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Study Objectives (1)

« Compare capability of SADM model with the
Raytheon Ship Self Defense (SSD) model

— Find out what it can do that we currently can’t do but
would if we could

— Compare model inputs/outputs/fidelity

— Establish common scenarios for “apples to apples”
comparison

— Create test cases that we can directly compare with
the same test case run in the Raytheon Ship Self
Defense model, to build confidence that we get the
results we expect to get

— Model features
« ldentify missions which each model works best for, and why
« ldentify discriminating features of each model
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Study Objectives (2)

 Investigate capability of SADM model for usage Iin
Raytheon
— Get to know how to set it up, exercise it, understand
what it can and can'’t do for the types of analysis we
typically do
— Document what is immediately useful with the tool

— Document its naval weapons analysis issues

« ldentify what is required to build new models for use in
SADM

+ |dentify additional features that are required
— Build some scenarios with multiple firing platforms

and related weapons coordination to understand what
capabillity is there
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SSD Overview

Developed by Raytheon

First-order effectiveness model of
short range air defense against
multiple antiship missiles by a single
firing ship

Measures of Effectiveness

Probability of killing all incoming
ASMs

Number of Leakers
Kill statistics
Number of weapons expended

Monte Carlo events

Probability of kill at intercept
ASM launch times and azimuth
spacing

Sensor detection range

User created/modified ship
configuration files, threat scenario
files, and weapon/sensor database

i Ship Self Defense

Control Ship-Config Scenario-Def Database Printer

SHIP SELF DEFENSE MODELS
Version 5.4b ) il

JAN 2002 £



SSD Model Architecture

AZIMUTH
I MAX INTERCEPT ALT
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I ILLUMINATION TIME
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SAFE KILL RANGE
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A/C-LAUNCHED
ASM's

ASM
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SSD Video Clips
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Scenario Time: 41.0
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SADM Overview

Developed by BAE Systems

SADM is a software simulation tool
directed at the Maritime Self Defence
p rO b I e m (al r an d S u rface th re atS) ) BAE SYSTEMS SADMU Version 5.1.0.5 in directory "C:\PROGRA~1\BAESYS~1\SADML~1.5WI": Scenario Summary - standard

File Scenario Environmert 3 Cptions  Workshests GoTo Help -

Simulates the defence of a task group Ship AlrDefence Model

H H H Scenario Summary @
against other ships, aircraft, ASMs
! ’ ! SCEnato name standard Biue Red  White: 30
and backg round targ ets - Vet o .
No. of Morte Carlo Trials q Moot Arcraft o 0 o
. Scenario Date (yyyyimmide) (2010 | 08 | o1 Mo. ot ASMs o 1 o . 10
Includes littoral effects s AL T e S 3
Local Time Zone: SMTHD () Mo of BM objects 0 0 0 2
- - Daylight Savings Time? ] Dispiay refractiviy profies onmap? [ -10
Consists of detailed models of 5
Ship 14l Type [— o s o
— Platforms (ships, aircraft, land-based 0
. 1 1 Print Engagemert: File? ] Dsta Link Interface? m] a1
Weapo n Sltes etc) Calculate 30° Sec. E1F7 O Use Hard kil?
Runin resl time? (] Use Boft kil? (] -5?50 g )
f d [ Update Scenario Notes ] Environment Description EA (lam)
— Sensors (many types of radars, IRST, e e
E S Sea State 2 | SorAz/BPosion 1489 / MAE | Remomvakes?  O1  @F PEnmarcaksT @1 OF
Abs humity (gm3) 75 Vistaity (k) 2000 Wind velue B [1rue g S| [prnEsmensr @1 oF
Air { Surface Temp (°C) T80 || 180 | AtmosphericMadel [aooacer o 1 | wnind Speed (mis) To00 PPF inl cales? o1 @F
—_ Tr aC ke rs an d trac k m an ag e m e nt Reinfal Rate (mmir) a0 :;!"Slmﬁ L Se50 || 1000 | | ind Direction tdeg) 00 PPF in A5M calos? ®1 OF
Refractiviy Pratle standard . WS Ang Offset it A5H PFinweapneals? (7 @)F
Syste m S Longitue 150° 45 0" E Spesd SD (mis) o0 Select Propagation Madel
Sea Surface Refractivty S Ground type [y ———] PO LT [T Ship signal calcs P 3
_ C 0 m m an d an d CO nt rOI We a O n S g::;’;";m R = Terrain type ol and Fock 3 Aircratt signal calcs  [pRagTR 3
contro | systems Lone Cutter coeiicirt = Use map tar? 0
y (eBsminZ) [ Eclit Map Data | [ Edit Wind Profile ] UNCLASSIFIED

