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FOREWORD

This is the final report on work conducted to develop a multiple
mission version of the Avionics Evaluation Program (AEP) and to incorporate
an Antiaircraft Artillery Simulation capability and other new features with-
in the interactive AEP. This work was performed by Battelle's Columbus
Laboratories, 505 King Avenue, Columbus, Ohio 43201, for the U. S. Air Force
Avionics Laboratory, Wright-Patterson Air Force Base, Ohio 45433. Information
in this report covers work conducted under Contract F33615-76-C-1299, Project
2003/09/08. The Air Force Program Monitor is Captain Ken Almquist (AFAL/AAA),
Systems Avionics Division. Research for this final report was conducted from
June 15, 1976, through January 3, 1977. No copyrighted material is included.
This report was submitted by the authors on January 27, 1977.
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SECTION T

INTRODUCTION

This report documents tha results of an effort to develop a version
of the Avionics Evaluation Program (AEP) for analysis of Remotely Piloted
Yehicle (RPV) weapon systems and to incorporate an analysis program for anti-
aircraft artillery (AAA). Development of the AEP was initiated in 1968 to
provide the Air Force Avionics Laboratory with an efficient tool for conducting
in-house analyses of current and postulated weapon system concepts performing
air-to-ground missions in a wide spectrum of operational environments. Under
previous contracts, the AEP has become a collection of five avionics performance
assessment models: (1) a detailed multiple aircraft, multiple sortie air-to-
ground mission analysis program, (2) a free fall weapon delivery analysis pro-
gram, (3) a multi-sensor target acquisition analysis program, (4) a multiple air-
craft air-to-air mission analysis program and (5) an air-to-air dogfight simu-
lation with a comprehensive graphics capability. In January, 1973, an interactive
graphics capability was added to provide much more efficient use of the program.
This conversational mode provides a unique "Teach'" feature with simple instructions,
an on-line user's manual, and management of a complex data base. The interactive
capability has allowed use of the AEP with a minimum of training.

The purpose of the present effort was twofold: (1) to develop a multiple
mission version of the air-to-ground AEP for the analysis of RPV weapon system
concepts and (2) to incorporate a detailed antiaircraft artillery attrition
analysis program within the AEP. The effort started in July, 1976, with a con-
version of the air-to-ground program to a multiple mission analysis program. A
copy of the Antiaircraft Artillery Simulation (AFATL Program P001) developed by
the Air Force Armament Laboratory, Eglin AFB, was provided by Air Force personnel
for addition to the AEP. Planned program development for the RPV analysis program
and for the P00l input-output program was reviewed and approved in October, 1976.

This report contains the following elements:
1) A description of the multiple mission AEP
2) A description of the RPV communications program

3) A description of the interactive processor for the
AAA attrition program.
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SECTION II

SUMMARY

A multiple mission version of the AEP designed specifically for analysis
of RPV weapon system concepts has been developed. This program is a Monte Carlo
simulation of up to four missions consisting o: up to four aircraft each for a
specified number of days of operation. Functions consiizred include ground
service, communications, navigation, refueling, target acquisition, weapon
delivery, enemy jamming, ECM support and payload dispersion. Emphasis was
placed on RPV related functions and intermission dependence factors. The
previous framework for consideration of hardware reliability and backup
modes has been retained. The program operates as follows:

1) The user provides data for each mission which:
(a) defines the flight profile, (b) lists the
hardware makeup (all aircraft within a mission
are identically equipped) and (c) defines the
functions and associated performance for the
simulation.

2) The program makes a deterministic evaluation
of the missions. As part of this evaluation,
the vehicle equations of motion are inte-
grated to determine the nominal time history
of the flight. In addition, a common waypoint
for each mission is used to determine the
time sequence for proper synchronization of
the profiles. The aircraft states are stored
as a function of time for use during the Monte
Carlo evaluation.

3) A Monte Carlo simulation is conducted. A single
Monte Carlo trial is represented by simulating the
scheduled flight operations for a specified number
of days. The events that occur during a mission
depend on random draws from probaLility distributions
described by function performance data and hardware
reliability. Numerous trials are simulated to . |
estimate: (a) mission success, (b) mission aborts,
(c) aircraft losses, and (d) mission cost.

The Antiaircraft Artillery Simulation, AFATL Program P0Ol, has been ]
incorporated as part of the interactive AEP. The conversational mode provides :
data storage and retrieval, on-line execution of the simulation, selective tabu-
lation or plotting of results and off-line printing of the total detailed output.

{' o~ O e — e

s PRECEDING PAGE BLANK-NOT FILMED




SECTION III

MULTIPLE MISSION PROGRAM

The objective in developing a multiple mission version of the air-to-
ground AEP was to provide a tool for the analysis of RPV weapon system concepts.
The resulting program provides a mechanism for assessing the mission impact of
varying avionics hardware configurations (navigation, target acquisition, weapon
delivery, etc.). This includes hardware reliability as well as performance. In
addition, the multiple sortie feature provides a measure of maintainability with
respect to preparing the aircraft for the next flight. The program allows users
to obtain a quantitative (rather than qualitative) view of the importance and
interaction of the hardware characteristics. It can also provide a common
framework through which various Air Force and contractor agencies can effectively
communicate requirements, portray results, and make cost-effective judgements.

General Description

The RPV multiple mission version of the AEP air-to-ground mission
analysis program provides analyses of functions unique to RPV missions. Addition-
ally, this version of the AEP has been expanded to allow the evaluation of up to
four simultaneous cooperating missions. The user is able to specify up to four
different air vehicles, each with its own hardware complement, performance
functions, and flight profile. Up to four duplicate aircraft can be utilized
for each mission with RPV missions operating along with manned missions. Thus,
the user is able to specify a problem involving up to 16 aircraft with a maximum
of four different flight profiles. One arbitrary waypoint on each flight profile
represents a common nominal time.

In stepping through a Monte Carlo sample, events for all aircraft are
examined as they occur so that effects of one aircraft's or one mission's perform-
ance or malfunctions can accurately affect other members of the same mission
or other missions. The extent of the cooperation or dependence among missions is
controlled via user specification of intermission dependence keys. These inter-
mission dependence keys are described in the next section.

Several features of the Westinghouse Dynamic RPV System (DRSM) (Reference
Number 3) have been included in the RPV version of the AEP, primarily data link
communications and jamming. The data link programs compute the likelihood of
communicating between the control station and RPV's over three channels (telemetry,
command and control and video) in the presence of enemy jamming. The section
entitled Communications Model provides a detailed description of the communi-
cations and jamming model incorporated in the AEP.

The updated version also keeps track of the utilization of the on board
computer systems throughout the mission, accumulating statistics on core require-
ments and processing times.

{
¥
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The resulting RPV version of the AEP offers a single program which
can be utilized for manned or unmanned vehicles (RPV's) or any combination of
each. The cost and ground turnaround features of the single mission AEP have
been maintained.

Intermission Dependence Keys

In order to characterize the interaction and dependence among missions,
a set of intermission dependence keys has been defined. The single mission version
of the AEP allowed the user to define states and modes for each of the subfunctions.
The RPV version of the AEP allows the user to provide one additional level of
input, namely, the intermission dependence keys. The keys are predefined and are
part of the aircraft state requirements for a particular subfunction mode of
operation.

A state is a suite of hardware selected from the available equipment
items. The equipment items are described by two terms, section and candidate,
which are defined below.

A section is a general category of hardware such as
fire control system or navigation system. In general,
the first two digits of the standard five digit Air
Force Work Unit Code (WUC) defines a section.

A candidate is a specific hardware item within a given
section. For example, candidates for an inertial navi-
gation system might be LN-15, LN-12, INS-16, or some
other specific system.

Section 99 has been reserved for the set of defined keys. By reserving
a section for the keys, it was very simple to incorporate them as part of the
aircraft state requirements. Each key then becomes a unique candidate of
Section 99. Table 1 lists the set of intermission dependence keys defined to
date. As the need arises for more keys, additional candidates can be added to
Section 99.

The first four keys allow the user to require the presence of another
mission or missions in order to satisfy the state requirements. For example, a
particular scenario may be such that mission number one cannot take off until
missioa number two is airborne. The user would specify 99-2 as part of the state
requirements for the launch subfunction (4.1) of mission number one. Until
the state requirement is satisfied, (that is until mission number two is air-
borne) mission one will remain on the ground.




TABLE 1. INTERMISSION DEPENDENCE KEYS

Section-Candidate

Key Requirement Designation
4l Mission Number 1 Present 99-1
2 Mission Number 2 Present 99-2
3 Mission Number 3 Present 99-3
4 Mission Number 4 Present 99-4
5 Chaff Effectively Dispersed 99-5
6 Airborne Jammers Effectively Dispersed 99-6
7 Implant Jammers Effectively Dispersed 99-7
8 ECM Support Being Provided 99-8
9 RECCE Support Being Provided 99-9

The first four keys are unique in that they take on a second interpreta-
tion when specified as part of the state requirements for modes of subfunctions
other than the launch subfunction. For instance, if 99-2 is specified as part of
the weapon delivery state requirements for mission number one (meaning that the
presence of mission number two is required), and mission number two has aborted,
the state requirements cannot be met. In this case, mode regression occurs to the
next mode whose state requirements can be satisfied. Thus, the first four keys
can either cause a mission launch to be delayed, or cause mode regression if the
state requirements cannot be satisfied.

