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(U) A set of requirements for a HEL weapon fire control system
simulation were generated in this study. A functional approach, taking
advantage of the decoupling of implementation decisions from values of
performance parameters, is recommended

e e e L

(U) A functional breakdown of the HELWS appears in the report,
described in terms of inputs, sequencing, processing, and output of
each function and subfunction. )

v

(Ui\’h demonstration version of the simulator has been implemented
on the CDC 7600 at the ARC, using that facility's graphics
capabilities as a primary input output device. A description of the
capabilities of the simulation executive is given, and a test case
example, along with input data and listings:;)

(V) &Schedules for the simuiationAﬁevelepment are given and task
descriptions appear as the last section of the report.
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1 (U) SIMULATOR DEFINITION

(U) The system engineering process, as set forth in MﬁL -STD 449A,
[1] 1s a "logical sequence of activities and decisions transf@rming an ope-
rational need into a description of system performance paramethrs and a
preferred system configuration." Similar definitions exist 1@ other govern-
ment documents and in the 1iterature. Although sources diffeﬁ in the termi-
nology they use for describing these activities, all agree thaﬁ the system
engineering process should determine what actions a system is to perform,
and how well, before deciding how it is to be implemented.

(U) The underlying requiremeint on the system simulator discussed in
this chapter is that it will be used to support the study and analysis of
what actions a HELWS system will perform, and how well it must perform these
actions. Additionally, the simulator will later be used to validate candi-
date engineering implementations (by either hardware or software) to perform
these actions.

(U) The sequence of activities in the system engineering process,which
we assume for purposes of devising the requirements on the HELWS system
simulator, are described in many sources. For instance, MIL - STD 499A
defines three activities for establishing the performance and design require-
ments: (1) "mission requirements analysis", (2) "functional analysis" and
(3) "function allocation". The logical sequence starts with setting system
wide requirements based on mission objectives, proceeds to derive detailed
performance and design requirements in terms of the system functions to be
performed, and then allocates the functional requirements to subsystems.

In a more theoretical context, Hall [2] sets forth a similar approach. One of
his seven problem solving steps, problem definition, estabiishes relation-
ships between overall goals and specific system requirements. Another,

value system design, is concerned with the derivation of requirements in

terms of functional characteristics of the system.

1-1
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(U) This functional approach to requirements engineering has the
advantage that it provides a means to analyze system behavior and set per-
formance requirements, while postponing certain design decisions. The
analysis proceeds by: (1) identifying system functions, (2) resolving
functions to subfunctions, (3) establishing relationships among functions,
and (4) building a functional model of the system. A function, as the word
is used here, is a mathematical specification of a group of related actions
in system behavior. The advantage of functional modeling is that it
offers a high degree of generality and versatility. Systems may have
significantly different physical components, but have essentially the
same functional breakdown. We advocate using a functional approach in
establishing performance and design requirements for systems involving
technology programs such as HELWS because the result will be a decoupling
of implementation decisions from choosing values of performance parameters.
For example, selecting a type of acquisition radar is decoupled from select-
ing the value of performance parameters such as search range, sampling rate,
and probability of detection. Consequently, the requirements can apply to
numerous candidate radar configurations and modes of operation..

{U) In many cases the functional breakdown of systems are similar
if they are solving the same problem, although the physical configurations
may differ significantly. A simulation built along the 1ines of the
functional breakdown is an excellent tool to help guide a technology program.
The near term steps in the HELWS technology program are to:

(U) Generate mission requirements

(U) Define alternative constructs

(U) Select the promising technology areas

(U) Evaluate the technologias

(U) Select a viable construct or constructs

(U) Generate appropriate technology requirements, so that the
system engineering process can proceed to design and
prototype testing of the most promising concept.

1-2
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() GRC has designed and used several flexible modular simulators that
would be appropriate in the HELWS technology program. The present task
uses this experience base, and an existing simulation framework, to meet the
objectives of the study. These objectives were to:

o (U) define a detailed functional breakdown of HELWS

o (U) realize a simulator framework

o (V) defipe the requirements and interfaces for a threat driver

¢ (U) demonstrate a representative subset of the simulation

o (U) prepare a plan for further development of the simulator.
Subsequent sections of this chapter present our progress in meeting these
objectives.

(U) In this reporting period GRC developed a preliminary hierarchical
structure of HELWS functions, which is presented in Section 2. As high
level HELY5 functions we selected groups of system actions that have minimal
coupling to implementation decisions. For instance, with this structure
‘we can model search operation and derive inherent performance requirements,
without concern for whether search and target track are performed by the same
or different sensors. The functions discussed in Section 2 are apjlicable
to all of the HELWS configurations that have been put forward. Alternative
configurations can be realized by altering the mathematical forms of the
functions. The functional breakdown is incomplete in areas such as the Weapon
Operation function. Further work here must await the results of more detailed
modeling of high powered lasers in a weapon configuration.

(U) Section 3 reports on the adaptation of a previously developed
simulator that reflects the functions of the HELWS problem and has a high
degree of independence from specific HELWS hardware configurations. We
made use of an operational, GRC developed, functional simulator to provide the
facilities of a simulation executive that has a HEL weapon system orientation
and that utilized the interactive facility at the ARC computer as a primary
communication vehicle with the analysts using the HELWS simulation. Although
only a demonstration subset of the HELWS functions are implemented in the
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simulator, th1s' subsat with the executive software and the graphics cap-

ability for a full sfmu'lator are operational. Section 4 describes the

development plan for :functional simulation of the HELWS engagement process

which would use the simulator to aid the establishment of performance re-

quirements for each function in the engagement process. (U) ¢

]
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2 (u) FUNCTIONAL BREAKDOWN OF HELWS

(U) We analyzed generic characteristics of HELWS anq chose the
following functions as the principal first-order functions for modeling
HELWS tactical operation:

1. (U) Threat Acquisition
2. (V) Precommit Track

3. (U) Threat Assessment
4. (U) Target Acquisition
(U) Post-commit Track
(U) Weapon Operation
(U) Kil1 Assessment
(U) HELWS Control

0 ~N Oy 00
¢« o 8 e

The first three determine the HELWS handling of the total threat and
environment. The next four characterize the HELWS behavior in engaging a
specific target. HELWS Control is a management function that coordinates
the performance of all other functions so as to effectively neutralize the
threat.

(U) The principal reason for selecting this group of functions is the
degree to which they are decoupled from implementation decisions. For
instance, we can model the search function and derive inherent performance
requirements, without concern for whether search and track are supported by the
same or different sensors. The functions in the above 1ist are applicable
to all of the HELWS configqurations that have been put forward. We used

" “them as the basis for defining the structure of a flexible simulator that

can model the operation of various HELWS possibilities. Alternative
configurations can be realized by altering the mathematical form of the
functions. Variables in the mathematical expressions provide a means for
studying the dependence of performance upon system parameters.

2-1
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(U) Figure 2.1 is a schematic block diagram showing the first
level functional structure of a HELWS. Of course, at this level of detail
the particulars of system operation are not apparent. In subsequent para-
graphs we elaborate our functional model by describing each of the functions
in Fighre 2.1 in more detail. In particular, we identify the input and
output of each function in the process, and in many cases, the next level
of functions. -

2.1 (U) INITIAL THREAT ACQUISITION

(U) The initial acquisition function that we considered is based
on a radar technology for realizing the sensor subfunctions. It has the
following inputs and outputs:

Inputs (U)
® search returns

e system control (including timing)
Qutputs (U)

¢ search pulses

e detection reports

® status

At this first Tevel of decomposition, Initial Threat Acquisition has the
structure shown in Figure 2.2. Acquisition Radar Sensing consists of the
functions that define the operation of the radar as an externally controlled
sensor, Signal Processing defines the electrical processes that detect
search returns, extract their signal properties and estimate measurement
parameters. Acquisition Processing accounts for the computational pro-
cesses that control search radar operation, schedule search and verify
actions and report the detection of targets.

2-2
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2.2 (U) PRECOMMIT TRACK

(U) In our initial HELWS functional breakdown the preconmit track
function can have either of two forms. One is based on accurate radar
sensing only. The other is based on using less accurate radar sensing
to track targets after acquisition, but using IR sensing to improve track
accuracy before producing a handover report. They are distinguished by

suffixing "I" designates radar only, and "II" optics augmentation. The
inputs and outputs for Precommit Track are:

Inputs (U)

Acquisition Reports (I, II)
Track Returns (I, II)

IR Radiation (II)

Precision Track Command (I, II)
System Control (I, II)

Qutputs (U)

e Radar Pulses (I, II)
e Handover Messages (I, II)
e Status (I, II)

At the first level of decomposition for Precommit Track the structure has
the form shown in Figure 2,3, where both alternatives (I and II) appear.

In HELWS operation a track is established for each acquisition report.
Track Processing acquires the data for initiating and maintaining tracks

by issuing orders for radar pulses. It reports the track state vector as
an output and also makes an association between acquisition reports and

the state of all tracks to avoid establishing multiple tracks on the same
target. Prior to target handover, upon command, Track Processing increases
the data rate on the designated target to reduce handover errors, if needed.

(U) In alternative II, radar sensing is augmented by IR sensing. Track
Signal Processing outputs pointing commands for the IR Sensing functions.

IR Signal Processing produces angle and intensity measurement data as input
to Track Processing.

2-5
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4.3 (U) THREAT ASSESSMENT

; (U) Threat Assessment is a coordination function that provides the
ﬁog1c for designating a specific target to engage with a laser weapon. The
inputs and outputs are:

Inputs (V)

e State vectors of targets in precommit track i
e System control

Qutputs (V)

e Precision track message
¢ Handover message
e Status

The breakdown of Threat Assessment is shown in Figure 2.4.