_ Weapons (hard ki” and Soft ki”) General || Taskmowe || Ship [ Landste || Cbserver | micat [ ms || Backsound || Balisic || FRun

— Anti-ship missiles (seekers, body and
electronic environment)

— Environment (atmosphere, terrain,
propagation)
— Interactions between subsystems



Raytheon

Customer Success Is Our Mission

SADM Model Architecture

EO Sensor 2 Visual ID
N ; Aircraft Body Model
‘ Search Radar N Radar Data Link
4 \

Visual ID
Model

« Composed of interacting objects

— Environment, propagation, and
signature models R O ! \

.kaers/ B \ ESM
— Sensors Data Fusion '. o \ . 7‘/ f/ \\\ \ ‘Managlemem
— Trackers, track management, ; o \ @
’ AWV S8

S|I9POINI S pueq pue diys

data fusion, and hostility

classification models A@ !,?‘ = |
— C2/WCS system(s) Jﬂ X"!t' :%\mu

i
— Hard-Kill Weapons "m‘

13POINI 3|ISSIAI PSINID
19pown ||12powns 1981e)

193ae] onsijjeg|| punoadijoeg

A
/™ \ ,
Data Link \' » ’ Ballistic
— Soft-Kill Weapons @J:‘:‘, “SM"'"“‘?:J Mislesody
 This architecture is o‘ ) ! A
g

— Useful to the user (add-ins) @ o
— Useful for code maintenance

SADM is designed as a series of interacting objects, with well-defined boundaries and interactions between them. This structure provides for
easy maintenance and upgrades. It is implemented in structured Fortran 95 for increased execution speed.

© BAE Systems Australia Limited
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SADM Video Clip
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valuation Process

Run Identify

Identify Develop Scenarios Differences

Evaluate Unique

Core Baseline ) Features/
in each and

Capabilities Scenarios Interoperabilit
pabilit ' Model Evaluate P iy

Missile  Scenario Start Firing
Type Description ASM Type Ranges Doctrines # Runs
_ land 2 Subsonic; 8 nmi;. Update

Active ASMs; P,=1 300 m/sec 20 nmi SLS, SSLSS 8
inbound  Supersonic; 12 nmi; SLS, SLSS, MOdeI(s)

Active  ASMs; P,=1 800 m/sec 20 nmi  SSLSS 12
inbound  Subsonic; 8 nmi; SLS, SLSS,

Active  ASMs; P,=0 300 m/sec 20 nmi  SSLSS 12
inbound  Supersonic; 12 nmi; SLS, SLSS,

Active  ASMs; P,=0 800 m/sec 20 nmi  SSLSS 12
inbound  Subsonic; 8 nmi;

HAW ASMs; P,.=1 300 m/sec 20 nmi SLS, SSLSS 8
inbound  Supersonic; 12 nmi;

HAW  ASMs; P,=1 800 m/sec 20 nmi SLS, SSLSS 8
inbound  Subsonic; 8 nmi;

HAW  ASMs; P,.=1 300 m/sec 20 nmi SLS, SSLSS 8
inbound  Supersonic; 12 nmi;

HAW  ASMs; P,=1 800 m/sec 20 nmi SLS, SSLSS 8
inbound  Subsonic; 8 nmi;

SATH ASMs; P,=1 300 m/sec 20 nmi SLS, SSLSS 8
inbound  Supersonic; 12 nmi;

SATH ASMs; P,=1 800 m/sec 20 nmi SLS, SSLSS 8
inbound  Subsonic; 8 nmi;

SATH ASMs; P,=1 300 m/sec 20 nmi SLS, SSLSS 8
inbound  Supersonic; 12 nmi;

SATH ASMs; P=1 800 m/sec 20 nmi SLS, SSLSS 8

12
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Subsonic Threat Performance

Results showed excellent
agreement for subsonic
threats with active
missiles.

Generally, times for
intercept are within 2
seconds and intercept
ranges are within 0.2
nautical mile.

Some of the initial
detection ranges were a
little further out for SSD,
but that difference can be
attributed to the fact that
SSD assumes “perfect”
radar detection and SADM
models actual radar
performance.

