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History

e Started in 2000 and e Achievements

opened our doorsas an — Image Matters has been
' Investing in next generation
LLC In January 2001 St Web Servi o
 Won SBIR Phase | and (Semantic Web); ~$1.5M.
Phase |l for Semantic — WEell on track for Release
: of our Smart Service
Technol OgIES Middleware (userSmarts®)
e Currently in Phaselll by the end of the year.
— Wearetheleading
Interoperability

Engineering resource for
the OpenGIS Consortium.
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Business Activities

o Advanced Geospatial Semantic R&D
o usarSmarts® Product Devel opment
 Interoperability Engineering Consulting




M 1ssion

To bethe Leader in Products and Sarvicesfor the
* Geospatial Smart Web”
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Characteriang the Problem: Decison M aking
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Setting The Stage

e The Semantic Web

— An extension of the current web in which information is given well-
defined meaning, better enabling computers and people to work in
cooperation. (W3C)

e Stuation Awareness

— The perception of the elementsin the environment within a volume of time
and space, the comprehension of their meaning, and the projection of their
statusin the near future. (Enddey, 1988).

o Components

— Sensory Network to sense the environment = time, space, behavior, state
— Knowledge Model of the environment - Comprehend the environment

— Reasoning and Analytical Tools - Projection and Satus

— Usability Engineering and HCI - Visualize and Convey the situation
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Situation Awareness Problem Statement

 Present sysems o Situation Awareness
— Information poorly organized, — Actors
unfiltered, unprocessed — Godsand objectives
— Information difficult to search/access - COU_VSBSOf action
— Information has marginal relevance to — Tadlics
decison-makers — Ciritica events

—  Space, Time and Flow

e Decigon-makerswant
— Reduce the OODA time Loop

— Shared understanding among
stakeholders

— Near real time Common Relevant
Operational Picture (CROP)

— Actionable knowledge
— Tailored decison frameworks
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Situation Awar eness System Concept

« Dynamically collects and organizes information that
IS relevant to a Situation and the commander’ s

decision process, I.e., Information in “ Context”

— Goal driven (not just data driven)
— Complex operations with multiple stakeholders

e Supports/integrates

— Warnings and Notifications: Support Push/Pull instead of only Pull
— Dispatch (CAD) and Vehicle Location (AVL) technology
— Damage Assessment
— Command & Control
— Interagency Coordination
— Public Information and Warning
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Semantic M ode

« Modd - Set of quadruples

e Quadruple —truth assertion
— <Context, subject, predicate, object>

e (Class—resource classfier
— subclassOf

 Property — predicate types Context

~ Domain constraints
— Range constraints o <Praperty

»  Schema— vocabulary of Subjc

Typesand Predicates rediont

— Definesaclosed KB namespace
— Canimport other schemas

e Containers

— Collections of Vaues
e Resource
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Top Level Ontology in User Smarts
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Scalable Semantic I nteroperability

Eatabas;

A

l
i S-0O
1 Map

Explicit semantics = T Interopability/Reuse/Utility
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Person: IRA-1

Personal:
First: Abdul
Last: Bahieri
Gender: Male
DOB: 2003-36=1967
POB: Iran
Nationality: US
Id: (US-passport#)
Height:
Weight:
Complexion:
Hair Color:
CdRtaet:
Other Name:
Alias:
Email:
Work Phone:
Home Phone:
Mobile Phone:

Address:

Home Address:
Home City: Ashburn
Home State:Virginia
Home Zip:

Home Country:
Work Address:
Work City:

Work State:

Work Zip:

Work Country:

chments:

Related Resources
.o perates

residesAt

attended‘

Personal Narrative:

Male, age 36, no wants/warrants/aliases, one speeding traffic ticket issued by Loudoun County in 1998; Born
Iranian; immigrated to the US in 1987 via London, England. He is a legalized US citizen and maintains a valid
US Passport. Established initial residence in Detroit, Michigan; in 1992 graduated from the University of Detroit
with a degree in Industrial Engineering; relocated to the Washington DC area in 1993. In 1994, established the
Loudoun Industrial Gas Supply Company (LOUGAS) in Leesburg, Virginia. He is the principal owner/operator
and his business partner is known to be Franco Luis Marico. He is divorced from Soulham Kali Bahieri who
returned to Tehran in 1996; they have no children; he lives in Ashburn, Virginia; he attends the Khalid Rasheed
Khalid mosque in Great Falls, Virginia. His extended family is in Tehran, Iran; there are no reported concems
expressed by the Government of Iran. He is known to be critical of US Mid-East policy in general.
Importantly, he is highly critical of the expanded US anti-terrorist efforts implemented after September
11,2001. -
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Person: ALF-2

