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(U) This  report  was prepared by the Voug ht S y s t e m s  I)ivis ion .
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under U . S. A r m y  Electronics Command Contract  DAA BO9 -72-C-0062 .

The work  was initiated under the direct ion of Captain R. A. Dowd , USN
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Forecast Divis ion , Directora te  of Estimates , Defense Intelli gence

Agency  ( DIA-DE-1) .
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ABSTRACT

(U) The SEATIDE Anal ysis Process is a semi-automated

procedure for  the generat ion of t ime-phased , hi g h value c ru i se  m i s s il e

weapon systems concepts , together  wi th  the suppor t ing technology and

intel l i gence ind icators which would ref lect  that these technolog ical goals

are being achieved. The SEATIDE process can also be used to evaluate

the effectiveness of fixed fo rce  levels , exist ing forces in SAL environ-

m ents , or Naval defenses.

(U) The Defense Intelligence Agency,  throug h its Direc tora te

of Est imates , and The Advanced Research Projects Agency ( AR P A )  have

sponsored the development of this computer  based anal ysis at the weapon
• system and Naval force s t ruc tu re  level . A previous process , RIPTIDE,

was developed for  DIA for  use in analysis of strateg ic miss i le  systems.

(U) Generic to the SEATI]D E Anal ys is Process are three

major  computer  models:  The Naval Engagement Model (NEM) ,  C r u i s e

Missi le  Concept Generat ion and Screening Model (CM-CGSM) and Relat ive

Wor th  Model (RWM).  The NEM evaluates force  e f fec t iveness , tact ics , and

task force  confi gurat ions ; the CM-CGSM enables de f in i t ion  and select ion

of candidate , advanced cruise  miss i le  system concepts ;  and the RWM per-

mits  assessment  of wor th  in accordance w ith a var ie ty  of objective and

subject ive  c r i t e r i a.  Each of these models has been checked out b y DIA .
(U )  In addit ion to exercis ing the computer  models , the re  are

severa l  o ther  anal yt ical  and eng ineering tasks to be performed , e. g. , the
• i den t i f i ca t ion  of areas of cur ren t  interest  and the assoc iated c r i t e r i a  and

potent ia l  concepts , the creation of a fore i gn technology data bank in a

~ f o r m a t  needed by the computer  models , the eng ineering of concepts  to
the  requ i red  deta i l , and the use of a ver i f ica t ion  anal ys is loop.
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APPENDIX A

DATA STRUCTURE - ENGAGEMENT

1.0 INTRODUCTIONI

The purpose of this appendix is to present  the Engagement
Structure of the Naval Engagement Model (NEM). Description of the
present engagement is given, as well as instructions on how to vary

• and/ o r  develop new engagements to be studied. In keeping with the
purpose of the NEM and its role in the SEATIDE Anal ysis  Process (to
aid in long range forecast  of cruise missile sys tems) ,  the NEM was
developed with a specific scenario in mind. Since the engagement
structure (presented here) and the naval systems (in Appendix B) a re
subject to change by User input , it is anticipated that  a grea t  var ie ty  of
naval situations can be studied. Format details and ins t ruc t ions  for
making inputs to the computer are g iven in Volume HA - Users  Manual.
A point to be noted is that both the engagement s t r u c t u r e  and the sys tems
catalog can be placed permanently on magnet ic  d i sk , and that many
variations in engagements and systems can be studied wi th  re la t ive ly
few card inputs.

2 . 0  BASIC SC ENARIO

A BLU Task Force is in t r a n s i t  in the  open sea. It cons is t s
of three Task Groups , two of which contain a i r c ra f t  c a r r i e r s  and escor ts ,
and the third group contains a guided missile cruiser  (with SAMs) and
escorts. The Task Force has been under observation for several  days ,

• and RED plans a coordinated at tack at T 0 hours.  RED will a t tack
with surface ships , submarines, and land based a i r c r a f t , all armed with
cruise missiles. BLU will defend with carr ier  based a i rc ra f t , sur face-
to-air missiles, and guns. Both sides will employ submarines armed
with torpedoes , and BLU will conduct ASW operations. Both sides have
noisc jamming capability against  search and t rack  radars .  No othe r
countermeasures have been modeled at thi s time. - -

3.0 LQRCE COMPOSITION AND UNIT DEPLOYMENT
Both sides move along pre-p lanned routes until engagement

intei actions produce a change. Pre-planned routes a re  User  input.
Routc~ are input for each group, and the Units in each group are givenfo c rn~ tion relative to the group center . The User  should develop these
I—y beg inning with the ~‘planned~’ positions he des i res  at time of coordinated
attack , T = 0. This also determines the groups and units he desires.

3. 1 peployment at T 0

The BLU and RED Task Groups and their planned positions at the
tir ’- i~ of coordinated attack , T = 0, are shown in Figure 1. For modeling
~c~ ”enience, a group may contain many unit s , or as few as one unit .

First , an a r b i t r a r y  rectangular  coordinate  system is chosen.
1 n Figure 1 the BLU Task Force center is placed at X 1000 NM ,
Y = 400 NM , moving west at 20 knots.  The f i f teen  BLU groups in this

• example are placed within a 150 NM circle.

A-3

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~ • •~~~~ •~~~~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • .. .••—



- — - -~=-~~ -, ~~~~
-•

~~~~.---.v. 
- — 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

3. 1. 1 BLU Deployment

BLU group I is a carrier task group located at X 1 000 NM,
Y = 440 NM. The dep loyment of the escor ts  within this group is
shown in Figure 2. The escort  consists of two fL~D’ s, one DDG , two
SSN ’s, and two DLG s. The num bering scheme shown in these
figures is an informal one with re spect to the ent i re  Task Force and
is for labeling purposes only. It does not influence computer action
in any way.

BLU group 2 is also a carrier task group, located at
X = 1000 NM, Y = 360 NM. This is shown in Figure 3. It contains
one AOE, two DD’ s, one DDG , two DEG ’ s , two DLG ’ s , and two
SSN’ s.

BLU group 3 is a guided missile cruiser group with two
DD’ s for escorts.  This is shown in Figure 4 at X 970 NM, Y =
400 NM.

The remainder of the 15 BLU groups are AEW, ASW , and
CAP stations. The details of the contents of these  groups is not
shown graphically. In most cases it is a sing le a i r c ra f t , but could
contain any number.

The above details for BLU Units are coded in Table numbers
0100 throug h 0115 and are discussed fur ther  in Section 4.

3. 1.2 RED Deployment

The eighteen RED group s shown in Figure 1 are all deployed
outside the 150 NM circle , except for  two Charlie Class submarines
shown as RED groups 1 and 13 with the acronym s CGRP 1 and
CGRP 2.

RED groups 2 and 12 each have two BADG ER aircraft
carrying cruise missiles and a third used as a jarnmer.

RED groups 3 and 11 each have two Echo Class submarines
carrying cruise missiles.

RED groups 4 and 10 each have one BEAR aircraft used as
a stand off jan-imer.

RED groups 5 and 9 each have two BADGER aircraft rcarrying cruise missiles and a third used as a jammer.

RED groups 6 and 8 each have one KYNDA CLGM, one
KRESTA II CLG M , and one KASHIN DLG .

RED groups 7 and 14 each have two BADGER a i rc ra f t
car rying cruise missiles and a third used as a j ammer .

A 4
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RED groups 15 and 18 each have one BEAR aircraft to
• support the Echo Class submarines in groups 3 and 11 , respectively.

RED groups 16 and 17 each have one BEAR a i r c r a f t  to
support the surface ships in groups 6 and 8, respectively.

The above details for RED Units are coded in Table numbers
0200 throug h 0218 and are  discussed fur ther  in Section 4.

3 .2  Planned Routes

Planned r outes are User inputs in Table s 0100 for BLU groups
and 0200 for RED groups. The routes for RED from T = -2 hour s
into the attack position at T = 0 hours is shown in Figure 5. In this
example it is assumed that the RED aircraf t  and surface ships approach

• initially from the west , then at some four or more hour s prior to T =

• 0 beg in to deploy so as to approach the BLU Force from three sides ,
north , west , and south. The two Charlie Class submarines continue H
to trail the BLU Force , closing in from the fourth side.

The planned routes for RED from T = 0 hours to T = +1 hours
is shown in Figure 6. It is assumed that whenever each RED group
has launched its cruise missiles that it will break off its attack and
rendezvous at a designated point some distance to the northwest.  If ,
due to the random effects in the model , RED groups are delayed in
making their attack , they will continue for a limited period of time to
close on the designated objective , then if unabl e to engage will head
for the rendezvous point. These latter are the routes shown in
Figure 6.

The planned route s for BLU are not shown graphically, but
are zig zag in a general westerly direction with a rendezvous point
some distance to the southwest.

4 .0  DATA PREPARATION AND TABLE STRUCTURE

Detailed input format for all Basic Tables is given in Section
III. 2 of the Users manual. However , preparation of data for the
engagement tables is given here.

4. 1 Table Number 0001 - BLU and RED Group~
Table number 0001 shown in Figure 7 is essentially a list of

BLU and RED group tables which are to be used , i. e. , designate s
whether or not a group is in or out of the engagement.  For example ,
the numbers 100 . ,  101. ,  115 . ,  appearing in the bod y of the table
are treated as four di git table numbers with the leading zero omitted ,
and call for all 15 table s for the 15 BLU groups , plus the BLU routes
in Table 0100. Similarly, the numbers 200. , 201. , ‘“ , 218. , call
for the RED r outes in Tabl e 0200 and the 18 tables for the 18 RED
groups.

V
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• Figure 8 is a small scale engagement version of Figure 7 ,
obtained by calling for a subset of the 15 BLU groups and a subset of
the 18 RED groups.

• 4 ,2  Table 0100 - BLU Group Centers - Route s

Figure 9 shows the planned r outes for the 15 BLU groups.
There are 12 columns in the tabl e and 15 rows , two card s to a row.
Row 1 gives the details on BLU group 1, called BLGP 1, on throug h
row 15 which g ives the details for BLU group 15 , called CAP 4. As
mentioned earlier , BLU group 1 is an a i rcraf t  carr ier  and its
escorts , and BLU group 15 is a CAP station.

To better understand Figure 9 consider the adjoining sketch.

D. Gr oup at D-Tin-ie

~~ C. Group at C-Time
-I

a-

Start
. B. Group at B-Time

A. Group at A-Time

Reference Point

The planned route is developed by locating Point A with respect to a
reference (e. g . ,  the BLU Force Center at T = 0). Point A is the
planned position of a group at A-TIME, when A-TIME is usually the
time of attack , T = 0 hours. The User then works backward in time
to establish the previous rout e into Point A. This is done by
specif ying for each of the points B, C , and D the following data ,
e .g . ,  for B:

B-TIME. Hours decimal minu~es , the time at Point B.
B-VECT. Heading (degrees) decimal speed (knots) leaving

point B.
B-ALT. Altitude in KFT at Point B.
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In Figure 9 the referenc e point in the BLU Force center is
g iven at the bottom of the table as X CENT = 1000 , Y-CENT = 400 ,
with HEA DING 270 , KNOTS = 20 . Thus , Row 1, column 1 says that
Point A is on a bearing of 0 degrees and a range of 40 NM from the
r eference point , and is at an altitud e of 0. KFT . Column 3 is blank
(read as a zero) and denotes that A-TIME = 0, B-TIME = - .30 de notes
a time 30 minute s earlier , B-VEC T = 270. 020 denote s that the
Heading and velocity leaving Point B is 270 degree s at 20 knots.
Similarly, for Point s C and D.

Also at the bottom of the table, STARTX = 1500 NM ,
STARTY = 400 NM denote s that the BLU group came generally f ro m
the east of its T = 0 position. RENDVX = 700 NM , RENDVY = 200 NM
denotes that it will rendezvous to the southwest of its position at T= 0.

Note in card columns 17-20 the tabl e column headed CODE.
These are two level indentured codes. In Row 4 for example , CODE
104 denotes BLTJ group 4 works with (belong s to) BLU group 1, i. e. ,
that this AEW station is from Task group 1.

4.3 Table s 0101 throu2h 0115 - BLU Units

Each group in BLU Tabl e 0100 needs a table with a related
table number to specify details on the units in the group. Figure 10
shows Table 0101 for the units in BLU group 1. There are 11 units ,
one per row. The unit type is a four digit indentured level code which
is discussed in Appendix B. Unit 1 is called CVA 1 corresponding to
the informal label shown for the aircraft  carrier in Figure 2 above.
The type code of 6 113 shows the f ollowing : The firs t  two digit s “6 1”
show it is a BLU ship. The third digit shows it is an ai rcr af t carr ie r ,
and the fourth digit “3” shows which aircraft  car r ier .  Table column 1
QTY show s the number of like units at thi s spot (e. g . ,  aircra ft in
formation would show a quantity greater than 1). Table columns 2 and
3 show the range (NM ) and relative bearing (degrees clockwise from
the group velocity vector) of the unit(s) with respect to the group
center, Column 4 VALUE shows the unit value s established by the
analysis in Volume IIC Appendix 3. Column s S and 6 show the cruise
velocity and maximum velocity, respectively.

Figure 10 also shows similar details on Tables 0104 , 0105 ,
and 0106 which are groups having sing le a i rcraf t .

4.4 Table 0200 - RED Group Centers  - Routea

Figure I i  shows the planned r outes for the 18 RED groups.
There are 12 columns in the tabl e and 18 rows , two cards to a row.

• Row 1 gives the details on RED group 1 called CGRP 1, on throug h
row 18 which g ive s the details for RED group 18 , which is a BEAR

L 

aircraft  working with the submarines in RED group 11.
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The comments in Section 4. 2 above apply here. Additional
comments are:

(a) Altitudes for submarines are negative when submarines
are submerged.

(b) The bearing and range for each group center (column 1) 
5

is from the reference point shown at the bottom of the
table as X-CENT = 1000 NM, Y-CENT = 400 NM. Note
that this is the same as the BLU Force center in Table
0100 but could be different .

(c) The starting point at STARTX = 400 NM and STARTY =
600 NM and the rendezvous point at RENDVX = 400 NM
RENDVY = 600 NM shows the RED approach from and
departure to the west.

4.5 Tables 0201 tbrpu~h 0218 - RED Units
Each group in RED Table 0200 needs .~ table with a related

table number to specif y details on the units in the group. Figure 12
shows Tables 020 1 , 0202, and 0203 as examples for RED groups 1,
2, and 3.

The comments in Section 4. 3 above apply here. Additional
comments are:

(a) Table 0201 shows 1 Charlie Class submarine, type
8341 in RED group 1.

(b) Table 0202 shows 2 BADGER aircraft  with cruise missiles
and 1 BADGER aircraft  used as a jammer in RED
group 2.

(c) Table 0203 shows 2 ECHO Class submarines type 8343
in RED group 3. One is at a range of 10 NM from the
group center at a bearing of 90 degrees clockwise from
the group velocity vector. The other is at a range of
10 NM and a bearing of 270 degrees.
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5-. DATA STRUCTUR E - SYSTEMS CATALOG

1. INTRODUC TION

The purpose of this appendix is to define the numerical  codes used on
each of the BLU and RED sides in the Naval Engagement Model (NEM) to
identify platforms , systems , and sub-sys tems by type s having common
character is t ics .

Figure 1 shows the 17 t ypes defined in parallel fashion for each side.
Types 61 thru 79 are BLU systems , and type s 81 thru  99 are RED systems.
None of these types or type numbers can be changed by the User without
signif icant  changes to the FORTRAN programming of the NEM. However,
the flexibility needed by the User  for expansion and/or  update of systems
data is provided in the next level of the t ype code as shown in Figure 2. Thi s
is discussed more later on.

2. BASIC TABLE CODES

Systems data is input in Basic Table format as shown in section III of
Volume IIA Users  Manual. The ident i f icat ion code s for  these tables are
directly related to the type codes in Fi g u r e  2. For example , Table 6110
(with its 5 extents)  contains the systems data on BLU ships having type codes
from 6111 thru 6119. A complete list of basic tables required is in the Users

F Manual cited a bove.

3. ~~~ SCRIPTION

Figure 2 contains the detail system codes for  all ca tegor ies  shown in
Figure 1. The format shows in indentured code the particular systems in that 

4
4

category,  g iving an informal short name and/or  numerical desi gnation. For
example , type 61. 13* is an a i rc ra f t  ca r r i e r , informally desi gnated here  as
CVA -1 but having hull number 59 in the U. S. Navy.  A column is r e se rved  for
data date. An ent ry  ~.n this column means that there is a complete set of data
for that system now in the system catalog . No en t ry ,  means that there  is no S

data or that the data iu incomp lete or unver i f ied .  These entr ies  a re  shown
here to help make clear what kind of system belong s in each category.

4 . EXPANSION OR UPDATE

U pdating and maintaining basic tables on the computer files is discussed
in the Users Manual. Howeve r , the content of those files and the rules they
must follow are  discussed below:

a. Except where obvious by present usage , there is a maximum of 9
system type s in any one category.  For example , in ca tegory  61. 10
CARRIERS there are  alread y entr ie s for  7 of the 9 slots available .
Two of these 7 slots have complete data in the catalog as of 9- 1-73.
The others are availabl e for new sys tems.  An exception is ca tegory
65. 20 which is merel y a continuation of 65. 10 SHIP SEARCH RADAR
(Also 85. 20). This allows a maximum of 9+9= 18 type s in this ca tegory .

* Type codes are  shown here as indentured  codes with a decimal separat ing the
two levels. In other contexts  they appear as 4 di git i n t e g e r s  without the decimal.

B-3
I 
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b. Obsolete systems may be dropped and their type code used for a
new system if desired.  Care should be taken to replace all old
data with the new.

c. All data is subject to update by replacement within the format
rules stated in the Users Manual. A place is provided on the
table title card to show the date of the update.

d. Certain distinctions are necessary.  For example , type 82. 22 is
a BEAR B ai rcraf t  which is a missile carr ie r while 82 .41 is a 

‘4BEAR B aircraf t  used as a jammer.  Type 72. 12 is a sni p launched
MK44 torpedo and type 72. 14 is an air launched MK44 torpedo.

e. If an actual radar is used first as a search radar and then as a
t rack radar , it must be entered as two radars , once under each
category.

f. In category 87. 50 MIDCOURSE GUIDANCE actual systems must
be fitted into one of the five types shown.

g. In category 73 . 10 and 93. 10 helicopters with ASW functions are
listed as weapons with character is t ics  like torpedoes or ASW
projectors depending on which they carry .

h. Nuclear warheads are permitted onl y on anti-ship weapons (e. g . ,
SUBROC , Cruise Missiles).

i. A distinction is made between a large a i r - to - sur face  missile such
as the RED cruise missiles in category 98. 10 and small a i r - to-
surface missiles such as BULL PUP in category 78.40 , where the -

latter is not subject to being intercepted. (Bombs in categories
78.30 and 98.30 are likewise not subject to being intercepted.)

j . Not all categories of systems shown in the catalog are modeled in
the NEM at thi s time. However , space has been reserved for some
likely candidates and empt y slots remain for yet others.

B-4
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FIGURE 1

INDEX TO SYSTEMS CATALOG

BLU CATALOG RED CATALOG
CODE ITEM CODE ITEM S

60. RESERVED 80. RESERVE D

Si. SHIPS 81. SHIPS

62. AIRCRA FT 82. AIRCRA FT

E-3. SUBMA RINE S 83. SUBMARINE S
614 . 814.
65.  ACT. SENSORS 85. ACT . SENSORS

66. PASS. ~ENS RS 
I 

PASS .

67. FIRE CONTROL - FIRE CONTROL
68 . CM/CCM -