(U) The Target Prioritization component monitors the state and
conditions of targets as produced by Precommit Track. Target range and
flight direction are factors in assessing the severity of a threat. Three
other subfunctions play a supporting role. Target Identification makes
use of signature data in the target state to estimate the target type. Kill
Time Prediction assigns each target an expected duration for attack with
the laser weapon. Impact Point Prediction estimates where the target could
impact, data which may be used in Target Priortization to estimate which
defended assets are threatened. Target Prioritization designates targets for

PPN

precision track (either high data rate for a radar sensor or direct viewing

by a passive IR or an electro-optical sensor). When all track error and 14

discriminations criteria are met, a handover message is sent to the Post- 1

commit Track and HELWS Control function. ) 5
2-7
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l2.4 (U) TARGET ACQUISITION

(U) Using a handover message from Threat Assessment, Target
Acquisition comprises the HELWS actions to point the weapon aiming sensors
:t the designed target and detect its radiation. The inputs and outputs

are:
Inputs (V) .
| e Handover messages N,
® Radiation intensity -“u

Outputs (U)
i . e Detection messages
i e Aiming directions

Target Acquisition consists of three subfunctions; Search Control, Slew
Control, and Detection, coupled as shown in Figure 2.5.

(U) Using information in the handover messages from Threat Assessment,

Search Control generates an aimpoint for input to Slew Control. The detection
subfunction processes sensor inputs and indicates target detection to Slew
®ontrol and to the Postcommit Track function when the target enters the
field-of-view of the principal track sensor. Slew Control has an interface
with the Weapon Control function, which directly controls the weapon.

-

2.5 (U) POSTCOMMIT TRACKING

(U) The aiming of a laser weapon is a cooperative process involving
selecting and tracking of an aimpoint on the target, track of the actual
point of irradiation by the laser, and correlation of the two track states
Lo derive aiming signals for the laser. We define this process with the
Postconmit Tracking function. Its inputs and outputs are:

2-9
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Inputs (U)
e Target Radiation

e Hot Spot Radiation
o Detection Message
e System Control
OQutputs (U)
e Target Illumination (optional)
o Weapon Aiming Signals
e Status

Postcommit Tracking uses passive radiation from the target (or optionally
reflected energy from illumination) to locate and track an aimpoint on
the target (and, optionally, to determine the far-field beam irradiance
at the target). In our formulation of this function a sensor detects the
hot spot created by the laser as an indication of the point being irrad-
iated by the laser. An alternative or additional sensor may be employed
that detects laser energy back-scattered from the target.

(U) The subfunctions of Postcormit Tracking and their interconnect-
fon is shown in Figure2.6. The track processing subfunctions use inputs
from the track sensing function to cooperatively produce an error signal
for transmission to the Weapon Control function. Target Track Processing is
supported by Aim Point Selection, a subfunction that designates the angular
coordinates of the most lethal target region in view of the weapon. A hot
spot tracking loop gives the angular coordinates of the actual dwell point
of the weapon. Correlation Track includes tha algorithm for estimating the
deviation between the two track vectors, and may be supported by additional
algorithms which derive far-field data to be used to optimize the beam
irradiance at the target. It also provides coordination among the sub-
functions of Postcommit Tracking and 1n§erfaces these functions with System
Control.

2-11 ¢
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| 2.6 (U) WEAPON OPERATION
‘E (U) Weapon Operation specifies the computational and physical processes
'; that define the operation of the laser weapon and its support systems. The
; ' inputs and outputs for this function are:
B Inputs (U)
“% e Start Firing Command
§ e Stop-Firing Command
:'g 2 e Aiming Signals
: e HELWS Control
OQutputs (V)
2 ¢ Weapon State
e Status
:% Neapbn Operation accounts for the closed loop positioning of the weapon and
| models the actual firing of the laser. Depending on the level of detail to ]
? which it is specified, this function can be very specific to a particular ]
weapon. In our functional analysis we considered only very general properties. ‘
Consequently, the initial configuration of Weapon Control, as shown in
Figure 2.7 is quite simple.
(U) Open Fire commands, which originate in Postcommit Track, are inputs ’
to the Open Fire subfunction. Open Fire specifies the logic for assuring i
1 that all conditions (including safety) are met for triggering the weapon.

: Conversely, Cease Fire is a subfunction that can interlock the trigger and ‘
- § can halt a firing. It accepts inputs from the Kill Assessment function and
13 from HELWS control. A1l modeling of the physical processes of the weapon are
: in the subfunction Weapon Dynamics, including adaptive optics.. This

ey

subfunction also includes the computational and electronic processes for

optimal beam control. The Laser phenomenology sub function accounts ,
for the power generating properties of the laser and for the interaction :
of laser energy with the atmosphere., Much further work is needed for

the Weapon Operation function, but must await the results of more de- -
tailed modeling of high powered lasers in a weapon configuration.

2-13
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2.7 (U) KILL ASSESSMENT

(U) In many situations the tactical effectiveness of HELWS may depend
critically upon recognizing that hits by the weapon have made a target
nonthreatening. If a priori knowledge of target vulnerability to lasers is
uncertain, the HELWS must be capable of recognizing those changes in the
state of a target that indicate it is disabled. The functional breakdown
includes Kill Assessment as a function that specifies the processes for
causing the HELWS to disengage a target. The Kill Assessment inputs and
outputs are:

Inputs (U)

e Targer radiation
e Target State Vector
¢ System Control

Qutputs (U)
e Status

Qur formulation of Ki11l Assessment recognizes two possible means for
detecting a change in target states: (1) sensing a change in radiation

from the target and (2) recognizing a perturbation in the target's trajectory.
Figure 2.8 shows two subfunctions, Damage Sensing and Trajectory Computation;
that account for the actions to detect these changes. Damage Assessment
consolidates information for evaluating the benefit in continuing to fire

at a target.

2.8 (U) HELWS CONTROL
(U) HELWS Control is not yet defined as a function. We expect to
make it the resultant of such subfunctions as:

¢ (U) Battle Management
o (U) Engagement Logic
e (U) Multiple Battery and Intersystem ¢3
Before proceeding to specify HELWS Control, we require a better definition of

HELWS missfon requirements and the operational procedures for engaging targets.

2-15
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3 (U) SIMULATION FRAMEWORK AND FUNCTIONAL BREAKDOWN:

3.1 (U) REQUIREMENTS

(U) The system engineering process we assume for HELNS. as for all
weapon systems satisfying MIL STD 449A, includes function&l analysis acti-
vities for deriving system/subsystem performance and design requirements.

An important tool for performing this analysis is a151mu1§t10n that allows
HELWS to be modeled as the configuration of functions it performs, and
which will support the determination of how well the functions collect-
ively perform, given each functions' individual performance characteris-
tics. The functional analysis will include both: |

(1) (u) Changing the performance characteristics of the functions

({.e., - modifying the data or software algorithms repre-
senting that function in the simulation), and

(2) (U) Changing the configuration of functions (i.e., - modifying

the sequencing, enablement, or flow of data between functions).
Since the analysts will want to evaluate the performance of both the indivi-
dual functions and the ensemble of all functions, the simulation structure
must allow the analyst to set measurement points between functions and/or
data to be gathered within functions. Other desirable goals include modula-
rity of functions and data so that processes that are in different stages of
design can be accomodated, and applicability of the simulation at more
equipment-specific levels of designs (such as the real-time data processing
system). Additionally, the simulation software should aid the analysis
effort by providing interactive graphics for I/0, providing an easy-to-use
programming language that is FORTRAN compatible, and providing automatic
data plotting software for the variables of interest to the analyst.

B

(U) The HELWS functional simulation discussed here consists of two
parts: the collection of functions in the simulation, and the simulator
structure and executive software. The structure and executive software
of the simulator are an adaption of the Modular Missile-Borne Computer (MMBC)
Simulation-Emulation Driver (SED) which was previously developed by GRC.

!
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3.2 (U) SIMULATION-EMULATION DRIVER (SED)

(V) The basic goal for SED was that it be applicable at all of the
design levels through which the MMBC real-time data processing system would
evolve. Specifically it was designed to accommodate stages of evolution that
begin with high-level functional definitions of the MMBC system's process where ¥
only input/output characteristics of the first-order functions in the process are
known, and progresses all the way to a real-time software/hardware realization of
the final system.” Secondary goals for SED included that it be capable of accomo-
dating simultaneously, processes in different stages of design. : q

TN

(U) SED {s resident in the Advanced Research Center's CDC 7600. It
employs that facility's interactive color graphics (Anagraph System) to
enable an analyst to control and examine the flow of processing of data that Q
characterizes the behavior of the real-time system for which data processing ]
requirements and specifications are sought. The SED software includes stand-
arized plot packages so that performance data required by the analyst will
be monitored by the SED during an exercise, and then be available for auto- 4
matic plotting when called for.

(U) To achieve the goals of SED, the software structure requires;
the analyst to decompose the target real-time processes into logically inde-
pendent subprocesses (e.g. the hierarchical structure for HELWS described
in Section 1,1), being careful to clearly separate computational elements
within a subprocess from data transfer elements which transfer data between
subprocesses. SED aids and encourages this decomposition by employing a
multi-module overlay structure in which the analyst defines module boundaries
at those points where he desires to modify and/or examine data. For large
processes such as MMBC, the overlay structure provides the additional
benefits accrued from economical memory utilization. The SED employs
GRC developed support software including IFTRAN (a structured-programming ]
language which 1s FORTRAN compatible, and Dynamic Storage Allocation (DSA).
A detailed description of the basic SED program as configured for the MMBC ¢
signal processing functions 1s provided in Reference 3.