The remaining keys, five through nine, can only cause mode regression.
For example, the probability of aircraft hit from enemy fire may increase drastically
if chaff has not been effectively dispersed. In this case, the user would specify
99-5 as part of the state requirements for the primary survivability mode. 1If
chaff has not been effectively dispersed by another mission, the state require-
ments cannot be met, and the primary survivability mode cannot be satisfied. At
this point, mode regression will occur to the next mode not requiring effective
chaff dispersion. The data for the backup mode would reflect the higher probability
of enemy hits. The logic employed in determining the extent of the mode regression
is the same as that employed when there are equipment failures. For a complete
discussion of sections, candidates, states and modes refer to Reference 1.




Flight Profile

Flight path definition is essentially unchanged from the single mission

version of the AEP. The only difference with the RPV version is that when a multiple

mission problem is defined, the user must specify one of the waypoints of each
mission's flight profile as a common nominal waypoint in time. The common way-
points are utilized to achieve the appropriate time difference between missions.
In a single mission problem, the common waypoint has no meaning or use.

Nominal Simulation

The mission simulation is separated into two parts; a nominal or deter-
ministic evaluation and a Monte Carlo simulation. The purpose of the nominal
simulation is to establish the aircraft time history in the absence of un-
certainties. The aircraft equations of motion are stored for use in the Monte
Carlo. In addition, any deterministic calculations required by the functions
are performed with the results saved for the Monte Carlo. The functions for
which computations are performed during the nominal simulations include
* rget acquisition, weapon delivery, formation, communications, and survivability.

Monte Carlo Evaluation

While the number of Monte Carlo events has increased from the single
n sion version of the AEP, the logic within the Monte Carlo executive routine
remains unchanged. Table 2 is a listing of the events in the RPV version of
the AEP. The program sequences through the daily operations, as shown in
Figure 1 for each mission for a given number of days. Random numbers are drawn
from the uncertain event distributions given by the user to determine actual
occurrences during the evaluation. Statistics describing the simulation results
are accumulated for each mission for examination by the user.

The simulation of equipment malfunctions also remains unchanged from
the single mission version. Both undetected and false failures are accounted for
to evaluate the impact of imperfect equipment monitoring.

For detailed descriptions of the logic within the Monte Carlo routine

and the equipment failure model, refer to Reference 1.

Monte Carlo Output

The results of the simulation are stored as a permanent file and
accessed via the updated AEP interactive program. The output is composed of
statistics describing random variables, number of occurrences of random events,
and function/subfunction utilization for each mission. The user can selectively

8
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examine the output of each mission with different levels of detail.
description of the output is given under the section titled "Interactive Processor'.

Appendix A shows the input and full output for a sample 2 missi.a
execution of the RPV version of the AEP. The data and results shown are for

illustrative purposes only, and should not be interpreted as an evaluation of

any real system.

i Table 3 lists the AEP functions and associated subfunctions.
the functions have computations only in the Monte Carlo portion of the program.
When a function or subfunction creates an event, the following information is

required by the executive routine:

1)

2)

3)

4)

1)

2)

3)

4)

5)

6)

7)

Description of Individual Functions

Level 1 event type (generally the number of the
function which will process the event)

Level 2 event type (generally the number of the
associated subfunction)

Level 3 event type

Time of event

Table 2 showed all of the current events in the AEP.

The general format of the functions consists of seven subroutines
defined as follows:

RSETXX - routine to retrieve the data associated
with the current mode of subfunction under function XX

FUNXX - routine to perform calculations for function XX
during the nominal evaluation

SUBXXY - routine for each subfunction Y under function
XX to perform nominal calculations

MCFNXX - routine to perform Monte Carlo calculations
for function XX

MSBXXY - routine for each subfunction Y under function
XX for Monte Carlo calculations

ABRTXX - routine containing logic for aborting an
aircraft if no equipment states are available for
function XX

FABTXX - routine containing logic for aborting sortie
if no modes remain for function XX

19
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TABLE 3. FUNCTION/SUBFUNCTION DATA REQUIREMENTS

¥ Scheduled Maintenance
1.1 Preflight
a. Mean Duration
b. Standard Deviation
c. Equipment List
7 1.2 Thruflight
a. Mean Duration
b. Standard Deviation
c. Equipment List
1.3 Postflight
a. Mean Duration
b. Standard Deviation
c. Equipment List
2, Ordnance
2.1 General Purpose Munitions
a. Number of Weapons Carried
b. Mean Loading + Arming Time Per Weapon
c. Standard Deviation
d. Mean Dearming + Arming Time Per Weapon
e. Standard Deviation
2.2 Rockets
a. Number of Weapons Carried
b. Mean Loading + Arming Time Per Weapon
c. Standard Deviation
d. Mean Dearming + Arming Time Per Weapon
e. Standard Deviation ?

2.4 Chaff

a. Units Carried

b. Mean Loading Time Per Unit
c. Standard Deviation

d. Mean Unloading Time Per Unit

e. Standard Deviation




TABLE 3. FUNCTION/SUBFUNCTION DATA REQUIREMENTS (Continued)

——

2.5 Implant Jammers
a. Units Carried
b. Mean Loading Time Per Unit

Standard Deviation

]

d. Mean Unloading Time Per Unit
¢. Standard Deviation
2.6 Airborne Jammers
a. Units Carried
b. Mean Loading Time Per Unit
c. Standard Deviation
d. Mean Unloading Time Per Unit
e. Standard Deviation
Fueling
3.1 Fuel Loading
a. Fueling Rate
3.2 Fuel Usage
a. Bingo Fuel Level
3.3 Refueling
a. Minimum Hookup Time
b. Maximum Hookup Time
c. Refueling Rate
d. Number of Aircraft Refueled Simultaneously
Flight
4.1 Launch
a. Mean Wait Time
b. Standard Deviation
4.2 1Inflight Aircraft Abort
a. Required Equipment
b. Required Aircraft
4.3 Mission Abort

a. Required Aircraft

21




TABLE 3. FUNCTION/SUBFUNCTION DATA REQUIREMENTS (Continued)

et —_— ————

4.4 Loss of Aircraft
a. Required Equipment
4.5 Landing
4.6 RPV Airborne Lauach
a. Mission Number Being Launched
4.7 RPV Recovery
a. Recovery Corridor Width
5a Mission
5-1. Schedule
a. Farliest Time to Begin Preflight
b. Earliest Time to Begin Launch
c¢. Minimum Time Until Next Sortie
d. Latest Time to Launch Sortie
e. Maximum Delay Before Cancel
f. Number of Days to Simulate
5-2. Cost Accumulation
a. Number of Aircraft per Squadron
b. Fuel Cost
c. Per Flight Cost
d. Per Unit of Flight Time Cec t
e. Flight Crew Size
f. Flight Crew Cost
g. Ground Crew Size
h. Ground Crew Cost
i. Munitions Crew Size
Munitions Crew Cost
. Command Staff Size
Command Staff Cost

. Additional Personnel Cost

J
k
1
m. Number of Additional Personnel
n
o. Investment Peculair to System
p

. Amoritization Period

22
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TABLE 3. FUNCTION/SUBFUNCTION DATA REQUIREMENTS (Continued)

Formation
6-1 Nominal Flight
a. Position of Aircraft 2 Relative to Aircraft 1
b. Position of Aircraft 3 Relative to Aircraft 1
c. Position of Aircraft 4 Relative to Aircraft 1
Navigation
7-1 Radio-Aided Navigation
a. Fixed Position Error
b. Correlation Time Constant
c. Processor KEOPS
d. Processor Bytes
7-2  Self-Contained Navigation
a. Per Unit Time Error Growth Rate
b. Correlation Time Constant
¢. Processor KEOPS
d. Processor Bytes
Navigation Update
8-1 Automatic Navigation Update
a. Depression Angle to Center of Field of View
b. Horizontal Width of Field of View
c. Checkpoint Location CEP
d. Probability of Detection/Recognition
e. Accuracy of Update
f. Processor KEOPS
g. Processor Bytes
-2 Radar Navigation Update

a. Depression Angle to Center of Field of View

b. Horizontal Width of Field of View
c. Checkpoint Location CEP
d. Probability of Detection/Recognition

T

Accuracy of Update
f. Processor KEOPS

g. Processor Bytes

e e e e e e et e e e o e i i ——
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TABLE 3. FUNCTION/SUBFUNCTION DATA REQUIREMENTS (Continued)

8-3 Visual Navigation Update
. Depression Angle to Center of Field of View
. Horizontal Width of Field of View
. Checkpoint Location CEP
d. Probability of Detection/Recognition
e. Accuracy of Update
. Processor KEOPS
g. Processor Bytes
8-4 External Navigation Update
a. Accuracy of Update
b. Frequency of External Update
c. Processor KEOPS
d. Processor Bytes
9. Communications
9-1 Interflight
9-2 External
9-3 Command and Control
a. Transmitter Power

b. Transmitter Frequency

c. Bandwidth

d. Modulation Code

e. Noise Figure

f. Modulation Index

g. Signal Improvement Factor

h. Insertion Loss

i. Fade Margin

j. Receiving Antenna Type

k. Optimum Horn Azimuth Dimension

1. Optimum Horn Elevation Dimension

m. Parabolic Dish Diameter

n. Broadside Array Horizontal Dimension
0. Broadside Array Vertical Dimension
p. User Defined Antenna Main Lobe Gain
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TABLE 3.

q.

FUNCTION/SUBFUNCTION DATA REQUIREMENTS (Continued)

User Defined Antenna Beamwidth

User Defined Antenna Average Side Lobe Gain

s. Front-to-back Ratio
t. Transmitting Antenna Type
u. Optimum Horn Azimuth Dimension
v. Optimum Horn Elevation Dimension
w. Parabolic Dish Diameter
X. Broadside Array Horizontal Dimension
yv. Broadside Array Vertical Dimension
z. User Defined Antenna Main Lobe Gain
aa. User Defined Antenna Beamwidth
bb. User Defined Antenna Average Side Lobe Gain
cc. Front-to-back Ratio
9.4 Video
a-cc. Same as Command and Control Data

9.5 Telemetry

a-—

9.6

cC.