Active Missiles

Blue Ship | Threats | Notes | |
Ship Ship SADM Data SSD Data
Test | Search Firin,
.g ASMs Initial Detect Launch Intercept Initial Detect Launch Intercept
# Radar |Doctrine
R(nm)| T(s) |R(nm)| T(s) |[R(nm)| H/M? | T(s) |R(nm)| T(s) |R(nm)| T(s) |R(nm)| H/M? | T(s)
Phased
1 - SLS 1SBS @ 20 nm SetPK=1 14.8 | 31.0 | 128 | 43.0 | 7.8 HIT 73.0 | 163 | 22.3 | 13.0 | 41.7 8.0 HIT 71.7
Phased
2 Array SLS 1SBS@ 8nm SetPK=1 7.9 1.0 6.3 11.0 | 4.0 HIT 24.5 8.0 0.1 6.3 10.1 4.2 HIT 22.7
Phased SetPk=1.
3 SSLSS 1SBS @ 20nm 14.8 | 31.0 | 12.8 | 43.0 | 7.8 HIT 73.0 | 163 | 223 | 13.0 | 417 8.0 HIT 71.7
Array SAM1
SAM2 12.4 | 45.0 Overkill 43.7 Overkill
Phased SetPk=1.
4 SSLSS 1SBS@ 8nm 7.9 1.0 6.3 11.0 | 4.0 HIT 24.5 8.0 0.1 6.3 10.1 4.2 HIT 22.7
Array SAM1
SAM2 5.9 13.0 Overkill 12.1 Overkill
s | Phased | g |2SBS@20nm; ) SetPk=l |\ 30 | o5 | 435 | 7.8 | HIT | 733 | 163 | 223 | 130 | 417 | 0 | T | 707
Array 1second apart | ASM1/SAM2 i i i i i i i i i i i i
ASM2/SAM1| 15.0 | 30.0 | 12.6 | 455 | 7.7 HIT 74.8 | 16.3 | 23.3 | 12.8 | 43.7 229 HIT 73.2
6 Phased SLS 25BS @ 8nm; SetPk=1 7.9 1.0 6.3 11.0 4.0 HIT 24.5 8.0 0.1 6.3 10.1 4.2 HIT 22.7
Array 1second apart [ASM1/SAM1|[ ) i i i i i i i i i ’
ASM2/SAM1| 8.1 1.0 6.1 13.0 | 3.9 HIT 26.2 8.0 1 6.1 12.1 4.1 HIT 24.3
7 s SSLSS 2SB@ 20 || Seibs= 14.8 | 31.0 13.0 | 425 7.8 HIT 73.0 16.3 | 223 13.0 | 41.7 8.0 HIT 71.7
Array 1second apart | ASM1/SAM1
ASM1/SAM2 12.6 | 445 Overkill 43.7 Overkill [ 73.7
ASM2/SAM1| 15.0 | 31.0 | 12.4 | 465 | 7.6 HIT 753 | 16.3 | 23.3 | 12.5 | 45.7 7.7 HIT 74.3
ASM2/SAM2 12.0 | 485 Overkill 47.7 Overkill
g | Phased | oqog | 2SBS@Bnm; | SetPk=1. | o\ o | go | 110 | a0 | miT | 265 | 80 | 01| 63 | 101 | a2 | wT | 227
Array 1second apart |ASM1/SAM1
ASM1/SAM2 5.9 13.0 Overkill 12.1 Overkill| 24.6
ASM2/SAM1| 8.1 1.0 5.7 15.0 | 3.7 HIT 27.6 8.0 1 5.8 14.1 3.8 HIT 25.8
ASM2/SAM2 54 | 17.0 Overkill 16.1 Overkill

13
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Supersonic Threat Performance

Active Missiles

Blue Ship | Threats | Notes | | | | | | | \
Ship Ship SADM Data SSD Data
Test | Search Firin L. -
.g ASMs Initial Detect| Launch Intercept Initial Detect| Launch Intercept
# Radar |Doctrine
R(nm) | T(s) [R(nm)| T(s) [R(nm)[ H/M? | T(s) |R(nm)| T(s) |R(nm)| T(s) |R(nm)| H/M? | T(s)
o | Phased 1 o | 1sss@aonm | SEPK= 1 o | 20 | 140 [ 140 | 57 | wir | 330 | 190 | 21 | 147 | 121 ] 61 | T | 320
Array SAM1
Phased
10 Array SLS 1SSS @ 12 nm SetPK=1 114 1.0 7.1 11.0 | 2.7 HIT 21.3 | 11.9 0.1 7.6 10.1 3.1 HIT 20.4
Phased Set Pk =1.
11 SLSS 1SSS @ 20nm 19.1 2.0 14.4 | 13.0 5.8 HIT 33.0 | 19.1 2.1 14.7 12.1 6.1 HIT 32.0
Array SAM1
SAM2 14.1 Overkill
Phased Set Pk =1.
12 SLSS 1SSS @ 12nm 11.4 1.0 7.1 11.0 2.7 HIT 213 11.9 0.1 7.6 10.1 3.1 HIT 20.4
Array SAM1
SAM2 12.1 Overkill
Phased Set Pk =1.
13 SSLSS 1SSS @ 20nm 18.7 3.0 14.4 | 13.0 5.8 HIT 33.0 | 19.1 2.1 14.7 12.1 6.1 HIT 32.0
Array SAM1
SAM2 13.5 | 15.0 Overkill 14.1 Overkill
Phased Set Pk=1.
14 ase ssiss | 1sss@12nm | ¢ 1104 | 10 | 71 |10 | 27 | AT | 213 | 129 | 01 | 76 | 101 | 31 | HT | 204
Array SAM1
SAM2 6.3 13.0 Overkill 12.1 Overkill