Y o JPR
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3.3 (U) FUNCTIONAL BREAKDOWN FOR HELWS DEMONSTRATION

(V) The deomonstration version of the HELWS functional simulator
does not incorporate the hierarchical structure presented in Section 2.
Instead, it was configured with certain subfunctions as the principal
component functions. These were known to some degree at the outset of
our study. The analysis leading to the integration into first level
functions was conducted in parallel with the initial implementation of a
simulation capabiiity. Figure 3.1 is a flow diagram for the initial version
of the flexible simulator. Incidentally, Figure 3.1 is an output on a graphics
terminal, used by the analy§t to define to the simulation executive software
the sequencing of functions.

(U) At present, many of the functions in the demonstration simulation
are implemented as dummy routines which require time, but functionally per-
form perfectly. The detailed requirements for a HELWS functional model were
not part of this investigation. Nevertheless, the structure we have developed
makes provisions for incorporating system functions as their descriptions become
better defined. The major achievement during this reporting period was to
modify the executive and display software of a previously developed simulator
to interface with routines that represent HELWS functions. Subsequent
paragraphs summarize the capability and features of this software.

3.4 (U) HELWS SIMULATOR PHYSICAL DESCRIPTION

(U) The HELWS simulator has the configuration shown in Figure 3.2. It
resides on the CDC 7600 computer at the BMDATC Advanced Research Center.
Code for the executive is written in IFTRAN, a version of FORTRAN that
incorporates structured software. It consists of a main overlay containing
commonly used routines and secondary overlays to perform specific independent
executive functions. It interfaces with the threat generator that drives
the simulator input and manages communications with the Anagraph Display
System. The Anagraph is an interactive terminal set consisting of a 19-inch
color CRT, keyboard and trackball positioned cursor. The terminal includes
a black and white hard-copy device.
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3.5 (U) EXECUTIVE DESCRIPTION
(U) The HELWS simulator executive implements a variety of functions
that help the analyst coordinate operation of the simulator. These include:

(U) Interpreting user commands

(U) Reading in data from the threat driver

(U) Controlling flow of data through simulator
(U) Boakkeeping

(U) Performance monitoring

Having most service routines in the executive enhances the flexibility of
the simulator., Changes in input-output formats do not impact the routines
that implement HELWS functions. Conversely, altering or replacing a

HELWS function has minimal impact on executive routines., A listing of

the main driver control logic may be found in Appendix A.

(U) The analyst will iiave at his command various instructions which
allow him to control and monitor the execution simulator. The following

is a 1ist of the most powerful commands:

1 o (U) Modify Input - The command allows the user to change any

of the inputs of a functional module, any functional module

constant or executive constant.

' e (U) Change Model - Allows the user to dynamically change which

F version of a functional module will be executed. For example,

a user could choose a track while scan function for Precommit

! Track or, alternatively, a dedicated tracking function.

e (U) Display Input - This command allows the user to examine all
of the inputs to a functional module prior to its execution,

e (U) Display Output - This command allows the user to display the
modules output, or to request a printed or plotted performance
monitor output. It can also be used to request a display of
the executives summary statistics.

o (U) Set Breakdown - This command lets the user regain control of
the executive at the end of a designated functional modules
execution. The user may then use any of the other commands
to examine or change information. !

ro rooaste Ty CORTES TR T

3-6

IINEY ASSIEIED

P E———— R




e UNCLASSIFIED

. (U) @ Next Scan - This command causes the next scan aata set to be read.

(U) e Continue - Signals the executive that execution may resume. This
is the command that gives control back to the executive after
stopping for a breakpoint.

(U) o Stop - Causes run termination.
(u)

Read Threat Generator OQutputs - The Emulation Executive will read
in the data from the next scan of a sensor. The program will
assign space for the data, and prepare it for the first functional
module; for instance, "Search Control."

(V)

Control Flow of Data Through System - The Emulation Executive will
control the flow of data through the system as it passes from one
functional module to the next.

E (U) o Bookkeeping - The Executive will keep track of the status of each
; functional module. Among the item will be:

! . 1) The current module type

2) Whether it is active or idle, and if active, the wait queue
length for the module

3) The amount of data transferred between modules, and

I N

Simulate Clocks for each module, along with active/idle time
ratios

(U) e Performance Monitor Data - Performance Monitor Data will be collected
for each functional module and printed on the normal output file.
Upon user request, the data may also be displayed in printed or
plotted form on the graphic terminal.

(U) The Simulator Program is submitted over the counter at the ARC as
a batch job requiring a graphic display terminal. The run deck consists
of the control cards specifying the load modules and output files for the run,
along with the input data defining the initial configuration and nominal values
for the functional modules. The user at the graphics terminal then controls




the execution of the simulator. He can cause the next scan to be read from
threat driver output files, change input value, dynamically change which
functional module is to be used, display overall status, or examine the
performing monitor data for any of the modules. Each scan data set produced
by the threat driver will be processed by acquisition and track modules.

As the data sets pass through the system, if the next functional module
encountered 1s a simulation, it will be executed immediately by calling

in the appropriaté overlay. (U)

(U) After all return data sets are processed, the data set furth-

est along is taken off of the queue and the simulation overlay for it is
brought in and executed.

3.6 (U) THREAT DRIVER

(U) The role of the threat driver in the simulator is to generate a
record of target dynamics and characteristics at each instant in time when
the inputs to the sensors in the system are to be updated. The threat driver
"flys" all of the objects in the threat and produces a "shot" of the aspect-
dependent scene in the field of view of each sensor. In a detailed functional
simulator, depending on the sensor, it accounts for radar cross section,
IR emmissive properties, and the emmissive and reflective characteristics
1n the passband of other electro-optical sensors.

(U) The simulation makes data requests by sending a message to the
threat driver. The message identifies the sensor type, location and field
of view and, if applicable, the i1lumination beam description. The threat
driver returns a data record consisting of the radiation from the targets
within the sensor field of view. The executive sends the record to the
routine that models operation of the sensor. In the demo, the threat
driver {s an algorithm which determines the positions of all targets
(X, Y, Z, x Y Z X ’ Y' Z) as a function of time. It is represented
in Figure 1.9 by the box, "GENERATOR".
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] (U) The complexity of the threat driver will depend in large measure
upon the fidelity with which targets must be modeled. For instance, the
trajectory of an ARM might be approximated by a series of constant
velocity flight segments, or it might be geherated by a 3 DOF simulation,

? or even a 6 DOF simulation. Eventually, the driver should operate at
several levels of fidelity. For example, the multiple target input data
for the Initial Acquisition Function can be of relatively low fidelity,
whereas, the single target data for cross correlation track must come

. from a very high fidelity model. Generating the input signals for imaging
sensors {s expected to present the most stressing signature modeling re-
quirements for the threat driver.

. 3.7 (U) HELWS FUNCTIONAL MODELS
(U) Figure 3.1 shows a display produced by the SED executive
giving the execution and/or data flows between the HELWS functional models
currently defined. Each of these functional models consist of two parts:
1) model control, and 2) model algorithm.

‘i 3.7.1 (U) Model Control

(U) Each individual function model is an overlay in the SED design,
i J and the main program of the overlay is in charge of executing the proper

I code for the model under test. The Integer variable comtype, in common/
control/, is used to determine the purpose of this call, as shown in
Figure 3.3.

3.7.2 (U) Model Algorithm
(U) The algorithms for the fui...onal models of HELWS have, in {
5 some cases, been implemented as time delays, in others, as bookkeeping t
¢

devices, while the rest are derived from the algorithms used in the COMO
simulation of a HELWS.

3-9
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RESPONSE_OF CONTROL

Read in namelist data for model
Perform model initialization
Execute model algorithm
Display the model output data
Display the model input data
Modify the model input data
Destroy the input to model
Reformat the input data for
hardware/emulation versions of
model (as appropriate)
Reformat the output data from
hardware/emulation versions of
model (as appropriate)

Record model input so that it
may be rerun at a later time

(U) Response of Model Control to COMTYPE
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(U) An example of the logic 1mp¥emented for one of the functional
algorithms is prioritization. A logic f1ow chart for this model can be
found in Figure 3.4 , and a listing of fhis functional model, along with
its control can be found in Appendix B.é

3.7.3 (U) Test Case .

(U) In order to verify the logi¢ and algorithms for this version
of HELWS, a test case consisting of 4 objects flying straight line trajec-
tories with no intermediate maneuvers was selected. All of the objects
were to impact near the laser, but only one of them to impact in the laser
defended region. The actual input cards for the test case are shown in
Figure 3.5, and this information, along with other SED Executive and
system wide parameters output is shown in Figuré 3.5..

(U) The output from the simulation for this test case, 50 seconds
in duration with all debug output turned on, will be a printout several
inches thick. Instead of presenting the entire output, selected interest-
ing portions of the output may be found in Appendix C. In addition, a
summary of the status of each functional model at the end of execution
of the test case including the number of times executed and the number of
words of data transferred between models may be found in Figure '3.7.

The same display as produced for the user as the interactive graphics
terminal is shown in Figure 3.8 .
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ENTER
l

MAKE UP A LIST OF ALL TARGETS
WHICH ARE:
e ALIVE
o IMPACT POINT PREDICTION
SAYS IS THREATENING
e SHOT TIME HAS BEEN CAL-
CULATED AND IS LESS THAN
5 SECONDS
e IS NOT THE CURRENT OBJECT
UNDER FIRE

}

SORT OBJECTS
BY INCREASING
RANGE FROM
LASER

!