Related Resources

Personal:

First: Pang

Last: Mango

Gender: Male

DOB: 2003-30=1973
POB:

Nationality: Indonesia
Id: (Indonesia-passport#)
Height::

Weight:

Complexion:

Hair Color: residesAt

Eye Color:

operates

employeeOf

Contact:
Other Name:
Alias:

Email:

Work Phone:
Home Phone:

Mobile Phone: Personal Narrative:
Pang Mango (Alfi-2)is 30. It was noted that when in the Indonesian Security Service, Mango was qualified as a

Address: Munitions Specialist
Home Address: unknown

Home City:

Home State:

Home Zip:

Home Country:

Work Address: SAS, Front Royal Airport
Work City: Front Royal Airport

Work State: VA

Work Zip:

Work Country: USA

chments:
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Knowledge Base

Semantic Repository * Implementations

_ Type& Property Schemas — Oracle 9i Version

— Contextua Knowledge Models ‘ gs‘st\iyale éﬁLéyFi%

. 5 | aOption

Folder Service . OracIeAdvanch Queuing

— Generd Resource Repository — XML payload

— Location Organized Folders — PL/SQL Filtering

— Mobile Objects — Berkley DB

Situation Awareness Fol ders — Planning to implement on

Query Services Oracle 10G

— Semantic

" et e

— Tempord Mobile Objects -
Notification e
— Knowledge Models ~ Message Queve

— Folders & Resources

Spatial Resources &
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User Smarts®

Context-Sengtive™ Personalized Service ddlivery
Enterprise Architecture based on J2EE

Middleware Technology

Real-time Event Driven

Agent Framework for Goal Oriented Programming

| nformation Model based on Ontology (RDF+OWL)

Knowledge Representation Framework OFC™ (Ontol ogy
Foundation Class)

Highly Scalable Knowledge Perga gence Sysem

| nference Capabilitiesincluding Horn Clause and Event-
Condition-Action (ECA)

Image M atters Copyright Proprietary Information. 15 2
IMAGE

mmmmmmm



Layer

Messaging Calendar Directory Identity
Server Server Server Server
Instant Secure .
Messaging ;) ::::i Remote Z/I:zlses
Server Access
\Portal Services /
|
N /
Workstation Public Access X App .
_ Load Portal . Registry
Distribution Services
Thick Emergency
Client Trusted . > Gateway
System Planning |« KB S
— mmm | Center Portal
Web DMZ
Services Routers Info Context
EOC Portal |, .
b = Delivery Agents
Thin Serr(:f?r’s
Client
—___ userSmarts
Mobile
Wireless J2EE Platform
Client I
Storage, :
i Enterprise
User Clustering clustering | | Jtorage
Solutions S
Systems

~Application Toayer

=

S

e N
_~ v
B
STATE =
A
FEDERAL i
Z

cnsors

Messages &

Alerts

/

Distributed

Resource Layer
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¥ sam Edit Help

Eb Shortcuts

Home

~

Alerts

&

People

Incidents
situations
Crgamzations

-

Al Folders

Home

uzer: admun

=M



 Situation Awareness Ma nager EHE“E

¥ saM Edit Help user: admin
Alert List
Eb Shorteuts | [New Cpen Delete
Title Description Type Last Modified Creator [
m Traffic Acc... & Leesburg Shenffr . httpdfwwrw us . 200402 24 13 at 032 useradiin
o Chetmical .. Bensors mdicate a p. httpofwwnw us . 2004 02 24 13 at 06:3. . useradimin
Alerts - —
Chemical Alert
g Type: Alert
People Description: Sensors indicate a possible chernical alert in Leesburg, VA, located near Leesburg Post
Office
Incidents
Situations
Drganizations
A Folders
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i Folder Edit  Help