Same as Command and Control Data

Jammer Definition

SIGINT Gain (Command and Control)

SIGINT Gain (Telemetry)

SIGINT Gain (Video)

SIGINT Receiver Noise Figure (Command and Control)
SIGINT Receiver Noise Figure (Telemetry)
SIGINT Receiver Noise Figure (Video)
Jammer Bandwidth (Command and Control)
Jammer Bandwidth (Telemetry)

Jammer Bandwidth (Video)

Jammer Power (Command and Control)
Jammer Power (Telemetry)

Jammer Power (Video)

Jammer Frequency (Command and Control)

Jammer Frequency (Telemetry)
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TABLE 3. FUNCTION/SUBFUNCTION DATA REQUIREMENTS (Continued)

o. Jammer Frequency (Video)
p. Jammer Gain (Command and Control)
q. Jammer Gain (Telemetry)
r. Jammer Gain (Video)
s. Shadow Probability (Command and Control)
t. Shadow Probability (Telemetry)
u. Shadow Probability (Video)
v. Jammer 1 Type
w. X Location
X. Y Location
y. Z Location
Jammer 2 Type
aa. X Location
bb. Y Location
cc. Z Location
dd. Jammer 3 Type
ee. X Location
ff. Y Location
gg. Z Location
hh. Jammer 4 Type
ii. X Location
jj. Y Location
kk. Z Location
11. Jammer 5 Type
mm. X Location
nn. Y Location
0oo. Z Location
9.7 Base/Environment Definition
a. Rain Rate
b. Rain Path Fraction

c. Base X Location

d. Base Y Location




TABLE 3. FUNCTION/SUBFUNCTION DATA REQUIREMENTS (Continued)

10.

11.

e. Base Z Location
f. Communications Time Step
Survivability

10.1-10.5
Survivability Subfunctions

a. Constant Probability of Hit

b. Per Unit Time Probability of Hit
c. Probability of Aircraft Kill

d. Table of SAM Engagement Ranges

e. Corresponding Vehicle Altitudes
SAM Site Density

g. Missile System Reliability Factor

h. Average Number of Fire Commands per Encounter

i. Probability of Hit for a Single Missile Fire
10.6 AAA Survivability

a. Table of AAA Engagement Ranges

b. Corresponding Vehicle Altitudes

c. Probability of Hit for a Single AAA Encounter

d. Probability of Aircraft Kill

Target Acquisition

11.1 Display Acquisition

a. Horizontal Width of Sensor Field of View

b. Side Look Angle for Each Aireraft

c. Table of Depression Angles

d. Cumulative Probability of Detection vs. Depression

Angle
11.2 Visual Acquisition
a. Horizontal Width of Sensor Field of View
b. Side Look Angle for Each Aircraft

0

Table of Depression Angles

(=¥

Cumulative Probability of Detection vs. Depression Angle
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TABLE 3. FUNCTION/SUBFUNCTION DATA REQUIREMENTS (Continued)

11.3 Remote Display Acquisition
a. Horizontal Width of Sensor Field of View
b. Side Look Angle for Each Aircraft
c. Table of Depression Angles
d. Cumulative Probability of Detection vs. Depression Angle
12. Weapon Delivery
12.1 Manual Weapon Delivery
a. Weapon Release Distance
b. Set-Up Time
. Aiming CEP

]

; d. Primary Kill Radius

o

Secondary Kill Radius
' f. Ordnance Subfunction Type

g. Number Dropped per Pass

h. Targets
i. Processor KEOPS
| j. Processor Bytes
12.2 Automatic Weapon Delivery
a. Weapon Release Distance

b. Set-Up Time

¢. Aiming CEP

d. Primary Kill Radius

e. Secondary Kill Radius

f. Ordnance Subfunction Type
g. Number Dropped per Pass
h. Targets

i. Processor KEOPS

r j. Processor Bytes

13. Target

13.1=13.5
Target Subfunctions

a. Number of Attack Passes
b. X Location Uncertainty

c. Y Location Uncertainty

o
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TABLE 3. FUNCTION/SUBFUNCTION DATA REQUIREMENTS (Continued)

——

14.

15.

16.

17.

18.

Miscellaneous I

14.1-14.9
Miscellaneous Subfunctions

Miscellaneous

15.1-15.9
Miscellaneous Subfunctions

Payload Dispersion
16.1 Chaff Dispersion
a. Probability of Successful Dispersion
b. Dispersion Corridor Width
16.2 Implant Jammer Dispersion
a. Probability of Successful Dispersion
b. Dispersion Corridor Width
16.3 Airborne Jammer Dispersion
a. Probability of Successful Dispersion
b. Dispersion Corridor Width
Mission Support
17.1 ECM Support
a. Operating Corridor Width
17.2 RECCE Support
a. Operating Corridor Width
On-Board Data Processing
18.1 Segment 1 Data Processing
18.2 Segment 2 Data Processing
18.3 Segment Data Processing
18.4 Segment Data Processing
18.6 Segment 6 Data Processing
18.7 Segment 7 Data Processing

18.8 Segment

1
2
3
4
18.5 Segment 5 Data Processing
6
%
8 Data Processing
9

18.9 Segment 9 Data Processing
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In general, each subfunction creates events for any calculations or
decisions required by that subfunction. However, the executive routine always
forces the following subfunction events for any required action by the sub-
functions:

(1) Event (I, J, 1) when Function I, Subfunction J
is turned on

(2) Event (I, J, 100) when a mode regression for
Function I, Subfunction J occurs

(3) Events (I,, J,, 101) for all Functions I; Sub-
functions J, that are active, whenever some air-
craft in the flight aborts or is lost

Some of the functions are turned on/off by user input with the flight profile

definition, while others are controlled internally by the program. Table 4 lists
the type of control for each function.

TABLE 4. LIST OF INITIAL FUNCTION CALLS

Function Control
1. Scheduled Internal
Maintenance
2. Ordnance Internal
3. Fuel
3-1. Loading Internal
3-2. Usage User turn on
3-3. Refueling User turn on
4. TFlight
4-1. Launch Internal
4-2. Inflight Internal
A/C Abort
4-3. Mission Internal
Abort
4-4, Loss of Internal
Aircraft
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TABLE 4. LIST OF INITIAL FUNCTION CALLS

(Continued)
Function Control
4-5. Tlanding Internal
E 4-6. RPV Air- User turn-On
: borne
I Launch

4-7. RPV Recovery Internal

5. Schedule Internal

6 Formation User turn on
7. Navigation User turn on
8. Navigation Update User turn on
9. Communication User turn on
10. Survivability User turn on

11. Target Acquisition User turn on

12. Weapon Delivery a. Turned on and activated
internally by target
detection or

b. User turn on prior to
target detection, then
activated at detection

13. Target Internal

14, Misc. I User turn on

15, Mise. IT User turn on

16. Payload User turn on
Dispersion

i 17. Mission Support User turn on

18. On Board Data User turn on 1

Processing ‘

A description of only those functions and subfunctions which have been
added or modified since the single mission version of the AEP follows. For a
description of the remaining functions and subfunctions refer to Reference 1.




Ordnance Function

The mechanics of the Ordnance Function remain unchanged from the
single mission version of the AEP. However, three additional subfunctions
have been added to characterize the time required to load and unload three
additional types of mission payloads. The three additional subfunctions are:
Chaff Loading, Implant Jammers Loading, and Airborne Jammers Loading. The
subfunctions calculate the time required to load the payloads prior to each
sortie, and also calculate the time required to unload the payload at the
end of each sortie. The three subfunctions are identical.

The input items for each of the subfunctions are: the number of
units carried, the mean and standard deviation of the loading time for each
unit, and the mean and standard deviation of the unloading time for each unit.
There are no nominal calculations, aircraft aborts, or mission aborts associated
with this function.

The three new payload loading subfunctions can be used in conjunction
with the weapon loading subfunctions. In the Monte Carlo routine (MCFN02) each
of the subfunctions for which data has been supplied are called to determine
total loading plus arming time prior to each sortie and total unloading plus
de-arming time after each sortie for each aircraft. After unloading and dearming,
control passes to fuel loading. After loading and arming, control returns to
preflight or thruflight as appropriate.

One assumption that is made in the new subfunctions is that the entire
payload of chaff and/or jammers is expended at one time. Thus, there will be
no required unloading time after a sortie for these payloads if a dispersal takes
place during flight.

Flight

This function provides a means of specifying the equipment requirements
for various portions of the mission. In addition to the five subfunctions of the
single mission version (Launch, Aircraft Abort , Mission Abort, Aircraft Loss,
and Landing) there are two new subfunctions; RPV Airborne Launch, and RPV
recovery. Abort logic is provided under each subfunction.

RPV Airborne Launch. The RPV Airborne Launch subfunction characterizes
the airborne launch of a mission of RPV's from a mission of carrier aircraft. The
subfunction is associated with the carrier mission, and is turned on by the user
at the point of launch in the flight profile of the carrier mission.

The input data required for this subfunction is the mission number
that is being launched by the carrier mission. When the subfunction is turned on,
the equipment states of the carrier are checked. If no carrier equipment states
exist, the carrier mission is aborted and the RPV mission is never launched.
Both missions are then sequenced through thruflight when the carrier mission




lands 30 minutes later (an arbitrary 30 minutes of time is added when any mis-
sion aborts). If the carrier equipment states can be satisfied, a call is
made to the launch subfunction of the RPV mission. Within the launch sub-
function; the equipment states of the RPV mission are checked and a random
sortie launch time, representative of the time interval between engine start
and actual launch, is generated. 1If the RPV equipment states are not satis-
fied, both the carrier and RPV missions are aborted and sequenced through
thruflight when the carrier mission lands 30 minutes later.