SELECT 1 OBJECT AT A TIME IN
ORDER

COMPUTES TIME-TO-OPEN-FIRE
AND, IF ACCOUNTABLE, COMPUTE
TIME-TO-KILL. SCHEDULE A

SLEW CONTROL EVENT FOR OBJECT
OF TOP PRIORITY IF NO CURRENT
OBJECT UNDER FIRE. CONTROL IS
SECRET UNTIL 3 HAVE BEEN CHOSEN.

v

CANCEL THE HIGH DATA
RATE EVENT FOR QBJECTS
CORRECTLY IN HIGH DATA
RATE

v

SCHEDULE HIGH DATA RATE
EVENT FOR THE OBJECTS
JUST CHOSEN

$

SCHEDULE A TRACK-WHILE-SCAN
EVENT FOR OBJECTS WHICH WERE
PREVIOUSLY IN HIGH DATA RATE
BUT WHICH NO LONGER ARE

n
EXIT

Figure 3.4 (U) Logic of Prioritization Functional Modes
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THMIC TR A STFP IN THF ANAFTIOHN OF MMAT YA FIOF COMTROL
2EXET ICRINT (1) =2082,TTH 42”281,
NOTER <=L, XPOSTHI)ERQITT, 220035 00T =RON NSy T T T T
YPOST(1)=2%5000,, =5000.y, =5790.y 27NSTC1)=4L"50C0.
YVFLT(1)2=1604y 1A, =1hR., 1R5., YVELT(1)3=97,, =25,y 2,, 10k,
TYFLIf(Y=2-1CC,., =7R,, -101., -SC, * .

TYFTHTE -
Figure 3.5 (U) Test Case Input
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4 (U) SIMULATOR DEVELOPMENT PLAN

(U) A flexible functional simulator and an associated threat gen-
erator would be of great benefit to the HELWS system engineering process.
They would be effective tools for deriving the performance and design re-
quirements for a HELWS. Presently, however, only the executive software
and the graphics capabilities are operational; only a demonstration subset
of the HELWS functions are implemented in the simulator. Further, the
threat generator now provides only trajectory information for point targets
To be fully useful for driving a HELWS simulator, it requires the cap-
ability to model the finite extent, shape and radiation properties of tar-
gets and to represent susceptibility to damage by a laser.

(U) In this reporting period we prepared a plan for continued
developement of the simulator and threat generator. Our analysis also
considered the tasks that must proceed hand-in-hand with work on the
simulator and the threat generator. We recognize that continued develop-
ment requires:

o (U) establishing detailed Mission Requirements for HELWS

e (U) modeling the properties and characteristics of likely targets

o (U) formulating specific threat sensors

o (U) preparing algorithms for battle management of engagements

with laser weapons
The total plan is costly in time and effort. Consequently, we have phased
activities so as to produce an inital operational capability quickly and

at modest cost. Subsequent phases of the program provide more advanced
and complete capability.

(U) The simulation plan consists of two parts. Section 4.1 pre-
sents a work breakdown in the form of task descriptions. Section 4.2
presents a schedule for achieving increasing levels of capability in a
flexible HELWS simulation and threat generator.
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4.1 (U) TASKS FOR SIMULATOR DEVELOPMENT
(U) The work breakdown for continued simulator development has
five major tasks. Two of these account for the effort to bufld a flex-
ible simulator and a threat generator. Two others continue the modeling
activities to produce a functional breakdoqn of HELWS and to generate
models of specific elements in the threat. The fifth task is the missfon
analysis to identify typical battlefield dép1oyments for laser weapons
and strategies for using them and to establish the threat environment.
As illustrated in Figure 4.1 , the work breakdown has a hierarchial
structure 1f viewed in terms of where each task gets its inputs. Sub-
sequent paragraphs of this section present additional detail about the
objective of each task.

(U) The mission requirements analysis task will establish the
scope of alternative missions for laser weapons. This effort will define
the threat that each mission is to meet and identify the criteria for
neutralizing the threat with a laser weapon. The output of this task is
a statement of the system objectives, and criteria for mission success.
Using the mission analysis output, alternative constructs are formulated
in terms of functions to be performed and their sequencing. Note that
this need not involve a decision about which laser technology, repetitively
pulsed or chemical, is in the construct. At this point, the simulation
tools developed become part of the mainstream of the technology program:
the framework would be ready at this point in the program to accept models

of the functions which have been developed by other technology contractors
(e.g. beam control).
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(U) Work Breakdown for HELWS Simulation Program
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(U) At this point the level of fidélity in the simulation is impor-
tant to the goals of the analysis. We will use the terms and definitions
for the models of the functions presented in Table 4.1. It is clear from
the table that we envision the simulation effort as an evolving, continuously
useful tool. Outputs from the function performance level are necessary
inputs to concept formulators who choose and describe generic components
of possible constructs. Some concepts can be quickly eliminated on the
basis of the performance requirements being well beyond current projected
capabilities.

(U) The survivors of the first phase of simulation at the function
performance level are modeled at the component performance level. These
candidates are optimized by tradeoffs at this level of detail and compared.
Much significant data is generated at this time that will greatly aid in
the selection of a preferred construct which can be designed and evaluated
using the final component simulation/emulation version.

(U) MNote that 1t is at the last stage of the effort that one com-
plex, component simulation is built. Such models are difficult to change,
long running, and require extensive memory. Such a simulation 1s built
only when the program is mature, and the speci€ics of the design are known.

(U) The approach to using simulation in a technology program out-
1ined above initially allows a broad hack at many possible solutions, a
more detailed analysis of a few solutions, and thorough testing and evalua-
tion of components and software via simulation of preferred constructs
during development. Feedback between levels is 1ikely, as problems are
uncovered, and the framework and previously used models survive for such
use for the 1ife of the program.
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(U) Although we constructed a functional breakdown for HELWS, as
reported in Section 1.1, the detail of function specifications is presently
inadequate for realization in a simulator. Task 2 provides functional
analysis to extend and detail the functional breakdown. Initially, emphasis
will be given to complete specification of the basic sensor and sensor pro-
cessing functions. Subsequently, emphasis will shift to control and coor-
dination functions™ and subfunctions.

(U) The threat modeling task (Task 3) will upgrade models for tar-
gets that are contained in the threat. It will account for dynamic behavior,
radar and optical scattering characteristics, and IR radiation properties
of the targets. Further, this effort will produce the detailed specifi-
cation of specific threat scenarios that are anticipated for HELWS missions.

(U) Current work has produced the execution software and graphics
capability for a HELWS simulator. We have as yet implemented only a few
system functions in computer code. Task 4 includes the effort to design
and implement software routines that realize the functions identified in
the HELWS functional breakdown. OQur objective is to build these routines
so that they can be readily replaced by alternative specifications of a
function.

(U) Task 5 produces the threat generator for driving the HELWS
functional simulator. It is a program that responds to simulation commands
for the radar signal or optical/IR radiation from the direction that a sensor
is pointing. It implements models of specific targets and moves targets
according to the specification of threat scenarios and the actions of the
weapon system.
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4.2 (U) DEVELOPMENT SCHEDULE

(U) As shown in Figure 4.2 the development schedule covers three
years, and has three distinct phases. This program plan provides a simu-
lation capability that increases incrementally. The product of Phase I
is an initial version of the flexible simulator and the threat generator.
The HELWS fire control problem is modeled at a high level with 1imited
fidelity. The output of Phase II is a baseline simulation capability
that models targets and HELWS functions with greater fidelity. Phase III
produces an advanced version of the flexible simulator and the threat gen-
erator. This advanced simulation capability includes representing battle
management and responsive threats.

(U) The initial version of the flexible simulator will contain repre-
sentations of the major HELWS function, as identified in the functional

breakdown. Some of the subfunctions, however, will be realized only in
simple form. For instance, Laser Qperation will model i{deal beam control

and Battle Management will take account of only simple threat scenarios.
Similarly, the threat generator will model a target as an object consist-
ing of several point scatterers or radiation sources. The initial simulat-
ion capability will support the development of requirements at the system
level (i.e., firing rate, acquisition range, encagement ranges, laser power,
etc.)

(U) The baseline version of HELWS simulaticn capability will be an
upgrade of the initial version. I% will have more detailed representa-
tions of system functions and subfunctions in the flexible simulator
and the threat generator will be based on target models of greater fide-
1ity. Battle management will handle complex threat senarios and the beam
control functions will be accurately modeled for a class of laser waapons.
The threat generator will contain target models that account for the
special form and shape of targets. Further, the baseline version will
accomodate more complicated target trajectories than the baseline version,

4-7
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(U) We included a third phase in the development cycle, because laser

concepts and HELWS missions will surely change as development proceeds

in the earlier phases. The result of these changes will be the need for

even greater flexibility than can be forseen initially. For example,

some considerable mission analysis must be performed before we can fully
anticipate the many alternatives for Battle Management - more analysis

than is possible before.committing to the design for the initial version

of the simulation capability.

poawn
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SFN MEST Snyecre SUARAUYTINE PRINRI(IPRYT, TS, NHCRCS)

SURRAYTINME PEINR(IFRNT, TS7, NWAPNT)

TUIS ROJTTINE CEPFCRME TUE POJIQFITIZATIOM OF THE TARGETS

sEuw QU ANK GOMMOM (NTA ARTA)

cCHMnN
1 001 _

NTUEMSTON TGO 1r5 ARET 1y oI0(L) T — T e e

ECUIVALEMTF (N, IC, NN, INT}

c - - —m

CreES CENLST « RENFRPAL LIST EQUTVALENCE RLICK
-

PIVENSTOM HFTFUNG (1), NFUMGIL), TIMETCA(1), INCIN(L), LISTIM(D),
1 TINUTL), LTSTOUT(), MSTAN(1)
™y TTINFSCHtL) — - S e

FRUTVALFNCE (0, MERFIING, MICEND), (0(2), NFURPY, (G(3), TIMESCHY,
f(nt4), IVIINM, TRCCUT, LTZ7IN, LISTOIT)
P N3 TINFOC)— -- rom e e

$re® CCMTRCL (TUM MONTRCL CCuMO)