-
~~~~ - CM /CCM

69. CCC,NTDS 89. CCC ,NTD S

70. RESERVED 90. RESERVED

71. S-S GUNS 91. S-S GUNS

72. TORPEDOE S 92. TORPEDOES
73. ASW WEAPONS 93. ASW WEAPONS

714. ASW ROCKETS 914. ASW ROCKET S

75. A !fI’I-AIR GUN 95. ANTI-AIR GUN

76. S-S MISSILES 96. S-S MISSILES

77. S-A MISSILES 97. S-A MISSILES 
- 

-
~

78. A-S MISSILES 98. A-S MISSILES

79. AA MISS,GUNS 99. AA MISS ,GUNS

13- ~‘
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FIGURE 2

DATA STRUCTURE - SYSTEMS CATALOG

BLU CATALOG DATA ~~1) CATALOG DATA

CODE ITEM DATE CODE ITEM DATE

61. SHIPS 81. SHIPS

61.10 CA RRIERS 81.io CARRIERS
.11 CV -1 .11 CHG-MOSKVA S -

.12 CV -2 .12

.13 OVA-i 59 9- 1-73 .13

.114 CVA-2 63 9- 1-73 .114

.15 CVA-3 67 .15

.16 CVAN-1 65 .16

.17 CVAN-2 68 .17 
- ‘4

.18 .18

.19 .19 
- 

-

61.20 AUXILIARIES 81.20 AUXILIARIE S

.21 AOE-1 1 9- 1-73 .21

.22 .22

.23 .23

.214 .214

61.30 CRUISERS 81.30 CRUISERS

.31 CA -1 139 .31 OCA-1 KIROV

.32 CG -1 10 9- 1-73 .32

.33 .33

.314 cLG-i 14 .314 CLG-1 DZERZ

.35 .35 CLGM-1 KYNDA 9- 1-73

.36 .36 CLGM-2 KR I

.37 CON-i 9 .37 CLGM-3 KR II 9- 1-73

.38 .38

.39 .39

( 1 ’
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FIGURE 2 (continued)

DATA STRUCT URE - SYSTEMS CATALOG (corit ’d)

- 

BLU CATALOG DATA RED CATALOG DATA

CODE ITEM 
- 

DATE CODE ITEM DATE

61. sHIPs(coNr.) 81. SHIPS(CONT.)

61.50 DESTROYERS 81.50 DESTROYERS

.51 DE-1 1052 9- 1-73 .51

.52 DEG-1 1 9— 1-73 .52

.53 DO-i 9145M 9- 1-73 .53

.514 DOG-i 2 9- 1-73 .54 DLG-1 KA SHIN 9- 1-73

.55 DLG-]. 16 9- 1-73 .55

.56 DLG-2 26 9- 1-73 .56 DOGS KILDIN

.57 DDGN-1 .57 DDGSP KRIVA K

.58 DLGN-1 35 9- 1-73 .58

.59 DLGN-2 36 9- 1-73 .59

61.60 PATROL 81.60 PATROL

.61 .61

.62 .62 F2FG OSA

.63 .63 PTG KOMAR

.614 .614

.65 .65

13-7
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FIGURE 2 (continued)

DATA STRUCTURE - SYSTEMS CATALOG (cont ’d)

BLU CATALOG DATA RED CATALOG DATA

CODE ITEM DATE CODE ITEM 
- 

DATE

62. AIRCRAFT 82. AIRCRAFT

62.10 FIGHTERS 82.10 FIGHTERS S

.11 VF-1 FIt -B .11

.12 VF-2 F8-H 9- 1-73 .12

.13 VF-3 F114 .13

.114 .114

.15 .15

.16 .16

.17 .17

.18 .18

.19! .19

62.20 ATTACK 82.20 ANTI-SHIP -M

.21 VA-i A6-A 9- 1-73 .21

.22 .22 BEAR— B 1-AS3 9- 1-73

.23 VA-3 A7-E 9- 1-73 .23

.214 .214

.25 .25

.26 .26 BADG-C 1-AS2 9- 1-73

.27 .27 BADG-G 2-AS5 9- 1-73

.28 .28 BADG-G 2-AS6 9- 1-73

.29~ .29

62.30 ASW I 82.30 ASW

.31 VS-i 32-0 9- 1-73 .31

.32 VS-2 S3 .32

.33~~ .33

.314 F 314

.35 .35

.36 .36

.37 .37

.38 .38

.39 
_ _  _ _ _  ~39

- 
— -  

----- .--~~-S —- - -~~ ~~~~~~ - .
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FIGURE 2 (con t inued)

DATA STRUCTURE - SYSTEMS CATALOG (cont ’d)

BLU CATALOG ‘4 DATA RED CATALOG DATA

CODE ITEM DATE CODE ITEM DATE

62. A IRCRA FT(C01f2) 8? A A ~r (c ~br~r)  - -

62. 140 AEW & CCC 82 .~4O A EW & CC~
.41 .41 BEAR-B JAN 9 1-73

.142 VW-2 E2-C 9- 1-73 .42 BEAR-D GUI~ 9- 1~ 73

.143 .143 BADG-H,J JA~ 9- 1-73

.1414 .1414

.145

.L~6 .146

.47 147 
‘4

.148 .48 
I ‘4

.49 .149

62.50 CM & CCM 82.50 1
.51 5 .51

.52 VQ-2 EA6-A 9- 1-73 .52

.53 .53

.514 .~ It

.55 .55 I

.56 .56

.57 .57

.5~1 .58 -

.59 .59 I

(2 .60 REL ICOPTERS 82 .60 1-~~LICO~-1’E~U

.61 .61
.62

.63

.614 .614

.6~ .65
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FIGURE 2 (continued) 
S

DATA STRUCTURE - SYSTEMS CATALOG (cont ‘d) 
S

BLU CATALOG DATA RED CATALOG DATA

CODE ITEM DATE CODE ITEM DATE

63. SUBMARINES 83. SUBMARINES

63.10 ~LTTA CK 83.10 ATTACK

.11 SB-GUPPY III 9- 1-73 .11 SS- B

L .12 SS-TANG 9- 1-73 .12 SS- F

.13 SS-SAILFISH 9- 1-73 .13 SS- Q

.14 SS-BA RBEL 9- 1-73 .114 SS- R

.15 .15 SS- W

.16 .16 SS- z

.17 .17

.18 .18

.19 .19

63.20 ~TTACK-NUCL 83.20

.21 SSN-NAIJPILUS 9- 1-73 .21 SSN-1 V

.22 SSN-SEAWOLF 9- 1-73 .22 SSN-2 N

.23 SSN-SKATE 9- 1-73 .23

.214 SSN-SKPJA CK 9- 1-73 .24

.25 SSN-PERMIT 9- 1-73 .25

.26 SSN-TULUIBEE 9- 1-73 .26

.27 SSN-STURGEON 9- 1-73 .27

.26 SSN-NARWHA L 9- 1-73 .28

.29 .29

I

B- 1O
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FIGURE 2 (continued)

5 
DATA STRUCTURE - SYSTEMS CATALOG ( cont ‘d)

- 

BLU CATALOG DATA RED CATALOG DATA
CODE ITEM DATE CODE ITEM DATE

63. SUBMARINES(CONT) 
— 

83. SUBMA RINES(CONT )

63.30 GUIDE D MISSILE 83.30 GUIDED MISSILE
.31 SSG-1 .31 SSG-i J 9- 1-73
.32 .32 SSG-2 W-TWIN 

5

.33 .33 SSG-3 W-LONG

.34 .314 ss&-4 w-~

.35 .35

.36 .36

.37 .37

.38 .38

.39 .39

63.40 SSGN(NUCLEAR) 83.140 BSGNO’~UCLEAR)

.141 SSGN-i .141 SSGN-1 C 9- 1-73

.142 .142 SSGN-2 E-I

.143 .143 SSGN-3 E-II 9- 1-73

.~~~~ SSGN- 14 P

.145
.146 .146
.147 • 147

.148 .148

.149 .149

13- 11
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FIGURE 2 (continued)

DATA STRUCTURE - SYSTEMS CATALOG (cont ’

BLU CATALOG DATA RED CATALOG DATA

CODE ITEM DATE CODE ITEM DATE

65. ACTIVE s~Nso1~s 85. ACTIVE SENSORS

6~ .10 SHIP SEARCH RADAR 85.10 SHIP SEARCH RADAR

.11 .11 TOP SAIL 9- 1-73

.12 .12 HEAD NET C 9- 1-73

.13 .13

.114 SPS-1OF 9- 1-73 .114 BIG NET 9- 1-73

.15 .15

.16 SPS-29E 9- 1-73 .16

.17 SPS-30 9- 1-73 .17

.18 .18

.19 .19

65.20 (CONTINUED) 85.20 (co~rrINuED )

.21 .21

.22 SPS-39A 9- 1-73 .22 H

.23 SPS-140 9- 1-73 .23

.214 SPS-143A 9- 1-73 .214

.25 SPS-148V 9- 1-73 .25

.26 .26

.27 SPS-52 .27

.28 .28

.29 .29

- - 
____________ _______________________ 
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FIGURE 2 (continued)

DATA STRUCTURE - SYSTEMS CATALOG (cont ‘d)

BLU CATALOG DATA RED CATALOG DATA

CODE ITEM DATE CODE ITEM DATE

65. ACTIVE SENSORS(CO!ff) 85. ACTIVE SENSORS(OONT)

65.30 SHIP SONAR 85.30 SHIP SONA R

.31 .31

.32 SQS-23 9- 1-73 .32 15-23 IOiZ 9- 1-73

.33 .33 PEGAS 2-M 9- 1-73
5 

.34 .34 TAMIR 5-M

.35 SQS-26 9- 1-73 .35 HERCULES 9- 1-73

.36 .36 TAMIR 11M

.37 .37 KEEL 8tv~!z 9- 1-73

.38 .38

.39 .39
65.140 SUB SEARCH RADAR 85.140 SUB SEARCH RA DAR

.141 .141 SNOOP TRAY

.42 .142 SNOOP PLATE

.143 BPS-i 9- 1-73 .43 SNOOP SLAB

- 

- 

.1414 .144 BOAT SAIL

.4s
.46 .46
.147 .47
.48 .48
.149 .149

_ _  _ _ _ _ _ _  _ _ _  _ _  _ _ _ _ _ _  I _ _ _ _
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FIGURE 2 (continued)

DATA STRUCTURE - SYSTEMS CATALOG (cont ‘d)

BLUE CATALOG DATA 
- 

RED CATALOG - DATA

CODE ITEM DATE CODE ITEM DATE

65. ACTIVE sENsoRs(C0N’r) 85. ACTIVE SENSOi~S(~~nt

~~~~ SUB SONP2 r~~.5o ~1JB S0NA i~
.51 S~S-~ 9- 1-73 .51 3.25 ~~iZ 9- 1-73
.52 .52 }~ RCULES 9- 1-73

.53 BQR-2 9- 1-73 .53 FEZ 9- 1-73

.54 W~R-14 9- 1-73 .54 7.2 KHZ 9- 1-73

.55 .55 FENIKS
.56 TAMIR 5LS

.57 .57 MARS

.~8 
I 

.58
.59 .59

65.60 RESERVED 85.60 RESERVED

.61 .61

.62 .62

.63 .63

.614 .614

.65

.66 .66
‘4 

.67 .67

.68 .68

.69 .69

65.70 A/C , RDRSCH 85.70 A/C , RDRSCH

.71 APS-96 AEW 9- 1-73 .71 CROWN DRUM 9- 1-73

.72 .72

.73 .73

.74 .714 PUFF BALL 9- 1-73

.75 .75
I 

.76 .76 SHORT HORN 9- 1-73

77 .77 BIG BULGE 9- 1-73

.78 .78

.79 .79

— 

- B- 14

~ 

~~~~~~~~~~~ 
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FIGURE 2 (continued)

— DATA STRUCTURE - SYSTEMS CATALOG (cont ‘d)

BLU CATALOG DATA 
-- 

RED CATALOG DATA
CODE ITEM DATE CODE ITEM DATE
66. PASSIVE SENSORS 86. PASSIVE SENSORS
66.10 WARNING RECEIVERS 86.10 WARNING RECEIVERS

.11 WLR-1 .11 SIREN A -2

.12 WLR-1F .12

.13 WLR-1E .13

.14 WLR-3 .114

.15 .15

.16 .16

.17 .17

.18 .18

.19 .19
66.20 PASSIVE SONAR 86.20 PASSIVE SONA R

.21 .21

.22 .22

.23 .23

.214 .214

.25 .25

.26 .26

.27 .27
.28

.29 - .29

_____  ______________ ______  -

B — i S
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FIGURE 2 (continued)

DATA STRUCTURE - SYSTEMS CATALOG (cont ‘d)

BLU CATALOG DATA BED CATALOG DATA
CODE ITEM DATE CODE ITEM DATE

67. FIRE CONTROL 87. FIRE CONTROL
67.10 SHIP-SAM 87.10 SHIP-SAN

.11 SPG TALOS 9- 1-73 .11 PEEL GROUP 9- 1-73

.12 SPG TARTAR 9- 1-73 .12 FAN SONG E 9- 1-73

.13 SPG- TERRIER 9- 1-73 .13 HEA D LIGHTS 9- 1-73

.114 BPDSMS 9- 1-73 .14

.15 .15

.16 .16

.17 .17 - -

.18 .18

.19 .19
67.20 SHIP-SSM 87 20 SHIP-SSM

.21 .21 TOP BOW

.22 .22

.23 .23

.214 .24

.25 .25

.29 .29

67.30 A/C AIR-AIR 87.30 A/C AIR-AIR

.31 .31

.32 .32

.33 .33

.314 .314

•35 .35
.36 .36
.37 .37
.38 .38
.39 .39

B-1 6
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) FIGURE 2 (continued)

DATA STRUCTURE - SYSTEMS CATALOG (cont’d)

BLU CATALOG 
- 

DATA RED CATALOG DATA
CODE ITEM DATE CODE ITEM DATE
67. FIRE COWTROL(CONT ) 87. FIRE CONTROL(CONT )
67. 40 MSL HOMING 87.140 MSL HOMING

.141 .141 T-1044 AS2 ,6 9- 1-73

.42 .142 A358Z AS-5 9- 1-73

.43 .143

.414 .414

.45 • 145 T8839 SS-N-7 j 9 - 1-73

.46 .146 T1O3O SSN-3K 9- 1-73

.47 .47

.148 .48 T5557 SSN-1O 9- 1-73

.49 .49
67.50 MID-COUR SE GUID 87.50 MID-COURSE GUll)

.51 .51 AUTOPILOT + TC

.52 .52 IY PPLER + TC

.53 .53 INERTIA L + TC

.514 .514 INERT IAL ONLY

.55 .55 AW{ + VIDEO

. 6  .56 - -

.57 .57

.58 .58

.59 .59
7.60 87.60

.61 .61
62 .62

.63 .63

.614 .614
.65
.66

.~~S 1 .67

- - - -_ _ _ _ _ _ _ _
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FIGURE 2 (continued)

