.07
FA18E 0.30
FA18F 0.30
Boeing7372002.03
Boeing7373002.03
Boeing737400 3.05
Boeing737500 9.15
Boeing7377002.03
Boeing737800 3.05
Boeing737900 3.05
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CID Situational Awareness (SA) Fusion
Expansion

M Level 1 SA: Perception of the environmental elements — The
identification of key elements of “events” that, in
combination, serve to define the situation

mJDL — numeric processing of tactical components
mSA - symbolic processing of these entities

M Level 2 SA: Comprehension of the current situation — This
combines level 1 events into a comprehensive holistic
pattern (or tactical situation)

mJDL and SA virtually identical

B Level 3 SA: Projection of future status — Projection of the
current situation into the future, so as to predict the course
of an evolving tactical situation

mSA more general than JDL, includes projection of
ownship/aircraft/etc., and friendly intent
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Proposed Threat Evaluation Tool

“Trigger” Thresholds
ID Mission | Defensive .
C . missions “Impact” Assessment (Threat Evaluation)
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(IPB) & o ‘—> Assessment/
Initial Comprehension ‘;Impact Proj Threat Assessment
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scenarios, | > Hypothesis Generation/ Impact rationale, & source
threats and | 3| Generation Refinement | | Modeling
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Object L i
Behaviors “Event” Y \A 4
. Capability & iti o
Track Fusion[effectivencss Recognition Hypothesis || Alert
JDL Level 1 | of class “Object” Knowledge Manager Generation [1&W
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»| “Mission” on “Intent” Y
Source ole (mission,
of class < Recognltlon activity, etc.)
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CID Fusion | Initial ggz%;soiz/ Predictive
Hypothesm Refinement # Profiling Intent Determination
JDL Level 2 | Goals of IDY Generation - >
I " Assessment/ Courses state, confidence,
ypotheses | Source of ID¢ . of Action rationale, & source
Comprehension
Flight plans, FAA uiliato gD S'ﬁ “Intent” Determination (Mission, Activi
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Conclusions and Future Work

B Contextual relationship of information is paramount
B Fusion process must incorporate these relationships

M CID information wrt context, time, timeliness, quantity, and
quality must be known

M Future work:

mMetrics for information value, completeness, and costs of
decisions can be developed and integrated

m Contextual reasoning leading to predictive SA
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