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PSI Core Technologies

Fast Accurate Planning & Analysis

« Combining High Fidelity Models of:
* Platforms - Air, Sea, Ground, Space
 Equipment - Sensors, Comm, Computers, Weapons, ...
 Decisions Processes
 Environments

« With High Resolution 3D Graphical Visualization:
 Dynamic Movement
* High Fidelity Backgrounds
« Accurate presentation of dynamics

* And Fast Interactive Additions / Changes
« Scenario development / modification
« Multiple simulation runs on fast parallel processors

Prediction Systems, Inc. (PSI)
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Planning implies predicting future outcomes.
For complex systems, this requires:

- Building detailed models for simulation;
- Running multiple simulations to analyze variations;

- Running many simulations to get optimal parameters.

PSI uses CAD tools to produce simulations,
analyze variation of results due to parameter changes,
perform optimization runs on parallel processors.

These CAD tools can be used by Application Experts.

Prediction Systems, Inc. (PSI)



Major concern in the AOC — Giving the users
what they really need - for planning tools.

This requires:

- Fast Accurate Simulations;
- High Resolution Visualization;
- Models easily understood by Application Experts;

Models selected from existing libraries (point & click)
and automatically incorporated into simulations.

JANC & GLOBAL PLANNER are setting a
totally new standard for future applications.

Prediction Systems, Inc. (PSI)



Current Operational Considerations

Visualization of the situation is critical
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The above is a 2D HF coverage map from VOACAP.
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The same HF coverage map from PSI’s 3D ACAS
(Built for NASIC)
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Current Operational Considerations

Planning implies predicting future outcomes -
How does one increase prediction accuracy?

Predictions are conditional probability statements,
e.d., What is the probability of having connectivity?

Probability that connectivity exists at T+AT

Must be Conditioned on Maximum Information

- To gain Maximum Accuracy!
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Future Operational Considerations

How does one improve accuracy?

- The more information that one uses

The more accurate the probability statement.

- This is determined by the details
- of the Models & Scenarios

- The ability to visualize potential variations In
outcomes depends on the ability to
vary parameters & run multiple simulations
— very fast!

Bottom Line: Need Visualization, Speed & Accuracy
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Must be able to create complex scenarios - fast!



THE PSI SOLUTION

Must be able to visualize Connectivity details
For Sensors & Smart Weapons as well as Radios

e
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EXAMPLE OF A PSI SOLUTION

DETERMINING CONNECTIVITY:

ACCURATE MODELS
MUST ACCOUNT FOR MANY FACTORS

JAMMER

AMBIENT NOISE @
NOISE \\ /

PROPAGATION PATH LOSS

PLATFORM ORIENTATION / ANTENNA GAIN / POLARIZATION _—2— <= PLATFORM ORIENTATION / ANTENNA GAIN / POLARIZATION
TRANSMIT Y VY Y'Y 1ransuir
POWER POWER
RADIO TERMINAL RADIO TERMINAL
|| | | ||
HOST MESSAGE SIGNAL XMTR XMTR SIGNAL MESSAGE HOST
COMPUTE PROCESSOR| | PROCESSOR |_| I PROCESSOR | |PROCESSOR COMPUTER
— RCVR | || RCVR I— |
CABLE CABLE
MESSAGE RECEIVER RECEICVER  L-OSSES LOSSES  cEcEICVER  RECEIVER MESSAGE
CHARACTERISTICS OPERATING  THRESHOLD/ e o B O EER AN G I R oyt
CHARACTERSTICS SENSITIVITY SENSITIVITY CHARACTERSTICS
(ROC) (ROC) ANALYSIS 04/26/14

DEPENDS UPON: POWER, CODING, SIGNAL PROCESSING,
PROPAGATION PATH LOSS, NOISE & OTHER FACTORS
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N2 EXAMPLE OF A PSI SOLUTION