DATA STRUCTURE - SYSTEMS CATALOG (cont’d)
- 

BLU CATALOG DATA RED CATALOG DATA S

CODE ITEM DATE CODE ITEM DATE

68. OM/COM 88. OM/CCM

68.10 RESERVED 88.io RESERVED

.11 SLQ-26 9- 1-73 .11 VSD 1-A 9- 1-73

.12 ULQ-6 .12 VSD 1-B 9- 1-73

.13 uLQ-6c .13

.14 uLQ-6B 9- 1-73 .114

.15 .15
-
~~~ .16 .16

.17 .17

.18

.19 .19 STOP LIGHT

68.20 RESERVED 88.20 RESERVED

.21 CHAFF .21 CHAFF

.22 .22

.23 .23

.211 .214

.25 .25

.26 .26

.27 .27

.28 .28

.29 .29

68.30 A/C - a4/COM 88.30 A/C  -

.3]. .31 A306Z

.32 .32

.33 .33

.314 .314

.35 .35

.36 .36

.37 .37

.38 .38 
)

ii-±~ tI_~
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FIGURE 2 (continued)

DATA STRUCTURE - SYSTEMS CATALOG (cont ’d)

BLU CATALOG DATA RED CATALOG DATA
CODE ITEM DATE CODE ITEM DATE

69. CCC 89. CCC

69.10 RESERVED 89.10 RESERVED

69.11 NTDS/WDS .11
.12 .12

.13 LINK 11 .13

.114 LINK 114 .14

.15 .15

.16 .16

.17 .17

.18 .18

.19 .19

70. RESERVED 90. RESERVED
71. S-S GUNS 91. s-S GUNS

71.10 RESERVED 91.10 RESERVED

.11 8 INCH!55 .11

.12 .12

.13 .13

.114 .114

.15 .15

.16 .16

.17 .17

.18 .lh

.19 .19

- - ~S -~ - * __________________________ -~~~~ 
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~~~~~~~~~~~~
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FIGURE 2 (continued)

DATA STRUCTURE - SYSTEMS CATALOG (cont’d) 
S

BLU CATALOG DATA 
- 

RED CATALOG 
- 

DATA

CODE ITEM DATE CODE ITEM DATE

72. TORPEDOES 92. TORPEDOES

72.10 RESERVED 92.10 RESERVED

.11 MK-37 .11 ~r-8OA 9- 1-73

.12 MK-144 9- 1-73 .12 E140-63A

.13 MK-li-3 9- 1-73 .13

.114 MK-144 AIR L. .114 AIR LAUNCHED

.15 MK-143 AIR L. 9- 1-73 .15

.16 .16

.17 .17

.18 .18

.19 .19

73. ASW WEAPON~3 93. ~ASW WEAPONS

73.10 RESERVED 93.10 RESERVED

.1]. LAMPS .11 H0~ 4ONE 9- 1-73

.12 ASW PROJ. 9- 1-73 .12

.13 .13

.114 .114

.15 .15

.16 .i6 MBU-2500A 9- 1-73

.17 .17 MBU-14500A 9- 1-73

____________ IS _____________________________ _______________________ ___________ _____________________________ __________________
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FIGURE 2 (continued)

DATA STRUCT URE - SYSTEMS CATALOG ( cont’d)

BLU CATALOG 
— 

DATA RED CATALOG DATA

CODE ITEM DATE CODE ITEM DATE

714. AS~1 ROCKETS 94 . ASW

74 .10 RESERVED 914.10 RESERVED
.11 ASROC 9- 1-73 .11 FRA S 

5

.12 SUBROC .12

.13 .13

.114 .14

.15 .15

.16 .i6

.17 .17 1

.18 .i8

.19 .19 I

75. A-A GUNS 95. A-A GUNS

75.10 RESERVED - 95.10 RESERVED

.11 3 INCH/50 9- 1-73 .11 18O~’57

.12 5 INcH/38 9- 1-73 .12 152/57

.13 5 INCH/514 9- 1-73 - .13

.114 6 INCH / 147 .1~4

.15 .15

.16 .16

.17 I 
.17 3.35”/52 

- 
9- 1-73

.18 .18 I

.19 .19 57/70 9- L-73

75.20 ( coNTINUED) I 75.20 ( cONTINuED)

.21 .21 145/85

.22 .22

.23 .23

.214 
I

~~~~~~ ~
. - - I

.
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~
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FIGURE 2 (continued)

DATA STRUCTURE - SYSTEMS CATALOG (cont’d)

BLU CATALOG DATA RED CATALOG DATA

CODE ITEM DATE CODE ITEM DATE

76. S-S MISSILES 96. S-S MISSILES

76.10 RESERVED 96.10 RESERVED

.1]. .11

.12 .12 H

.13 .13 SS-N-3K 9- 1-73

.11-i .114 SS-N-7 9- 1-73

.15 .15

.16 .16 SS-N-10 9- 1-73

.17 .17

.18 .18

.19 .19 SS-N-35 9- 1-73 
S

- 

77. S-A MISSILES 97. S-A MISSILES —

77.10 RESERVED 97.10 RESERVED

.11 TARTAR 9- 1-73 .11 SAN1 9- 1-73

.12 TERRIER 9- 1-73 .12 SAN2

.13 TALOS 9- 1-73 .13 SAN3 9- 1-73

.14 BPDMS 9- 1-73 .114 SAN4

.15 .15

.16 .16

.17 .17

.i8 .18

.19 .19

B-22 
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. ‘IGU~~ 2 (continued)

DATA STRUCTURE - SYSTENS CATALOG (cont ’~~)

BLU CATALOG DATA RED CATALOG 1)ATP

CODE ITEM DATE CODE ITEV :)ATE

76. A-S MISSILES 98. A-S MISSILE S

75 .10 RESERVED 98.10 RESERVE D

.11 .11

.12 .12 AS -2 9- 1-73

.13 .13 AS-3
.114

.15 .15 AS-5 ‘ ) —  1-73

.i6 .i6 AS-(~ 9- 1-73

.17 .17

.18

.19 .19

78.20 RESERVED 98. 20 RESERVE D

.21 .21

.22 .22

.23 .23

.214 .21k

.25 .25

.26 .26

. 27  .27

.2~ .2~

.29 .29

7~ .3O 30~’BS 9h . ~O BOt~B~3

.~~~~1 . 31. —

.
~~

? ~-?~-H2 P - i  .~~~~

. 3 3  . -I 3

•~~II 3 11

-



FIGURE 2 (continued)

DATA STRUCTURE - SYSTEMS CATALOG (cont’d)

BLU CATALOG DATA RED CATALOG DATA
CODE ITEM DATE CODE ITEM DATE

78.140 SMALL ASM 98.140 SMALL ASM

.141 BTJLLPUP A .41

.42 BULLPUP B 9- 1-73 .142

.43 .143

.1414 .144

.45 .145

.146 .146

.147 .147

.48 .148

.149 .49

EL 
B-24

- _______
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HF
-IGUHE 2 (continued)

DA TA ST~UL1’1JRE - JYSTEMS CATALOG (cont ’ -~)

BLU CATALOG DATA SE:) -‘~ATALOG I)ATA

CODE ITF.~ DATE c~QJ)~ ITEM DATE

79. A-A MISSILES ,GUN S 99. A-A ~ISSILES ,GUNS

79.10 A-A MISSILES 99.10 A-P MISSILES

.11 .11

.11 SIDE1- INDEX 9- 1-73

.13 .13

.114

.15 .15

.17 .17

.18 .12

.19

79.20 A-A GUNS 99. ~O A-A GUNS

.21 NK-12 .21

.22 .22

.23 .23

.214 .214

25
.26 .~~~

- 

5 
.27 .2 -

.2~
Ce

k
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UNC LASSIF IED

I. INTRODUCTION

(U) The radar computer program was developed to provide

the radar performance data requi red  in the Naval Engagement  Model

(NEM) of the SEATIDE process .  The program computes  the pe r formance

of shi p based and airborne search and fire control radars against

appropr ia te  t a rge t s  in the presence of c lu t t e r  and j amming . The e f fec t s

of a t t enua t ion  on fan beam radars due to rain and the e f fec ts  of m u l t i path

due to su r face  ref lec t ions  are included in the p rogram.

(U )  The program uses the m ult i path and p r o b a b i l i t y  of

detection methodology des cr ibed by L. V. Blake in NRL Report No. 6930

(Re fe rence  1) and the basic equat ions  for  radar per formance  descr ibed

by M. I . Skolnik  (Refe rence  2) .
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—‘ II. PROGRAM INPUT AND OUTPUT

(U) Tables I and II define the required inputs and

expected outputs of the radar program . The inputs show n include both

the character is t ics  of the radar and expected jammers .  A program

— 
I flow d iagram is show n in Table III.

(U) The inputs and outputs shown here are for the radar

program as run in the stan d alone version . The inputs and outputs

for the radar program as integrated into the Naval Engagement Model

are in the NEM Users Manual.
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TABLE I
RADAR INPUT PARAMETER DEFINITIONS

- Sample
Variable Definition Data

.AK2O Descent constant , s ine of descent ang le 0.
(ratio of a l t i tude/ s lant  range)

ALPHA Rainfall at tenuation at specified ra infal l  rate 0.
and wavelength (XLAMDA),  decibels /meter

ALTGT Projected length of target orthogonal to the
line -of-sight , f eet

*AZ Azimuth component of scan f ield-of-view, degrees 1. 8

BJ ‘ Jammer signal bandwidth , always equal to or 7. 5E7
greater than BR , Hertz S

BR Radar receiver bandw idth , Hertz 5. E6

BWA Antenna azimuth beamwidth , degrees 1. 8

BWE Antenna elevation bearnwidth, degrees 16.

DR Range at which the target beg ins its descent , 0.
nautical miles
NOTE: If target  maintains constant altitude,

set DR 0.

EINSTR Instrument error affecting ang le accuracy, . 1
milliradians

*EL Elevation component of scan field-of-view , 16.
degrees

FAN Frequency agility factor , the number of 1.
pulses which change in f requency by the
reci procal of the pulse wid th

**GJD B Transmit  antenna gain of ja rnmer, decibels I.

GRDB Receiver radar antenna gain , decibels 30.

GTDB Transmit  radar antenna gain , decibels 30.

HIK Al t i tude of radar , thousand feet . 1

H2K Altitud e of the ta rge t , thousand feet

~‘ Used onl y fo r  NMODE 4
** Used onl y for  JAM = 1 , and JAM 2
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TABLE I (Co nt inued)

-~~

Samp le
Variable Definit ion Data

ISS Sea state , numeric 4

ITYPE Type of normalized antenna gain funct ion 2
= 1, is symmet r ica l  sin X/ X  pattern
= 2 , is cosecant squared pat tern

JAM Jam control  constant
= 0, no jamming 

—= 1, jammer colocated with  the target
= 2 , stand-off jammer

MOD Type of modulation used 
5 

1
= 1, uncompressed pulse
= 2 , pulse compress ion

NMODE Operating mode 1
= 1, for radar operating in surveillance or

search mod e
- = 2 , for radar operating in t rack mod e

and using s imul taneous  lobing
(rnonopulse)

— 
= 3, for radar operating in t rack mode

and using conical scan
= 4 , for radar operating in lim ited volume search

NSW Swerling case number (an integer ind icating the 1
target f luctuat ion model)

*PCRAT Pulse compress ion ratio , numeric 1.

PFA Probability of false alarm 1. E-6

**PHIZER Minimum ang le off antenna bores ight at which  the 5.
pattern funct ion  becomes a cosecant squared
function , degrees .

PJ Generated jammer power, watts 500.

PRF Pulse repetit ion f requency ,  pulses /second 610.

PWR Peak t ransmit t ing  power , watts 2. 85E5

RATE Rainfall rate ,  m i l l ime te r s /hour  0.

***RATE 1 Antenna az imuth  scan rate , deg rees / second  102.

* Used onl y for  MOD = 2
** Used onl y for  NMODE 4
*** Used onl y for  NMODE 1
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TABLE I ~Concluded)

Sample
Variable Definition Data

SIGMAT Radar cross section of the target , square meters

SNRODB Not used

*SOR Stand off rang e of jammer , nautical miles 150.

STOP Preset to +1 for continuous group of runs
= -1, input in last run to stop after run

TA Antenna temperature, degrees K 350. 
—

TAU . Radar pulse width , microseconds 1. 17

**TF Frame time , seconds 1.

Integration or smoothing tim e, second s . 1

TILT Fixed ang le between the local horizontal at the radar 2. 5
and the boresight of the radar. Tilt is positive if
above the radar ’s local horizontal and negative if
below it.

TITLE 28 colum n title for each page; input: TITLE( 1) 4H
TITLE(2) 4H TITLE(7)=4H

VRELK Relative closing velocity, knots

XLAMDA Radar wavelength, centimeters 5. 5

****XLJD B Losses in the ja inmer transmitter chain such as 1.
antenna and waveguide losses , decibels

****XLRDB Receiver losses such as efficiency or antenna 3.
pattern, decibels -

XLSDB Radar system losses , dec ibels 7.

XLTDB Radar system losses ahead of RF amplifier , 1.
decibels

XNFDB Radar receiver noise figure. decibels 14.

* Used onl y for JAM = 2
** Used onl y for  NMODE = 4
*** Used only f or N MODE = 2, 3

~~~~ Used onl y for JAM = 1 , 2

-- 
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TABLE II

RADAR OUTPU T PARAMETER DEFINITIONS

ANTENNA PROPAGATION The ratio , at a point in space , of the
FACTOR (FF) field s t rength E that is actually present

to that which would have been present , E0,
if free-space propagation had occurred

— 

and the point were in the antenna-pattern
maximum.

CUMULATIVE PROBABILITY Cumulative probability of detection from
OF DETECTION , PDCUM scan to scan during search

DYNAMIC RANGE Ratio of total input signal power to
(DB ) receiver thermal noise

HANDOFF ERROR RMS error in angular measurement of
(MRAD) target location during search

PROB. DET . PER Probability of detection during observa-
LOOK , PD tion time TO. TO may be dwell time

during one scan across the target ,
range resolution cell t raversal  tim e
or smoothing time in track

PSTA(DB) Ratio of signal power from the target
to one watt expressed in decibels (db)

RANG E Slant range between the radar and the
NMI target in nautical miles

SNRI(DB) Sing le pulse signal- to- interference
________________________________ power ratio expressed in decibels (db)

XLOW(DB) Composite interference power compris ed
of system noise, clutter , and jamming,
expressed in decibels referenced to
one watt
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RADAR PROGRAM FLOW DIAGRAM
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III. PERFORMANCE EQUATIONS

A. Signal- to-Interference Ratio

(U) An important parameter in determining radar per-

formanc e is the signa l - to - in te r fe rence  ratio (S/I ) .

S/I PSTA 1)
PN + PSCA + PRCA -i- AJR

where

PSTA Signal re turn  f rom the target , watts

PN = Radar system noise ( internal) ,  watts

PSCA = Signal re turn  due to sea clutter , watts

PRCA= Signal re tu rn  f rom rain clutter in the radar
resolution cell , watts

AJR = Signal received from a noise ja mmer, watts

In both computer programs the single pulse S/I rat io is

computed in decibels (db) and is called SNRIDB.

SNRIDB = 10 Log (PSTA) - 10 log (PN + PSCA

+ PRCA + AJR) (2)

(a) Sources of Signal and Clu t te r

(U) Figure  1 i l lustrates  the sources of signal and

cultter .  Rain in the radar resolut ion cell wi l l  g ive a re turn  which competes

w ith the si gnal f rom the target.  A nother source of in te r fe rence  is the

re turn  f rom the surfac e of the sea (sea c lu t t e r ) .  If the radar antenna is

elevated enoug h , the path f rom the radar to the clut ter  area (A CL)  wi l l

pass throug h the radar antenna sidelobes which will  great l y reduc e the

effect of sea clutte r. One of the hostile aircraft may stand-off a distance

of about 100 nautical  miles and radiate noise. This tactic is used to screen

missi les  or a i rcraf t  which may be attacking the ship.  If rain exists between

the radar  and the target , then a t tenuat ion of both s ignal  and c lu t te r  r e tu rns

w ill occur. AA~t attenuation is two way except for  jamming which is one way

onL y. The parameters  and their  r e l a t ionsh i p for  each source of si gnal and

~~~~~~~~~~~~~~~~~~~~~ ult ter are di scusse n t h o1thw gp;r : ap h:.
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(b) Signal Return From the Target

(U) Figure 2 i l lus t ra tes  the radar - ta rge t  geomet ry  and

the direct  and reflected paths for  the radar s ignal. The signal r e tu rn  is

g iven by

PSTA = XK 
(S~~~~~~~~~~~~ T)(~’F)

4 
(3)

where

XK = 
(PR) (GT)(GR)(XLAMDAX.  01) (4)

(4P1) XLS

and

SIGMAT = Target Radar Cross Section , square  meters

ATT = Attenuation due to rainfall, numeric ( I)

FF = Propagation factor , numeric. This factor is
a number between 0 and two.

RMET Range between radar and target , meters .

PR = Radar transmitter power, watts

GT = Radar t r ansmi t t ing  antenna gain , nu mer ic .

