SAM(CG)/AAA

Demonstration Engagements

W

e
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The demonstration scenarios are;

1) SAMCG Demo 1: Comma@dided Surfacd o-Air missile
versus target aircraft

2) SAMCG Demo 2. Comma@adided Surfacd o-Air missile
versus target aircraft launching chaff and executing an
evasive maneuver

3) AAA Demo 1: Rad@uided AntiAircraft Artillery versus
target aircraft

4) AAA Demo 2: Rad@uided AntAircraft Artillery versus
target aircraft

A brief interpretation of the major events occurring in each
engagement is provided by reference to the time apacial
plots.

Critical input parameters are shown.

Selected output graphics are shown including time plots,
Virtual Reality and 3D Plots.
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SAM(CG)/AAA is controlled
through the TESS AIR RF
Master Interface

The main screen of the AIR
RF Master Interface is
shown

Clicking on the
Engagements button
opens the Engagement
menu shown next page
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AIR RF Master Interfac&AM Engagement Ment

E0X

SAMCG_Demo_1
Simulation Settings
Simulation Mode = |Semi Compiled

I Enable Stochastic

W Enable virtual Reslit o gag
r
Quick Setup ID jo |
Ground Conditions
Terrain Type = ,W

Clutter Carrelation Time = 01 =
Threat System Settings
humber of Threat Platforms = | 1 w
Threst 1 ID SAMCG aee

Mis=zile 1 | Missile 2
Launch Conditions

Azimuth=| 1718 deg
Range = ,ﬁ m
attwde = 5 m

Lead Angle = ,_U deqy

Super Elevation = ,_D deg
Launch Time = m s

W Enable Missie

TTR Mode = | Track +

Kill Distance = 15 m

W

Inttisl Elevation Heading =

Target Aircraft Velocity = | 200 mis

[~ Enakle Chaff
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The SAM Engagement
menu of the AIR RF Master
Interface is shown

The Engagement ID of the
AIR RF Master Interface is
indicated

The sample engagements
SAMCG Demo 1 and
SAMCG Demo 2 are listed
in the Engagement ID
menu
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SAMCG Master Interface Engagement Menu

E= Engagement Menu

[y AAM SAM
Engagemert ID Demo_1 & Save Save As
TESS Modsl ABBCGM Delete Reports
Date|Time [ 1/15/2008 218:35 PM gun

Simulation Settings

Simulation Mode = [Semi Compiled &

[™ Enable Stochastic Effectiveness Measures
™ Batch Running Mods

W Enable Yirtusl Reality Engagement Plot Settings

-
Guick Setup 1D e

Ground Conditions

Terrain Type = Flatland .

Clutter Correlation Time = 01 s

Threat System Settings
humber of Threat Platforms = 1

Threst 110 SAMCG .
hiszile 2

Launch Conditions

Azimuth = [171.9 degy
Range = ,ﬁ m
sttude=[" 5 m

Lead Angle = ’70 deqy

Super Elevation = ,_D degy
Launch Time = ’? =

¥ Enable Missile

At TTR Turn-On

TTR Mode = | Track Kill Distance = 15 m

COX

Example Command Guided Surface-To-Air Missile engagement

Target Aircraift Settings

Ajrcraft ID

Initial Ci iti; s

1600 m T};g@afﬂdaneuvals |

Bading = 80 deg

™ Enable Chaff
Chaff Tactics 1D

I Enable Jammer

Jamimer Prograim 1D Ap-10-PO0M

_e) Threat System Settings

e Threat Menu access (see
next page)

_w Missile 1 Launch
Conditions
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SAMCG Demo Threat Menu

Missile Subsystem Menu
access

Fire Control System Menu
access (note that CG
missile and AAA radars are
identical)

EE SAM Threat Menu

Threst ID | SAMCG ¥

| Save | Save As Delete | Close |

Fire Control System

pd
Categary | Surface-TD-.ﬂ-.iw)(ssile | rest Type | Command Guided |
Subsystems Descriphon:
m.
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SAMCG and AAA Demos

Select Fire Control System Parameters

EE Fire Control System

Radar Receiver

B —— parameters tab
€0 Radar Receiver Track
L —. e parameters tab
Gatewicth [ 2 us | 2.00 Technique ¥ Track COn Jam
Early Gate Bia= [ 0 oB | 0 Az Servo Bandwidth |_ Hz \ :
Servo Bandwidth [ 4 Hz | 02 El Servo Bandwidth [ 23 Hz | 1 B Radar Ang Ie TraCkI ng
Curter Processing Sean Rte Proram Technique is set as
||: :S Di SWC Imbalance [ 1 dB | O SC an Wlth
Mode Logic Automatic Gain Control C O m p e n S ati O n
[ o | s Bandwicth [ 5 HZ | 10
[ % [0 [ & [1m
[ % | =0 Saturation Level [ 2 ¥ |2
Metmory Time 02 = 0.2 Reference Lewel |_1 ki 1
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All Demos Select Target Aircraft Parameters