» Results showed excellent agreement for supersonic threats
« Generally, times for intercept are within 2 seconds and

Intercept ranges are within 0.5 nautical miles.

14



Subsonic Threat Performance
Active Missiles, Pk=0

In this case, the probability of kill
(P,) was set to O to compare
engagement ranges and
timelines, with a special focus on
quantifying the “depth of fire” and
reengagement timelines in both
models

Initial results found significant
differences in each model’s
reengagement timelines; with
additional analysis of the
parameters used to model
engagement timelines in both
models, we were able to
reconfigure each model to
produce similar results.

Generally, times for intercept are
within 2 seconds and intercept
ranges are within 0.2 nautical
mile.
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Blue Ship | Threats | Notes
Ship Ship SADM Data SSD Data
Test [ Search Firin . .
.g ASMs Initial Detect Launch Intercept Initial Detect Launch Intercept
# Radar |Doctrine
R(nm)| T(s) |R(nm)| T(s) [R(nm)[ H/M? | T(s) |R(nm)| T(s) [R(nm)| T(s) |R(nm)| H/M? [ T(s)
Phased Set Pk =0.
2n ase sis | 15Bs@20nm | ¢ 150 | 300 | 134 [ 415 | 7.9 [miss | 723 | 163 | 223 | 130 | 417 | 80 | miss | 707
Array SAM1
SAM2 6.7 80.0 | 43 | MISS | 94.3 6.6 79.8 4.4 MISS | 93.1
SAM3 3.0 [102.0| 1.7 | MISS | 110.1 31 (1012 1.9 | MISS | 108.4
Phased Set Pk =0.
22 SLS 1SBS @ 8nm 79 1.0 6.3 11.0 | 4.0 | MISS | 245 8.0 0.1 6.3 10.1 4.2 MISS | 22.7
Array SAM1
SAM2 2.8 32.0 [ 1.5 [ MISS | 39.8 2.8 30.7 1.7 | MISS | 37.6
Phased Set Pk =0.
23 SLSS 1SBS @ 20nm 16.2 | 23.0 | 13.0 | 420 7.9 | MISS | 726 | 16.3 | 223 13.0 | 41.7 8.0 MISS | 71.7
Array SAM1
SAM2 6.7 | 80.0 | 43 | MISS | 94.3 6.3 81.8 4.2 | MISS | 94.4
SAM3 6.3 82.0 | 4.1 | MISS | 95.7 2.5 1045| 1.4 MISS | 110.9
SAM4 2.8 [103.0| 1.5 | MISS | 110.9 106.5| 1.2 MISS | 112.4
SAMS5 2.5 [105.0) 1.3 | MISS | 112.4
Phased Set Pk =0.
24 SLSS 1SBS @ 8nm 79 1.0 6.3 11.0 | 4.0 | MISS | 245 8.0 0.1 6.3 10.1 4.2 MISS | 22.7
Array SAM1
SAM2 2.8 32.0 [ 1.5 [ MISS | 39.8 2.5 32.7 1.4 [ MISS | 39.1
SAM3 2.4 34.0 1.2 | MISS | 41.3 34.7 1.2 MISS | 40.6
Phased Set Pk =0.
25 ase SSLSS 1SBS @ 20nm € 16.2 | 23.0 | 128 | 43.0 | 7.8 | MISS | 73.0 | 16.3 | 22.3 | 13.0 | 417 8.0 | MISS | 71.7
Array SAM1
SAM2 12.5 | 45.0 7.7 | MISS | 74.1 43.7 7.8 MISS | 72.8
SAM3 6.3 | 80 | 41 | MISS | 95.7 6.5 80.9 4.3 | MISS | 93.8
SAM4 6.0 | 8.0 | 3.8 | MISS | 97.1 82.9 4.1 | MISS | 95.2
SAMS 2.5 [105.0) 1.3 | MISS | 112.4 2.7 103.3| 1.6 MISS | 110.0
SAM6 2.2 |107.0) 1.0 | MISS | 113.8 1053 | 1.3 | MISS | 111.5
Phased Set Pk =0.
26 SSLSS 1SBS @ 8nm 7.9 1.0 6.3 11.0 | 4.0 | MISS | 245 8.0 0.1 6.3 10.1 4.2 | MISS | 22.7
Array SAM1
SAM2 5.9 13.0 3.8 | MISS | 25.9 12.1 4.0 MISS | 24.0
SAM3 2.6 33.0 [ 1.4 | MISS | 40.5 2.6 32 1.5 [ MISS | 38.6
SAM4 2.3 35.0 1.1 [ MISS | 42.0 34 13 MISS | 40.1