ACCURACY OF PROPAGATION PATH LOSS
DEPENDS UPON:
ANTENNAS, TERRAIN, FOLIAGE & OTHER FACTORS

sky-wave

XMTR

line-of-sight
path

elevation angle RCVR

elevation angle

horizon horizon

- distance —l - distance -

- path distance -

CONNECTIVITY IS NOT SIMPLY LINE-OF-SIGHT (LOS) !
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THE PSI SOLUTION
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Must visualize connectivity from different angles (3D)
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Visualization Of Detailed Scenarios

Il G55/¥SE Run-Time Graphics{RTG)
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Scenarios must include Sensor & Weapon del




THE PSI SOLUTION

ETET

iew from BUTTONS

Must be able to modify complex scenarios — fast!
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THE PSI SOLUTION

T

Wigwe from BUTTCHME

e Capacity Requirements - orange lines - Solid - met;
- Dotted - not met - between Navy Battle Groups

B IR TR T TEPREE. .
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THE PSI SOLUTION

Wiew from BUTTONS

B g Connectivity
w5 -
o )8 59l ol s o - Can use Global Hawk as a relay

20

Prediction Systems, Inc. (PSI)



THE PSI SOLUTION

=181

Wigsnr from BUTTONS

aaeee: Naval Battle Groups can talk across the peninsula
9 - using a relay (yellow lines) - e.g., Global Hawk
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THE PSI SOLUTION

Air & Ground Platforms must

connect to Satellite Networks & GPS




THE PSI SOLUTION

Zoomed-in from the e

prior satellite view -
Need Fast Pan & Zoom
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THE PSI SOLUTION

Bl G55,/VSE Run-Time Graphics(RTG) =gl x|
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% View from BUTTONS

Zoomed-in view of
two ships in a
port with satellite
connections.
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THE PSI SOLUTION

Zoomed in view
of port and ship.
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Foliage Models, Waterways & Road Networks
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Follage Models Waterways & Road Networks
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THE PSI SOLUTION
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Optimizing flight paths for
Sensors & Weapon Delivery
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THE PSI SOLUTION
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THE PSI SOLUTION
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Example of a
Ground to Air
Coverage Map
from JEFX 09

Sl

Il PLATFORM ATTRIB!
RLATF ORM SUPERIOR
TYPE: DJRU
LABEL:  BLACK MOUNTAIN
FATH
OREIT:
PLATFORMMGE:  115NB3146926336 PLATF ORM EQUIPMENT LIST
LT 437.263001 ORRJAMER T
v il
LN 116 64600 7 JTDSRADID OTY SHOW
= ze fmsiasl et i EWRECEWER
rrrrrrrrrrrrrrrr i7" GELF-SCREENING JAWVMER
PLATFORM ELEW: (55,7428 e
i HFRADIO
BEARING: + OO0 PGH: +DOD  ROLL +mOW
PLATFORM STATUS | BN Covarage map
Comments: Nudge platform
showNetz | | Show Toés Close
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GPS SATELLITE COVERAGE

M 55,/¥SE Run-Time Graphics(RTG) =lolx|
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GPS Coverage Map
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/’\ MAPPING HF & SATELLITE COVERAGE
S — %

-~ Afull-globe HF
Coverage Map
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A partial-globe HF [/
Coverage Map /
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HIGH RESOLUTION (Cm) MAPPING
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Perform Fast-Accurate
Interactive Analyses
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POWER GRID MODELING

Top Level Nodes
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Visual

Development
Environment

For
High
Productivity

- Software
(VPOS) . i Development
| With Very

Fast Run-Time
|7 Run-Time Graphics _‘

Speed

Icon Panel
Library Library
Manager Manager

(ILM) 02/24/16 (PLM)
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CAD SIMULATION ENVIRONMENT

Tools for rapidly Building & Modifying Complex Scenarios,
Optimizing Parameters, Measuring Performance & Effectiveness,
and Analyzing & Solving Problems using 3D Visualization.