E= Engagement Menu

o))

[Frcample Command Guided Surface-To-Air Missie snoagement

BAS AAM SAM
Engagement I [ Demo_1 v Save Save As
TESS Model ALLCGM Delete Reports
Date | Time | 17562009 219.36 FM Hu
Simulation Settings
Simulation kode = |Semi Compiled
" Enable Stochastic Effectiveness Measures

[T Batch Running Moce

¥ Enshle Yirtusl Reslity Engagement Plot Settings

Target Aircraft Settings

Initial Conditiotrs

Altitude = | 1600 m

Inttial Azimuth Heading = 80 dey

eeeeeeee

arget Aircraft Maneuvers

=
Guick Setup ID
Ground Conditions

Terrain Type = [ Flatlond %

Clutter Correlation Time = 01 s

Threat System Settings
Mumber of Threat Platforms = 1 )
Threat 11D SAMCG ae-

Missile 1 | Mizsile 2

Launch Conditions

Azimuth = IW ey
Range = ’W m
stitude=[ s m

Lead Angle = ’70 ey

Super Elevation = ’70 ey
Launch Time = ’? Ed

W Enable Missile

Initizl Elevation Heading = 0 dey
Target Aircraft Velocity = 200 mis

[T Enable Chati

™ Enshle Decoys

™ Enable Jammer

Jammer Program ID AAA0-POO1

At TTR Turn-On

TTR Mode = | Track

Kill Distance = 15 m

Target Aircraft Menu
access (see next page)

0 Target Aircraft Initial
Conditions

- Target Aircraft
maneuvers Menu
access
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All DemosSelect Target Aircraft Parameters

X

ES Target Aircraft Menu

Ajrcraft ID EE w Reports ‘ Save | Save As ‘ Delete | Close ‘
Target Aircraft Parameters
Chaff ID ALE-40 ARE Fioner
Decay D FOTD "
Jamimer 1D ALG-1268 -.
Pls##eFm Dimensions Platform Type
Radius | s m | Fixced wWing v
Length 14 m
Yulmerable Area 20 m2 W Enable RCS Scintillation
Madel | Fightsr Aircraﬂ/
Ra ross Section (JdBm
Fregquency | 9 % GHz Correlstion Time | 15 = | 05 Weighting Factor 1

Delete Az ProﬁleJ

— —
Az Bl |[-90]-80]-70]sw]50 |-20]-30]-20[-10] 0 1020 |30 T~fs0 6o [70 [80 [90 ]
~ S
as0 Al lrelelrlerlerlr s INI7]7] =~
Z N\
41y |[6]e6[e[e6|6[cs]e]c]e[e]s[e[6[c]e[6]6][6 N5
V4 N

60 |[s[s]s[s]s]s]s5]s]s5]s]s]s]s5]s]s5]s[5]5]=

Import Data ‘ Export Data ‘

1441 ||4|4|4|4|4|4|4|4|4|4|4|4|4|4|4|4|4|4|4
-1-\IISISISISISISISISISISISISISISISISISISMI
120 NIBIBIBIBIBIEIBIBIEIBIBIEIBIBIEIM’BIEI
110 ||5I5‘|‘5~I\I5I5|5|5I5ISISISISIA—H'SISISISI v
v

|
|
|
|
[[150 |[s]s]6]e]e]e]s]e]es|6]e]e][c]s][c6]6][6]6 s
|
|
|
|

e
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Target Aircraft
properties

Target Aircraft Radar
Cross Section
frequency selection
menu

Target Aircraft aspeet
angle dependent
Radar Cross Section
table for selected
frequency
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SAMCG Demo-IOverall Description

w The target aircraft is flying straight and level on an azimuth heading of 80
degrees clockwise with respect to North, at an altitude of 1600 meters

w At t=0.5 seconds after simulation start, a commaydded surfaceo-air
missile is launched from an azimuth bearing of 170 degrees at a horizontal
range of 7000 meters

w The radar tracks the aircraft and issues steering commands to the missile
w The missile approaches and strikes the aircraft
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SAMCG Demo-ISelect Engagement Output

Chaff = dark blueRadar Track Point=Red

él D@I/@\ﬁﬁl Ba -~ él ,0@}9 ﬂ%l - él ﬁﬁﬂ rﬁ%l ga-

Time ottset: O Time oftset: 0
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Aircraft signature produces strong
return