GR = Radar rece iv ing  antenna gain , numer ic

XLAMD A = Radar wavelength , cen t imete rs .

P1 = 3. 1416, a constant

XLS = Radar system losses , numeric  (~~~1)

(U) The e f fec t s  of mul t i path are due to signals

arr iving at the target  and re turn ing  to the radar along two separate  paths .

Since the reflected ray travels  f a r the r  than the direct  ray the s ignal  due to

reflection may be in phase or out of phase wi th  the d i r ec t  ray.  If in phase ,

the signal due to ref lect ion wil l  add to the d i r ec t  s ignal  and enhance the

re tu rn  from the target .  If the si gnals are of equa l amp l i tude  but  out of

phas e , the si gnals wi l l  cancel.  The propagat ion fac tor  FF may take  on
S 

valu es from 0 to 2 , depending upon the re la t ive  phase and amp l i tude  of the

two signals .
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(U) The magnitude of the reflected signal depend s

upon the gain of the antenna along the path from the radar to the point of

reflection and the reflection coefficient of the sea. The magnitude of the

d irect ray is eff ected by the gain of the antenna in the direction of rad iation.

(c) Signal Return from Rain Clutter

(U) Figure 3 illustrates the return from rain in the

radar ’s resolution cell (volume) .  The volume of the radar ’ s resolut ion

cell for a symmetrical  beam is g iven b y

VRN = (PI/4) (RMET )
2

(THETA 1)
2

XK I  ( 5 )

where

S THETA! = Antenna pat tern hal f -power  beamw idth , radians

XKI = 130 TAU, Meters (6)

5 where

TAU = Radar pulsew idth , m ic roseconds .

The re turn  from the clut ter  cell is

PRCA = XK 
( V R N ) ( X R N ) ( A T T ) (F F )

4 
(7 )

(FAN) (RMET)  S

In equation (7) XRN is the re f lec t iv i ty  per unit  volume of r a in f a l l  at the

wavelength and rainfall  rate specif ied.

(d)  Signal Re tu rn  f rom Sea Clu t t e r

(U)  Figure  4 i l lus t ra tes  the geome t ry  invol ved

in obtaining a sea c lut ter  r e t u rn .  A por t ion  of the radiated beam i l lumina tes

a portion of the sea ’s surface .  The area i l luminated  is called ACL.  The

path to the target is RMET and the grazing  ang le is PSI. The r e t u r n  p rom

the clutter patch at medium to low graz ing  angles is g iv en b y

PSCA = (XK ) (SIGC)(ATTJkFC)
4 

(8)
( F A N ) ( R M E T )

C - 15

UNCLAS SIFIED

— 

~~~~~ 

- - 5.



— - 
- 

- - 
- - 

- ____

_ 

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~

UNCLASSIF IED

I

2

H
Ui 2

— S

•
. t;:.;~~~~~,~ 

—

~~~~~~~~ ~: _i z —

,
~~

. 
~;j...

.,• •
~C. .. ~~~~~~ LU

. P  ~~

o~~>~~~~
-
2~~~~~

LU w ~ U
Cl) —

[

~~~~~~~~~~~~~~~~~~~~~ I~~~~~~~~~~~~~ S

~~~~~~~ 
0~~~~~~~ 

I~zi

— U- o ;:;
~~~ Z < P .cc

S t~~ > I’ ll
5 —. z z

2

~jj Cl)

-~~ cc
LU

cc
0. ~.

.
0

cc

I
;

C- 16

UNCLASS IFIED 
_ _ _ _ _ _ _ _  

I

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - - -- 

~~~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—~~~~~~~~ ------5—--—-S-—

UNCLASS IFIED

LIIt C-)

0 Ui

~LIcc E’LU

UC., 
4:

Cl)

\

0
-. ‘

I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~ 

\ I  
~~~~~~~~

-J
~~~~~

C-
~~2/

I II
I 

/ 
Ii

~ a ,,~~~~
-

-

Ui 0\_~‘ ‘-S
UiC_~ ~~

- 
S

_
_ _ _~~\

S It
C - i?

UNCLASSIFIED
-- - -p -

- - — 
~~~~~~ ~

‘
~~~

-‘ r,-~ 
~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ 

- - - 5 - - - - -.-



- 5 ~~~~~~~~~~~~~~~~ 
~~~~~~~~~~ ~~~~~~~~~~~~ 

-
~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 

-

UNCLASSIFIE D
where:

SIGC = (ACL)(SIGO)  ( 9 )

— 
(2 ) (RMET)(XK 1)(T 1)  10 - SACL - 

COS(PSI)

Ti = TAN(BWA/2DEGRAD) (1])

SIGO = Ref lect iv i ty  per unit  area of sea surface
(M 2/ M 2 )

BWA = Radar antenna pattern half-power beamw idth in S

azimuth , degrees S

DEGRAD = 57.3 degrees/rad ian

(U) Sea clutter may be either pulse width l imited

or beamwi.dth lim ited. For shi pbased radars sea clutter  wi l l  always be

pulse-w idth lim ited due to the small grazing ang les. For the a i rborne

radars the clutter  may be pulse width lim ited or beamw idth l imited.

Figures 5 and 6 show the geometry  for  pulse width lim ited clut ter  and

beamw idth limited clut ter , respectivel y. The clut ter  areas for  the two

cases are:

Pulse W idth Limited Clutter

ACL = (RMET)(XK 1)SEC(PH]D) ( 1 2 )

where

PHID is the depression angle between the radar ’s local

horizontal and the radar line-of-sight to the clutter area.

Beamw idth Limited Clutter

ACL = (RMET)
2
(BWA)(BEW)/(DEGRAD)

2

CSC(PHID ) ~~3)

if TAN(PHID) > R M E T ( B W E / D E G R A D)/ XK 1

then clutter is beamw idth limited .

if TAN(PHID)  < R M E T ( B W E / D E G R A D ) / X K 1

then clutter is pulsewidth limited.

~5~~~~~~~ )
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(e) Signal Input from Noise Jammer

(U) F igure 7 illustrates the radar- jammer  geometry.

The jammer may be a standoff jammer  or colocated w ith target .  The

jammer may use an omnidirectional antenna , or may use a direct ional

antenna. The rad iated signal fol lows a one way path from the jammer to

the shi pboard radar.  For a standoff jammer the miss i le  or a i rc raf t  is

screened until the skin return as received by the radar is equal to or

greater than the ja mining signal , AJR. The expression for  the received

jamming signal is

AJR = 
(PJ)(GJ)(GR)(BR) (XLAMDA . 0 1) 2 (ATT 1)(FF)

2 
(14)

(4P1)
2

(RJ)
2

(BJ)(XLJ)(XLPJ

where

PJ = Jammer power into jammer antenna , watts S

GJ = Jammer antenna gain - -

BR = Radar receiver bandw idth, Hz

ATT 1 = Atenuation along the path RJ due to rainfall , numeric

RJ = Range between radar and jammer ,meters

BJ Jammer bandw idth , Hz

XLJ = Jammer t ransmiss ion  line loss , numeric

XLR = Radar t ransmiss ion line loss ( r ece ive r ) ,  numeric

( f )  Radar System Noise

The radar system noise power is g iven b y

PN = (AK)(TS)(BR) (15)

Tt
C - 2 1
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w r e

AK = Boltzmann ’s Constant 1.38 x io
_ 2 3  

Joules/°K

TS = System temperature, °K

TS = TA/XLR + ( (XLR - 1. ) / X L R )  290

+ (XNF - 1)290 , degrees Kelvin 
(16)

TA = Antenna temperature,

XLR = Transmission line loss (Receiver) ,  numeric

XNF = Receiver noise figur e, numeric

C - 2 3

S 

UNCLASSIFIED



-
~

- _-- —  5 - 5 - 5 -
~~~ 

—---‘  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

UNCLASSIF IED
IV. DERWATION OF DEPRESSION AND ELEVATION ANGLES

(U) Two important parameters involved in the computer

algorithms are the depression and elevation ang les , ct and E , respectivel y.

The derivation of these quantities is discussed in the follow ing text. A

third parameter, the grazing ang le , PSI , is computed using an expression

g iven in Reference 3. Fi gures  8 and 9 are used to develop expressions

for  the depression and elevation angles from the horizontal (at the radar )
to the Target (TGT). RE is 4/3 earth’s radius in meters . HI MET and

H2MET are the al t i tudes of the radar and target  in me te r s , r e spec t ive l y.

R is the line-of-sight range in meters between the radar and the target.

RGMET is the equivalent ground range.

Distances

Let RE + HZMET = b

Let RE + H1MET = c

Let R = a

Angles

Let )‘ = A (radians)

Let 8 = B (radians )

Let ‘I~ = C (radians)

(a) Solve for V
(U) B y  law of cosines:

cos A = b
2 
+ c

2 
- a

2 ( 1 7)
Zbc 

- 

-

Substituting in values for A , b, c, and a

cos ( y )  = (R~~~ - H2MET) 2 
+ (RE + H I M E T ) 2 - 1(

2 
(18)

2 (RE + HZMET)(RE + H 1MET)

5 C- 24
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-‘ ‘ Since all of the quantities on the r ight hand side of equation (18) are

known, the y can be computed.

The ground range, RGMET, is given by

RGMET ( R E ) ( V )  (19)

It has already been shown previously that

cos ( S )~~~
) = (RE + HZMET) 2 + (RE + H 1MET)2 - R

2 (20)
2 (RE + H2MET)(RE + H1MET)

Let 77/2 + E = 8 (radians)

0 is angle opposite side (RE + HZMET)

(b) Solve for O

(U)  Rela t ionships between ang les and sides of the t r iang le wi th  ang les

A , B, and C and side s opposite a , b, and c , respectively, are shown by

a = b = c = diameter of the circum -
sin A sin B sin C

scribed circle; thus,

b = a
sin B sin A (21)

Putting in value s of a, b, A which are known

RE + H2ME T = R (22 )
sin (8) sin (y)

S 
= [(RE + HZMET) 1 sin (~~) (2 3)

L R
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Now that 8 and y are known (radians),  a is given by

a = T1/2 - 8 , radians (24)

[ a = ~~/2 - sin~~ r(RE + H2MET)lsin ( y )  (25 )

I L R j

As previously shown

sin ( 9 )  = [RE + H2MET sin (Y ) (26)

:= ~~~~

:+ sin
1L 

[~~~
_+:zMET ] s i n ( V ) J  1 (27)

From equations (25) and (27) ,  it is seen that

a = -E, or (28)
E = -a (29)

E is positive above the horizontal , and ne gative below the horizonta l.

t 
G is positive below the horizontal and negative above the horizontal.

C -28
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V. SEA CLUTTER DATA

Values of sea clutte r -oss-section per unit  area of sea surface

( o ~°) as a function of frequency, sea state and grazing angle are available in

tabular  fo rm in Nathanson ( re fe rence  3 , pages 231 throug h 238) . Using  this

data , curves  of c ° versus grazing angle for various sea states and fre-

quencies were cons t ruc ted .  These curves  were smoothed and ext rapola ted

and the data stored in the compute r program in a subrou t ine  entitled SIGOS.

SIGOS uses a table look-up routine TLUZ3 to provide the necessary values

of SIGO ( ~ 0) for computing the re turn  f rom sea clut ter .  TLUZ 3 uses inte r-

polation to find values of SIGO cor responding  to in termediate  value s of

wavelength . The data is s tored in bordered  tables , one table for  each sea

state . The make -up of bordered  tables is explained in A ppendix G. Row 1

contains the g raz ing  ang le in radians.  Column 1 contains the f r equency  as

wavelength in cent imeters .  Sea clutte r c ros s - sec t ion  per unit area of sea

sur face  is given in db.

C-29
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APPENDIX D
SURFACE SHIP RADAR CROSS SECTION MODEL

1. INTRODUCTION

The purpose of this append ix is to derive a sim plif ied radar
S -ross section model to account for  the fact  that as a sur face  shi p comes

over the actual horizon only a f r ac t i o n  of the actual  cross  sec t ion  appears
S at first.