| rdlerts —
Cnarvie | Conkenk | Edit |

Winter Storm Warning For Loudoun Counky
T f gty a
:-_~_"__’3'_-:_r-.r_|,9 "“-'_Ej.'-" i Traffic Accident, Route 7 and Hey 15
{4 e 1 Elé.‘inl:m:h Dr ‘».IE ::; Syskemn Tesk
o by e T | [ Chemical Sensar
| i ‘o =
Ly 2 |z iL
G T —
1l y 'y .',- 7
Ld:";; ns'f.'ni}..' If"t NE%
['=——=— W\F
y tME £
Nt S o
Ashtory i sy || S |l
u!".n gafe 1y .__...,r-' | ! '. - E..|.o;*:'n"\‘.'_?i.l'-;s -i-l.:.l}ll'-l ':‘INE -;_U =1 F'.rri\.-'a| A_l:til:ll-ls
——=r T it | 1ja
g —— ¥ F Approach upwind and upagrade of the incident
el | ) iy :
S |= Stop at a distance and collection information
||=
I Alert Follow-on responders
i_ ; Direct all personnel to use Full PPE and self-contained breathing apparatus
= | | Consider that the perpetrator may still be on the scene
; [T by | | Restrict entry to crime scene
- Ploshect DhSw Preseverve evidence
) = w || Avoid conkact with liquids
- e Bt T
2
]
~ Folder Overview
guid: 1933039:fb747ceced:-Ffed
(Type: kb v, userSmarks, com/ 2003 Folder #Folder
[Identifier: guid: 1935039:fbr47ceces:-7fed - Messages
Type: : htt.p:,l',l'www.userSmarts.cn:um,l'ZElElS,l'aIerI:#.ﬁ.Iert LPD_42: 1 just arrived and see no signs of a chemical agent,
oo |uid: 176450d:Fb79e9e968: -7F3c# 0 ; FBI_3: Do wou have access to a chemical agent test kit?
Description: [Sensors indicate a possible Fhemical incident in Leesburg, WA, located LFD_42: Negative,
near the Leesburg Post Office,
- - — LPD_dispatch: A response team is on the way,
Creator: user_:admln
!-IasLucal:iun_:: guid: 1 73460d:Fh7 9292938 -7F3cd_1
[HasParent: [urm:safe:folders
[Title: Chemical Alert e
x|

_— -

QHolEx



Folder Edit  Help

Alerts

Overviewl Content  Edit |

‘inker Storm Warning For Loudoun Counky
- Title Traffic Accident, Route 7 and Hery 15

|Chemical Alert System Test
Chemical Sensor

~ Descripkion

Sensors indicate a possible chemical incident in Leesburg, Y4, located near the Leesburg Post Office,

~ Locatian ~ Arrival Actions
L atitude 29 054634 Approach upwind and upgrade of the incident

. Skop at a distance and collection information
H AT I-??.568819 Alert Follow-on responders

Direct all personnel to use full PPE and self-contained breathing apparatus

~ Alert
Consider that the perpetrator may still be on the scene

Title |Chemical Alert Restrick entry to crime scene
e W Preseverve evidence

- W Avoid conkack with liquids
Skatus Iresulved :
Scope IPuhIic

~ Reported Info
Category IChemicaI
Urgency m — Messages.

; LPD_42; I just arrived and see no signs of a chemical agent.
il | Extreme ]" FEI_3: Do you have access bo a chemical agent best kit?

Cerkainty | ko -I LPD_42: Negative.

LPD_dispatch: A response team is on the wavy.
Message Type I Alert vi

Expires

Sender Mame




¥

Folder Edit Help

Crverwicm I Content I Edit 1

Jl Title

{Traffic Accident

-i__Descripticun |

& Leesburag Sheriff reparts a kraffic accident on Route 7 and Heey 15, & trock hit the car, leaving couple of
people injured.

il Location !

Lakitude 39, 064534
Longitude -77.568319
-!_.ﬁ.lert
Title Traffic Accident
Sender Leesburg Sheriff

Senk

W 5 EESage L]
File Edit View Friend Format Help
A wF R @
Send File Webcam  oice Irewite Igriore

userSmarts: A Leeshurg Sheriff reports a traffic accident on Foute 7 and Hwy 15.
Actruck hit the car, leaving couple of people injured.