CCMMNAN/SOMTRAL/NOKW. SCMTYSS, THOUTH, TADEX, SNUEUS, FINISHALLAITF,
WOMErOM, XCON(3), YCrMI®)Y, TTTLC(?2y, ), KSYS,

1 IOCARECTYY, RN E(TC); YTYR(20), YOVE(2M . TTITLI02, 7)) ,MTNI2Y)
PHYLEN(R)y YLER(SY, TITLL {2, B), LAOLDR(R), LED,

T [oTeP, ICTAFR, TeSINE, COLOP(3), TSCCON, ICIaN, TFMCWH,

Y TOAwPED; TLETOFR; IPARSUMG;-TLETIUM; - ~— - - -~ - - -
LOIFTTNTUTO), CLOCKS(DP0), MAYLCM, NCRUM, STARTT, wANGMY, NEWTSEN,

= IMFILE, FILCU20), IFLEGSLTD)
By TYATEM, TETANTN, [NCCL A (0), MTITLT (L), MEMCSN(2Y)

T, OUTETL?, OUTTASK, L STEUN, TIMLAST, LSTFLAY, TNFFAR

ot g T N AL P

INTERFD ~3L0F, ~CMTVEE, SOMICYE, FYHTIHA
1y MUTETLE, OUTTASK SRR
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canenr SUTIPTY g FOTSN(ICET, TST, NWIATS)

LCETraL MEWer -y

FONTYALEIF (TFLACSIT™), TATPO), (TRL*RS(23, TISFT), C(IFLAGI(Zw),
1 INATF), (TFUAST(2F)e Tark), (TFLAGS(?FY, TCENAY, (TFLAGS (27),
2 OTHYTSOMNY, (TELAES(2T), TOrIr), (TELIGS(2), LEFRC), (IFLAGT(I0),
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r
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G

Twees STMINTR - SICULETICN INTERFALE COHMCE FLOCK

COMMAN/ZINTTS TH/NT L, 272, 072, UTL, OTS, 076, 377, CTey B7TYI, NTLC,

1 CT11, DV12, P~2F, Y *nar, YPS[ik, P?>ACAR, FACFAC, NLASER, “AOLAS,
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LOGI AL ALIVE

INTFAER TYoTE Ly
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2 77€Ly, (N(A), NTEKP), 0010y, TYPTRIK), (Q(11), IMPaCT), (0(1D),
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&5 1 o TFQILIVE(THO) JAMC IMP CT(TND) o3T. 4 aH0. TIMKTP(ING) .FT, 3.) .
{ 662 e & IT(TIMKTE(ING) LLE. 3. BND. INM MF, INDFIRF) :
3 ST T O PUTTOP (TR 5—IND) e
f8 7 s « TMN TF
53 1 . FNO TF
<9 e e
71 [ad
hd T TTSEE-TF WM MEVETANYTHING T s e e
7T 2
74 ~
~e C - SEECTF WF MEYE TG PUT R FOTVIR NO, 1 MACK ON TeE YT
76 ~
§ 7? ~——FFtTMOFIRE [ NEi- Q) — o —— —— i
R 1 e IF(TYPTPAK(INNFISF) L€, 2)
7a > e e CYLL PUTORA(LTIST, TNRNFJIPF, 14}
1 g 2 3 5 I'MNFTRE = . s
£yt . ENN 1T
€7 ENO TF
$ o S EE(EPRT - ME o 0) — —- e o
°4 1 o CALL LSTTSTILIST, 0, 13}
pe - . — . . e -
LI B *  PYT THE TQOC T INTQ H4IGH DATA BATF TIACK
[ 4 1 ~ .
a9 . Moz
* ca ¢ .  LOUT = 9
an ¢ T LINe = LIt
21 1 .« LOOP )
a2 2 - . LUBEESE I A 4
ot 4 o ENIT TF(M (5T, D

1 B-7




UNCLASSIFIED

SFN MEST <SAInF SUADPIYTI M PR TIAP(IPSYT,, TIT, YwIRLE)
A, 2 . . TULL O ME(T(LINK,, TMT)
5 1 . EXTIT TF(THD Fn, 0)
Ak ? p . . TAPUTE TITMFE TG OFFH FTOF
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179 4 . . . . TF(ITND LN, TCAVE)
117 € . . . . . SLEWTIY = 1,20
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SEN MFST SNURFE SURRDUTTME PP TCR(IPPMT, TST, NWORCS)

T140 - oI v -

tet 1 . IFIIZAVIT) JNE. D)

12 2 . . FIR (J = ¢ T2 T UNTIL ISAV(I) LEQ. IMOHAR(MN)
tuv 2 T : S e s e :

1ot 2 . . TE(J 6T D

1.6 1 . . . THD = IRV (T)

168 1 T CTYRTRARIINMY STt — - ——
b KU . . . MYRKF (IMD) = 1

B UL e = . . CALL STHEDUL(Re Ly TIMEFIN(INDEX) ¢ 71, IND)
tna 2 Y, B

169 1 . ENN 7

151 ENG NC

152 Lot

1- TTmGALL BITIANLTHARL) - oo o mmes e oo
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APPENDIX C
(U) SELECTED PRINTOUTS FROM HELWS TEST CASE

SEAPLH CONTRIL SIMULATTION MOLULF To JoulIW EXFGUTIUN AT [IvF 2400000’
CURPENT CP TIMe .5 1se2f WHILH IS «865 SECIONIS INTO THI UN
CVeErLaY (CaLLI0 wIT¢ TQ4TYPT = 1
FUNCT ICNAL MOGULE SEanRCH CONTRIL INCED AT CF TIME 16,575
EXECUTION TOOK «3J1 o2 SETOMNIS AND 1 WCRDS WERE [NPUT T) IT,

BBEINIS RO STIPVOIBBIBN TV ITBNPOIB PPN PSP RN 0000300 0RBISINBAIBIINIINIILIPIOBENINIBIBGSIIOOIBRBTNOEINN:

SEARLH CONTFOL SIMULATION MOLULE TQ 3ITGIN EXECUTION AT TIME §.00000000

CUPRENT CP TINE IS5 Lhe577 NHICH IS «067 SECONDS INTO THE UN
OVEFLAY CA_.ED WAITH COMTYPE = 1

TAFGET NO. 1 AT AN ALTITUOE UF #7333, A4 FANGE FROM FADAR UF 9869, HAS BEZY DEVECTED.
STATe = 7520.00 ©w?703.04 0733.02 =160.0000 =99, 0000 -100.43800
i
TARSET NO. 3 AT AN ALTITUDE OF +897. ANY RANGE FPOM FAJAR OF 9899, HAS BEIV DETECYED. i
STATE = 7526.00 ~4716.00 e037.00 =158, 0000 9%. 3000 -101.3000 {9
FUNCT IONAL MOCULE SEAFCH CONTRO. INDED AT CP TINME 14.379
EXECUTION TOOK <002 2P SEZONIS AND 1 WOFDS WERE INPUT TQ IT,

IR I Y Y RN S I R R T P YR S TR T X L L S R R Y R P I R Y Y Y LYY Y R Y R R R Y Y YN Y Y Y P VY Y YYY R WVYYYYY Y Y

TRACK INITIATE SIMULATION MODULE TO 1SGIN EXECUTION AT TINE 3.3003000)
CURRENT CP TIME I3 1ee581 WHICM IS «Q72 SECONDS INTO THI Ruv
QVEALAY CALLZ0 wIT4 SO4TYPE = 1

TARGET NO. 1 NOW BEING PROCESScC.
TAFGET NO. 3 NOW BcING PROCESSEOD.

FUNCT IONAL MGDULE TFACK INITIATE =NCED AT CF TIMF 14,532
EXECUTION TOOK 001 2P SECONIS ANY 48 WORDS WERF INPUT FO IT.

LB INBDONIIBIIVBIBIBBNGBBIPOPBVAGOBI0304038 3009380003080 0003802000B080000800000088380880-3302000800800

SEARCH CONTFOL SIMULATION MOCULe TO IEGIN EXECUTION AT TIME “,00090000

FUEEFNT ~P TTus T3 1% . RAS WHTru TCQ LAT] IFLAANTIS INTA TS Sy




UNCLASSIFIED

Y W¥LrbLmY Lalpiv nmoot LU VP 2 1
TARGET MO, & AT AN ALTITUCE OF 4odb. A1) wRANGE FFOM FADAR UF 9949, HAS Bezv OHFTECTED,
; STATE = -7340.4d0 “4576.0., enieedd 165, 331J) 1d6,44d34 ~99,2030
FUMCT IONAL MOCULE SEARTH CONTRUL TNUE) T CP TIvE 14,586
EXECUTION TOUK 001 £° SEZONSS ANG 1 WCP?S WERE INPUT T3 IT,

LY LY Y YR PRy PN Y Y2 YR PRI R TR R Y R R L Y Y R R L Y Py Y R Y Y P Y YR PSR RS I RS Y Y PR YR P Y Y Y 2

TRACK WHILE SCAN SIMULATION mOCULE TO 3EGIN EXECUTION AT TIME ©.J0000009
CURPENT CP TINE I35 16,589 wWHICH IS «079 SECONDS INTO THZ IUN
OVEFLAY CALLED WIT4 COMTYPE = 1
FARGET NO, 1 IS AT AN ALTITUDE OF “bdd. AN) PANGE FROM RADAR COF 9676, (3
NQOe OF T~-W=S PULSES = 1

FUNCTIGNAL MOOULE TRALK WHILE <CaN INCE) AT CP TINME 16,509
EXECUTION TOOK 2001 T2 SECONIS AND 26 WORDS WERE INPUT TD IT.
Y R Ty TRy I TR Y Y Ty Ry Yy R L Yy R Y Ry Yy e R Y Y Y Y YRR P PR Y YT Yy PR PR Y ¥ S c
PRED IMPACT POINT SIMULATION MILULE TO IFGI4 EXECUTIUN AT TIME ®.u 003000
CURPENT CP TIME 3 14.592 WHICH [S «082 SECONDS INTO THI N
OVERPLAY CALLED WITH COMTYPE = 1 3
- e O
TAFGET MOy 1 IS ATTACKING THIS LASEr, FalNG: = 50. 4
FUNCT JONAL MODULE FFEL IMNFACT PIINT INDEY AT CP TIME 16.532
EXECUTION TOOK «001 33 SETONDS AND 26 WORDS WERE INPUT TO IT.