The carrier mission will always wait for the RPV mission to finish
ground maintenance before the carrier mission takes off. Depending upon the
maintenance times generated, this could produce somewhat longer launch delay
times than expected.

RPV Recovery. The RPV Recovery subfunction characterizes the recovery
of a mission of RPV's. When the mission is completed or when there is a mission
abort, a check is made to determine if the user has supplied data for the Landing
subfunction or for the RPV Recovery subfunction. If data has been supplied for
the Landing subfunction, it is utilized. Otherwise, the RPV Recovery subfunction
is called. 1In this subfunction, the RPV equipment states are checked. If the
equipment states cannot be satisfied, the aircraft is counted as lost. If the
equipment states are available, a check is made on the accuracy of the RPV
navigation relative to the width of the RPV recovery corridor (input by the
user). If the RPV cannot navigate within the specified corridor, recovery is im-
possible, and the vehicle is counted as lost.

To determine if the RPV is within the specified corridor, the current
navigation error is computed. The calculation of the navigation error is identi-
cal to the method employed in the single mission version of the AEP. For a
detailed description of the navigation error model, refer to Reference 1.

Navigation

The mechanics of the navigation subfunctions are unchanged from the
single mission version. However, two additional input data items are now required
by each subfunction. These two items are the processor KEOPS (thousands of equiva-
lent add operations per second) and the processor bytes required to perform the
two types of navigation. Consult the "On Board Processing' section of this report
for more detail on computer workload analysis.

Navigation Update

The navigation update model is unchanged from the single mission version
of the AEP. However, like the navigation subfunctions, processor KEOPS and
processor bytes have been added to the required input items to account for the
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on board processor requirements for performing the navigation update. Addition-
ally, an External Navigation Update subfunction has been added and is described
below.

The External Navigation Update subfunction characterizes a navigation
update received from an external source such as an RPV control station. The
input items required for this subfunction are the accuracy of the update, the
frequency at which the updates are transmitted, the processor KEOPS, and the
processor bytes. Since the navigation is received from an external source,
the sensor field of view and checkpoint calculations of the navigation update
model are not required. Instead, the success of the navigation updates hinges
upon the ability to receive the update over the Command and Control uplink
communications channel.

When the External Navigation Update subfunction is called, the Com-
mand and Control communications probability is evaluated from the table of
probabilities produced by the communications model. The computation is a linear
interpolation for the probability based on the current time. If communications
between the base and RPV over the Command and Control channel is impossible,
(based on the random draw) the navigation update does not occur. When communi-
cation is possible, the navigation error is reset based upon a random draw from
the input update accuracy.

A call back to the External Navigation Update subfunction is then
placed in the events table. The time of this call is determined from the input
frequency of update. Using this feature, the user has the capability of attempting
a navigation update every designated period of time. When communication over
the command and control link is impossible, the navigation error will continue
to grow. There are no nominal calculations, aircraft aborts, or mission aborts
associated with this subfunction.

Communications

In addition to the Interflight and External Communications Subfunctions
of the single mission version of the AEP, five more communications subfunctions
are provided. These subfunctions are Command and Control Communications, Video
Communications, Telemetry communications, Jammer Definition, and Base/Environ-
ment Definition. The description of each subfunction follows:

Command and Control Communications. The Command and Control Communi-
cations subfunction serves two purposes. The first purpose is to provide a
means of assessing the reliability of the communications equipment required
for communicating with the base over the command and control uplink channel.
Loss of all vehicle equipment states for command and control communications
causes the vehicle to be counted as lost. Loss of all modes will cause a mis-
sion abort.

The second purpose of this subfunction is to provide the user with a
convenient place in which to input the necessary command and control communications
information required by the communications model. The input data is listed in
Table 3. Only the data provided under the first mode of operation is utilized
by the communications model. The input data is used solely by the communications
model.
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Video Communications. The Video Communications subfunction is similar
to the Command and Control subfunction in that it exists for the same two purposes.
The only difference is that loss of all vehicle equipment states for this sub-

function has no impact. However, loss of all modes will cause a mission abort.

The input data, which is used solely by the communications model, is
listed in Table 3. Again, only the data provided under the first mode of oper-
ation is utilized by the Communications model.

Telemetry Communications. The Telemetry Communications subfunction
is similar to the two communications subfunctions already described. This
subfunction serves the same two purposes. Loss of all modes for this subfunction
will cause a mission abort, and loss of all equipment states has no impact.
The input data is used solely by the communications model, and is listed in
Table 3. Only the mode one data is utilized.

Jammer Definition. The Jammer Definition subfunction exists only to
provide a convenient place for the user to input the various jammer and SIGINT
(Signal Intelligence Station) characteristics. There are no equipment states
or modes associated with this subfunction. The input data is listed in Table 3.
Examination of the data shows a list of jammer and SIGINT characteristics followed
by five sets of location variables. This allows the user to locate up to five
jammers. The jammer and SIGINT characteristics apply to all jammers and STGINTS
defined. A detailed discussion of the jammer and SIGINT characteristics can be
found in the section titled '"Communications Program'.

Base/Environment Definition. The Base/Environment Definition sub-
function exists merely to provide a place for the user to input the base location
and the environment variables. There are no equipment states or modes associated
with this subfunction. The input data is listed in Table 3 and is used solely
by the communications model.

Survivability

The five survivability subfunctions which exist in the single mission
version of the AEP have been maintained in the RPV version. However, a slightly
modified version of the Westinghouse SAM Survivability model from the Dynamic
RPV System Model (DRSM) (Reference 3) has been added to each of the five sub-
functions. In addition, a sixth survivability subfunction, consisting of the
Westinghouse AAA Survivability model from the DRSM, has also been provided.

The user thus has the capability of selecting either survivability
model for any one defense segment of the flight profile. Combinations of *he old
model along with the SAM/AAA models are acceptable.

Internally, the program makes the determination of which model to use
based upon an examination of the input data. The SAM model is based on the density
of SAM sites in the defense area. 1If site density has been provided by the user,
the SAM model is utilized. Otherwise, the model existing in the single mission
version of the AEP is utilized.
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When the SAM or AAA models are utilized, the calculation of the actual
hit probabilities are computed for all modes during the nominal simulation and
written to a data file for later use in the Monte Carlo evaluation.

During the Monte Carlo evaluation, the hit probabilities for the
current mode are read from the file. An assessment of the vehicle damage is
then made based on the hit probabilities and the probability of aircraft kill.
It should be noted that the probability of aircraft kill is common to both
survivability models and must always be input regardless of the model used.

A description of the SAM and AAA survivability models follows.

SAM Survivability Subfunctions 1-5. The five SAM survivability sub-
functions are provided so that the user may have direct control over when each

is used. For example, a particular mission profile may progress tirough defensive
zones with different probabilities of survival and different site densities.

The user can key the use of each subfunction (with different data) to waypoints
defining the flight profile. This switching cannot occur with the mode structure
since equipment failures, not geographical location, causes a 1 gression to an
alternate mode.

The calculation of hit probabilities is performed in the nominal portion
of the simulation for all subfunction modes. The required input items for these
subfunctions are a table of weapon engagement ranges versus vehicle altitude;

SAM site density; missile system reliability factor; average number of fire
commands per encounter; probabilitiy of hit for a single missile fire; and the
probability of aircraft kill. The missile system reliability factor is given as
a fraction of the missiles which fire on command. The SAM site density is input
in terms of sites per square nautical mile. The actual calculation of the prob-
ability of hit is performed as follows.

1. Compute the average number of encounters with the
weapon site
N = 2DRoO
where

D
R

I

Distance flown within the defense zone
Weapon engagement range
Weapon site density

The defense zone is assumed to begin at the point
within the flight profile where the subfunction is
turned on by the user. The distance flown within

the defense zone is then updated at each waypoint.

The weapon engagement range is computed by a linear
interpolation on the table of engagement ranges versus
altitude based on the average vehicle altitude between
waypoints.

2. Compute the expected total number of missiles fired

K = NFM
where
N = Average number of encounters
F = Missile system reliability factor

M = Average number of fire commands per encounter
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3. Compute the probability of hit
P=1.0- (1.0 - PHl)K
where
PH1
K

Probability of hit for a single missile fire

Expected number of missiles fired.

During the Monte Carlo evaluation, the hit probabilities are read
from the file at times which are always midway between waypoints. Only the hit
probability associated with the current subfunction mode is processed.

When a hit probability is being processed, a uniform random number
representing the probability of aircraft kill is generated. This number is
compared to the input probability of kill to determine if the aircraft has
been lost. A lost aircraft is removed from the mission, and a check is made
to determine if the mission must be aborted.

When examining an aircraft which has only been damaged, the vulner-
ability associated with each hardware item is checked to determine if the
item has failed because of the hit. The failure of a hardware item requires
that the subfunction modes be checked to determine if mode regression is pos-
sible.

It is assumed that the loss of critical ECM equipment could make the
aircraft too vulnerable to enemy fire, hence loss of all modes for a subfunction
causes a mission abort. To negate this option, the user only needs to specify
one extra '"trap" mode with no equipment requirements.

AAA Survivability. The only difference between the SAM survivability
subfunctions and the AAA subfunction is that the probability of hit per encounter
is input, rather than the probability of hit per shot. The probabilities of hit
are calculated for each mode in the nominal portion of the simulation and written
to a data file for processing during the Monte Carlo evaluation.