CAD SIMULATION TOOLS for ANALYSIS, PLANNING & DESIGN OPTIMIZATION

Scenario Missions Design Issione > Assessment
Development Optimization
| Planning o Optimization . Analysis :>
_ Simulation o Simulation O Simulation Inferacti
Inter. aCt'_Ve MOPs/MOEs MOPSIMOES nieractive
Dynamic Dynamic
Visualization

&4/ Visualization

Refinement Feedback Refinement Feedback U

Databases Databases Databases
Algorithm Platform Movement Sensor  Targets Threats Message Comms Terrain
Parameters  Caps/ Scenarios  Caps/ Strings/ Caps/ Weather
Lims Lims Event Lims
Threads Operations Assessment Tool 08/13/12
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/// MULTIPLE PLATFORM SIMULATION

k\\/ ®
 ;49
APPLICATION EXPERTS USE
- CAD GUI - Graphical User Interface
- Natural Language - Large Geographic Libraries \ 7
- Large Libraries - Interactive Facilities H
DESIGN VISISOFT RESULTS
INHERENT CAD ARCHITECTURE
PARALLELISM THREE LANGUAGES
VISISOFT
SUESYS| |SUBSY S ( l}- - MODLULE| MODUJLE PARALLEL PC
Apg#gimm 1 [ 2 tQtQOéf 1 2 VISISOFT PARALLEL b
TO BE > [ > DEVELOPMENT =1 | RUN-TIME | OPERATING |70 FROmsers
SYSTEM (VPOS) | -
DEVELOPED SUESTSLSUESTS ENVIRONMENT CDULE, MODULE)| SYSTEM (RTS) WIN(\;P )| " semiCond
Memory
INDEPENDENT DESIGN INDEPENDENT M salt B iR A HARDWARE
APPLICATION ARCHITECTURE _ MODULES |
SUBSYSTEMS g —
PROCUCE
SOFTWARE-HARDWARE RUN-TIME ENVIRONMENT

COCE

Application experts use this CAD system directly!
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oy MULTIPLE PLATFORM SIMULATION

INITTACTZE_PLATFORM!
ANALYSIS_ASSESSMENT_TOOL ﬁ
AIRCRAFT(300) SATELLITE(60) SURFACE_VESSEL (40) pp— _ JAMMER (18)
AIRCRAFT_EQUIPMENT AIRCRAFT_MOVEMENT SATELLITE_EQUIPMENT SATELLITE_MOVEMENT SURFACE VESSEL_EQUIPMENT
INIT_MOVEMENT| INIT_MOVEMENT| JAMMER _EQUIPMENT
[N EQUPVENT  [ersmmms = E [ EauPTE Z — -
p— = o T
S S S S T Erarey ST SR
AIRCRAFT_C2 SATELLITE_C2
GROUND_STATION(58) s s GROUND_VEHTCLE (108 ) ey s SUBSURFACE_VESSEL (4) e s
GROUND_EQUIBMENT GROUND_VEHICLE_EQUIPMENT SUBSURF ACE_EQUIPMENT
CINK_16.G CINK_ 11 G EPLAS G SATELLITE_G_RADIO SINCCARS-G
= EeR——y = — — CIRK_ 110V TIRKCTESS TIRNCTISS
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Vi
'@{ PSI Core Technologies

Fast Accurate Planning & Analysis

« Combining High Fidelity Models of:
* Platforms - Air, Sea, Ground, Space
 Equipment - Sensors, Comm, Computers, Weapons, ...
 Decisions Processes
 Environments

« With High Resolution Graphical Visualization:
 Dynamic Movement
* High Fidelity Backgrounds
« Accurate presentation of dynamics

* And Fast Interactive Additions / Changes
« Scenario development / modification
« Multiple simulation runs

44
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MODEL HIERARCHY

C2
DECISON
MODELS

6 DOF
MOVEMENT
MODELS

ENVIRONMENTS
ELECTRO-
GEOGRAPHIC ATMOSPHERIC IONOSPHERIC MAGNETIC
WATER WATER
ACOUSTIC SURFACE SUBSURFACE RILEE
PLATFORMS
GROUND GROUND
AIRCRAFT /
STATIONS VEHICLES TR Shaceel s
UAVS / SURFACE SUBSURFACE
RATEICIES MISSILES VESSELS VESSELS
EQUIPMENT/ETC.
coMM HOST
SR WEAPONS SYSTEMS COMPUTERS
CONTROL EW NAVIGATION POWER
SYSTEMS SYSTEMS SYSTEMS SYSTEMS