1008 0800 080000 BFBIFRILIVBIANBBIVINIABVIININBBIIRGINLNOIPGNBIIITIPINIIPIIEIITIBRINININTOBIGILBIBIRIENS

Ritl TIMT FREDICT SIMULATIGN MOCULE TO JIEGIN EXSCUTION AT TINME ©.00000000
CURRENT CP TINE I3 16,595 WMICH IS «085 3ECONDS INTO THZI AUN
OVErLAY CALLED WAIT4 COMTYPE = 1
TAFGET MO. 1 AT A RANGE TO THe ASaE” OF 55e¢ HAS A SHOT TIME JF 1.45C
FUNCT TONAL HODULE xILL TIPE PRIJICTY SNDEY AT CP TIME 14535
EXECUTION TOOK 001 1P SEZONNS Avu 26 WOFDS WERE INPUT TO IT,

L]
o T e ST ey I OGS T PR3 v 8



BRSPSV ISSLJLIPIDLEBIILNISULLTNRIC IS LIS AISINI VLN SLIEINIC NI SSEGUIIBRIAISNIRGIANENIIRIIANINLES

TRACK WMILE SCAN SIMULATION MODULE TO 3EGIN EXECUTION 2T TIME «,00000009
CURFENT CP TIME IS 14.598 WHIFH S + 088 SFrONOS INTO THE PUY
QVEPLAY CA.LED MWIT4 ZO4TYPE = 1
TARGET NO, 3 IS AT AN ALTITUDE OF 4566, AN RANGE FOOM SAPAR OF 3h89,
NO. OF T-W=5 FULSES = 1
FUNCT IONAL MNDULE TPACK WHILE SCAN ENDE) AT CFP TIME 164,539
EXECUTION TOO0K «00L TP SEZONOS AND 26 WOFDS WEFE INPUT FO [T,

PSS CCNNT U SIIBSUSPSIIIBLONIISNINS I SIL SIS NDANS LRI INISIEIRIANINDSNININIPUIGII LN ULGLEIANSLNEINLS

PRED IMPACT POINT SIMULATION MOOULE TO JEGIN EXECUTION AT TIME 900000020

CURRENT (P TIMT [5 16,601 WHICH IS « 092 SECONIS INTO THI EuH
OVEFLAY CALLED WITH4_COMTYPE =

TAFGET NO, 3 IS A TAFGET OF OFFORTUNITY.

FUNCT IONAL WODULE FEED IMFACT >0INT ENDEY AT CP TIME 16,602
. . EXECUTION TOOK 2001 P SEZON)S AND . 26 WOPJIS WERE INPUT TOQ IT,

IS 3500000 NICAPBRAIINISNIISVGSUNIIN S AN NEPOENT LN ANIRNINIPNLATINARANICLNLIGINCAINSIVIAELRSLINEIBIED

KILL TIME PPITICT SIMULATION MOCULE T0 3SGIN EXECUTICON AT TIvE “.roUj 80NN

CUFRENT CP TIME i3 1+.6de WHICH IS +d95 SECONOS INTO THE 2ut
OVEPLAY CALLFD WIT4 COMTYPE = 1

TARGET NO, 3 AT A PANGE TO "HE ASSZT OF 330, HAS & SHOT TINME OF «231
FUNCTIONAL MOOULE KILL TIME PRIDICT ENOE) AT CF TImE 14.h5
EXECUTION TOOK «001 53 SELCHIS AND 26 WCPDT WEPF INPUT TO TT,

S0 SANISS S BUGE NERESS SRS ISNTSINRD SSS S SIS S LT INEARI SIS AP LI AN NI NN VRSO ILCUELIGESLASASEAEOIrINPIILES

TRACK INLTTATE STMULATION MOCULE TO 3°GIN FXECUTION ET TTWE 440000307

CURFRENT ~P TIME (3 1%.80% WHILK IS «39% 3TCANTYS INTO “ues s
CURELLY CAILEN WwPTd FOUTYPT = 1
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TARGEY NO. & HOW BIING FFOCLSL:M,

FUNCT IONAL MOGULE TFACK INITIATZ SNDED wT CF TINME IS PE L]
EXECUTIGN TOOK SIIL LA SELONTY awr 26 WOkLS WeRE TNPUT TO 17,

BB IQIBIENL SSRGS IBRUPCVCOINPD NG CAEPIP PP PGNPV S0P B0BSS0 PEIBIIBIPOPIITIPIIPINIBIILOIBIINSGGIBEN

FRIOFITIZATION SIMULATION MOLULE TO 1z GIN EXECUTION AT TINE “. 48041003
_LURRENT CP TINE I3 te.611 WHICH IS +«101 SECON)S [NTO [IHI RUN
GVERLAY. CALLED WITH COMTYPE = 1

TAFGET NO. § HAS BSEN CHUSEN A5 PRIJIITY NO. 1
TARGET NOs. 3 HAS BecN CHOSEN AS PRIORITY NO. 2

FUNCTTONAL MOQULE PFICRITIZATION INJS) AT CP T I™E 14,612
EXECUTION TOOK «008 P SELUGN3S AND « WORDS WERE INPUT TO IT.

BB OSBLI BIBENUBIBLVIDI B GIONGIIDIBIBIPBPIIBBGVIGIO NI GBIV IVBISINIVIGPBBIEIPIOBINRLONIGOBIBIBRIISNN

SLEW CONTROL STHULATION MONULE TO 3EULIN EXECUTION AT TYME 4.00003080
CURRENY CP TIME I3 leeblb WHICH IS «105 3FCONDS INTO THE 2Uv
OVEFLAY CALLED WITH CCATYPE = 1
TARGEY NO. § HAS A SLEW TIME CF 2,8418
FUNCT JONAL MODULE SLEW CCNTRuL INRE) AT CP TINME 14.815
EXECUTION TOOK <301 ZP SELONYS ANC 26 WOKDS WERE INPUT TO IT,

PROBABEI S PBIVBEBIVIBI B BDOBBBIIBRIIBBOI VRPN 0200300000380 R 33880005303 000883030200808030000u40 3880

HIGH DATA RATE SIMULATION MOLULE TO IEGIN EXECUTION AT TINME %,00201030
CURRENT CP TIME I35 10,613 WHICH IS «108 SECONDS INTO ThE Ruvw
OVERLAY CALLED wiT4 ZOMTYPE = 1

TAFGET NO. 1 IS AT AN ALTITUCE 07 4bJd0. 4N) A RANGE OF 9575,
NO. OF WIGH CATa RATZ PULS:S = 1

TAFGET NOs 3 IS AT AN ALTITUCE oF 4h36. AN) A HANGE QF 3643,
NO. OF HIGH LATA FATE PULSES = 1

FUNCT TONAL MODULE HIGH DATA PATE c9UE) AT CF T IME 14.619

EXAECUTION TOUK suvl S SEZONIS AND V8 WOROS WERE InPUT TO iIf,

A T e P PP A TS TE T WY T T

&
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FUHCT IONAL HOCULE SkakrCH CUlTRUL “MUEs AT Cr TINME 19.17%
EXECUTION TOOK s 600 .2 SFTUMIS ANC 1 WCFIS WFRF INPUT TOD IV,

LB IVIP VLIV BI VB0 0844003BVQEB GV GN IR INEOTEEBIRIPIDIINBIPISISONIIIIPIIDIPIDINTIIOBISLIO #-

HIGH DATA RATE SIMULATiON MOPULE TQ ILGIN EXECUTION AT TIME “6h.00001000
CURRENY CP TIME I3 13,179 WHICH IS 4.668 SECINDS INTO THI RUNV
OVESLAY CALLED WITY Z04TYPE = t
TAFGET MNO. 2 IS AT AN ALTITUOE OF e92. AN) A RANGZ OF 10bb,
MO. OF HIGH DATA RATE PULSZS = 830
TAFLET NO, 3 IS AT AN ALTITUDE OF 3S4. AN) AR RANGZ OF 330,
: £.0s, OF HIGH CATA FATC PULSES = dei
} TARGET NG, & TS AT AN ALTITUOE OF webe AN) A RANGE OF b3,
; NOos OF HIGH LATA RATZ PULS:S = Te7
{ . FUNCTIONAL MOOULE HIGH DaTA FarT: INBZ) AT CP TINME 19.179
EXECUTION TOOK «001 33 SEZONIS avno 70 HORJS WERE I[NpUT TQ IT,

3 PIVLPIPIIVLIPBIRSSLBLIUBPSIBBOIIBIBIVITONISBVITI PP SEIDIDBOIITAIINBIPENIIEPIIPITIPILIBIIIPOIPP OO PN

HIGH OATA RATE SIMULATION MOCULE TO JEGIN EXECUTION AT TINE b, 25008909
CURRENT CP TIME I3 13.181 WHICH IS 8672 FECONDS INTO THI RUN
OVExLAY CALLED wITH CQeTYPE = t
TARGEY MCs 2 IS AT AN ALTITUOE OF «87. AN) A RANGE OF 1353,
NO. OF HIGH CATA RATZ PULS:IE s 8038
TARGET NO, 3 IS AT AN ALYITUOE OF 389, AN) A RANGE OF 320.
NO. OF HIGH CATA RATE PULSES = 882
TAFGEYT NO. & IS AT AN ALTITUDE OF fel. ANY A RANGE OF 55,
NO. OF HIGH CATA RATZ 2ULSIS = 7B
g FUNCTIONAL MOOULE HIGH DATA RATE INDE) AT CP TIME 19.183
) b EXECUTIGN TOOK «001 23 SEICNIS avw) 70 WOR)S WEFE INPUT TO [T,
1]