2. APPROACH

Assume a radar at heig ht HI at a range R f rom a ta rge t  of
total height HS above the surface  (See Figure  1). Let RH] be the range

~~~~~~ 

-5--

HI\

R2 /
5

/~ 
-

Figure 1
RADAR HORiZON DEFINITIONS

from the radar  to the ear th  t a n g e n c y  po in t .  Then if the  t a rge t  is c loser
than RH] , all of its cross sect ion is p r e sen ted .  Let RH be the “ radar
hor izon ” fo r  the target .  For ranges between R H I  and RH,  on l y a f r a c t i o n

of the target will be visible , and none beyond RH.

I)-2
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For a tr iangular  d is t r ibut ion  of target  area (see Fi gu re 2 ), the

visible fraction of the tota l ar ea varies as the square of the f r action of th e

Figure 2

TRIANGULA R DISTRIBUTION OF AREA

~/
/~~ \h a Aa =~~

_ a h a

a h b 
Ab = 4_ bhb

\i A h 2

ve rtical dimens ion above the horizon.  In the notat ion of Fi gure  2

A / A b = (h /h b )2 ( 1 )

We point  out that if the area d i s t r ibu t ion  had been rectangular , the

exponent in equation (1) would have been unity. Thus we adopt for  ou r

simple model the function

A / A b = (h /h b ) C (2)

w h e r e  c is a number to be chosen emp ir ical l y but  wi l l  be a r b i t r a r i ly

S res t r ic ted  to values between I and 2 in the  belief that s lender  masts  and

small antennas wi l l  g ive neg li g ible radar  cross sec t ion  (hence  c wi l l

not be grea ter  than 2) .

Next consider  the cen t ro id  of the v i s ib l e  area. If the S

d i s t r i b u t i o n  of the area is t r i a n g u l a r  th is  is at a d i s t ance  h / 3  above thea
hor izon ;  if r ec tangula r , then  h /2  above the  h o r i z o n .  Thus we l i n e a r i z e

a
so that  the centrold is at a d i s t ance  d above the  h o r i z o n  w h e r e

d = h
a / (c  + 1) (3)
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3. EQUATIONS

In the notation of Figure 1 , assume we are given:

Hi = Radar hei ght , feet

R = Range to target , N . M.
SIG = Radar cross section of target, sq. meters

C = empirical constant  (see above)

HS = Vert ical  d imension  of target , feet

Then we require:

SIGA = Radar cross section visible above the horizon , S

sq. meters

H = Alti tud e of vis ible area , feet

Using the well known radar horizon equation , the relations of Section 2 ,

and the geomet ry  of Figure  1, we then get in FORTRAN notation:

RH 1 = l .2289 *SQRT(Hl)

R2 = R - R H I , )’ O

HH = ( R2 / l . 22 8 9 ) **2

HA = HS - H H , > 0

SIGA = SIG*(HA/HS )**C

H = HH + H A / ( C + 1 . 0)

u

-
,

-
j  
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APPENDIX E
SONAR DETECTION MODEL

1. INTRODUC TION

(U) The purpose of this appendix is to der ive  a simplified sonar
detection model to estimate t a rge t  detection ra~~r ~nd detect ion proba-

- 
bility by sur face  ship and submarine sonars.

2. APPROACH H
(U) The approach used is based on that presented in Naval

ODerations Analysis,  Operations Committee, Naval Science Department, - 
-

U. S. Naval Institute, Annapolis , Mary land , 1968. The f if ty percent
probability of detection range is computed based on total propagation loss
in decibils. The propagation loss include . allowance for t a rge t  radiated
noise , background noise , and required signal to noise ratio for
recognition. Once the f i f ty  percent proba bility of detection raoge  is
computed , a normal curve is established using the 50% point computed
with the following expression:

exp[ -. 693(R /R 50
) 2

]

where :  = probability of detect ion

R = d ynamic range  between t a rge t  and sonar

R 50 = 50% probabi l i ty  of detect ion range corn
puted.

This expression gives the probabi lity of detection versus range.  When
the range between ta rge t  and sonar  is es tabl ished during the engagement
(see Appendix I), the express ion  is evaluated for  the probabili ty of s ona r
detect ion at that range.  If the value lies equal to or above the required
value (input to the NEM model pr ior  to the engagement ) ,  detect ion
occurs .  If not , detection doe s not occur .

(U) Two d i f fe ren t  modes of sonar sound t r a n s m i s s i o n  were  used:
direct  path and bottom bounce. The convergence  zone mode was not
inc luded. Figure 1 shows the relat ionship between propagat ion loss with
respect  to range for  the two modes considered.  Althoug h this relation-
ship will va ry  with sea depth , summer layer  depth , sonic dep th , and
receiver  position , the model assumes for  all engagement s a sea depth
of 2000 fa thoms , summer layer  depth of 100 feet , source  depth  of 50 feet ,
and the receive r to be below the summer layer .
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FIGURE 1 - PROPAGATION LOSS VERSUS R AN G E  TO TARGET
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3. EQUATIONS
(U) Two different sonar modes were considered: active and

passive. Although some sonars may operate in either or both , the
model assumed each to be independent .

3. 1 Active Sonar
(U) The active sonar 50% detection range equation is as follows:

NW = 
Ls + NTS - 

(I~~~ N~~1) - NRD
2

where:

NW = total propagation loss in db , used to enter
figure 1 for range solution.

Ls = radiated signal from pinging sonar ship in db.

NTs = target signal strength (return) in db.

LN = omnidirectional self noise in db.

NDI = directivity index.

NRD = required signal to noise ratio for recognition
in db.

Naval ODerations Analysis suggested the following value s as typical for
an active sonar on station:

Ls = 140 db.

NTs = 15 db.

LN = -43 db. (sea state 2)

NDI = 25 db.

NRD 27 db.

The values were input to all active sonars used in the model and can be
cha nged by the User if desired.

I
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3.2 Passive Sonar
(U) The passive sonar 50% detection range equation is as

follows:

NW = - (LN 
- NDI) - NRD

where:

NW = total propagation loss in db. used to enter
figure 1 for range solution.

Ls = target radiated noise in db.
LN = orninidirectional background noise in db.

NDI = directivity index.

NRD = required signal to noise ratio for recognition
in db.

Naval Operations Analysis suggested the following value s as typical
for a passive sonar on station :

Older Sonars Newer Sonars

L5 14 db. 14 db.

LN = -43 db. -43 db.

NDI = 12 db. 21 db.

NRD = -3 db. -15 db.

These values were input to all passive sonars used in the model and can
be changed by the User if desired.
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APPENDIX F

SIMPLiF I ED RADAR DETECTION MODEL

1. INTRODUCTION

The purpose of this appendix is to derive a simplified radar

detection model w hich embraces both the clear and the jamm ing environment.

Multi-path , clutter , and other effects on detection are ignored in this

treatment and are dealt with els ewhere.

2. STANDARD RADAR RANGE EQUATION

The commonl y used radar range equation , see Reference ( I ) .

is 2 24 
- 

P G  X a

(4 1~)
3 
‘~m

where

R = detection range , meters

p = transmitted power , watts

G = gain , (antenna , et c . )

X = wavelength , meters
a = target radar cross section , sq. meters

= minimum power required at the receiver for detection
at some desired probability level

This equation is best understood as apply ing to the detection based on a

s ing le pulse in a clear (unjammed) environment.  For a large surface radar

typical values mig ht be: (Us ing FORTRAN Notation)

Reference (1). Airborne Radar , D. J. Povejsil , R. S. Raven , and

Peter Waterman. Boston Technical Publishers.

Cambridge, Massachusetts , 1965
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P = 1.E6 watts

G = 1000 -s..- 30 db

A = 1.0 meters ‘~~ .- 300 Megahertz

P = 5 .E-l3wa t tsm
a = 1 Sq. Meter

then

R = 178 ,000 meters ‘~~~~ 90 Nautical Miles

The value of is usually determined in relation to the radar

receiver noise , i. e. (with typical values):

~ m = ( ~) N  (2)

where 

c

= critical signal to noise ratio = 5. to give required
I.. )c probability

Nr = Receiver noise , watts

= (k)( T )(BR)(XNF) (3)

• where

k = Boltzmann ’s constant = ( 1 37E-23) jou le/°K

T = 290°K

(k)(T) = 3.97E-2 1 ~ 4. E-21

BR = Receiver bandwidth , Hz 5. E6 Hertz

XNF = Receiver noise fi gure , num. = 5

then

N (4. E-2 1)(5. E6)(5. ) 100. E- 15 1. E- 13 watts

p = NR S. E-13 wattsm N

R~ 984)(5: E 13)
a =~~~~~ ( l . E 2 4 )

F-3
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and

R = . 178E6 = 178 , 000 meters

R in Naut. Mi. = (5.412E-1( 17. 8E4 )

= 9 0 N M .

= Note that the critical signal-to-noise ratio of 5 is sometimes expressed in

db , i. e. ,

SNRODB = 10 log (SN)

10 log (5) = 7

and Receiver Noise is sometimes expressed in DBM (decibels referenced to

rn illiwatts),  i. e.

NRDBM 10 log N + 30 (4)

= 10 log ( I . E  -13) +30

= 10(~~13) + 30

= - 10 0

i. e. ,

NR(Watt s ) = (10Y 3 (1O) ~ 
1(NRDBM)

Wavelength is related to frequency by

F = 300/ ~ in Megahertz for A in meters

3. DETECTION PROBABILITY FOR A PULSE RADAR

For clarity, assume a pulse radar with  a fan beam which scans

by rotating in azimuth at a constant  angular rate AZR and a pulse repetition

frequenc y PRF. For each t t l o ok l ? , i. e .,  each scan of the beam there will be

n pulses hitting the target.  Due to the random fluctuat ions  of noise and

target reflectivity some of the pulse re turns  may be detected and some may

not. Thus detection becomes a random variable and we now speak of the

• sing le scan probabilit y of detection , PSS.

In Reference (1) is derived an equation for PSS in terms of

range R and othe r parameters.  The assumptions  include:

t’ )

I
F-4



U a. A pulse radar with small duty cycle (a thousandth or less)

b. Antenna pattern with constant gain over a beamw idth

and zero gain outside the beam .

c. A square law detector.

d. An additive pulse integrator

e. A decision element consisting simply of a defined

threshold (bias).

f. Fluctuating target signal with a Rayleigh dis t r ibut ion ,

constant during each scan , but independent from scan to

scan.

From Reference (1)

PSS(R) = Single scan probability of detection at Rang e R

exp [-K(R/R 0 )
4
1 (6)

where 1- ~ ~ 1/4

R P G  A a (7)
° L 4 ~1 3 N j

R = Range to target

K = A factor for  each radar which is a funct ion of n and r~
where

n = No. of pulses per look (scan)

Ti = False Alarm number

- 1
False Alarm Probability

3.1 CALCULATION OF THE K-FACTOR

Now n is a function of the scan pattern , antenna beam size , and

pulse repetition frequency: while r~ is a desi gn and/or  an operational choice

determined b y changing the detector threshold or bias leve l b. Typ ical values

for n range from 102 to 1012
. The K factor is plotted in Figure 3-7 of

Reference (1)  as a family of curves for  n and T i .  A curve fit  to these is

obtained by us ing the approximation K ~ Cn ’ 6 and determ ining C as show n

in Figure 1 . This yields the relations:

‘-
I
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A: When (6 ~ log n ~ 12)

K~~~~~ l O l o g K

= - 6 1o g n + . 4 l o g ~ + 7 . 2 (8)

B: When (2 ~ logil ~ 6)

‘I Kdb = -6 log n + .9  log e + 4 .2 (9)

Note:

K = 1o~ 
l(K

db
) (10)

Example: For n 10 , Ti = io
12

, R = R

K db 
= -6 + 4.8 + 7 .2  6

K = 4 .
4— ,

PSS = exp -4 . (1) 
-

~ .018

and for R/ R  = , PSS = . 78
0 2

Example: For n = 10 , R = R and various false alarm numbers

[j ~ TI 1 z ~ 
- 

6 8 
- 

10 12 
-

l Pss 1 . 36~~~ [.~~2 t . ’Q5 .~ . 068 J . 036 1.Q18 ..

3. 2 CALCULATION OF NUMBER OF PULSES

The number of pulses n per scan used in equation for PSS above

can be calculated for many regular scan patterns . For a fan beam sweeping

in azimuth, this is

. (ST)(PRF)(BA) ( 1 1 )
SFOV

where

ST = Scan time 360/AZR,  sec

AZR = Antenna azimuth scan rate , deg/sec

PRF = Pulse repetition frequency, pulses/sec

BA = B eam area = (BAZ)(BEL) ,  square degrees

BAZ = Antenna azimuth beam width , deg.

BEL = Antenna elevation beam w idth , deg.

SFOV = Search field-of-view, square degrees

= 360° (BEL)

F-6
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- Example:

AZR = 60 deg/sec

PRF 240 pulses per second

BAZ = 2. 5 deg.

BEL = 2 0d e g .

then

ST = 360/60 = 6 sec.

BA = (2. 5)(20) = 50 square degrees

SFOV = (360)( 2 0) = 7200 square degrees

and
(6)(240)(50)n = 7200 

10 pulses /scan

Then for false alarm number = io
l2 , the probability of detection at range

R R i 8
0

PSS ( R )  exp -K (R /R )4j

= exp -4 = .018 (12)

3.3 RELATION OF (S/N),  PSS, FALSE ALARM, AND BIAS

The critical signal- to-noise  ratio (S/N)
~ 

was introduced in

equation (2) and R 0 was defined in equation (7) wi th  (S/N )  = 1.

Suppose that the bias level in the receiver is set so that at R0 the false alarm

number is io
12 . Then we see in the examp le above that at R = R the s ing le

scan detection probability is . 018. From Figure 3-3 in Reference (1)  we

see that for number of pulses n = 10 , then the bias level b = 50(2N) = lOON

(N Noise power). If we decrease the bias level to about 36N the fals e

alarm number is i0 2 , and the probabili ty of false alarm is increased from

to 10~~~. Now what happens to detection probabili ty PSS?

F-7
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Firs t  let us note that for a g iven radar and target , R is fixed ‘

and is independent of bias level b or the false alarm number Ti . Also as

shown in Reference (1)  the received signal-to-noise ratio at any range

R i s  4

(13)

i. e. ,

R = (S/N)~~~
4 R (14)

Then when the signa l equals the bias level

R = (36) 1/4 
R = .41 R for Ti = 102

, (S/N )  = 3&1 0 0 —  C —

R = (100)  1/4 
R = .31 R fo r ~ = 10 12 , (S/N) = 100 ,

2 o o —  c

Thus we pay for  decreased false  .~larm probabili t ies b y decreasing the

“detection” range from .41 R to . 3 1  R in this example. Let us now find
0 0

the detection probabilities at R 1 and R2 .

From equations (6)  and ( 1 3 )  we have

PSS(R) = exp -K(N/S) =

where K is a function of fals e alarm number Ti and number of pulses n

i.e., for n = 10 as before

K(n , Ti ) = 1O** 1(-6 + 1.8 + 4 .2~] 1, ~ = i0~
= 1O** ~~l (-6  + 4.8 + 7 .2~ = 4 , Ti = 10~~

Thus

PSS(R 1) = exp r - 1/ ( 3 6 )  = exp r_ . 028J = . 972

for Ti = io
2 , (S/N ) = 36

PSS(R
2
) = exp r -4/ 100 = exp ~- .O4 = .96 1

for Ti = io 12 , (S/N) 100

_ _  
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We interpret  this by say ing that althoug h range R 1 is greater than R 2 the

detection probabi l i ty  at R 1 is grea ter  than at R2 but so is the number  of

false alarms. The select ion of a bias level (and hence a false alarm rate)

is a desi gn choice and varies f rom one app lication to another , see Reference

( I ) .

4 . COMPUTING SUMMARY FOR C LEAR (UNJAMMED) CASE

For computational  and programming convenience the above is

summar ized:

4 . 1 RADAR INPUTS

For each radar type and mode of operation:

(1)  XLAMDA = Wavelength , cm

(2)  PR = t r ansmi t ted  power , watts

(3) GTDB • = t r ansmi t t e r  gain , db

(4) GRDB = receiver  gain , db

( 5)  XNF = receiver  noise fi gure , numer ic

(6) BR receiver  bandw idth , Hz

(7)  FR PRF = pulse repet i t ion f requency ,  pu lses / sec

(8) RATE 1 = AZR = antenna azimuth scan rate , deg/ sec

(9) BWE = BAZ = antenna azimuth beam width , deg.

(10)  BWD = BEL = antenna elevation beam width , deg .

( 1 1 )  TA = T = antenna t empera ture , deg. K

( 1 2 )  PFA Probabi l i ty  of false alarm
= 1/fa lse  alarm number

(13)  SIGMAT = 6 = ta rget  radar cross section , square  meters

F 9
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4 .2 COMPUTATION

If we let

A = XLAMDA/ 100

P = P R

• C
r 

1O.**(. 1*GTDB)

N = (4 .E_ 2 1) *(BR) *(XNF)

Ti = 1/PFA

n = ((360/RATE 1) *FR *BWE *BWD)/ (360 * BWD))
= FR*BWE/RATE1

KDB = -6 l o g n + . 4 1o g ~~ + 7 . 2
for (6 ~ log li ~ 12)

= -6 l o g n + . 9 l o g ~~ +4 .2
for (2 ~ log Ti ~ 6)

K = 10.**(. 1*KDB)

Then 1/4
~
- 2 2 - 1
P G r8 =

~~ (15)
L ( 4 1 )

3 Nr J
1/4

R = (16)

PSS(R) = exp ~ _K(R/R )
4Th 

(17)

Normally ~ and K can be computed once for a given radar type and then

onl y R and a varies during the problem .

Note if Nr is given in DBM

Nr 
= lO**(. 1*DBM - 3)

F - b
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5. EFFECTS OF POWER JAMMING

Assum e a broad band jammer which is emitting with  a power of P.

watts per hertz in the frequency  band of the radar receiver.  Then from

equations (3-2) and (3-4) of Reference (1) we find that the jamming s ignal

N. seen by the radar receiver is
2

P .B G .G A
N — 

j  r r (18)
~ (4 7r )2 R~

.1 where

P . = jammer power , watts per hertz

B = BR = radar receiver bandwidth , hertz

G . = jammer gain (antenna focusing )

C = radar antenna gain

= wavelength, meters

R. = range from jamrner to radar , meters

R t 
= range from target  to radar , meters.

The assumption is then made that the jar nmer signal N . is additive with

the receiver noise N .  Then the signal to noise ratio in the receiver is

— =  = 
t (19)

N Nr + N j P .G.G A 2
B

N +  j j r  r
r ( 4 )

2
R

2

Using the def ini t ion of R as before and defining

• F - I l
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— I  3 3  r r 20R k
_ : 2 N(4~~T )  r

t
then

(R /R )4
0 t (21)

N 1 + ( R k 3

Thus we see that if R. = R k then the s ignal-to-noise is cut in half , which

is equivalent to reducing R b y a factor of the fourth root of 2 . The probability

of detection in a s ing le scan now becomes

PSS(R t ) = exp [-K/ (S/N) ~ (22)

where K is the same as g iven in equations (6) and (17),  and S/N is g iven

in equation (21). Note that the jamming degrades the range b y a factor

H of

1 ~~~1/4
(23)

I 1 - F (R~ IR .)
L
In many cases (R k /R

J
) is a large number so that in effect in

equations (21) and (22)

R i 4  rR. f l 2
(24)N . RtJ R k~

P G C  A
2 

R
2 

Nt t r 1
• _ _ _ _

N 4 2
r R P.G. G ~ Bt r r

(25)
R

~

- ~~~~~~~~~~~~~
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From this we can make the following approximate statements: For a g iven

number of hits per scan n and a g iven false alarm number Ti and a given

probability of detection in a sing le scan (PSS):

a. Radar t ransmit ting power P~ offsets jan imer power

one-for-one.

b. Forcing the jammer to stand off at tw ic e the range

increases the range to target  (for  same detection probability)

by a factor of (4) 1/4 1.414, i.e. , an increase of 41% in R t .

c. Cutting the jammer power to one-fourth is equivalent to

doubling the jammer stand-off range or to increasing the

detect ion range by 41%.

d. Cutting the jar nmer power to one-tenth is equivalent to

trebling the jammer stand-off range or to increasing

detection range by a factor of ~~~~~~~~ 1.78 (an increase

of 78%)

6. COMPUTING SUMMAR Y FOR JAMMING CASE

In addition to the inputs in Section 4, above , include the following:

6.1 JAMMER INPUTS

For each jammer type and each band:

(1)  PJ = Jammer power , wat ts/MHz

(2)  GJDB = Jammer antenna gain , db

(3) BJ = Jammer signal bandw idth , Hz
(equal to or greater  than BR)

(4) RJ = Rang e, radar to jammer , N. Mi.

( )

F- 13
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6.2 COMPUTATION

If we let

A = XLAMDA/100 , meters

F 
~~ 

P~ = PJ/ 1.E6 , wat ts/Hz

G. = 10**(. 1 GJDB)

B BR, Hz

G = 1O**(. 1 GRDB)

R. = RJ/5.4118E-4 = 1.848E3*RJ , meters
3

N = (4 .E-2 1) *(BR) *(XNF)

• Rt = 5.4118E4*R, meters
then

rP .G . C A
2

B 1
Rk =1 ~ 2 

r 
—

~~ 
, meters (26)

N

(R /R
~

)4

SN = 2 (27)
• 1 + (R k /R j )

RKJ = 1 + (R k /R . )2 
(28)

r
PSS(R

~
) = 

L

~~~~~~~

*R
~~~~~~~~~~~~~~~~~~~~~

i 

~~~ 

(29)

NOTE: For each radar can compile

2
A B ~

= 
2 

r 
= (5 .4 118E-4)

~~~ N J

0
F-14
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Then to get R k in N. Mi .

R = (P.G .) ”2
• k j j

= (PJ~(1.E_6)*G~)
”2
* a

= (PJ*G.)~~~*(1 .E~ 3)* a

Let 1
~ G

ALFA = (1. E_ 3) * = (5.4 118E-7)* r 
2 

r

- i  (4 w ) N J

Then

R = (pJ*G ) ’~~*ALFAk 3

7. EXAMPLE No. 1 - NO JAMMING
• In the notation of Section 4 , let

• ( 
) 

XLAMDA = 145 cm A = 1.45 meters

PR = l.8E5 watts P = l , 8E 5 watts

GTDB = 23 db G 200 .r
GRDB = 23 db C = 200.r
XNF = 2. N (4 . E-21 ) (3 .E5) (2 )

BR = 3 .E5 Hz J = 24 .E-l6
FR = Z3O pps ~
RATE1 = 60 deg/sec n = 

230*7 27 pulses/scan

BWE 7 deg

BWD = 20 deg

PFA = I . E - 1 2  Ti = I . E 12

SIGMAT = 1 sq. meter  1

~

- -

F - i S  ,
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Then , )
KDB = -6 l o g n - i - .4 log T i + 7 .2

= -8,58 + 4.8 + 7. 2 = 3. 42

K = 1O**(. IKDB)  = 2. 2
r- 2 2 i 1/4

- 

P C A 
- 

( 1. 8E5)(200)
2 ( 1.45) 2 -~~ 1/4 

- 
15. 1 E9

~ L~” 
)3 

Nr J - 

1984(24 .E-16)  L4 .75E~12~
r3• 18E211”4 = 2. 37E5 = 23. 7E4

R ~ 
1/4 

= 23. 7E4 , meters

(5.4 118E-4)(23.7E4 ) = 129 N.M.