The input data items for the AAA subfunction are a table of weapon
engagement ranges versus vehicle altitude, the probability of hit for a single
AAA encounter, AAA site density, and the probability of vehicle kill. The calcu-
lation of the probability of hit is as follows.

1. Compute the average number of encounters with the
AAA site
N = 2DRo
where

D = Distance flown within the defense zone
R = Weapon engagement range
o AAA site density
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2. Compute the probability of hit

P=1.0 - (1.0 - I’HI)N

where

PH1 Probability of hit for a single AAA encounter

N

"

Average number of encounters with the AAA site
The hit probabilities are processed exactly the same as in the SAM

subfunctions. The same assumption about loss of critical ECM equipment also
holds for this subfunction.

Target Acquisition

In addition to the Display and Visual Acquisition subfunctions, a
Remote Display Target Acquisition subfunction has been provided. J

The Remote Display Target Acquisition Subfunction characterizes
target acquisition from a remotely based video display. The performance data
is the same as that for the Display and Visual Acquisition subfunctions and
is listed in Table 3. The only differei.ce between the Remote Display Acquisition
subfunction and the other two acquisition subfunctions is that the probability
of video communication is a factor. i

In the Monte Carlo routine (MSB113), before the check is made for
targets within the field of view, the probability of communicating over the
video downlink is calculated. The probability is calculated by means of a
linear interpolation on the table of probabilities versus time based on the
current time. The table of probabilities is produced by the communications
model. If communication over the video downlink is not possible, the target
cannot be acquired. If communication is possible, the normal procedures to
determine targets in the field of view are followed.

When the target falls within the FOV, a random depression angle is
obtained from the user table of detection probability versus depression angle.
Based upon the aircraft flight profile, the time when that depression angle
occurs is calculated and a target detection event is created at that time. If
the next waypoint is reached prior to detection, the predicted detection is can-
celled and another check for detection is made based on the FOV for the new
flight segment.

All targets specified by the user are checked for detection during each
search segment, with attack passes occurring based on the sequence of detection.
Thus, for relatively close targets, the order of attack can be different than
the order to target locations. After an attack against one target, the acquisition
process is resumed for the remaining targets. This feature allows a user to
simulate a target of opportunity type mission.

There are no aircraft aborts due to loss of acquisition equipment items.
A mission abort occurs only {f all possible modes of all subfunctions have failed.
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Weapon Delivery

The weapon delivery subfunctions have been maintained intact from the
single mission version of the AEP. To account for the on board processor time
and core required for weapon delivery, two data items, processor KEOPS and proces-
sor bytes, have been added. The section titled "On Board Processing' provides a
detailed description of the computer workload analysis. Refer to Reference 1
for a detailed discussion of the logic within the weapon delivery subfunctions.

Payload Dispersion

Three Payload Dispersion subfunctions (Chaff Dispersion, Implant Jammer
Dispersion and Airborne Jammer Dispersion) have been added to provide an assess-
ment of the dispersion of non-ordnance type payloads. The required input data
for all three subfunctions is the width of the dispersion corridor and the
probability of successful dispersion. It is assumed that for any of these three
payloads to be effective, they must be dispersed within some corridor near a
target complex. Thus, if the vehicle cannot navigate within the user specified
corridor, there is no dispersion. When the vehicle successfully navigates within
the dispersion corridor, the entire payload is dispersed. It is assumed that the
point of dispersion is the point of subfunction turn-on specified by the user
within the flight profile. A random number is then drawn from a uniform prob-
ability distribution and compared to the user specified probability of success-
ful dispersion to determine the success of the dispersion. Thus, even though
the payload was dispersed, it may not have been effective. The probability
feature was added to allow the user to account for degradation factors such as
wind and weather.

When successful dispersion occurs, the appropriate intermission dependence
key is set. This feature allows the user to have some other mission subfunction
influenced by the effectiveness of the payload dispersion.

The logic within the three subfunctions is identical. The differences
lie in the input data. Presumably, different size dispersion corridors will be
required for each of the three types of payload along with different success
probabilities.

The determination of whether or not the vehicle has navigated within the
specified dispersion corridor is performed by calculating the current vehicle
navigation error. The navigation error model is the same as the one used in the
single mission version.

Statistics are compiled on successful and unsuccessful dispersions and
unsuccessful dispersions due to excessive navigation error.

There are no aircraft aborts associated with these subfunctions. A
mission abort occurs only if all possible modes of the subfunctions have failed.

39




Mission Support

Two mission support subfunctions, ECM Support and RECCE support,
have been added to characterize one mission providing ECM and/or RECCE support
for another mission. Again, the problem is assumed to be basically one of
navigation. An ECM vehicle presumably must be radiating within some radius of
the target or enemy radars at the time of strike in order for the ECM to be
effective. Thus, the user must provide the width of the operating corridor.
The support is counted as effective only if the vehicle can navigate within
the operating corridor. The same navigation error model utilized for Payload
Dispersion is used by the ECM and RECCE support subfunctions.

While ECM and/or RECCE support are being provided, the appropriate
intermission dependent key is set. It is assumed that the support begins when
the subfunctions are turned on in the flight profile by the user. Support continues
until the function is turned off by the user, at which time the appropriate key
is turned off if no other mission is providing the same type of support.

The logic within the two subfunctions is identical. The differences
lie in the input data and the kev which is set when the support is provided.

There are no aircraft aborts associated with these two subfunctions.
A mission abort occurs only if all possible modes of the subfunctions have failed.
If the mission providing the support does in fact abort, the appropriate inter-
mission dependence key is turned off if no other mission is providing the same
type of support.

On_Board Data Processing

Nine on board data processing subfunctions have been provided to allow
the assessment of the on board processor time and core requirements during nine
separate segments of the flight profile. Presently, the program assumes that
three functions require the use of the on board processor: navigation, navi-
gation update, and weapon delivery. Each subfunction within the above functions
has two additional data items associated with it (processor KEOPS and processor
bytes). The analyses of the processor requirements was limited to the three
functions rather than applying the analysis to all program functions to main-
tain a manageable amount of input data. However, it is a very minor task to
add the processor workload analysis to any or all of the remaining subfunctions.

The KEOPS requirement for a task is determined by multiplying the
equivalent adds per iteration by the processor update rate in iterations per
second.

Total processor requirements are determined by a simple summing method.
The requirements change when the following events occur:




(1) Subfunction turn-on
(2) Subfunction mode change
(3) Subfunction turn-off and

(4) Function abort

At subfunction turn-on, the processor KEOPS and bytes required to perform the
subfunction are added to the total processor requirements at that point. When

a subfunction mode changes, the requirements of the previous mode of operations
are subtracted from the total requirements, and the requirements of the new

mode are added. When a subfunction is turned off or a function aborts, require-
ments for the active subfunction or subfunctions are subtracted from the total
requirements at that point in time.

The actual addition and subtraction of the individual subfunction
requirements from the total processor requirements is performed by a summing
routine that is called by the individual subfunctions. An additional Level 3
Mente Carlo event index of 102 was added to call the subfunctions utilizing
the on board processor when the subfunctions were turned off. This was necessary
since the processor requirements for performing the subfunctions must be sub-
tracted from the total processor requirements when the subfunctions are turned
off. Table 2 exhibits this new Monte Carlo event index.

The nine individual on board processing subfunctions merely sample the
requiremencs periodically. When a subfunction is turned on by the user, a call
is placed in the event table back to the subfunction at a time one second later.
When control again returns to the subfunction, the total processor KEOPS and
bytes, which are being used at that time and which have been tallied through
the subfunctions actually utilizing the on board processor, are sampled. A call
is then placed back to the subfunction at a time 60 seconds later. Thus, the
processor requirements are sampled every 60 seconds. If the time of the next
sample event is greater than the time of the next waypoint, the time is changed
to one second after the next waypoint. This insures that a sample is taken
immediately after any subfunctions are turned on or off at the waypoint.

The definition of the up to nine segments of the flight profile over
which the processor requirements are analyzed is left to the user. A segment
is assumed to begin when an on board processing subfunction is turned on, and
is assumed to end when the subfunction is turned off. These segments may over-
lap each other without causing any difficulty.

The output resulting from the analysis consists of statistics for each
of the defined segments. These statistics include the mean and standard deviation
of both KEOPS and bytes, and the maximum and minimum requirements for each of
the segments. The statistics allow the user to determine areas of peak processing
requirements.

Loss of all vehicle equipment states cause an aircraft abort since a
vehicle could not continue a mission without its on board processor. A mission
abort occurs if all possible modes of all on board processing subfunctions have
failed.
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Interactive Graphics Processor

This section describes the changes made to the interactive processor
in order to accommodate definition of multiple mission simulations. Since only
the changes are described here, the reader who is unfamiliar with the single
mission interactive processor should refer to Reference 1.

Flight Profile

Since a multiple mission simulation requires that the flight profiles
of each of the missions be related by means of an arbitrary common waypoint, a
command was added to the Flight Profile Section to allow the designation of the
common waypoint number. The new command is WP,ID, where ID represents a waypoint
number in the current flight profile. The designated common waypoint number is
stored as part of the flight profile information and is displayed after the target
information when the flight profile information is listed. Figure 2 shows an
example of the use of the WP command. The user inputs are numbered to corres-
pond to the explanations given below.

(1) The user entered the command to enter the Flight
Profile Section of the processor.

(2) Previously created flight profiles are stored in
the data file along with an alphanumeric description
entered at the time they were stored. The user is
asking for a listing of the stored profiles. The
listing follows.

(3) Profile number 1 is selected by the user.

(4) The user has requested a listing of the information
stored for profile number 1. The listing follows.

(5) The user desires to change the common waypoint
number to waypoint number 3.