POSDIONI SO ABABIIBIPLIIBP RIS SBIIFIN VLBV S PIBBLIFIBBIBIPBSILIIBIIDIGIPOINIBIEIINIBBIVINIININISSIINS

4 CORRELATION TRACK SIMULATION MOGJLE TO IEGIN EXZCUTION AT TIWF b0, 05001000
CURRENTY CP TIME I3 13,185 WHICH IS ©s676 SECONDS INTO TH:Z RUNM
OVERLAY CALLED WAITH COMTYPE = 1

TARGET NO, 1 HAS HAD 365 HITS, [T I3 AT 4 RANGZ OF TXS. BNO AZIMUTH OF 3%,.91

TUNCT [ONAL MODULE CURPELATION TRAGK INDEY AT CP TINME 19.1%6
EXECUTION TCOK «008 22 SEZONIS aN) 26 WORDS WERE INPUT fO IT.

s
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28609553530 0535085303353305833303530as30lt0BIBNIINLENISIIENUINNIIINNBLISELIIITREIIETIINIRLTIaLY

"THIGH DATA pare SIMULATION MOGULE TO IFGIN FXECUTION 4T [I¥E $3,10001000
CURRENT CP TIME IS5 13.183 WHICH IS %.679 SECONDS INTO THI RuN
OVETLAY CALLID WITH JOMTYPE = 1
TARGET NG, 2 IS AT AN ALTITUOE OF vé2. AN) A IANGE CF 1063,
NO. OF WIGH DATA RATE PULSES = 892
TARGET NO. 3 IS AT 4N ALTITUDE OF Sh4. AN) A RANGE OF M1,
NO. OF HWIGH DATA FATE PULSIS = 833
TAFGET NO. & IS AT AN ALTITUDE OF «36. AN) A RANGE OF 785,
NO. UF HIGH CATA RATI PULSES = 749
FUNCTIONAL MOCULE HIGH DATA RATZ ENOED AT CP TIME 19.130
EXECUTION TOOK <001 5P SESONIS AND 70 WOFDS WERE [NPUT O [T,

'.a.l..‘-l_“l‘.;:;b..‘l....‘.....‘.“'l‘l.‘O..‘.. (I XY RIL SRR Y YRS SISISS LSRRI P AL RS X 3

OPEN FIRE SIMULATION MODULE TO 3EGIN FXECUTION AT TI«E 46415090009
TTUTITTTT T U CURRENT CP TIME IS 13.195 MMICH IS %.683 SECONJS INTO THI PuN
OVERLAY CAuLEZD WIT4 COMTYPE = 1

TAPGET NO, t IS AT A RANGE 0OF 845, FROM THE LASER.
ESTIMATED TIME-TO-KILL IS 1.550000 SECONDS

FUNCTIONAL MODULE OFEN FIPE INJEY AT GP TIME 18,193
EXECUTION TOOX + 008 22 SESONIS av) 26 WNRDS WERF INPUT T) IT,

B S BIPEP SISV IISNBINILIABRSNTASIBSECGI RIS AP LS SPRICOL YIS TSPV SLGEBINABILEINNILARSIIRLNEBEILTERASS

_ HOT SPOT TRACK SIMULATION MOOULE TO 3EGIN EXECUTION AT TIwE sh.15000000
CURRENT CP TIME I3 13.19% WHICH IS 4,686 SECONIS INTN THI RUN
OVEFLAY CALLID AIT4 COMTYPE = 1

TARGET NO, 1 HAS MAD 1 HITS. IT I3 AT A 8NGE OF 712, AND AZINUTH OF 34,09

FUNCT TONAL MOCULE HOT SPOT TRiGKC INJE) BT P TIME 19.137
EXECUTION TOOK «001 7P SEZCNNS aAND 26 WIRIS WEPF INPUT TO IT,

(AN RTINS Y PRI R A YRR RS R R FINIR AR R RS RTL R R P R L S PRI RS LI S RS AR E NS S AN X RY T

HIGH DATA FATE STMUILATION MALJLE TN IGIN FXFRUTION AT TT e WhetS331302
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nIGn OATS KATE SIMULATION MOwJLE TD 3:0IN FXSCUTION AT TINE o7 .950010):
CURRENTY CP TIME I3 13.8h1. WHICH IS +.951 SECONDS iNTO THI Puy
CYFRLAY CALLED WITH ZO4TYPE = 1
TARGET NUs 2 IS AT AN ALTITUDE OF 3C1. AN) A RWUNGE OF 36).
NO, OF HIGH LATA RAT: FULSIS = ot3
TARGET NQ,. 3 IS AT AN ALTITUDE O 157, AN) & RANGE QF 1644
NOo OF HIGH LuTA FATE PULSES = 430
TARGEY NO. & IS AT AN ALTITUDE OF 253, AN) A RAMNGE OF $92,
NOes GF MIGH CATL RATE PUL SIS = &1
FUNCT IONAL MOCULE HiGH OATA wATE INJE) AT CF TIME 19,462
EXECUTION TOOK <401 TP SETONIS avD 70 WORMS WERE INPUT TJ IT,
PO, SPBP OGP PV IO BIVSIUBBIIVBIBBIPVCRIIVBOP VIO BB PN PPN PPCEIBIIBIVIPBBIGBIBNIPINIIIRBICBIBIIBIBILIBILIIROGNY
CORIELATION TRACK SIMULATION MOLULE T0 3cGIN E SCUTION AT TIME $7.9500100)
CURRENT CP TIME IS 13,465 WHICH IS 4.953 SECINIS INTO THE RUN
GVERLAY CALLED WIT4 COMTYPE = 1
TARGET NO. 1 HAS HAD 386 HITS., IT IS AT A QUNGI OF 350, AND AZIMUTH 2F 37.6%&
FUNCT IONAL MOOULE CORKELATION TRACK INDE) AT CP TINE 19, + 66
EXECUTION TOOK <001 22 SECONIS AY) 26 WORDS WERc INPUT TD IT,
. PPBO IOV L PICPOIBIPVIIRBISVIIBRINIIREIBDP ORI OEVIIIBI IV GBI BBIDINPPIOBP LB OPIIBITDIIBIBOITITIBBIRLINI
CEASE FIRE SIMULATIUN MOCULE TO 3EGIN EXICUTION AT TIME 83,030008000
CURRENT CP TIME I3 19,468 WHICH IS 4,959 SECONDS INTO THZI WUN
OVEFLAY CALLED 4IT4 COMTYPE = 1
FUNCT TONAL MOCULE CEASE FIRE SNOED AT CP TINME 19,469
EXECUTION TQOK 001 37 SEZONIS AND 26 WORDS WERE INPUTF TO IT,
OB S OPIB VLN IVPIB IO IIIBIONBINIIBIIVERIIN IS GRPPIENRIIBIVIDIBIIIONPNIIIVIBPIPITBIPIENBIIBIINGOL s IR
CAMAGE ASSESSMENT SIMULATION MOODJLE TO IEGIN EXICUTION aT TIME %8,00000080
CUPRENT CP TIME I3 13.671 WHICH IS 4+962 SECON)S INTO THI RUN
CVEFLAY CAL.ED wIT4 CO4TYPE = i
TARLEY N0, t MAS ASEN NECL AGKFN ¥T1: €Y,
b

|
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TUNCTIONAL MUCULE DaMalE AS)E;:1EN* INJZ) AT P TIME 19,6102
FRECUTICN TOOK «dJ1 T2 LAZUNIS AN 2b W3FY3 WEFE INPUT TO I°,

PRIVLBILBOANRBUIPIABIIONLNBOVVIIBAINGPIP 0084300008000 0039803089203 00 4089030430030 0088000800300 3300

FRIORITIZATIUN STMULATION HQQUL& TO JEGIN EXSCUTION AT TIME

49.00000000
CURRENT (P TIME I3 : 13,676 WHICH IS “e965 SECONDS INTO THI RUN
OVEFLAY CALLED «4IT4 ZOMTYPI = 1
FUNCT IONAL MOOULE PRIOKITIZATION INGEZ) AT CP TINE 19,475
EXECUTION TOOK 001 32 SECONIS AN « WOR)S WERE INPUT O [T.

IR AR I E TR Y I R TR P Y Y T Y Y Y Y Y R Y YR Ty P Y Y P Y I Ry Y Y R Y YR Y P Y Y Y Y YV Y Y R Y Y Y YWY YY Y]

SEARCH CONTROL SIMULATION MODULE TO 3SGIN EXECUTIUN AT TIME &8,.00000000

CURKENT CP TIME I35 13.473 WHICH IS %.968 SECONDS INTO THE °uN
OVEFLAY CALLED MNITH ZOMTYPE = 1
FUNCTIONAL MOCULE SEARCH CONTRJ. INLE) AT CP TIME 19,478
EXECUTION YO0OK «007 22 SEZONIS ANW

1 WORJS WERE [NPUT TD IT,

BEIBBAILVABIINIIIVBINOIIBOVIGIBIGITTIPISINTOIOIPONI ST BIINIIPVBIPIIBIGINBINORIRIGILPENGS eI

rOT SPOT TFRACK SIMULATION MOCWLE TO 3EGIN EXCCUTION AT rIwE +8,05000000

CUPRENT CP TIME IS 13.481 WHICH IS 8,971 SECIYIS INTO THI RUN
OVEFLAY CALLZO WIT4 COMFYPE = 1

TARGET NO. 1 HAS hAD 20 HITS, [T [3 AT A ANG:I OF 331. AND AZIMUTH OF 37,92

FUNCT IONAL MODULE HQT SPOT TRAZC I40E) AT CP TINME 19. 451
EXECUTION TOOK <301 1P SEZONIS AND 26 WORJ3 WERE INPUT TD IT,

AR I L R I R R R R A R R P R I T Y Y R R A Y R Y Y Y Y Y L Y Y YRR Yy Y Y Y Y Y Y Yy PY Y VYV YYY Y

CORFELATION TRALY SIMULATION MULULE TQ 3EGIN EXECUTION AT TINME

48.J5d310%0
CURRENT CP TIME I3 14.%98s WHICH IS #:97v SECONIS INTO THI UN
OVERLAY CAL.ED W[T4 ZO+TYPE = 1

O
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TAFGET NO. 1 WAS HAD 385 MITS, LT IS AT & RAN3I OF 331, AND AZIMUTH 3¢ 37,92

FUNCTIONAL MOOULE CORRELATION FRaCK INDE) AT CF TIVE 19,645
EXECUTION TOOK «001 3P SECONDS AND 26 WORIS WEFE INPUT TO IT.