ModelHierarchy 01/24/11

Prediction Systems, Inc. (PSI)
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MULTI_PLATFORM_SIM

PLATFORM_TYPE_1(100)

MISSION_MANAGEMENT _DATA C2_MODEL C2_EVENT_HANDLER

MM_EVENT. I INITIALIZE. EVENT.. C2_EVENT.

[INTERFACE | EVENTS (DATABASE HANDLER
MISSION. JEMENT..

Wﬂ“m, WP, e ®

B

EVENTS. PATNSATSSACES

C2_MCOVEMENT
INITIALIZE.
BATH.

OATABASE

L b
INTERFACE

Bl |

C2_MESSAGE_HANDLER C2_SENSOR C2_WEAPON

PATH_CONTROL_DATA

PATR.0ATAGARE

PATH. INIT_ €2_MESSADE 2 INITIALIZE
CONTROL. PATH- 6 SAGES. INTERFACE SENSOR.. WVEAPON.. INPUTS.
oaTa conTROLS INTERFACE INTERF ACE
HOST_DATA
vessage_sTRNGs

MOVEMENT

MOVEMENT_C2

c2_mESSAGE.
INTERFACE-2

NESSAGE INIT.
STRIN. MESIAGE..
TABLE STRINGS
HOST_STATES
HIST. NIT.
S
OATA States

OATA_TRACFIC_IEAMRES

MOVEMENT.
OATABASE

WEAPON_1 |
(5]
COMM_REQUIREMENTS_DATA
e
'OPERA CIONAL. INIT.
® ®
@
[~ INITIALIZE|PATHS
581 PATH,
| &
SENSOR_1
COMM_CONTROL_DATA RO PROTOCOL_STACK—2
D
INIT. PROTOCOL..
@_ com e
MOVE_ON_PATH
PATH_DATA
e —
PATHC _®
il RADIO_1 RADID_2
TERMINAL_1 TERMINAL_2 PR
ANTENNA L e ANTENNA_3
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= IND_MAIN NG _SATELLITES GLOBAL_PLANNER

GLOBAL PLANNER
on Parallel Processors

B Ty e [/ T

~—CONTROL_F L6 _ATRELANES F16_ALR[ MOVEMENT

IND_F15_BLATFORMS

CONTROL_F 15_§TRPLANES —

DRAW_DLATFGRMS

BUTLD]
| Ve

9
/
— IND_R22_PLATFORMS
’ FisA] \ CONTROL.FEZ_ATRFLANES 722_AIRMOVENENT
i \\ oY
\
\ C
\ =
\
\
\
\\
TTALE AT | \
@ B ‘\\ BUILD{F22_ATR_PATHS
e | |
PATH_MODULE |
IND_UAY_PLATFORMS
= —— ONTRGL AV ATRELAES TRV TR FOVEVENT
SOTLO DAV ATR BATHS
|
|
|
|
|
RTC_DATH_MODULE [ ‘ >
IND_SHIP_/PLATFORMS IND_E3A| PLATFORMS
CONTROL_SHID /LATFGRIS I CONTROL_E3A_ATRELANES E3A_ATR MOVEMENT
EXPAND_PATH_POINTS ® 5 = et
VAV NOVE FOTVT_CALE
CALC_MOVE_POINTS
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GLOBAL_PLANNER
153 PLATFORMS |
16 Processor PC |
12 hour scenario

2.31 seconds

IND_MAIN

PROCESS_PATH_EVENT.

GHE HE)

3

IND_SATELLITES

‘Nil)

8

WAIT.FOR_EVENT:

IND_SHIP_PLATFORMS

IND_E3A_PLATFORMS

TONTROL_EJA. ATRPLANES EIA ATALWOVDIENT.