15
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Supersonic Threat Performance
Active Missiles, Pk=0

Both models were able to
Blue Ship | Threats | Notes | | | | | | | | | | | |

generate results with good ship__ship SADM Data 5 Data

ag ree m e nt afte r SO m e Test | Search Firing ASMs Initial Detect| Launch Intercept Initial Detect| Launch Intercept

# Radar |Doctrine

reCOangurathn Of thelr R(nm)| T(s) |R(nm)| T(s) |[R(nm)| H/M? | T(s) |R(nm)| T(s) |R(nm)| T(s) |R(nm)| H/M? | T(s)

reengagement parameters- Phased 2SSS @ 20nm; | SetPk=0.

39 SLS ! 18.7 3.0 144 | 13.0 | 58 [ MISS | 329 | 19.1 2.1 14.7 | 121 6.1 HIT | 32.0
Array 1second apart | ASM1/SAM1

Generally, times for intercept e

ASM2/SAM1| 19.6 2.0 13.9 | 150 | 57 [ MISS | 34.2 | 19.1 3.1 14.3 | 14.1 6.0 HIT | 333

were within 2 seconds and e T T

40 sts ; 115 | 10 | 63 | 130 | 23 |mss | 224 | 119 | 01 | 7.6 | 101 | 3.1 | miss | 204
. . . Array 1second apart ASM1
Interce pt ranges W|th 1q 05 ASM2 | 110 | 11 | 7.6 | 10.0 | 20 | Miss | 219 | 120 | 1 | 72 | 121 | 2.9 | miss | 219
. . g | Phased | goq [ 25SS@20mm; | SetPk=0. | .| 30 | 00 g30 | 58 | miss | 320 | 190 | 21 | 147 [ 121 | 61 | miss | 320
n autl Cal m I Ie . Array 1second apart |ASM1/SAM1 i ’ i i i i i i i i i i
ASMI/SAM2 2.8 | 400 | 0.4 | Miss | 455 141 | 59 | miss | 326

ASM2/SAM1| 19.1 3.0 | 139 | 15.0 [ 57 | MISS | 34.2 | 19.1 31 | 134 | 161 5.7 | MISS | 34.0

The blggest flﬂdlng in this set of ASM2/SAM2 18.1 | 54 | Mmiss | 347

d ata was th at SAD M h ad a e P:ra:yd sLss izio@n:z:::t Assi;f/ks;r?/ﬁ 1125 | 10 | 63 | 130 | 23 [ miss | 224 [ 129 | 01 | 76 | 101 | 3.1 | miss | 204
ASMI/SAM3 121 | 2.7 | Miss | 214
; H ; ASM2/SAML| 110 | 1.1 | 7.6 | 11.0 | 2.0 | Miss | 21.8 | 120 | 1 | 63 | 141 | 2.5 | Miss | 22.9
different SLSS firing policy than T

/SAM2 161 | 2.0 | Miss | 23.8

Phased 2SSS @ 20nm; | SetPk=0.
SS D . SAD M wou Id S h Oot one B | S5 | L eccond apan |asvyysaw | 7 | 30 | 227 | 170 | s2 | miss | 343 | 191 | 21 147 | 21| 61 | mss | 320
] ASMI/SAM2 11.8 | 190 | 4.8 | MIss | 352 141 | 59 | Miss | 326
Shot the f| rst engagement’ and 2 ASM2/SAM1 | 19.1 | 3.0 | 148 [ 13.0 | 6.0 | MISS [ 335 | 19.1 | 3.1 [ 134 | 161 | 57 | mISs | 34.0
ASM2/SAM2 13.9 | 150 | 5.7 | Miss | 34.2 181 | 54 | Miss | 347