PSS(R) = exp [_ K ( R / R0)4] exp [-2.2(R/129)
4
]

PSS(R 0
) = exp [_z. i} = . 11

R 200 150 100 50 30

( R/ R  )
4 5.70 1.8 .36 .0215 . 0029

K ( R / R 0)
4 12. 5 4. .79 . 0475 . 0064

PSS(R) 3. 7E-6 .018 .45 . 954 . 9936

For Ti = 1. E6 , KDB = 1. 02, K = 1.26, PSS(R ) = .284

• 
[ R 200 150 100 50 30

7. 5E-4 . 103 .635 . 973 .9964

8. EXAMPLE NO . lA - WIT H JAMMING

In the notation of Sections 4. and 6. let

pJ = 500 wat t s/MHz

GJDB = 0 d b

BJ = 7. 5E6 Hz

RJ = 100 N . M.

- 1 

- —
~~~~
—

~~~~~ I
5— -~~ 
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Using the above and the data of Section 7

A = XLAMDA/100 = 1. 45 meters

P. = PJ/l. E6 = 500 . E-6 wat ts/Hz
J

G. = 10**(. 1 GJDB) = 1.

B = BR = 3 . E 5 Hz

= 10**(. 1 GRDB) = 200.

R. = RJ = 100 N .M .

N = = 2 4 .E-16
r

K = = 2 . 2

R = = 129 N . M.
0

Then

2
— 

(5 .  E-4)( 1.)  ( 2 0 0 ) ( l . 4 5)  (3. ES) 
-R k L 157. 5 (4 . E - 1) ( 3 . E 5 ) ( 2 )  j

• _ . 1/2 
- 

1/2
= (3. 18E-6) (5 . 25E22) = 16. 7E 16 1 = 4. 09E8 meters

— R k 
= ( 5 . 4l l 8 E-4 ) ( 4 .  098E8) = 20. 9E4 = 209E3 N. M.

RKJ = 1 + (R k /R j
) 2 

= 1 + (2. 09E3) 2 
= 4. 35E6

K*RKJ = 9. 55E6 , PSS(R
~

) = exp L-9 55E6 (R
~

/ R )
4
1

R ‘

t 1.29 12.9 6. 45 3. 2. 1.7 1.5

(R
~

/ R )
4 I . E - 8  1.E-4 6 .25E-6  3 .&E-7  5. 7E-8 3. 03E-8 1. 85E-8~

R -9. 55E-2 -9.5E+2 60 . 3. 45 . 545 .2 9 .177

PSS . 909 0. 0. . 03) .58 . 748 . 837

L 
F-17
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1/2
C A 2 

B r5. 25E22 1 1/’

ALFA = (5.4i18E-7) 
[ r  )2 

N 1  

= (5. 4 118E-7) L 157. 5 J
= 9 . 9E + 3

9. EXAMPLE NO. 2 - NO JAMMING

In the notation of Section 4 , let

XLAMDA = 5. 5 cm A = . 055 meters

PR = 2 .83E5 watts P = 2 .85E5 watts

GTDB = 23 db G~ = 1000

GRDB = 23 db c = 1000

XNF = 25 N: = (4 .E -21) ( 5 . E6)( 25)

BR = 5. E6 Hz j  = 5.E-13

FR 6 l O pps )
RATE1 = 102 deg/sec~ = 

610*1.8 
= 10. 8 pulses /scan

BWE l . 8 d e g  J
BWD 16. deg.

PFA = 1.E-12 Ti = 1.E 12

SIGMA T = 1 sq. meters = 1

Then

KDB = -6 l o g n + . 4  log f l + 7 . 2

= -8. 58 + 4.8 + 7. 2 = 3. 42

K = 10**(. 1 KDB) = 2 . 2

2 2 1/4 1/4

8 - r~
_C A 1 - 

r (2 .85Es ) (1.E6) (.055) 2 1 - 
r 8.7E8 1- 

[4 7 1 ) ~ Nrj  

- L 1984(5. E-13) J - 

L9. 9 E _ b 0 J

= [8. 84E 17] 
1/4 

= ~~ 06E4

R = 
1/4 

= 3. 06E4 meters

(5 .4118E-4) (3 .06E4)  = 16.6  N.MI.

U 
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‘- —
‘ PSS(R) = exp ~- K ( R/ R 0 )~~ = exp [_ 2 .2 ( R/ 16 . 6)

4T

PSS(R ) = exp ‘ -2 .2]  = . 11

R 20 15 10 8 .3  5

(R/ R )4 
2. 07 .658 . 13 . 062 . 008

K ( R / R )4 
4 .6  1. 41 

— 

.286 .136 .0176

PSS(R) . 01 .24 . 75 .87 .925  H

J O . EXAMPLE NO. ZA - WITH JAMMING

In the notations of Sections 4 and 6 let

PJ = 500 wat t s /MHz

GJDB = 0 d b

BJ = 7. 5E6 Hz

RJ = 100 N.M.

-
• 

Using the above and the data of Section 9.

A = XLAMDA/ 100 = .055 meters

p . = PJ/ 1. E6 = 500. E-6 wa t t s/Hz
3

C. = 10**(. 1GJDB) = ] ,

Br = BR 5. E6 Hz

Cr = 10**(.IGRBD) = 1000

R. = RJ = 100 N .M.
3

- ‘ N = = 5 . E - 1 3

K
r 

= = 2 . 2

R = = 16 . 6 N . M.
0

F-19
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1/2then 2

A LFA = ( 5 . 4 12E - 7 )  [r  :1 = ( ) 
r(iooo)(.O55~~(5.E6) ~

l/2

1/2
r 1 5E7 1/2

= 

L 78 ’7E-b0J = ( 5 . 4 1~~E -7)  1.9 1E 17

= (5 . 4 12E-7) (4 . 37E8) = 23. 7E1 = 237

R = (PJ*G .)~
”2*ALFA = 22. 3*237 = 5.3E3k j

Let

RKJ = 1 + (R k /R .)
2 

= 1 + (53) 2 
= 2821 = 2. 82E3

K*RKJ = 6. 2E3 PSS(Rt ) = exp [~~6. 2E3(R
~

/ R ) 4 ’

R t 1.66 1. 7 2. 2 . 5

(R /R  )
4 

E-4 1. 1E-4 2. 07E-4t o

K *RKJ(R /R )
4 

6 . 2 E- 1  6 .85E-1  12.8E-1t o

PSS .54 . 504 .28

F -2 0
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APPENDIX C

SAM INTERCEPT MODEL

1. INTRODUCTION

A s imp lif ied Su r f a c e -t o -A ir  Miss i le  intercept  model  is de-

veloped which requires  t abu la r  input  of t ime of f l i ght in a local coordinate

system centered at the launcher , and an allowed firing sector similarl y

def ined .

2. TIME OF FLIGHT

As in F igure  1, assume 
S

a polar coordinate  sys tem wi th  the I 

T
ori gin at the launcher  L. For the I T1 

2

point P wi th  polar coordinates  
~~ 22

P = ( i,  R) let the contours  of con- 7’p12 
/

stant  t ime of f l ight be g iven for

two t imes T 1 and T2 which  bound - • _
‘i-

~~~~~ 
~~~~~~~ ~21 >,the  point P and tabulated for  the A A A2 1

four  points . FIGUR E 1
P

11 
(A 1 R

11
) T IME OF FLI~~’~ rn~~ ’-~r~~

P
12 

= (A 2
, R 12

)

P21 = (A~~ R 21
)

P
22 

= (A 2 . R 22
)

Let:

p = (A - A 2
) / ( .A 1 -A 2

)

q r i - p  5

R 1 p R
11 

-~ q R 12
R 2 p R

21 
+ q R 22

s = ( R - R 2
) / ( R 1 -R 2 )

t = 1 - s

G-2
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Then the interpolated time of f l i ght T to the point P will  be

T = s T 1 + t T 2
Let the contours  for  the t ime of f l i ght be tabulated in a

I?bordered l l  table as follows:

TABLE I

BORDERED TABLE FORMAT - TIME OF FLIGHT

• Col. 1 Col . 2 1
‘ Rowl D I A 1 A 2 

+

I Row 2

T 1 R 1 1 R 12

1 2 R21 R22~~~

where  the en t ry  in the f i r s t  row and f i r s t  colum n is D = 100 M + N where

M = No. of rows including the border containing the

ang les A . as tabulated

N = No. of colum ns inc luding  the border  con ta in ing

the times T . as tabu lated .

The en t r i e s  are the  radii  R ..  to the points on the contours .

- ~~~~~~~~~~~~~~ — -5 —5- ~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — — —~~~~~~ ~ -
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• 3. FIRING SECTOR

The allowed f i r ing  sector wi l l  be determined by a maximum

rang e , a minimum range,  and elevat ion and az imuth  l imits .  Consider the

following local spherical  coordinate system centered at the launcher  L

S 
z

y.,y,Z

FIGURE 2

FIRING SECTOR SPHERICAL COORDINATES

Let the y -axis  be nor th , the x-axi s  east ,  the z-axis vertical , and Let H

be the c lockwise  ang le f rom nor th , and E the elevation ang le. Then , for

the Poin t  P(x , y , z) the spherical  coordinates and x , y z are related b y:
S x R c o s E s in H

y = R cos E cos H

S z = R sin E

R = V ~~~~~~~~ + z
2 1 R~~~0

E=ATAN2 (z,1Q+y
2
) ? - 17/2~~~E~~ -‘7z

H A TAN2 (x , y) J 0 ~~~~ 2

- Then the f i r i n g  secto r is defined by a se t of cons t ra in t s :

E~~~ E~ - Ea b
H~~~ H~~ Ha b
R - R <-Ra b
. 1 2  2
V X  + y

O
~~~

Z ’•Z b c S)

C-4
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~. , wher e care must be taken in defining H and H if north is to be includeda b
in the sector. Note that all or a port ion of a hem isp here may be selected

as the f i r ing  sector , as show n schematically in Figure  3.

P 
/

-

5
,

FIGURE 3

TYPICAL FIR ING SECTOR

4. CROSSING COURS E GEOMETRY

If the SAM target is not fl y ing d i rec t l y at the launcher , then

there is a t ime and point of min imum separa t ion of the launcher and

target.  Under  the assumpt ion that the launcher mot ion  is zero  or

neg lig ible and that a l inear extrapolat ion of ta rget  veloci ty  is appropriate ,

the location and time to the cross ing point is as fo l lows.

In the local x , y ,  z coordinate  system of Fi gure  2 , let the

target posi t ion be x 1
, y 1, z~ at tim e t 1

, wi th  veloci ty  vector components

u , v,w. Then the extrapolated target position T(x, y, z) at any time t is:

x x
1
+ u (t- t

1
)

y y 1 + v ( t - t 1 )

z = z
1 + w(t  - t 1)

This then is a directed line w i t h  d i r ec t i on  numbers  ( u : v :w ) .  Cons ider

now the z-axis as a directed l ine  t h r u  the local  or i g in (x , y ,  z )  w i t h

d i r e c t i o n  n u m b e r s( l  :m :n ). Then
0 0 0

C- 5

S 5_S~~ 5~ S -
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x = 0 , y = 0 , z = 0
0 0 0

I = 0 , m 0, n = 1
• 0 0 0

Let d be the (perpendicular)  distance f rom the target  at (x , y, z) to the

z-axis. From Reference (1)

2 2
(x-x ) ( y-y ) (y -y 0) ( z-z )

S d2
= +

1 m m n
-~~~~ 0 0 0 0

(z -z ) (x-x ) 1 
2

+ I

I n U

0 0 I

For the z-axis this becomes

2 2 2
d x + y  2 2

= f x 1 + u ( t _ t
1)] + [y 1 + v(t~ t 1)]

L e t T =  t-t  be the time increment , then

d2 
= (

2
+ v2 )~~~

Z 
+ 2(ux 1 + vy 1

) 5 -
~ + (x~ + y~ )

Diffe rentiat ion w ith r espect to t show s that d
2 is a min imum (hence  d

is a minimum ) when 
S

-(ux 1 + vy 1)
2 2 =

u + v

and
- Vx

1d

This of course  is not precisel y the same tim e that the closest  approach

to the launcher occurs. This is g iven as follows:

(1)  Sol id Anal yt ical Geometry , by John M. H. Olmstead , ID. App leton-
Cen tu ry ,  N . Y. 1947 

C-6  
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Let d be the distanc e at any time t from the launcher to the