(6) The profile information is listed to show the new
common waypoint number.

Multiple Mission Assignments

The major changes to the interactive processor occur in the actual set
up of a multiple mission simulation. Individual execution records (previously
created under AEPDECK) must be assigned to each mission along with flight
profiles and number of aircraft. To assign these three categories of data
to each mission, a new section was added to the interactive processor. This
section is called AEPRUN and is entered from the AEP command level.
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(1)
(2)

(3)
(4)

(5)
(6)

AEP COMMAND

-- BP
ENTER PROFILE ID
-- SHOW

1 NRL DEMO PHOFILE
2 CURRENT COMMON WP FP
3 COMM TEST PROFIL 3
4 MISSION 1 PROFILE (CAKRIER)
5 MISSION 2 (RPV)
ENTER PROFILE ID
== 1
FP COMMAND
e LIST
ID X Y H
1 0.00 0.00 0.
2 10.00 0.00  10000.
3 20.00 0.00  20000.
4 100.00 0.00  20000.
5 110.00 10.00 500.
6 150.00 50.00 500.
7. 170.00 70.00 500.
8 170.20 70.20 2000.
9 172.00 72.00 2000.
10 176.00 76.00 2000.
It 172.00 78.00  10000.
12 145.00 75.00  30000.
13 60.00 60.00  30000.
14 25.00 25.00  30000.
15 0.00 0.00 0.
TARGET 1 LOCATION -  X= 175

COMMUN WAYPOINT NUMBER= 15
FP COMMAND

b WP)3
FP COMMAND
- LIST
ID X ¥ H
1 0.00 0.00 0.
2 10.00 0.00 10000.
3 20.00 0.00 20000.
4 100.00 .00 20000.
5 110.00 10.00 500.
6 150.00 50.00 500.
7 170.00 70.00 500.
8 170.20 10620 2000.
9 172.00 2.0 2000.
10 176.00 16.00 2000.
1] 172.00 70.00 10000.
12 145.00 75.00 30000.
13 60.00 60.00 30000.
14 25.00 25+ 00 30000.
i 0.00 0.00 0.
TARGET 1 LOCATION - X= 175.

COMMON WAYPOINT NUMBER= 3

FIGURE 2.
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When the AEPRUN section is entered, the user is immediately asked to enter the
number of missions for the current problem. One to four missions can be simulated
simultaneously.

Within the AEPRUN section, there are five available commands: MISSION,
FP, N, XEQ, SHOW. The MISSION command provides a means of assigning stored
execution records, previously created under AEPDECK, to each of the missions.
The mission number is designated by a single letter (A,B,C, or D). The letter
A corresponds to mission 1, B to mission 2 and so on. An example of the command
would be MISSION, B,4. This command assigns execution record number 4 to mis~
sion number 2.

The FP Command is very similar to the MISSION command except that it
assigns stored flight profiles to each mission. For example, FP, B,3 assigns
flight profile number 3 to mission number 2.

Along these same lines, the N command assigns the number of aircraft
to each mission. The command N,B,2 assigns 2 aircraft to mission number 2. The
MISSION and N commands may be combined in the following form - MISSION,A,3,N,2.
This command assigns execution record number 3 to mission number 1 and assigns
2 aircraft to mission number 1.

Since the user may not know all of the stored execution records and
all of the stored flight profiles, the commands MISSION, SHOW and FP, SHOW
can be entered to list the stored execution records and stored flight profiles,
respectively.

The SHOW command provides the user with a list of selected execution
records, flight profiles and number of aircraft assigned to each mission at any
one time.

The XEQ command retrieves the assigned execution records and flight
profiles for each of the missions, and checks the assignments for errors and con-
sistency. Any errors that are found are brought to the user's attention through
an error message. If the assignments are consistent and there are no errors,
an input file for the batch AEP program is created. A control card record required
to run the batch program, along with the input file is then submitted to the
input queue.

Figure 3 shows an example of the uses of the new AEPRUN commands. The
user input are numbered to correspond to the explanations given.

(1) The AEPRUN section is entered.

(2) The user designates a 2 mission simulation,

(3) Request a list of available AEPRUN commands. The
list follows.

(4) Request a listing and explanation of the legal
MISSION command forms,
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1)
(2)
3)

4)

5)

(6)
(7

(8)

9

(10)
(11)

AEP COMMAND

- AEPRUN

ENTER NUMBER OF MISSIONS FOR THIS PROBLEM
— 2 -

AEPRUN COMMAND

o o

VALID COMMANDS ARE

MISSION N FP XEQ SHOW QUIT

AEPRUN COMMAND

- MISSION?

SELECT AN EXECUTION RECORD OR AN EXECUTION RECORD AND
AIRCRAFT FOR A PARTICULAR MISSION.

EXAMPLES--

MISSION,A,1 SWLECT EXECUTION RECORD NUMBER 1 FOR
MISSION,b,3 SELECT EXECUTION RECORD NUMBER 3 FOR
MISSION,C,2 SELECT EXECUTION RECORD NUMBER 2 FOR
MISSION,D,5 SELECT EXECUTION RECORD NUMBER 5 FOR

MISSION,C,3,N,2 SELECT EXECUTION RECORD NUMBER 3 FOR
AND ASSIGN 2 AIRCRAFT TO MISSION 3

AEPRUN COMMAND

-- MISSION, SHOW

ID DESCRIPTION
1 NLK DEMO EXECUTION
2 DEMO

3 KEY TEST RECORD
4 COMM TEST REC
5 RPV EX REC 3
6 CARRIER EX REC
AEPRUN COMMAND
-t MISSION,A,6,N,2
AEPRUN COMMAND
s MISSION,B,5,N,2
AEPRUN COMMAND
s FP?
SELECT FLIGHT PROFILE FOR A PARTICULAR MISSION
EXAMPLES-~
FP,A,3 SELECT FLIGHT PROFILE 3 FOR MISSION 1
FP,B,5 SELECT FLIGHT PROFILE 5 FOR MISSION 2
FP,C,1 SELECT FLIGHT PROFILE 1 FOR MISSION 3
FP,D,2 SELECT FLIGHT PROFILE 2 FOR MISSION 4
AEPRUN COMMAND
- FP,SHOW
1D DESCRIPTION
1 NKL DEMO PROFILE
2 CURRENT COMMON WP FP
3 COMM TEST PROFIL 3
4 MISSION 1 PROFILE (CARRIER)
5 MISSION 2 (RPV)
AEPRUN COMMAND
- FP,A,U4
AEPRUN COMMAND
e FP,B,5 !

FIGURE 3. EXAMPLE AEPRUN COMMANDS
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T T e
pr
| AEPRUN COMMAND
g (12) - SHOW?
' SHOW SELECTED EXECUTION RECORDS, FLIGHT PROFILES AND
NUMBER OF AIRCRAFT FOK EACH MISSION.
AEPRUN COMMAND
(13) i SHOW
MSN NO 1-- NO OF A/C= 2 EXEC REC= CARRIER EX REC
MSN NO 1-- PROFILE= MISSION 1 PROFILE (CARRIER)
MSN NO 2-- NO OF A/C= 2 EXEC REC= RPV EX REC 3
MSN NO 2-- PRUFILE= MISSION 2 (RPV)
AEPRUN COMMAND
(14) -- XeQ? ;
CHECK DATA FOR ERRORS AND EXECUTE BATCH AEP
EXAMPLES=--
XEQ,wAIT CHECK DATA FILE, b5UT DO NOT EXECUTE BATCH AEP
XEQ CHECK DATA FILE AND EXECURE BATCH AEP
AEPRUN COMMAND
(15) -- XEQ,WAIT
INITIATING MSN NO 1 DATA CHECK
ﬁ END MSN 1 DATA CHECK
INITIATING MSN NO 2 DATA CHECK
END MSN 2 DATA CHECK
ENTER NUMBER OF MONTE CAKLO THIALS
(16) = L

FIGURE 3. EXAMPLE AEPRUN COMMANDS (Continued)
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(5) Show the stored execution records.

(6) Assign execution record number 6 to mission
number 1, and also assign 2 aircraft to
mission number 1.

(7) Assign execution record number 5 to mission
number 2 and, also assign 2 aircraft to mis-
sion number 2.

(8) Request a listing and explanation of the
legal FP command forms.

(9) Show the stored flight profiles.

(10) Assign profile number 4 to mission number 1.
(11) Assign profile number 5 to mission number 2.
(12) Request an explanation of the SHOW command.
(13) Show the mission assignments made so far.

(14) Request a listing and explanation of the legal
XEQ command forms.

(15) Check the assigned data for errors and consistency
but do not submit the batch programs to the computer
input queue.

(16) Select 10 Monte Carlo trials for the simulation.

Multiple Mission Output

Several changes were required within the AEPOUT section to allow the
user to selectively view the simulation results of each mission. Upon entering
the AEPOUT section, the user is asked to enter the mission number for which the
results are to be viewed. Thus, the results of each mission are viewed separately.
In order to change to the viewing of another mission, the AEPOUT section must
be exited via a QUIT command and then re-entered. Upon reentry, the user should
type the new desired mission number.

With the addition of the on board processor workload analysis, a com-
mand was added to allow the viewing of the data processing statistics independent
of the ground and airborne statistics. The command is STAT, DP which will
provide a listing of the on board processing statistics for each of the nine
flight segments.

The probabilities of communication produced by the communications model
may be of interest to the user. The command PROB or P will list communications
probabilities for each of the three communications channels.
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Figure 4 is an example of the use of these new commands. The user inputs
are numbered to correspond to the following explanations.

(1) Enter the AEPOUT section to view simulation results.
(2) Request the viewing of mission number 2 results.
(3) Show mission number 2 title.