h f b Phased 25SS @ 12nm; | SetPk=0.
S OtS or su Seq ue nt 4 | ]SS5 | L oocond apart | Asw/sann| 15 | 10 | 54 | 150 | 18 |miss| 234 | 110 | 01 | 76 | 101 | 31 | wss | 204
ASMI/SAM2 46 | 17.0 | 1.3 | miss | 245 121 | 2.7 | Miss | 214
engagements . The SS D mOdel ASM2/SAML| 110 | 1.1 | 7.6 | 11.0 | 2.0 | Miss | 219 | 12.0 | 1 | 63 | 141 | 2.5 | Miss | 22.9
ASM2/SAM2 6.7 | 13.0 | 2.5 | miss | 22.8 161 | 2.1 | Miss | 23.8

employed an adaptive algorithm
which would shoot 2 shots on
the first round if it was the only
engagement opportunity. 16
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Threat Performance “ "
“Home All the Way” Missiles, SLS Firing Doctrine

Blue Ship | Threats | Notes | | | | | | | | | | | | ‘
Ship Ship SADM Data SSD Data
Test | Search Firin . .
.g ASMs Initial Detect| Launch Intercept Initial Detect| Launch Intercept
# Radar |Doctrine

R(nm) | T(s) [R(nm)| T(s) |[R(nm)[ H/M? | T(s) |R(nm)| T(s) |R(nm)| T(s) |R(nm)| H/M? | T(s)

45 | Default_Radar SLS 1SBS @ 20 nm 12.5 | 44.8 9.5 63.1 | 6.1 HIT | 83.4 [ 12.5 | 44.8 | 10.8 | 54.9 6.8 HIT | 78.6

46 | Default_Radar SLS 1SBS @ 8 nm 7.9 1.5 6.1 12.0 | 3.9 HIT | 25.2 8.0 0.1 6.3 10.1 4.2 HIT | 22.7
2SBS @ 20 nm;

47 | Default_Radar SLS ASM1/SAM1 | 12.3 | 47.2 4.6 93.8 | 2.8 HIT [ 104.4( 12.5 | 44.8 | 10.8 | 54.9 6.8 HIT | 78.6
1second apart

Default_Radar ASM2/SAM1 | 12.0 | 45.7 9.8 58.9 | 6.3 HIT | 80.1 [ 12.5 | 45.8 5.0 90.6 3.2 HIT | 101.1
2SBS @ 8nm;

48 | Default_Radar SLS ASM1/SAM1| 7.9 1.0 6.1 12.0 | 3.9 HIT 25.2 8.0 0.1 6.3 10.1 4.2 HIT 22.7
1second apart

Default_Radar ASM2/SAM1| 8.1 1.0 1.9 38.0 | 0.9 HIT | 44.5 8.0 1 2.3 34.7 13 HIT | 40.9

49 |Default_Radar SLS 1SSS @ 20nm 16.1 8.9 10.8 | 214 | 4.4 HIT 36.2 | 16.0 9.2 11.7 | 19.2 5.1 HIT 34.5

50 |Default_Radar SLS 1SSS@ 12nm 11.8 0.2 7.1 11.1 2.7 HIT 214 | 11.9 0.1 7.6 10.1 3.1 HIT 20.4
2SSS @ 20 nm;

51 |[Default_Radar SLS ASM1/SAM1 | 16.0 9.2 11.4 | 20.0 | 4.7 HIT 35.6 | 16.0 9.2 11.7 | 19.2 5.1 HIT 34.5
1second apart

ASM2/SAM1 | 15.1 [ 12.2 No launch - HIT SHIP 16.0 | 10.2 No launch - HIT SHIP

2555 @ 12 nm;

52 | Default_Radar SLS @12nm ASM1/SAM1 | 11.6 0.8 6.4 128 | 2.3 HIT | 22.2 | 11.9 0.1 7.6 10.1 3.1 HIT | 20.4
1second apart

ASM2/SAM1 | 11.3 2.3 No launch - HIT SHIP 12.0 1 No launch - HIT SHIP

Results for subsonic and supersonic cruise missiles engaging the ship, ship employs
“Home All the Way” (HAW) missiles using a Shoot-Look-Shoot (SLS) firing doctrine.

Both models were able to generate results with quite good agreement. Generally,
times for intercept are within 2 seconds and intercept ranges are within 0.2 nautical
miles for subsonic threats and 0.5 nautical mile for supersonic threats.

Similarly, we had good agreement while employing a SSLSS firing doctrine as well.
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Threat Performance

Semi-Active Terminal Homing Missiles, SSLSS Firing
Doctrine

Results for cruise missiles
engaging the ship, ship
employs missiles with semi-
active terminal homing (SATH)
capability using a Shoot-Shoot-
Look-Shoot-Shoot (SSLSS)
firing doctrine.