Radar remains in track mode for
duration of engagement

Radar tracking aircraft in range,
azimuth, and elevation

Missile hits aircraft (see plots on
following pages)

10
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SAMCG Demo-ISelect Engagement Output

<) Morth-East View
File Edit Yiew Insert Tools Deskbop Window Help

NEedE K fRam| @ 08 =o w Plan view
_ Swwneiyon ! 0 Missile hits aircraft
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SAMCG Demo-ISelect Engagement Output

<)} Morth-East Yiew

File Edit “iew Insert Tools Desktop ‘Window Help Q) Zoom Plan VieW Of radar
NEeds hREAT® £ 08 = O tracking cell at
egagemant Fiy-ut intermediate moment in
I engagement as radar
tracks target aircraft

w Radar range track gate
width indicated

w Radar antenna 3dB
beamwidth indicated
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SAMCG Demo-ISelect Engagement Output

M2 TESS AIR RF H[=1[E3

File View Viewpoints Mavigation Rendering Simulation Recording Help

Missile1 - Rear view v | J » | ,@.lExamine Yoldd e BEleE > ow

-

-

W EF SIRD
ftissile1 - Rear View T=11.62 |Pos:[0.00 1.10 1.00] Dir:[0.00 0.00 -1.00] /J
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w Virtual Reality display
shows missile
approaching target
aircraft at end game

13
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SAMCG Demo-ISelect Engagement Output

EE Fffectiveness Measures @

w Missile to Target Platform
Mizzile 1 . . _
Probakility of Kill: 1000 % mISS dIStance _ 2 meters
Miz= Distance: 2 m (l) Pl’Obablhty Of Kl” - 100 %
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SAMCG Demo-Dverall Description

e

2

The target aircraft is flying straight and level on an azimuth heading of 80
degrees clockwise with respect to North, at an altitude of 1600 meters

At t=0.5 seconds after simulation start, a commajudded surfacdo-air
missile is launched from an azimuth bearing of 170 degrees at a horizontal
range of 7000 meters

The target aircraft launches a rapid sequence of four chaff clouds at t=1.1,
t=1.2, t=1.3, and t=1.4 seconds

The radar transfers track to the chaff centroid without break lock

The target aircraft executes a 5g lateral acceleration maneuver at t= 1.5
seconds and resumes straight and level flight at t=3 seconds

The radar tracks the chaff and issues steering commands to the missile
The missile approaches and strikes the chaff

3/19/2009 Tactical Technologies Inc 15
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SAMCG Demo-2Select Chaff Parameters

B8 Engagement Menu Ql_l@

Anp 240 SAM

Engagement D Detna_1 v Save Save As Example Cotmmand Guided Surface-To-Alr Missile engagement C h ff T t- M
TESS Model A A G Delete Reports a aC I CS e n u

Date|Time [1n5Ro08ziasePM  _ Rum | aCCeSS (See neXt page)

SAMCG_Demo_1

Simulation Settings Target Aircraft Settings
Simulation Mode = |Semi Compiled Aircraft ID F1E
I Enable Stochastic Effectiveness Measures - o
Initial Ci s
[T Batch Running Made .
Altitude = | 1600 m Target Aircraft Maneuvers
W Enable virtual Reality Engagement Plot Settings Intial Azimuth Heading = a0 deg
r Inttisl Elevation Heading = 0 degy
Quick Setup ID Target Aircraft Yelocity = 200 mis

Ground Conditions

Terrain Type = Flatland L

Clutter Correlation Time = 01 = [ Ensble Chatf

Cha Tacis

™ Enakle Decoys

humber of Threat Platforms = | 1 w
Threst 1 ID SAMCG -

Threat System Settings

[ Enshle Jammer

Jammer Program D A2-10-PO01

Mis=zile 1 | Missile 2

Launch Conditions

azimuth = [ 1718 deg
Range = ,ﬁ m
attwde = 5 m

Lead Angle = ,_U deqy

Super Elevation = ,_D deg
Launch Time = m s

W Enable Missie

At TTR Turn-On

TTR Mode = | Track + Kill Distance = 15 m
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SAMCG Demo-2Select Chaff 1 (of 4) Parameters

Chaff 1 selected

Chaff 1 Launch
enabled

Chaff Tactics ID | 1 w Save | Save As | Delets lose Chaﬁ 1 Lau nCh Tl me

i — " t=1.1 seconds
MNumber of Chaff Clouds = | 4 | .|

Chaff Mumber = 1

EE Chaff Tactics X

v Enakle Chaff

Launch Time = | 1.4
Recard: E 1 E][E af 4
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SAMCG Demo-Zl'arget Aircraft Maneuver 1 (of 2)