B I U @“{Arial v“m v|m@1rﬂwmnment

Send

[»]

Last message received on 3/24/2004 &k 4:19 AM

| lerts |
Winter Storm Warning For Loudoun County
Traffic Accident, Route 7 and Hwy 15

Syskem Test
Chemical Sensor

| Amival Actions |
Approach upwind and upgrade of the incident
Stop at a distance and collection information
Alert Follow-on responders
Direct all personnel ko use Full PPE and self-contained breathing apparatus
Consider that the perpetrator may still be on the scene
Restrick entry bo crime scene
Preseverye evidence
Avoid conkack with liguids

| Messages

LPD_42: I just arrived and see nao signs of a chemical agent.
FBI_3: Do you have access to a chemical agent test kity
LPD_42: Megative,

LPC_dispatch: & response team is on the way,




Final Remarks

o Geogpatial Semantic Web is akey technology for
Situation Awareness

o Wdll defined Geospatial Knowledge M odel
(Ontology + Rules) iskey to Situation Awareness

 CROP isenabled by providing Context Sensitive™
Actionable Information to users

e userSmartsisatechnology that enables highly
scalable and agile active/reactive Situation
Awareness Applications
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Major Challenges

Building “consistent” Ontology
Management of Knowledge

Extending Knowledge while maintaining
consistency

Integrating Ontologies with existing ES
Trust

Change of ideology: From modding
structures to modeling logical relationships

Diffusion of Innovation
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hank Y ou

yaserb@imagem.cc
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Back up Sides
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Geospatial Knowledge Layers

Modeling Run Time Modeling Run Time
Tools Agents Tools Agents
Inference Engine Inference Engine
. . (Road Crosses River) and (Road is Above
Domain Domain

River) then (Road is Bridge). (Road Below
River) then (Road is Tunnel).

Knowledge Knowledge

X Adjacent to Y=Y Adjacent to X. X
Above Y—Y Below X. X Entered ¥ — (X

Core Geospatial Knowledge Inside Y) and (Y = Polygon) and (Y Contains

X)
Feature+ Geometry + Topology +
Temporal il
Abstract Model Implementation Example
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Geospatial Knowledge Layers

Modeling Run Time Modeling Run Time
Tools Agents Tools Agents
Inference Engine Inference Engine
. . (Road Crosses River) and (Road is Above
Domain Domain

River) then (Road is Bridge). (Road Below
River) then (Road is Tunnel).

Knowledge Knowledge

X Adjacent to Y=Y Adjacent to X. X
Above Y—Y Below X. X Entered ¥ — (X
Inside Y) and (Y = Polygon) and (Y Contains
X)

Core Geospatial Knowledge

Feature+ Geometry + Topology +

Temporal bl
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Example of Semantic Modeling T ools

Modeling
Tools
Inference Engine
\
(Road Cross River) and (Road is Above
River) then (Road is Bridge). (Road Below
River) then (Road is Tunnel). TOC(;|S to Cor,‘STlr‘IUCT
X Adjacent to Y=Y Adjacent to X. X > an . Semantically
Above Y—Y Below X. X Entered Y —» (X Validate These
Inside Y) and (Y = Polygon) and (Y Contain Layer's
X) _
GML
Transportation
D US Sate
/ \ Inad
: CrOss| waterwa
Alr Road ?’ [ 0SS
National Park
/\ Under
Bridge Tunnel
geometry: Polygon? o
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‘Visualize the
structure of both
schema and ontology

» Assignh explicit
semantics to schema
elements

» Validate logical
consistency of
mappings

* Highlight
recommended
mappings

- Supports standard
encodings of schema
and ontology

S-O Editor

File Options Tools

O AEEEEE e s x

Schema:| Show parents |Depth 2

Onlulugy:‘ Show parents ‘Depth P d

Database Schema for
Facilities Management

:
wg trpedwlk\

|tra|rsu:| imathgf
|mreccm
fencel

Mfkl .Jggenex Ireclrl

Hdodins ¥
bggene trvehrdsn
hvsurwbd
trairsurl |
T imas_spas ayerlnfo
cddudms

trvehdnr'
|
[

utfultnk
|t bysurvec fathg

treefiprid

\_tr_a_|_r_ret

e ysurwcc
imathafy
/|Zones

[tmehrc\]