(4) Request a listing and explanation of the legal
STAT command forms.

(5) List the on board processing statistics.

(6) Request a listing and explanation of the
legal PROB command forms.

(7) List the communications probabilities versus time
for each communications channel.

(8) Leave the AEPOUT section
(9) Re-enter the AEPOUT section.
(10) Request the viewing of mission number 1 results.

(11) Show mission number 1 title.

(12) List subfunction utilization statistics for mis-
sion number 1.




1)

(2)
(3)

(4)

(5)

AEP COMMAND

-l AEPQUT

ENTER DESIRED MISSION NUMBER
2

- <

AEPOQUT COMMAND

- T

RPV EX REC 3
5 MUNTE CARLO TRIALS, WITH 2AIRCRAFT, FOR , 2 DAYS

AEPOUT COMMAND
-- STAT?
DISPLAY CONTINUOUS VARIABLE STATISTICS FOR A SPECIFIED DATA GROUP
EXAMPLES
STAT,GND, 1 DISPLAY GROUND PREPARATION DATA STATISTICS
AT LOWEST LEVEL OF DETAIL (AGGREGATED DATA)

S,AIR,2 DISPLAY AIRBOKRNE DATA STATISTICS AT HIGHLY
DETAILED LEVEL OF OUTPUT
STAT, COST DISPLAY COST DATA STATISTICS AT DEFAULT

LEVEL OF DETAIL (SEE LEVEL CUMMAND)
GROUP ID IS REQUIRED AND MUST BE ONE OF GND, AIR, COST, ALL
STAT,DP DISPLAY DATA PROCESSING STATISTICS AT DEFAULT
LEVEL OF DETAIL
AEPOUT CUMMAND
oo STAT,LP

DATA PROCESSING DATA

VARIABLE SAMPLES MEAN STD DEV MAX
SEGMENT 1 BYTES 288 900. 174. 1000.
SEGMENT 1 KEOPS 288 2000, 58.6 235.
SEGMENT 2 BYTES 0 0. 0. 0.
SEGMENT 2 KEOPS 0 0. 0. 0
SEGMENT 3 BYTES 0 0. (0] 0
SEGMENT 3 KEOPS 0 0. 0. 0.
SEGMENT 4 BYTES 0 0. 0. 0.
SEGMENT 4 KEOPS 0 0. 0. 0
SEGMENT 5 BYTES 0 0. 0. 0.
SEGMENT 5 KEOPS 0 Q. 0. 0.
SEGMENT 6 BYTES 0 0. 0. 0.
SEGMENT 6 KEOPS 0 0. 0. 0.
SEGMENT 7 BYTES 0 0. 0. 0.
SEGMENT 7 KEOPS 0 0. 0. 0.
SEGEMNT & BYTES 0 0. Q. 0.
SEGMENT 8 KEUPS 0 0. 0. 0.
SEGMENT ¢ BYTES 0 0. 0. 0.
SEGMENT 9 KEOPS 0 0. 0. 0.

FIGURE 4. NEW AEPOUT COMMANDS
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AEPOUT COMMAND

(6) -- PROB?
DISPLAY COMMUNICATION PROBABILITIES VS. TIME
AEPOUT COMMAND

7) == PROB
COMMUNICATION PKROBABILITIES
COMMAND/CONTROL TELEMETRY VIDEO
TIME PROB TIME PROB TIME PROB
1023.98 0. 1023.98 0. 1023.98 0.
1083.98 .99837 1083.98 .98641 1083.98 .93410
1203.98 1. 1323.98 .956664 1323.98 .93433
1323.98 .99860 1383.98 0. 1383.98 Q.
1383.98 0l 1696.97 0. 1696.97 0.
1696.97 0. 1699.28 .97432 1699.28 .92201
1699.28 .98627 1980.84 .96839 1980.84 .91608
1980.84 .96035 2214.23 .98135 2214.23 .92904
2214.23 .99331 2834.07 .98135 2834.07 .92904
2834.07 .99331 2841.49 .96207 2841.49 .92976
2841.49 .99402
AEPOUT CUMMAND
(8) -- QUIT
AEP COMMAND
9) == AEPOUT
ENTER DESIRED MISSION NUMBER
(10) -- 1
AEPOUT COMMAND
(11) == &

CARRIER EX REC

5 MONTE CARLU TRIALS, wITH 2AIRCRAFT, FOR , 2 DAYS

FIGURE 4. NEW AEPOUT COMMANDS (Continued)




AEPOUT COMMAND

12) - SUBF
SUBFUNCTION/MODE UTILIZATION
SUBFUNCTION NO. USES FAILED MODES (1-N)
PREFLIGHT (BEGINNING 10 0 0
THRU-FLIGHT 10 0 0
POST FLIGHT (END OF 8 0 0
GENERAL PURPOSE MUNI 20 0 0
FUEL LOADING 32 0 0
FUEL USAGE 19 1 19
LAUNCH 19 2 19
INFLIGHT AIRCKRAFT Ab 14 2 14
MISSION ABOKT 14 2 14
AIRCRAFT LOSS 14 2 14
LANDING 13 1 12
KPV AIRBURNE LAUNCH 9 0 9
SCHEDUBE . | 10 0 0
SELF-CONTAINED NAVIG 19 1 19
EXTERNAL COMMUNICATI 19 2 19
SURVIVABILITY SUBFUN 25 0 25
SURVIVABILITY SUBFUN 15 0 15
SURVIVABILITY SUBFUN e 0 12
SUKRVIVABILITY SUBFUN 6 0 6
DISPLAY ACQUISITION 6 0 6
UNGUIDED AUTOMATIC W A/C 1 0 0 0
UNGUIDED AUTOMATIC W A/C 2 0 0 0
TARGET SUBFUNCTION 1 0 0 0

FIGURE 4. NEW AEPOUT COMMANDS (Continued)




SECTION IV

COMMUNICATIONS PROGRAM

Introduction

The purpose of the communications or data link model is to assess the
likelihood of communicating data over the following RPV data links:

'] Telemetry (RPV to control station)
® Command control (Control station to RPV)
° Wideband video (RPV to control station)

The model is used during the nominal or pre-Monte Carlo portion of the AEP
calculations to compute probability of communicating versus time along the

nominal flight profile. The calculations are initiated at the waypoint where

any of the communications subfunctions are turned on. The tables of probabilities
versus nominal time (one table for each link) are stored in an array for use
during the Monte Carlo analysis. The time step between calculations is defined
by the user as part of the input data.

The model allows the user to specify the parameters of the transmitters,
receivers, models and antennas for the RPV, control station, and enemy jammers
and SIGINT (Signal Intelligence). The following sequence of calculations is
then made

L) Path lengths, depression angles, off-angles, line
of sight existence

® Path losses

° System gains and losses

® Carrier-to-noise ratios for friendly and enemy
links

° Probability of communicating.

The communications program is an outgrowth of a program developed by
Westinghouse as part of an earlier adaptation of the AEP for application to RPV
missions (Reference 3). Several modifications were made to that model. These
include

@ Elimination of a relay link. The Westinghouse
model assumed the presence of an airborne relay(s)
operating in a specific orbital path. RPV System
Program Office (SPO) personnel reported that this
would be a very unlikely mode of operation. As a
result, the airborne relay has been eliminated
from the model.
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(3)

(4)

(5)

(6)

(7

(8)

Calculations are made at user specified
time steps. In the Westinghouse model,
calculations were made only at flight
profile waypoints.

In the original model, the antenna patterns
were specified by giving the gain relative
to a reference level (the mainlobe gain)
for each 15 degree increment out to 90
degrees. In the new model, the antenna
patterns are described with known analytic
expressions.

The Westinghouse model assumed that the
jammer bandwidth fully covered the communi-
cation bandwidth. The bandwidth and center
frequency have been added as inputs so that
this assumption can be deleted.

Provisions for an additional modulation code
(JTIDS) has been added.

A new input data item, signal improvement factor,
has been added for each channel to allow users

to assess the effects of special modulation or
signal processing techniques in a simple manner.

An option has been provided to allow users to
specify simplified antenna characteristics in
addition to the existing seven antenna types.

An option has been provided to specify a shadowing
probability associated with the enemy jammers. The
purpose of this term is to allow users to consider
the likelihood that uneven terrain will obstruct
line of sight. The line of sight calculations in
the program are only for obstruction by a smooth
round earth.

The resultant model is generally adequate for addressing sensitivity
of mission success to the key data link parameters with one exception. There is
no assessment in the model of the degrading effect of multipath interference
which can be serious at low grazing angles relative to the earth. A proper
assessment of multipath effects would require a very complicated model and thus
has not been included.

Portions of the following description of the communications model have
been taken directly from Reference 3 .
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Input data is entered through several subfunctions under the Communi-
cations Function Data for each channel (command and control, telemetry, and video
are entered through the appropriate subfunction. The input data for each of
these channels is shown in Table 5.