{SHIP_PATHS.

=

BUILO| 715 A1R_PATHE.

EAYED

IND_F16_PLATFORMS

IND_F18_PLATFORMS

‘CGNTROL_F18_ATRPLANS F1_ATRLHOVEMENT
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5
B
g

IND_F152_PLATFORMS

IND_F162_PLATFORMS

CONTROL_F152_ATRDLANGS FU&2_ATRL}
e
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2 gl

e,
) (B (S

[BUTLO_F15ZJALR_PATHS

VGVENENT

- 3

CONTROL_7162_ ATRDLANER

IND_F182_PLATFORMS
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= :--j_

CONTROL_( 182 ATRPLANES. 182 ATRLHOVEWENT

IHE i IE
(==) ==
meeme_— | PATH_MODULE

EXPAND_PATH_POINTS]
VAY_MOVE_POINT_GALC

IND_A1@_PLATFORMS

CONTRGL_AT 0 ATGPLANES

AL_ATH]

IND_F222_PLATFORMS

CONTROL_F22_ATAPLANES

IND_A102_PLATFCRMS

CONTAGL_A1 §2_ATRPLANES

IND_UAV2_PLATFORMS

"CONTROL _UAVZ_A IRFLANES UAVZ ATR_FOVEMENT

BUILD_UAVI_ATR]

PATHS
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\\Z/ HIERARCHICAL ICONIC MODELING

. ‘\\ N < //«
9

©r

Comparing Simulation Sizes

g« Large
% dynamic
sensor-to-
S | M shooter
SIZE - NUMBER OF ENTITIES A, Large number M XN scenarios
NUMBER OF TYPES f of LANS & WANS
SIM / / /

ooy S S ]

S S S Lesy
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[ ]

S/ E]

COMPLEXITY - SCENARIO COMPLEXITY
MODEL COMPLEXITY

Use an EXCEL
Spreadsheet

MODELING 7/14/04
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The big
screen

i \ & LIBRARY OF MODELS
B, 0 e e AND SIMULATIONS

Ji
e

et
iy - 77 °

ANALYTICAL
SUPPORT CREATE / RUN II I . II I |
® REQUESTS 9, SIMULATION

> >
l | - -
ANSWERS ﬁ GET RESULTS

DECISION ANALYSTS
MAKERS
MODELING
REQUEST

MODELING 5/29/03

BUILD / MODIFY
LIBRARY MODELS

DETAIL MODELERS
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LABEL: “IPER 02

PATH:  MIPER D2

ORBIT: 175 OF 939
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FEET IE. 984T g [ EW RECEIVER
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PLATFORM STATUS I
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Toggle Platform Path | Show Platform Nets | Show Platform TSAs Clase |
' ' B L16 ANTENNA SELECTION
B EQUIPMENT O] =]
Flatform Label, PLATFORM 002
RF [UHF) JAMMER Type: AT0
JTIDS RADIO T Rx BOTH

------- seleCting MOdeIs O v F rﬂ\ F Antenna Gain (dB): [1.5

EARLY YWARMNING RECENER
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HF RADID PATTERIT
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ACCEPT
Set as Default PATTERM 3 ‘
Save | Cancel
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PSI Core Technologies

High Productivity CAD Software Development
& Simulation Environment

» Supports Rapid Development of:
* High Fidelity, Easy to Understand Models
« Simulations and Planning Tools

 Powerful Run-Time Facilities:
« Extremely Fast Execution Times
* High Resolution Graphics
* Dynamic Interactive Interfaces
« Built-in Optimization

* Large and Growing Base of Models

52

Prediction Systems, Inc. (PSI)



\»/

Not everyone
neede the same toole!
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PREDICTION SYSTEMS, INC.

PREDICTION & CONTROL SYSTEMS ENGINEERS

309 Morris Ave - Suite J
Spring Lake, NJ 07762

Telephone: (732) 449-6800
Fax: (732) 449-0897

Web Site: www.predictsys.com
E-Mail: psi@predictsys.com
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