target. Let the time increm ent be 7
~~~ , 

i. e . ,

•i:-
then U

• 2 2 2 2
d = x  + y  + z

2 2 2
= ( x 1 + u ’~ ) + ( y 1 + v ”T) + ( z 1 + wZ’)

= a~~
2 

+ b t ~ + c

where
2 2 2

a = u  + v  + w

b = 2-(ux
1 + vy + wz 1)

2 2 ~~~~ 2
c = x 1 + y 1 + z

1

Differentiat ion of d2 with respect to ‘~~~ g ives a minimum for

- — - 

-(ux
1 + vy 1 + wz 1)

L ~~~~~~~ 2 2 2
U + V  + W

with a minimum distance d , where
0

2
2 2 2 2 (ux 1 + vy 1 + wz 1)

2 2 2
U + v

Note that when w 0 (i. e .,  constant altitude target motion),  then

_ o
_ 

~~z

We shall be concerned with both. To dis t inguish between the two po ints

we define:

a. Crossing Course Point (at tim e ‘ = t - t 1)

P P(x , y , z ; t ) P ( R , E , H ; t )
z z z z z z z z z

b. Minimum separation point (at tim e 
~~ 

t - t ~~)

p = P ( x , y , z ; t ) = ? ( R , E , H ; t )
0 0 0 0 0 0 0 0 0

c. Target position at t ime t 1
P 1 = P(x 1

, y 1
, z 1 : t 1

) = P(R 1
, E 1

, H
1

; t
1

)

L
G-7
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5. PERMISSIBLE LAUNCH TIMES • 
U

A permissible launch time is defined to be a time at which

the SAM can be launched so that an intercept can be made in the f i r ing

sector. Using the d efinitions in the preceding sections we ascertain

the earliest and latest permissible launch times (t a and tb ) as follows:

a. If the target is not in the fir ing sector , find the

points where it enters (and leaves , if it does).

b. For the segment of the target t rajectory which is in

the fir ing sector , find those points for  which the SAM

time of fli ght is less than the time for the target to

move from its present position P 1. These are

permissible intercept points and the launch times are

found b y subtracting off the SAM time of fl i ght to these

points.

This is done in subroutine SAMLT b y a series of calculations and tests

using the f i r ing  sector defini t ion in polar coordinates and the time of f l i ght

tables previously discussed .

UI
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APPENDIX H

MIDCOURSE NAVIGATION ERROR MODELS
FOR CRUIS E MISSILES (U )

1. INTRODUCTiON

• (U) The purpose of this  append ix is to present  the midcourse

navi gation e r ro r  models for  cruise  miss i l e s  as used in the SEATID E model.

It speci f ica l l y includes:

a. A L L  Inertial  System

b. Airspeed and Magnetic Head i ng

c. Dopp ler Radar and Magnetic Heading

These are discus sed below .

2. INERTIA L NAVIGATION ERROR MODEL
2. 1 In t roduct ion

(U) The Inertial  pos i t ion  e r ro r  equat ions  are presented for

c ru i se  vehicle  operat ing cond itions . The solut ions are valid for t ime

intervals  up to 2 hours .  A l a t i tude- long itude mechanizat ion has been

assumed wi th  the p la t form X-axis  level and east,  y -axis  level and north ,

and Z-ax i s  up. The or ientat ion of this set is shown in Figure  1.

(U) A list of symbols ut i l ized is presented in Table I. S

The Iner t ia l  sys tem e r ro r  desc r i ptions are g iven in Table II. The

values f o r  constants  u t i l ized  in the er r o r  model are show n in Table ~fl

In Table IV the Iner t ia l  System Er ro r  Values are  presented for

cu r ren t and projected technolog y sys tems.  Equations used are in

Sect ion 2. 4.

2 . 2  In i t ia l  P la t form A l i gnment  - S

(U)  The ali gnment  of the p la t form p r i o r  to l aunch  consi s t s  of

leve l ing  the X and Y p la t form axes us ing  the acce le rometers. Upon

com p le t ion  of l evel ing  the Z-a x i s  is gyrocompassed  to n o r t h . The major

er r o r  sources  tha t  con t r ibu te  to p l a t fo rm leve l ing  are the acce le romete r

b iases . The major  e r ro r  sources  a f f ec t i ng  a z i m u t h  a l i g n m e n t  are  the

I l - a
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Figure 1
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TABLE I. LIST OF SYMBOLS

• 
Symbol Desc r i pt ion U n i t s

S WS Schuler  f r equency  r ad/ sec

VX East ve loc i ty  f t / s e c

VY Nor th  ve loc i ty  f t/ s e c

THETA Latitude deg. U

T Time f rom launch second s
I X , Y , Z Earth fixed axis

x , y, z Locall y level no r th  point ing axis
set: x -Eas t , ) - N o r t h , z - U p

RHOZ Pla t form rate about Z-axis  w ith r ad / sec
regard to earth fixed set

WEY Earth rate component  about Y-axis  r ad / sec

SPX Init ial  p la t fo rm t i lt  about  X-axis  rad

SPY Initial p latform t i l t  about Y-axis  rad H
SPZ Init ial  pla t form heading e r ro r  about rad

Z-axis

SX 1- Posi t ion Er ro r  East ft

SY 1- Pos i t ion  E r r o r  North  ft
/

SX1 t h r u  East axis 1- E r ro r s  ft
SX7

SYI  t h r u  Nor th  axis 1- E r ro r s  ft
SY6

CEP C i r c u l a r  E r r o r  Probable  ft

0 -

-- 5-
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TABLE II. INERTIA L SYSTEM ERRORS

Symbol Descri ption ( 1 -  E r r o r s)  Uni ts

SDXP x-component  of accelerometer  bias g ’ s

SDYP y-component  of accelerometer  bias g ’s

SKXP x-component  of acce le rometer  scale
factor

SKYP y-component  of accelerometer  scale
factor

SEXP x-component  of gy ro  d r i f t  rate d e g/ h r

SEYP y-component of gyro drift rate deg/hr

SKX x-comporient of gyro scale factor

SKY y-component  of gyro  scale factor

SDRX x-component  of reference posi t ion ft
e r ro r

SDRY y-comp onent  of re ference  pos i t ion  ft
e r ror

SDRXD x-component  of r e f e r e n c e  ve loc i ty  f t/ s e c
e r ror

SDRYD y-component  of r e fe rence  velo dy f t/ s e c
error

t S

is 5
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TAB LE III . LIST OF CONSTANTS

Symbol Descript ion Value

R Earth rad ius 2.0926388x 107 ft

WE Earth rate 7. 2921 152 rad/sec

C Gravity acceleration 32. 17 f t/ s ec 2

P Pi 3. 1416

A0 Conversion factor  0. 675617

Al  Conversion factor  -0 . 115956 4

AZ Conversion. factor  1. 65078

A3 Conversion factor - 1 .54296

A4 Conversion factor  0. 509798

:~H-6
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east gyro d r i f t  rate and the north reference veloci ty  e r ro r .  The ini t ia l

tilt and azimuth alignment errors  are modeled as Equations 5, 6 , and 7.

The values calculated are representative of the stead y state tilts and

azimuth values achievable for 15 to 30 minutes of alignment t ime.

2. 3 Error  Model Assumptions

(U) At launch the vehicle has initial position er rors  SDRX

and SDRY, and initial velocity er rors  SDRXD and SDRYD as determined by

the launching craft. The cruise  vehicle is assumed to accelerate to

constant velocities VX and VY. The follow ing e r ror  sources are assumed

to be constant: accelerometer bias errors  SDXP and SDYP , accelero-

meter scale factor errors  SKXP and SKYP, gyro bias e r rors  SEXP and

SEYP, and gyro scale factor er rors  SKX and SKY. For f l i ght t imes of

less than 2 hours the e r ror  contr ibut ion of the azimuth gyro is neg ligible

and is not cons idered.

(U) In the X-channel (east channel) the alignment e r rors  and

inertial component errors  are propogated in t ime b y equations 8 th ru  14.

These e r rors  are cons idered uncorrelated and are root sum squared to

obtain the one sigma easterly posi t ion e r ror  SX. Likewise equations 16

thru 21 propogate in tim e the Y-channel  (north channel) e r rors  which

are root sum squared to obtain the one sigma nor ther l y pos ition e r ror  SY.

(U) The vehicle CEP is determined us ing equations 23 t h r u  S

25 which convert the easter ly and nor ther l y posi t ion e r rors  to a pos ition

- 
circular error  probable.

2. 4 Equations

( 1)  WS = ( C / R ) ~~~
(2) THETAR = T H E T A .2 - P/ 3 6 0

(3) RHCZ - ~~~~~~~ - 
. t an (THE TAR)

(4) WEY = WE~ cos(THETAR)

(5)  SPX = SDXP

(6) SPY - SDYP

H-7 
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7 - ri SEXP 2. P 
•

~~~ 

2 
(SDRYID \ z

) SPZ 
L~wEY . 3600• 360 / I R .W E Y /

(8) SXI SDRX

• (9) 3X2 = 
SKXP. VX . (WS T)

(10)  SX3 SDRXD•~~~~ . s in (W5- T)

( 11) SX4 5
~~~

’
.VX [T .. _ .L.sin(WS. T)]

(12) SX5 = SPX’ RHOZ - R LT - -i.
. sin(W5~ T)~

= ( 13)  Sx6 SEYP 3600- 360 [T - 
~~~~~~~~~

. sin(W S~ T)j

(14) SX7 = SPZ VY- T 
U

(15) ~~~ (
~ 

SXN
2 

)

1/2

(16) SY1 = SDRY

(17)

(18) SY3 = SDRYD - - sin(WS T)

( 19) SY4 ~~~~~yy  [T- .sin W S .T ]

S (?.0) SY5 = SPY RHOZ . R [T - 

~~ 
s in ( WS-  T )]

( Z i )  SY6 = SPZ VX• T
- 112

(22)  SY = (
~ 

SYN
2 )

U (23) If (SY - SX) ~~ 0

then: WA = Sy/Sx

L H-8
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(24) If (SY - SX) > 0

then: RA SX/SY

S = S Y

(25) CEP = S(A0+A 1. RA+A2 • RA
2+A3. RA

3
+A4 . RA

4
)

3. AIRSPEED AND MAGNETIC HEADING ER R OR MODEL

(U) Navi gation utiliz ing airspeed and magnetic heading data

provides a relativel y simple and cheap navigation system at the expense of

navigation accuracy. Any e r ror  in the knowled ge of the air mass move-

ment with respect to the ground (i.  e .,  error  in estimating wind speed and

direction) results in position error propogation that is the time integral of

the error of the w ind vector. Additional errors  result  f rom the limited

accuracy of magnetic heading references. Eng ineering estimates indicate

one s igma along track (AT)  and cross track (CT) errors of 2% of distance 
S

traveled . The resulting error equations are:
,1/Z

(26) SX [ (AT sin *’)
2 

-4- (CT cos~~’)
2 -1- ( S R D X) 2

J
2 2 2 11/2 U

(27) SY = [(AT cos ’l’) + (CT sin *’) + (SDRY) J
where: VG = [(vx )2 

+ (VY) 2] 1/2

AT = 0 . 0 2-V G ~ T

- C T = 0 . 02~ VG~~T

= Cruise  vehicle head ing

T,VX ,VY ,SX,SY ,SDRX ,SDRY as defined in Tables I and II

The CEP is determined b y using equations 23 , 24 , and 25 of Section 2.4.

4. DOPPLER RADAR AND MAGNETIC HEADING ERROR MODEL

(U) Navigation utiliz ing a dopp ler radar and magnetic heading

provides good along track accuracy wi th  the cross track accuracy lim ited

by the magnetic heading reference accuracy.  Reference I indicates one

sigma along track (AT)  and cross track (CT) accuracies  of 0. 6% and

1.2%, respectively, of distance traveled . The resul t ing e r ro r  equations

are :

H-9
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(28) SX = [(AT sin ’*’)2 
+ (CT c os l )  + (sDRX) 2]

(29)  SY = [(AT cosi’ ) + (CT sin i’) + (SDRX) ]
2 2 1 ’~~where: VG = [(vx) + (VY ) J

AT = 0. 006’vG~ T

CT 0. 0 1 Z •V G .T

= Cruise  missile heading

- S 
T,VX ,VY ,SX ,SY ,SDRS,SDRY as defined in Tables I and III.

The CEP is determined by using equations 23 , 24 , and 25 of Section 2. 4 .

5. INPUTS AND OUTPUTS

(U) The typ ical data shown in Table IV has been programmed

into the SEATID E Naval Eng agement Model (NEM) into BLOCK DATA in

Common Block CGIJID . The manner in which the Error Model is used

and the inputs to be s upp lied b y the User is as follows.

(U) At time of missile launch the NEM supp lies the range and

hcad ing to the target and missile average velocity. Prior  to the run the

User must supp ly the follow ing four inputs :

(1) IG = 1 for Inertial Navigation

= 2 for Airspeed Navigation

= 3 for  Doppler Navi gation

(2) IE = 1 for 1970-1975 Era

= 2 for 1975-1980 Era

(3) PLP = Fraction of the position error  interval  show n

• in Table IV for  the type of launc h platform ,

e.g. , for  air launch~PLP = 0 gives SDRX =

SDRY = 600 feet initial position error while

PLP I gives SDRX = SDRY = 6000 feet , and

PLP . 074074 g ives SDRX = SDRY = 1000 feet.

(4) PLV Fraction of the velocity error interval  show n in

Table IV for  the type of launch platform , e. g.

for  air  launch~PLV = 0 g ives SDRXD = SDRYD =

I f t/ s e c .

H - l 0
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TAB LE W. VALUES FOR INERTIAL SYSTEM ERROR

• Error 1970-75 Time Period 1975-80 Time Period -

SDXP 0.6 x ~~~~ g’s 0.3 x l0~~ g’s
SDYP 0. 6 x io-~ g’ s 0. 3 x l0 g’
SKX P 0.02% 0.01%
SKYP 0.027o 0.01%
SEXP 0.01 deg/hr . 0.005 deg/hr.
SEY P 0.01 deg/hr . 0.005 deg/hr.
SKX 0. 03% 0.015%
SKY 0.03% 0.015%

Error Land Launch1 Sea Launch Air Launch
SDR X 0 to 600 ft. 600 to 6, 000 ft. 600 to 6, 000 ft.
SDRY 0 to 600 ft. 600 to 6, 000 ft. 600 to 6, 000 ft.
SDRXD 0 fps 0.25 to 1.0 fps 1.0 to 3.0 fps
SDRYD 0 fps 0. 25 to 1.0 fps 1.0 to 3.0 fps

NOTES:

1. For land launch from a permanent installation, the initial position
error approache s the lower end of the range. A temporary f ield
installation approaches the upper end of the range. For either set-
up the reference velocity error is zero.

2. For sea launch, the cruise vehicle guidance system alignment and
initialization accuracy is somewhat dependent on the elapsed time

- from the last reset of the launching craft’ s navigation system. The
values presented are launching craft time rms values which are a
measure of the average system error. For strategic type launch-
ing craft , use values in the lower half of the range. For attack
type launching craft, use values in the upper half of the range.

3. Same comments of Note 2 apply. 
S

H - I l
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The format  for  inputing this to the NEM is discussed in the section on )

- 
NEM inputs.

(13) Sample problems were run for the following cases and

the output plotted in Figure 2 for  the inertial system and Figure  3

for the airspeed and dopp ler systems:

(1) IC = 1, 2 , and 3
U 

(2) IE = 1, for  1970-75

(3) PLP = . 074074 for  1000 ft. position error

(4) PLV = 0 for  1 f t / s ec  velocity e r ror

(5) A ir Launched

(6) Missiles velocities

(a) 528 f t/ sec  MN 0. 8 at S. L.

(b) 1146 ft/sec MN2.O at 4O KFT

(c) 2005 f t/ s e c  MN 3. 5 at 70 KFT

This show s for examp Le that at 200 NM to t he  target a MN 2.

miss ile will  have the following CEP5 .

Typ e CEP , ft .

Inertial 1500

Doppler 8000

Airspeed 17000

6. REFERENCES

(1 )  Avionics Navigation Systems , Myron Kayton and Walter
S Fried , John Wiley and Sons , I nc . ,  1969.
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A P P E N D I X  I

E N G A G E M E N T  SIM U LATION

I . E N G A G E M E N T  DESCRIPTION

The Naval  E n g a g e m e n t  Model (NEM ) s imulates  a two-sided 
S

(Red vs Blue) engagement  on the open sea. The rou t ine  models the
in te rac t ion  between units of the opposing fo rces  for  a period of up to twenty -
one hours .  The engagement  outcome is measured  in terms of value lost
by each side.

The fo rce  for  each side is defined by a set of shi p, submar ine
and a i r c r a f t  units  deployed on and following routes p rede te rmined  by input.
In teract ion between opposing uni ts  is limited onl y by the cons t r a in t s  of
relative position , velocity and subsys te m capability. The model is sym-
metric  with respect to red or blue units . The same ground  rules govern  U

the action of s imilar  units on ei ther  side.

The rout ine  is pr imar i ly a Monte Carlo model. Several Monte
Carlo passes th roug h the simulation are executed to evaluate the engagement .
Each pass d i f f e r s  in relative unit  position with cor responding  d i f f e r e n c e s  U

in un i t  in te rac t ion .  Each Monte Carlo pass simulates the engagemen t  over
the period of t ime specif ied by input. Throug hout this period , t ime is

~dvariced by the in t eg ra t ion  step size specif ied b y input. At each t ime step,
the posit ion and velocit y of each unit  is computed; all aspects of possible
inte ract ion between units  are assessed;  and the status of each un i t  is
updated. Final engagement  outcome is taken to be the a r i thmet ic  a v e r a g e  S

of the resul ts  of the individual Monte Carlo passes. The top level flow
d i a g r a m  for  the e n g a g e m e n t  s imulation is given by Fi gure  1.

2. ENGAGEMEN T CONTROL

E n g a g e m e n t  control  variables are  input to the rou t ine  th roug h
Nameli s t s  &DIMENS and &NGAGE. The e f fec t  of these variables  on va r ious
aspects of the s imulat ion will be r e f er r e d  to th roug hout the remainder  of
th i s  appendix.  Specific def ini t ion of the variables  and the mechan ics  of
Namel i s t  input  a re  g iven in Section III. 3, Volume IIA , the NEM User s  S

Manua l .  F

2. 1 Monte  Carlo Passes

The n u m b e r  of Monte Carlo passes th roug h the s imulat ion is
specif ied by the var iable  N C A R L O .  Since the computer run t ime is direct l y
propor t iona l  to N C A R L O , this variable should be kept small . Some aspects
of the simulation are  based on cxpected value probabil i t ies  to improve
n u m e r i c a l  s tab i l i ty  with a small numbe r of Monte Car lo  passes.
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FIGURE 1 N E M  TOP LEVEL FLOW
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Ti~~e
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4’
LAST MONTE CARLO PASS ?] 
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The Monte Carlo decis ions  made th roug hout the s imulat ion are
based on calls to the u n i f o r m  random number  genera t ion  func t ion .  The
generato r is init ialized before the f i r s t  Monte Carlo pass by cal l ing the
func t ion  a number  of times specified b y the variable NRANDM.

2. 2 Engagement  Simulation Time Period

TBEGIN and TIMEND are input variables that specif y the time s
to beg in and end the engagement  simulation. If these va r iable s a re  not
input , the engagement  is simulated f r o m  the earl iest  time specif ied b y the
uni t  deployment  routes until the latest time defined by these routes .  The
maximum engagement  period allowed is twenty-one hours .

The in tegra t ion  step size is specified b y the variable TSTEP .
Time is incremented  uniformly throug hout the engagement  time period by
this time step. The minimum step size that the model can accept is . 001 5
hour (3. 6 seconds).

2. 3 Detection and Weapon Allocation Control  Variables

Input variables that set detection mode s , detection requ i rement
thresholds , and the detection environments  are discussed in pa ragraph 5. 1

• below.

Input variables that set allocation rates and limit maximum U

unit interact ion are discussed in paragrap h 5. 2 below.

3. SET UP THE ENGAGEMEN T UNITS

The basic element of each opposing force  is the unit .  The un i t
is an a i r c r a f t , a ship, a submar ine  or a c ru i se  missile. Basic  table inputs
define , deploy and descr ibe the uni ts  in each force.  A uni t  has posi t ion and
velocity. Its movement is modeled th roug hout the e n g a g e m e n t.  A uni t  is
targetable.  It has vulnerabi l i ty  cha r ac t e r i s t i c s, detection s i g n a t u r e s  and a
relative value that represents  a loss if it is killed. A uni t  has an in t e ract ion
capabili ty defined b y its subsys tems.

C ruise  missiles do not exist  as uni ts  d u r i n g  the engagemen t
setup. They are  g iven temporary  unit  status when launched and fl y ing  a n
in te rcep t  t r a j e c t o r y  to a ship target .