TABLE 5. COMMUNICATIONS INPUT DATA FOR THE THREE DATA LINK CHANNELS

1. Transmitter power (watts)
2. Transmitter frequency (MHz)
Bandwidth (KHz)

3

4. Modulation code (1=AM, 2=FM, 3=Noncoherent FSK binary,
4=coherent FSK binary, 5=coherent PSK binary, 6 = dif-
ferentially coherent PSK, 7=amplitude shift keying ASK,
8=PCM, 9=JTIDS)

5. Noise figure (db)

6. Modulation index (applicable to modulation codes 1 and 2
only)

7. Signal improvement factor (db)
8. Insertion loss (db)
9. Fade margin (db)

10. Receiver antenna type (l=isotropic, 2=infinitesimal
dipole or loop, 3=linear half-wave dipole, 4=optimum
horn, S5=parabolic reflector, 6=broadside array,
7=turnstile, 8=user defined)

11. Horn azimuth dimension (in.) (applicable to antenna type 4)
12. Horn elevation dimension (in.) (applicable to antenna type 4)
13. Parabolic dish diameter (in.) (applicable to antenna type 5)

14. Broadside array horizontal dimension (in.) (applicable to
antenna type 6)

15. Broadside arrav vertical dimension (in.) (applicable to
antenna type 6)

16. User antenna main lobe gain (db) (applicable to antenna type 8)

17. User antenna beamwidth (deg) (applicable to antenna type 8)
18. User antenna average side lobe gain (applicable to anntenna type 8) ;
19. Front-to-back ratio (db) ]

20. Transmitting antenna type (types available are the same as for
the receiving antenna)




TABLE 5. COMMUNICATIONS INPUT DATA FOR THE THREE
DATA LINK CHANNELS (Continued)

21. Horn azimuth dimension (in.)(applicable to antenna type 4)
22. Horn elevation dimension (in.)(applicable to antenna type 4)
23. Parabolic dish diameter (in.) (applicable to antenna type 5)

24. Broadside array horizontal dimension (in.) (applicable to
antenna type 6)

25. Broadside array vertical dimension (in.) (applicable to antenna
type 6)

26. User antenna main lobe gain (db) (applicable to antenna type 8)
27. User antenna beamwidth (deg) (applicable to antenna type 8)
28. User antenna average side lobe gain applicable to antenna type 8)

29. Front-to-back ratio (db)

Data for the jammer and SIGINT stations are entered under the Jammer
Definition Subfunction. This data is shown in Table 6. As indicated in the
data, up to five enemy station locations can be defined. An expanded capability
could be added with increases in a few dimension statements.

TABLE 6. COMMUNICATIONS INPUT DATA FOR THE JAMMER AND
SIGINT STATIONS

1-3.  SIGINT gain for each channel (db)
4-6. SIGINT receiver noise figure for each channel (db)
7-9. Jammer bandwidth for each channel (KHz)

10-12. Jammer power for each channel (KW)
13-15. Jammer frequency for each channel (MHz)
16-18. Jammer gain for each channel (db)

19-21. Shadow probability for each channel

22. Jammer 1 type (l=jammer station, 2=SIGINT station,
3=colocated jammer and SIGINT station)

23 X location of jammer 1 (nmi)

24. Y location of jammer 1 (nmi)

25, Z location of jammer 1 (ft)

26-29. Jammer 2 type and location

30-33. Jammer 3 type and location

34-37. Jammer 4 type and location
5

38-41. Jammer type and location
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Some additional miscellaneous data are entered under the Base/Environ-
ment Definition Subfunction. This data is shown in Table 7.

TABLE 7. MISCELLANEOUS COMMUNICATION INPUT DATA

1. Rain rate (nm/hr)

2. Rain path fraction

3. X location of base (nmi)
4. Y location of base (nmi)
5. Z location of base (ft)

6. Computation time step (min)

Transmission Path Model

The transmission path model accounts for the losses (or allowances
to compensate for losses) of RF energy associated with the transmission path:
Free space loss, FS

Atmospheric losses
Water vapor loss, AW
Oxygen loss, AO
Rain loss, RL

Equipment insertion loss, EQ

Fade margin allowance, FM
The user provides two data items which permit the calculation of rain loss:

Rain rate, mm per hour

Fraction of the path over which this rain rate applies
Free space loss or basic transmission loss of the radio link is the dilution
of radiated power as a result of range-squared beam divergence. It is computed
in dB's as

FS = 37.8 + 20 log F + 20 log R 1)

where

frequency in Mhz

path length in nmi
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Atmospheric losses are due to radiated power being absorbed by water vapor
and oxygen in the atmosphere and also by water droplets from rain, clouds,
or fog. These losses increase with frequency and are significant at
carrier frequencies of 2 Ghz and above. Figure 5 shows absorption co~
efficients for oxygen (y ) and water vapor (V ) for frequencies up to
100 Ghz. Due to the irregular shape of these curves, absorption coeffi-
cients have been included in the model in tabular form. Rainfall loss is
given by the following equation:

‘: (o3 }) 4
RL = R Ry P R C (2)
where

RL = rain loss in dbw

K = absorption coefficient

RR = rain rate in mm/hr

@ = absorption exponent

P = fraction of path over which rain is occurring

R = path length in Km

G = conversion factor, Km to nmi

The absorption coefficient and the absorption exponent are calculated from the
formulas shown in Figures 6 and 7. Equipment insertion losses are specified

by the user. They are intended to account for circuit elements such as trans-
mission lines, diplexers and couplers and may range from 1 to 3 dB per terminal.
The user also specifies the fade margin which is an allowance intended to ac-
count for all of the perturbations, degradations, anomalies and disturbances
which have not been otherwise predicted. One of the principal allowances in-
cluded in fade margin is the allowance for fluctuation in signal strength as

a function of time of day. Detailed investigations of these effects have been
made, and the data show for a particular geographical area what allowance should
be made at each frequency band for the worst case four-hour time block in each
day of the year. Volume 2 of Reference 4 shows these fade margin allowances.
Total path losses are then computed by summing the separate loss components

TP = 'S + AW + A0 + RL + EQ + FM (3)

Antenna Models

The user can select from eight antenna types. Table 8 shows the
formulas used to compute the mainlobe gain and gain at off-angles. For communi-
cation between the RPV and control station, the mainlobe gain is always used.
The off-angle gain is computed when assessing enemy SIGINT reception and jammer
power received at the RPV or control station.
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DIFFERENTIAL ABSORPTION y IN DECIBELS PER KILOMETER

20
10
PRESSURE 760mm Hq
TEMPERATURE 20°C
5 WATER VAPOR DENSITY 10g/m3
2 -
1

05
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FIGURE 5. SURFACE VALUES OF ABSORPTION 1
BY OXYGEN Y00 AND WATER VAPOR on
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¥ = KR,® db/km, WHERE R 1S THE

RAINFALL RATE INMILLIMETERS/HOUR
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FIGURE 6. RAINFALL ABSORPTION COEFFICIENT K VS FREQUENCY
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The off-angle gains shown in Table 8 for the optimum horn, parabolic
reflector and broadside array are symmetric about *90 degrees. Thus, the
equations imply that the gain at 180 degrees is the same as the main lobe gain
(0 degrees). An added input term - the front to back ratio - is used as a
multiplier to modify the gain in the rear hemisphere.

An option (#8) is also available whereby the user can define an antenna
by means of a main lobe gain and beamwidth and an average sidelobe level.

Carrier/Noise and Jammer Model

The available carrier to noise ratio C/N may be expressed in alge-
braic form as follows:

(PG..G.)
T=T R
QN =f——=——— (4)
TB
KTB, (Fy) L
where
PT = transmitter power ratio, watts/l watt
GT = gain of the transmitting antenna, ratio referred to
isotropic gain or unity
GR = gain of the receiving antenna, ratio referred to
isotropic gain or unity
KTBR = receiver noise, ratio referred to 1 watt
K = Boltzman's constant
-
= 1.38 x 10 = watt-seconds
degree Kelvin
T = effective noise temperature at the receiver, degrees
Kelvin = 288 degrees Kelvin
BR = receiver's equivalent noise bandwidth, Hz (usually
taken as the 3 db passband of the receiver's IF
amplifier)
FN = receiver noise figure (ratios from 2.5 to 16 depending
upon carrier frequency and receiver design)
L = total system losses expressed as a ratio of watts

above one watt

An option is provided for considering the effect of brute force enemy
jamming (broadband noise). 1In noise jamming, the enemy locates an emitter and
directs RF power toward it on the assumption that there are colocated receivers.
To evaluate the effect on a receiver, it is necessary to calculate the jam power
at the receiver and to add this power to the noise at the receiver.
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TABLE 8.

POWER GAIN FOR AVAILABLE ANTENNAS

Antenna

Main Lobe Gain(G)

Off-Angle Gain

1 Isotropic

2 Infinitesimal Dipole or
Loop

3 Linear Half-Wave Dipole

4 Optimum Horn

1.5

1.64

7.16 x 10~ £f° EA

G

G c052 e

cosz(—% cos 9)

sin2 e

2
F;n (%5 sin GE) sin(%é sin ééﬂ

1E IIA
in-sin QE T sin OA

S

-8 .2 2 3G stn @ | 2
5 Parabolic Reflector 3.54 x 10 £f°D G i)
T sin ©
sin (%E sin QE) sin(%A sin 9;%
-8 2 2
6 Broadside Array 9 x 10 © £°(EA) G
ME TIA l
3 sin QE 3 sin OA
7 Turnstile a5 1.15
8 User Defined User Defined User Defined
SYMBOLS: © = off-angle from the main lobe A = antenna horizontal dimension (in)
6g = projection of @ in the elevation plane D = antenna diameter
f = transmission frequency (Hz)
OA = projection of © in the azimuth plane A = transmission wavelength

E = antenna vertical dimension (in)
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Jamming can occur whenever the user has provided input data for at least
one jammer and SIGINT (signal intelligence) station. If jammers are present,
the following criteria for determining whether or not jamming can take place
are used

(1) A SIGINT station must be within line of sight of a
transmitted signal and receives it at a signal to
noise ratio greater than 3 db. While the 3 db level
is very marginal for purposes of intercepting a mes-
sage, it is considered to be a completely adequate
level for determining that an emission is present.

(2) The jammer must be within line of sight of the
transmitted signal. The jammer simply assumes that
there is a receiv<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>