Maneuver 1 enabled

Time of maneuver
t=1.5 seconds

5 g counterclockwise
lateral acceleration

E= Target Aircraft Maneuvers

| Engagement ID Demo_2

Platfarm IO F-16

Mumker of Evasive Maneuvers

v Enable Maneuver

Time of Maneuver m =
Avial acceleration I_D g
Lateral acceleration l—-S q
Marmal acceleration I—D q

Record: [E] lil [I][E of 4
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SAMCG Demo-Select Engagement Output

Chaff = dark blueRadar Track Point=Red

éllplﬁﬁ ﬁ@l Bar.al LAR hERE EES

Time offzet. 0 Time offzet. 0 Time offset: 0
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Radar tracks Aircraft signature
until chaff launches att=1.1, 1.2,
1.3, and 1.4 secs

Chaff return dominates Power in
Radar Tracking Cell as chaff clouds
capture radar track

Aircraft return moves into radar
antenna sidelobes as aircraft
separates from chaff in azimuth

Radar remains in track mode for
duration of engagement

Radar tracking chaff centroid in
range, azimuth, and elevation

Missile hits chaff (see plots on
following pages)

19
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SAMCG Demo-Select Engagement Output

<) North-East View
File Edit Wiew Insert Tools Deskbop ‘Window Help

DEde K eaads ¢ 0E = O w 3D view
e &) Missile hits chaff
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SAMCG Demo-Select Engagement Output

<) North-East View
File Edit Wew Insert Tools Desktop Mindow  Help

DEES h[RRAN® E 0E =0 | W Zoom 3D view
@ Missile hits chaff

O Threa

S Aircraft evades

. -"'f-.-;issile

TTR1 - Track

-0 Radar Tracking Cell
visible
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SAMCG Demo-ZSelect Engagement Output

¥ TESS AIR RF

File View Yiewpoints Mavigation Rendering Simulation Recording Help

Missiel -Rear View v| ¢ ™ | B fexamne v <2 d d | @ [ e@| » =

IMissiIel - Rear View IPos:[lJ.IJD 1.10 1.00] Dir:[0.00 0,00 -1.00]
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w Virtual Reality display
shows missile
engaging chaff at end
game
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SAMCG Demo-ZSelect Engagement Output

w Missile to Target Platform

miss distance = 1924

Mizszile 1
Probahbility of Kill: 0o 9% mete rS
Mizs Distance: 1924 m (L) PrObabmty Of K|” - O %
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All Demos AAA fire

w The AAA Fire Control Solution is based on ballistic theories found in
off-the-shelf sources such & H. MMacfadzean; SurfaceBased
Air Defense System Analysi®©992ArtechHouse and in that
reference in particular, the solutions of the differential equations
(equation 4.9) on p§9. A request for a Fire Control Solution for a
new burst at any time triggers an iterative subroutine calculation
that is made using the instantaneous azimuth, elevation and range
track points of the tracking radar and generated calculations of track
rate based on those measurementghe algorithm also uses static
userentered Muzzle Velocity, Projectile Mass, Projectile Caliber and
Drag Coefficient parameterd.he Fire Control Solution returns a
pair of azimuth and elevation fire angles for the gun that are valid
for the first shell in that burstUsing calculated rate estimates, the
radar calculates a slew rate for the gun to be used during the
remaining portion of that burstA subsequent burst triggers a
request for a new Fire Control Solution.
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AAA Demo 1 Overall Description

w

3/19/2009

The target aircraft is flying straight and level on an azimuth heading
of 90 degrees clockwise with respect to North, at an altitude of
1600 meters

The radar and andircraft artillery (AAA) is located at a height of 15
meters, a horizontal distance of 2236 meters and an azimuth
bearing of 153 degrees from the initial aircraft azimuth position

Based on dynamic radar target tracking information and the-user
entered gun and shell parameters, the Fire Control System requests
a fire control solution for the target under track

At t=1.5 seconds after simulation start, the AAA gun commences
firing
As each AAA burst reaches closest point of approach of the target

aircraft, a cumulative probability of kill is calculatedeaching the
userspecified 85% by the third burst in this engagement
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AIR RF Master Interfac&AA Engagement Menu
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The AAA Engagement
menu of the AIR RF Master
Interface is shown

The Engagement ID of the
AIR RF Master Interface is
indicated

The sample engagements
AAA Demo 1, and AAA
Demo 2 are listed in the
Engagement ID menu
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