3. 1 Set Up Uni t  Subsystems

The subsystems of a uni t  a re  def ined  by i t s res pec t ive  pl a t f o r m  S

F column in the Platform vs Subsystem Matrix. This m a t r i x  is i n t e r n a l ly
• generated from basic table inputs.  Subsystem setup fo r  use in the e n g ag e m en t

1-4
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• ~ ex ~ ,t ~-d at the s tar t  of each Monte  Carlo pass. S u b sy s t e m  ~~~~~~~~~ is ad :u~ -t e~ d u r i n g  t h e  s i rn ul at i o n t o  ref lec t  part ia l damage to ship and ~ u L - 1 r~~n 1 u n i t s .

• 1 . 1 S e a rch  R a d a r s

Cata log  Codes: (65 1X ,  562X,  85 1X ,  852 X ,  6~~7N ,  ~57 X, ~~ 4 \ ,  ~H 4 X)

If the pl a t fo rm has more than one se a r c h  r a d a r , the  r a d a r  ~ it t~.e
i r lax imurn beta ( r a n g e )  f ac to r  is set up for  e n g a g e m e n t  u se.

3. 1. 2 SAM and BPDS Bat ter ies

Catalog Codes: ( t r ack  r adars  671X ,  871X ;  l a u n c h e r s  7 7 1X ,  9 7 1 \)

S u r f a ce  tc ’ Air  Missi le  and Basic Point Defen se  s y s t e m s  a re  set
up wi th  t h e i r  t rack  rada r sys tems  to f o r m  SAM b a t t e r i e s .  Track  r a d a r s  a re
matched  up with compatible l aunche r s  as de f ined  by the N a m e l i s t  inpu t
a r r a y  MISRAD (2 , 10). If rio match is found , the SA~~1 bat te ry  is not se t up.

3. 1. 3 Sonar Systems

Catalog Codes: (653X , 65 5X ,  853X, 855X)

If a un i t  has more than one sonar subsys tem, the longest  r ange
s u b s y s t e m  is set up for use in the engagement.

3. 1 .4  Other  Subsys tems

All o ther  subsys t ems  a re  set up for  a u n i t  w ithou t  r e s t r i c t io n .
The fol lowing is a list of the subsys tems and their  catalog codes.

Subsystem Catalog Codes

. A i r c r a f t  (6ZXX , 82XX) 
I F

Cru i se  Missles  (76 1X , 78 1X , 96 1X , 98 1X )

S u r f a c e - A i r  Guns ( 7 5 lX , 7 52X , 95 1X , 952X)
U 

. A i r = Su r f a c e  Miss iles , (783X , 784X , 983X , 984X)
S no t c r u i s e  miss i l e s

Torpedoes (721X , 92 1X)

A n t i - S u b m a r i n e  Weapons , (73 1X , 74 1X , 93 1X , 9 4 lX )
not torpedoes
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Subsys tem Catalog Codes

• Air -Air Miss i l e s  (79 IX , 99 ~X )

Air -Air Gun s (79ZX , 992X)  
F

• ECM Radar  Jam rners  (68 1X , 88 1X)

4. UNIT MOVEMENT

The position and velocit y of each unit is updated at eve ry  t ime
increment throug hout the engagement . Unit move ment must be modeled in
order for unit interaction to be simulated. The model used to simulate S

move ment is linear. The unit s are projected along routes  and t r a j e c t o r i e s
• defined by a serie s of linear segment s or legs.  Unit velocit y (heading and

speed) is considered constant on each leg.

Ship, submarine , and a i rc ra f t  unit s follow routes  predetermined
‘
~~j  input . These route s are changed by t ransformat ion  at the start  of each
Monte Carlo pass .  Unit s may depart f r o m  their  preplanned rou tes  and follow
an internally generated alternate rout e if either of the following two opt ions
is ele cted: U

(a) Group Rendevous - When this option is elected , a group
- I of unit s may proceed to a predetermined rendevous

S po int (input ) as soon as the mission of the group has bee n
comp leted. Example: a group consist ing of unit s with

S c r u i s e  miss i le  subsys tems  would rendevous af ter  all of
the c ru ise  missiles had been launched.

U (b) Hig h Value Target  Pursui t  - When this  opt ion is elected , a
group  of unit s wil l  proceed fro m the i r  cur ren t  posit ion
toward  the la st known po sition of the hig h value t a r g e t  that

S the g roup  has been ass igned to pu r sue . The f r e q u e n c y  for
up dating hi gh value t a rge t  c lass i f ica t ion and known posit ion
is controlled by the input variable HVTIME .

A c r u is c  miss i l e  is given t e m p o r a r y  unit sta tus  wheneve r it ~s
l a u n c h e d  and is put on an intercept  t r a j e c t o r y  to its t a r g e t .  An alt itude -

S ve locit y p ro f i l e  f o r  t h i s  type  of t r a j e c t o r y  is inpi~ for each c ru i se  miss i l e
t y pe.

If a f ig h ter  or at tack a i r c r a f t  leave s i ts  rout e to in tercept  a
t a r g k ’ t :  it is put Ofl a t e m p o r a r y  t r a j e c t o r y  to the t a r g e t .  This  t r a j e c t o r y
is g e n e r a ted int ’~rna 11y as a lead -intercept path to the t a r g e t .  In some a i r  -

~u r fa~~’ a pp licat ions ( i . e . , Bulipup ASM),  the attack a i r c r a f t  fo l lows  an
F i n t e r cep t  t r a j e c t o r y  gene ra ted  f rom an alt itude -velocit y p ro f i l e  input .

_ _ _ _ _ _ _ _  
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5 . UNIT INTERACTION

All possible interaction between opposing unit s is r e - a s s e s s e d
at every  time increment dur ing the engagement . Interact ion between two
unit s will  occur  as soon as relat ive po s ition , velo c it y and s u b s ys t e m  capa -
bilit y permit  it.

During unit setup, a unit ’ s subsys t ems  are  anal yzed to compute
a maximum radius of act io n between this  unit and each t ype of unit (A /C ,
ship , sub ) on the opposing side . These radii  and the l ineari t y of unit motion
enable the mode l to predict the time intervals  of possible interact ion between
units .  Time consuming checks such as radar  detection are eliminated
between unit s while they are  outside these  interact ion in tervals .

Unit detection and unit weapo n allocat ion (attack) are  the two
pr inc i p le means of unit in te rac t ion .  The rout ine executes  these two t ype s
of interact ion in separate phases .  Detection info r mation between all the
unit s in the engagement is updated prior to the attack or weapon  allocation
phase.

5. 1 Unit Detection and C las s i f i ca t ion

The routine employs  three  means of detect ion between uni ts ;
r ada r , sona r and v isual . In all cases , the sing le scan probabili t y of
detect ion (pd) is computed. If the computed Pd exceeds the minimum
detect ion th resho ld  (input as PDMIN), the unit is considered de tec ted .
If the computed Pd exceeds the th resho ld for t a rge t  c lass i f icat ion (PDCLAS),
the target is designated as either a high value target or an ordinary target.
The input var iable s HVTB and HVTR define the value limit and elect the hi g h U
value t a r g e t  opt ion. Ship un it s whose value exceeds the defined limit a re
cons idered  to be hi g h value target s as soon as the y have been detected and
c l a s s i f i e d .  Opposing unit s g ive top pr ior i t y to hig h value t a rge t s  d u r i n g
the weapon allocation phase.  In addition , opposing g roups  may converg e
on the n e a r e s t  hig h value t a rge t  if the vectoring pursui t  option is e lec ted .

5. I . 1 Radar  Detect ion

Radar  de tec t ion  is computed by the Radar  Model desc r ibed  in
A ppendix C. The radar  envi ronment  selected by input (IENV) remain s

U 

constant  ove r the ent i re  engagement . Radar j a m m e r s  are  also ei ther  all
U on (JAM 1) or all  off  ( JAM= 0)  th roug hout the engagement . 

S

The e ffect s of a j amme r a r e  included in the computat ion if the
j a mm e r is on and az imuth t e s t s  between the t a rge t , the j a m m e r  unit and
the radar  show the ja mme r to be in the radar  beamwidth .

- 1
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If the ta rge t  unit is a ship, the SHIPXS subrout ine , descr ibed
in Appendix D , adjust s the radar c ross-sec t ion  for any partial  masking U

be low the horizon.

5 . 1 .2  Sonar Detect ion U

Sonar detection is the onl y method used to detect submerged
subma r ine s and also by submerged submarine s to detect ships. The Sona r 

S

Model is described in Append ix E. Input variable s (IACTIV , IBOTTM) S

select active or passive mode s of operation and direct  or bottom bo unce
detection cri teria .

5. 1 .3  Visual Detection

Visual detectio n is used between surface unit s and air unit s in
the absence of rada r detection. Visua l detectio n is dete r mined by the U

S following relationships: 5

R 50 . 165 ( target  size , feet )

where R
50 is the range in nautical mile s where the probability

-

- of visual  detection is taken to be 0 .5  or 50%. (Visual  resolut ion~~
one d e g r e e )

- S 
R 50 is then used in the following shaping (normal)  funct ion:

• Pd = exp ( - . 693 (R /R  
50

) 2 ) computed probabil it y of visual
detection

Where R = current  d ynamic range between the units .

Unit Attack by Weapo n Allocation

The weapon allocat io n pha se of unit in teract ion is executed at
each t ime  increment  dur ing the engagement . Each weapon allocat ion imp lie s
an attack un it and a t a rge t  unit .

Figur e 2 present s the weapon sys t ems  that  can be e mp loyed
for  each at tack unit -target unit combination. Given suc h .t combinat ion ,
the model scans the subsys tems of the attack unit for an a p p r o p r i a t e  weapon
sys tem.  The weapo n systems are searched for  in the same or de r as l i st e d
in the fi gure .

1-8
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FIGURE 2 WEAPON ALLOCATION MATRIX

A T T A C K  U N I T

T A R G E T
U N I T SHIP AIRCRAFT I SUBMARIN E

On Normal Route 2. Torpedoes ~~ • ~~ir-S ace Missiles ~~‘

SUBMARIN E 1. ASW Weapons 1. ASW Weapons T
OnNormal  Route 2. Torpedoes . orpe oeS

AIRCRAFT 1. Air-Air Missiles
On Normal Ro ute 2. Air-Air Guns

AIRCRAFT S

On Intercept 1. Surface-Air Missiles 1. Air -Air Miss i le s
Trajectory 2. Surface-Air Guns 2 . Air -Air Gun s

CRUISE MISSILE
On Inter cept I. Surface—Air Missiles 1. Air -Air Missile s
Traie ctory 2. Surface-Air Guns 2 . Air  -Air Guns
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General ground rules governing weapon allocation are given
by the fol lowing list :

F 
. A unit must be detected before it can be targeted.

• 
. The number of attack un it s that may s imultaneously engage

a t a rge t  unit is limited. Namelist  variable s enable a sepa-
rate limit to be set for each t ype of target  unit .

Each attack unit will engage a target  wit h onl y one of its
weapon systems at a t ime.

Ship and subma r ine unit s do not leave their  no r ma l routes
to attack target  units. This also hold s for an a i r c r a f t
unit launching cruise missiles.  The no r mal rou t e s  for these
un it s may be altered such that the unit s proceed (in g roups)
on a route toward the nearest  hi gh value t a rge t .  This option
is elected by user imput . Alteration of a preplanned rout e
for the purpose of converging on known high value targets
is not considered to be an intercept trajectory as described 5

be low.

Ai rc ra f t  un it s depart f r o m  the i r  normal  routes  and fl y
intercept t r a j ec to r i e s to the ta rge t  unit . An a i r c r a f t  unit

S mu st be closer to the target  than is its respect ive  ca r r i e r
(if any) .  The a i rc ra f t  must be able to make the intercept
within the time limit specified by the input variable (AIRCPT) ,
hours ) .  The a i rc raf t  station on the norma l route is vacated
unt il a replacement from the carrier (if any ) arrives. After
making an intercept , the attack aircraf t  r e tu rns  to its car r ie r
if any ) .  An a i rc ra f t  wit hout a carrie r re turns  to its route.

When the target unit is a ship, a submarine or an aircraft
on a norma l route; pr ior i t y for attack is based on the
probabilit y of detection. Hi gher probabilit ie s of detection F

imp ly closer and /or larger targets  with a hi g her pr ior i ty
for  attack.

Ship targets that have been classified as high value target s
S are given top priorit y durin g weapon allocat ion if the opt ion

was elected by user  input . Allocation against non-high value
ship target s is constrained until the hig h value target s have
been engaged. Exception: Ship targets within half range of
the attack unit’s weapon systems will be engaged regardless
of value.
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When the target  unit is a cruise missile or an a i r c r a f t
following an intercept t r a j e c t o r y ;  prio r it y fo r  at tack is
based on a fir st come f i rs t  served basis. The shi p or —
ai rcraf t  un it nearest  the target  that can engage the t a rge t
does so. Allocation against the se t a r g e t s  is considered U

defensive . The weapon unit s do not maneuve r to intercept
the ta rge ts .  Allocation is made against the t a rge t s as
they pass through the areas  covered by the defensive
sys tems .  (SAMS; Surface -Air Guns; Air -Air Missi les
and Guns) .  Search radar detection by any one membe r
of a group is shared by all othe r members  of the same
group.

When a cruise missile is launched , it is g iven t e m p o r a r y
unit status and put on an intercept t r a j e c t o r y  to its target .
At the end of the cruise leg of the t r a j e c t o r y ,  the Radar
Model is called to evaluate ta rge t  acquisition by the cruise  F

missile radar .  Jamr-nir .g effe ct s e t c . ,  are the same as for
search radar detection.

Surface -Air Missile allocation requ i res  an available t r a c k
radar  with a probabilit y of detect ion (Pd ) g r e a t e r  than the
minimum track radar  detection threshold . (PDTMIN ,
input). The ta rge t  must also be in the SAM launch envelope .
The Radar Model computes Pd. Jamming effe ct s e t c . ,  a r e
the same as for search radar detection. The t r ack  radar
is not available for retargeting until the SAM has in tercepted
its t a rge t .  The user can ele ct to constrain SAM and su r face  -
air gun allocation such that launch and terminal  intercept
occur while the ta rge t  maintains a constant velocit y. ( i . e .  , no
assumed intercept s during which the ta rge t  maneuvers
throug h a ve locit y change).  The user may also elect for a
recheck of the SAM tracking radar performance at the time
of terminal intercept by the missile.

If a detecting un it is an a i rborne  radar unit coded 624X or 824X
( i . e . an AEW),  it may direct  or vector other unit s to attack the target  unit .
Indirect  vectoring is res t r ic ted by the following ground ru les .

The detecting unit must be an airborne radar  unit of the
624X or 824X series.

The detect ing unit may ve ctor othe r unit s in its own g roup
-‘ and those units belonging to its associated group. These

• -, unit s must have cruise missile systems. (Groups are
paired for  this purpose through basic table inputs) .
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The detecting unit may vector any at tack or fig.-iter a i r c r a f t
unit that is on stat ion. No group res t r ic t ions  are imposed.
If more than one aircraft is available , the one nearest the
target is assigned. Figher and attack aircraft deployed
with search radars do their own detecting and are not
eli g ible for indirect vectoring by AEW units. An attack
a i rc ra f t  has a i r - su r face  weapons (not cruise  miss i le)  S

onl y. A fig hter a i rcraf t  has air -a ir weapons  only.  An
a i rc ra f t  deployed with both air -surface and air -air weapons
is considered to be a self -directing attack unit . ~~s air -air
weapons are used in a defensive role onl y.

6. UNIT STATUS AND LOSSES

Unit status and losses are updated at each time increment
throug hout the engagement . Terminal  effect s are evaluated for  all weapons
that have reached their  t a rge t s .  The status of the target units is adjusted
to reflect kill , survival or part ial  damage.

S Subroutine KILLEX is called to evaluate the t e rmina l  e f fec ts  of
each weapon -target  combination and computes cumulative losses  on each side .
The methodology used by this subrout ine is g iven in Append ix L.

If a target  unit is killed , it is removed f rom the engagement .
A surviving ta rge t  un it cont inue s in the engagement unchanged. These are  the
onl y two state s considered for a i rc ra f t  and cruise missile uni ts .

Ship and submarine un it s may sustain partia l damage.  Par t ia l
dama ge is  re fl ecte d b y adjusting the  subsys tem capabili t y of the unit as
shown below:

All systems operative , no damage.

Search Radars  out

Search Radars  + SAMs out

Search Radars + SAMs + Guns out + loss of launch capabili t y
for cruise miss i les  and c a r r i e r  a i r c r a f t .

All Systems out

Killed

S Whenever a cruise missile unit reaches its target , the probabilit y
of t a rge t  acquis i t ion that  was computed at the end of i t s  c r u i s e  leg is t o r n -
pared with the minimum requi red .  (PDCMIN , input) .  If t h i s  tes t  f a i l s ,
the t e rmina l  effect  of the warhead is not evaluated.
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H
Whenever an aircraft  unit on an inter cept t raje ctory  reache s

its ta rget , it launches its entire payload , if required , at the target  unit .
If the ent ire pay load is not required to kill the target , the rema ining s tores
are available for another assignment once the aircraft has returned to its
no r ma l route.  An a i rc raf t  t hat re turns  to its carr ier  has its stores totall y
replaced.

‘— 5 —

(reverse side blank)
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