Both models were able to
generate results with quite
good agreement. Generally,
times for intercept are within 2
seconds and intercept ranges
are within 0.2 nautical miles for
subsonic threats and 0.5
nautical mile for supersonic
threats.

Similarly, the SATH results for
cruise missile threats
employing a SLS firing doctrine
also showed good agreement.

Raytheon

Customer Success Is Our Mission

Blue Ship | Threats | Notes | | | | | | | |
Ship Ship SADM Data SSD Data
Test | Search Firin,
.g ASMs Initial Detect Launch Intercept Initial Detect Launch Intercept
# Radar |Doctrine
R(nm)| T(s) |R(nm)| T(s) |[R(nm)| H/M? | T(s) |R(nm)| T(s) |R(nm)| T(s) |R(nm)| H/M? | T(s)
69 |Default Radar [ SSLSS | 1SBS @ 20nm [ASM1/SAM1| 12.4 | 45.7 | 10.5 | 57.0 | 6.6 | HIT | 803 | 125 | 44.8 | 108 [ 549 | 6.8 | HIT | 786
Default_Radar ASM1/SAM2 10.2 | 59.0 Overkill 56.9 Overkill
70 |Default Radar [ SSLSS | 1SBS@8nm [ASM1/SAM1| 80 | 04 | 63 | 11.0 | 40 [ HIT | 245 | 80 | 01 | 63 [ 101 | 42 | HIT | 22.7
Default_Radar ASM1/SAM2 5.9 13.0 Overkill 12.1 Overkill
2SBS @ 20 nm;
71 |Default Radar | SSLSS ASM1/SAM1| 12.2 | 46.6 9.3 64.0 | 6.0 HIT | 84.2 | 12.5 | 448 | 10.8 | 54.9 6.8 HIT 78.6
1second apart
ASM1/SAM2 9.0 66.0 Overkill 56.9 Overkill| 80.5
ASM2/SAM1| 12.6 | 45.1 4.3 95.0 | 2.7 HIT | 105.2 | 12.5 | 45.8 6.5 81.7 4.3 HIT | 94.7
ASM2/SAM2 4.0 | 97.0 Overkill 83.7 Overkill
2SBS @ 8nm;
72 |Default Radar [ SSLSS ASM1/SAM1| 7.9 | 13 | 61 | 120 | 3.9 | HIT | 252 | 80 | 01 | 63 [ 101 | 42 | HIT | 227
1second apart
ASM1/SAM2 58 | 14.0 Overkill 12.1 Overkill| 24.6
ASM2/SAM1| 8.0 1.3 2.2 36.5 1.0 HIT | 433 8.0 1 2.9 31.1 1.8 HIT 38.2
ASM2/SAM2 1.9 | 385 Overkill 33.1 Overkill
73 | Default Radar | SSLSS 1SSS @ 20nm |ASM1/SAM1| 15.9 9.5 11.4 | 20.0 | 4.7 HIT 35.6 | 16.0 9.2 11.7 | 19.2 5.1 HIT 34.5
ASM1/SAM2 10.5 | 22.0 Overkill 21.2 Overkill
74 | Default Radar |  SSLSS 1SSS @ 12nm [ASM1/SAM1| 11.4 1.1 6.7 12.0 | 2.5 HIT 21.8 [ 11.9 0.1 7.6 10.1 3.1 HIT 20.4
ASM1/SAM2 59 | 14.0 Overkill 12.1 Overkill
2SSS @ 20 nm;
75 |Default_Radar | SSLSS @ ASM1/SAM1| 156 | 10.3 No launch - HIT SHIP 16.0 9.2 11.7 | 19.2 5.1 HIT 34.5
1second apart
ASM1/SAM2 21.2 Overkil | 36.4
Asm2/samM1| 16.0 [ 103 [ 105 [ 230 [ 43 | [ 375 [ 160 [ 102 No launch - HIT SHIP
ASM2/SAM2 96 | 250 | Joverkin]
2 12 ;
76 |Default_Radar | SSLSS $$S @12nm; ASM1/SAM1| 11.3 1.4 No launch - HIT SHIP 11.9 0.1 7.6 10.1 3.1 HIT 20.4
1second apart
ASM1/SAM2 12.1 Overkil | 22.3
AsM2/sAML| 11.7 | 1.4 [ 70 [120 [ 27 [ HIT [ 224 [ 120 [ 1 No launch - HIT SHIP
ASM2/SAM2 63 [ 140 [ Joveril]
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SSD/SADM Comparison

Ease of use

Execution Speed

Modeling
approach

Sensor models

Weapon models

Target audience

SSD

Easy to set up and use — low learning curve.
Easy to set up exact conditions (detect, launch,
intercept, etc.) you wish to study.