Ontology for
Facilities
Infrastructure

e aifiar_area
road_tenterline

traffic_survey_site

vehicle_tollyate sits |

road_hridge e
!..u i P—

| a] r|dge centerhne

road area ’ :
passag road feal

@ [ transportation_genersl
D trangpartation_vehicle_|
[IE

il Cntology E
19 = medical_response

9 Utranspunamn
& [ iransporation_vehicle
e'mlranspunatmn marine '
@ [ ransportation_airfield_ '
© T transportation_air ,
@ [T transportation_lock_sys|
&[] trangporation_parts_an
@ [ ransportation_railroad |

D trangpartation_airfield_f
© 2] trangportation_maring_
e'ljlranspudatiun_pedesm

\reh\cle drweway area atmn VEh\ClE

ethEJJark
road shuu\der area road guardrail line) -

curb |lﬂ9 wehicle_tollgate_ [

wmgh slanun area

3 schema

19 [ layerino
D mdstmas_spdl
[ trvehrets
D trehprk
D troehdny
[ tredwik
D treehrel
[ utfuttnk
D imrecare
D imathglf
D imathofn
[ imathory
D imathgff

A

D imathofh

LoadingE limtuserSmarts\OMTiexamplestachemaiprpLayers xsd.

Loading file:EfimiuserSmarts/OMTiexamples/ontologymedicalRespanseOntology rdf.
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Geospatial Knowledge Layers

Modeling Run Time Modeling Run Time
Tools Agents Tools Agents
Inference Engine Inference Engine

(Road Cross River) and (Road is Above
River) then (Road is Bridge). (Road below
River) then (Road is Tunnel).

X Adjacent to Y=Y Adjacent to X. X
Above Y—Y Below X. X Entered ¥ — (X
Inside Y) and (Y = Polygon) and (Y contain
X)

Domain Domain
Knowledge Knowledge

Core Geospatial Knowledge

Feature+ Geometry + Topology +

T Standard Spatio-temporal model
emporal
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Example: With the Semantic Web

NIMA Data

FeatureD: 1234 Query Answer: No
Type:
Attribute

Army Data

FeaturelD: 2356

length: 35
pavmentType: Asphalt

argoType: Toxic Chemical

peed limit: 65 Weight:
xWeight: 70 Tons speed limit: 50
ckPermission: 7PM — 6AM Track /ﬁ——*
ruck ¢ CargoType |«
\ AJ/
Road Network SubPropertyOf
p—
ST~ Cr;loredCargoCarrier )' CargoCarrier DecontaminationTruck
Secondary Road Interstate  Jr== eet s e
DriveOn
HazmatTruck

[ Cherrical, Biological }

FeaturelD:
Type:
Attribute List: name: 195

Time Permission

Ontology 2

O

atRsy MR eAMPANan.

Time Period



What isthe Technology Stack?

Ontology App. App. App. Sigil?ailttzlre
M?It\l?):aega Domain Domain Domain P3P
. Key Mngmt
Core Geospatial Ontology (None) Web Truct
GML (0GC) OWL (W3C) + RuleML (W3C)
XML/S (W3C) RDF (W3C)
XML (W3C) Namespaces (W3C)
URI (W30) Unicode (Unicode.org)

RDF provides the basic building blocks for constructing logical statements.
The OWL and RuleML layer enables writing ontologies and is built upon RDF and XML/S

The GML Layer provides the atomic spatio-temporal types as well as the generic
feature model

The Core Geospatial Ontology Layer provides the high-level semantic rules and
constraints for geospatial applications

The Ontology Metadata layer enables us to search for ontologies and evaluate their
fitness for use

Web Trust, Digital Signature, and Key Management provide mechanisms for
applications to determine trust level, and it also enables ontology providers to put

certain access restrictions on al]m%gM at%':%o%’yfi gm%pr%g;r%lrgg!d%ﬁ.



Core Geospatial

Order of Battle Transportationl

Military

Equipment Logistics I

FCS Knowledge ﬁ =
Base

S st

System, and other customer systems
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