Runs fast and provides many Monte Carlo runs
to analyze in minutes.

Uses look up tables to characterize most
performance. Validity depends on source of
data; excellent if from high fidelity sims.

Sensor models are very basic, providing low
fidelity. Analyst will use sensor as “black box”
using SSD.

Models exist for a large variety of weapons,
and model can be readily adapted for new
weapon models using look up tables.

Provides results tuned to missile analyst’s
needs.

SADM

Significant learning curve for new users. Large
set of default values available, but analyst must
validate them for his study. Requires many
more inputs to run a scenario

Runs fairly quickly, though it can take hours to
complete large numbers of Monte Carlo runs.

Uses physics based models more than look up
tables (models sensor detections / flies missile
at physics level).

Sensor models are medium fidelity, allowing an
analyst to configure a realistic sensor model for
their study with a sensor as key component.

Medium fidelity physics based models. No
capability to model dual mode missiles like
RAM or future ESSM Block 2 today, though in
development.

Provide results tuned to ship system designer’s
needs with enhanced trade-offs for sensors,
weapons, and threats available. Utilized in
Navy for hard kill / soft kill interaction analysis.

Fidelity Differences between Models Drive Data Requirements and Learning Curve
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Pre-Systems Acquisition Systems Acquisition

Sustainment

DoD 5000 Lifecycle Phase

Goals

SSD Data Produced

SADM Data Produced

Material Solution Analysis

Assess potential materiel solutions, Develop ICD, Conduct AoA

Ship Self Defense combat survivability data
for projected ship systems and threats.

Ship Self Defense combat survivability data
for projected ship systems and threats.

Technology Development

Reduce technology risk, determine and mature the appropriate set of
technologies to be integrated into a full system, demonstrate on prototypes.

Ship Self Defense combat survivability data
for projected ship systems and threats. This
will include updated sensor and weapon
performance data from this phase.

Ship Self Defense combat survivability data
for projected ship systems and threats. This
will include updated sensor, C2, and weapon
models  using updated design and
performance data during this phase.

Engineering and
Manufacturing Development

Develop a system or an increment of capability; complete full system integration
(technology risk reduction occurs during Technology Development); develop
manufacturing process; ensure operational systems integration (HSI); design for
producibility; ensure affordability; minimizing the logistics footprint; and
demonstrate system integration, interoperability, safety, and utility.

Ship Self Defense combat survivability data
for developed ship systems and projected
threats. This will include updated sensor and
weapon performance data from this phase.

Ship Self Defense combat survivability data
for developed ship systems and projected
threats. This will include updated sensor, C2,
and weapon models using updated design
and performance data during this phase.

Production and Deployment

Achieve an operational capability that satisfies mission needs. Operational test
and evaluation shall determine the effectiveness and suitability of the system.

Ship Self Defense combat survivability data
for existing ship systems and projected
threats.

Ship Self Defense combat survivability data
for existing ship systems and projected
threats. This will include updated sensor, C2,
and weapon models using updated design
and performance data during this phase.

Operations and Support

Execute a support program that meets materiel readiness and operational
support performance requirements, and sustains the system in the most cost-
effective manner over its total life cycle.

Ship Self Defense combat survivability data
for existing ship systems and projected
threats.

Ship Self Defense combat survivability data
for existing ship systems and projected
threats. This will include updated sensor, C2,
and weapon models using updated design
and performance data during this phase.

« This illustrates how SSD and SADM might be utilized over the acquisition life cycle
«  SSD will utilize updated performance data as the weapon system design matures
«  SADM will incorporate updated models for the sensors, C2, and weapons

« The higher fidelity of the SADM model is expected to increase its utility later in the lifecycle, while
SSD shines in the early stages of the lifecycle

* We plan to update this initial assessment after we completed our next phase of the study.
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Summary/Conclusions

« This study identified a strong correlation between fidelity, data
requirements, and learning curve for the models evaluated

« Our initial results indicate that both SSD and SADM, while similar
models in many ways, provide unique capabilities

— SSD provides an important “quick look” capability that is important early
in the lifecycle

— SADM provides a more “in depth” look at relationships between system
components that will increase in importance as the lifecycle advances

 We are currently looking at a mixed use strategy where both SSD
and SADM will be used at different points in the system lifecycle to
support weapon system analysis
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