AR SRR R ALY AL R R R TR R PN R R PI RIS N R R R IR N RN Y R R P R R P Y R Y Y R NS R R N R NS PR AR PR Y Y]

HOT SPOT TPACK STMULAT ION MOUUYLE fO JEGIN EXECUTION 57 TIME &R ,15000007
CURRENT CP TIME 13 13,987 WHICH IS 4¢978 SECONDS INTO THZI Puvy
OVERLAY CALLED WIT4 COMTYPE = 1

TARGET NOo 1§ HAS HAD 21 HITS. IT IS AT A 2RANGT OF 313, AND BZIMUTH OF 38,23

FUNCT IONAL MODULE HOT SPOT TRAGK INDE) AT CP TIME 19. 483
EXECUTTION TODK. <008 32 SECINIS AND 26 WOPDS WERE INPUT TO IT,

EL X R P YRR IR IR R R R IR Y P R I IR Y L P YL R YR Ry Y P Y Sy R Y Y S RIS VYR Y P RSN SR Y YY ]

_ CORFELATION TRACK SIHULATION MOCULE TO 3EGIN EXECUTION AT TIHE M1.15001000

CURPENT CP TIME I3 13.69) WHICH IS5 4,981 SFLCONIS INTO THI v
CVESLAY CALLZD WITH 7@t vYeI = 1

TARGET NQs 1 HAS MAD 386 HITS, [T IS AT A _NGT OF 313. AND A7IMJTH OF 38,23

FUNCT IONAL MQCULE CORKELATION TIACK ENDE) AT CF TINE 19,091
EXECUTIOGN TOOK «0)1 P SECONDS AND 26 WNPR)S WEFE INPUT T3 [T,

(E R Y I N YR P L R L P RS Y P Y F Y R N Y P e Y Yy Y Y R Iy Y I YR Y Y Y P Y Yy Yy Y Y R Y Y R Y PRI PN YY YN

HOT SPOT TPACK SIMULATION MOCULE TO 3°GIN EXFCUTIDON AT TIvE “4.7500000)
CUFRENT CP TIME IS $3.836 WHICH [S 4.98% 3FCONDS INTQ "HT Sy
QVEFLAY CALLZO WITH COMTYPE = 1

TARGET NO, 1 HAS HAO 22 MIVS, 1T IS AT A 2aNG: OF 295, ANM AZIMUTH OF 72,57

FUNCT IONAL MOCULE HOT SPOT TFACK INOE) AT CP T IME 19,638
EXECUTION TOOK 001 3P SEZONDS AND 26 WORDS WERF [NPUT TO 1T,

SOSSBOBBIVVIPIVENARINSINEB I RSN ANV IEINBENTL PeBIBANSSLNLPANRRAGARLRLPISBCENLILAIBA SBansAnLEIRS
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CGPRELATION TKACK SIMULAT [ON MOOULF 70 32GIN EXSCUTION AT TI4F 4,25304392
CURRENT LP TIME [3 13437 wWHICH [3 “e907 SECONIS INTO THI PuN
GVESLAY CALLED WITH COMTYPE = 1

TARGET NOs L HAS HAD 387 HITS., IT [S AT A ANGE CF 295. AND AZIMUTH QF 32,57

FUNCTICNAL MODULE CORRELATIOM TRAICK INDE) AT CF TIME 19.4 48
EXECUTION TOOK <331 2 SEIQNIS avp 26 WORDS WEFE INPUT TD IT,

PEP LRIV NI SBN S BO8LIRIBIPIPIIOPIINB PP ST SIPIBNIERI PP IINIITIINIIOVIPINBISIBPININIEUOIIPINIIBIIDOOR

40T SPOT TRACK SEMULATION MOOJLE FO YISGIN EXSCUTION AT TIE 88.350L00))
CURRENT CP TIME IS 13.533 WHICH IS 4+991 SECONDS INTO THI 2
OVERLAY CALLED wIT+ ZOMTYPE = 1

TAFGET NOso 1 HAS HAD 23 HITS. 1IT IS AT A 3ANG: OF 277. AND AZINUTH JF  38.9%

FUNCTTONAL HOGULE HOT SPOT [RAGK INDED AT CP TINME 19.50¢
EXECUTION TOOK 001 2 SEZON3S AY) 26 WOR)S WERE INPUT T IT.

(L EE L R LS RIS R RS R LRI R RIS R A N Y R S R Y L Y T R R YT P Y Y I X XYY Y YT YN R PYIYY Y YR Y PV Y Y Y Y Yy

COKRELATLION TRACK SIMULAT ION MOODULE TO 3EGIN EXECUTION AT TIME “8.3500188)

CURRENT CP TIME I3 13.50% WHICH IS 4,996 SECONOS INTO THZ U 3
OVERPLAY CALLED wIT4 CO4TYPE = b

TAFGET NO. 1 MAS HAD 388 WIYS., IT IS AT & 24NGZ OF 27T7. AND AZIMUTH OF 38,94

FUNCTIONAL HMODULE CORFILATION TRACK IM0E3 AT CP TINE 19,504
EXECUTION TOOKX 001 22 SEIONIS ANQ 26 WORDS WERE INPUT TO IT.

SBOBSNBEIPRIPIDTIVIIIGBPICIIPIIVPIV VRNV PI NP IV IVEBI NS LBV BINABPIVIIV 4B IBPOTI PN IIBPVIRPEPSUBGIBNINS

HOT LPOT TRACK SIMULATION MOLULE 7O JEGIN EXEGUTION AT TINE 48,45330080 4
CURRENT CP TIME (S 13,507 WHICH [S 44997 3EZCONIS INTO THI RUN
OVEPLAY CALLED WITY COMTYPE = 1

TAFGET NO« L HAS HAG 2« MITS. IT [3 AT A 24NGI OF 260, AND AZINUTH OF 39.36

FUNCTIONAL MOCULE HOT SPOT TPAZKC ENJE) AT CP TIME 19.587
EXECUTION TOOK «ddL 22 SE.ONIS AWD 26 WORDS WERE INPUT TO IT. -




.

Vi wET YR PERY
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BRI IPIB BN IV PPIIN I IIIINIBRINBUIGIIB R IOPIPIBBIRINIIIEBIIPNIIIGININ LS BBI~SBEBINIIIIIINIIILTIRIISLSO

COFRELATION TwmAULK SIMULATION MULULE TO 3cGIN FXECUTION AT FIME 4d,450018301
CURRENT CP TIME I6 134510 WHICH IS

GVERLAY CALLEQ WITH ZOM4TYPZ = 1

5,000 SECONDS INTO THI RuUN

TAKGEY NGy 1 HAS HAD 389 HITS. [T [5 AT A W@NGI OF 260. AND AZIMUTH OF 33,36

FUNCT IONAL MOCULE CORRELATION TRECK TNRE) AT CP TIME 19.511
EXECUTION TOOK .001 C? SF_ONIS ANU 26 WORDS WERE INPUT T) IT.

R XY R IR YR PR R RSN Y Y ST R Y Y R R R R R R N R N I TR Y 2 g e e R T P AR SR R TR S X L R L L]

HOT SPOT TFACK SIMULATION MOQULE TO 3EGIN EXECUTION AT TIME »8,55009300

CURRENT CP TINE IS 13,513 WHICH IS
OVERLAY CALLED wWwITH COVTYPE = |8

5.006 SECONDS INTO THI RUN

TAFGET NO. 1 HAS HAD 2% HITS. IT I3 AT A RANG: OF 2t AND AZIMUTH OF $59.86

FUNCT IONAL MOCULE HOT SPOT TPAZK INDE) AT CP TIME 19,51
EXECUTION TOUK <031 3P SEZONDS AVD 26 WORJS WERE INPUT TO 1T,

R X R R R I Y Y Y P T R Y R TR R I Rl R AL R A R T P R R A R AR YA A R T S N R S R R L2 Y

CORRELATION TFALK SIMULATIOMN MOCJLE YO 3IEGIN EXECUTION AT TIME 48.95082000

CURRENT CP TIME I3 13,617 WHICH IS
OVERLAY CALLED WIT4 ZOTYPE = 1

5.00/ SECONDS INTO THI FuN

TARGET MO, 1 MAS HAD 390 HITS. T I3 AT A RUNGZ OF 2tbe AND AIIMJTH OF 39.84
FUNCTIUNAL MODULE CCRRELATION TRACK ENDED AT CP TIME 19.517

EXECUTIGN TOOK «00t 32 SECONDS AND 26 WORDS WERE INPUT TJ IT.

PRV CPDIV PGP PP RISPBIPNBRRIIBIINIBIVNIFABIIPIPLE BRI UB PP PP BRIV ININBI TIPS BUEIPLB2 308000 PRePRIPRIRe

10T SPOT TRACK SIMULATION MOGULE TO 3<GIN EXICUTIUN AT TIME #3.650000J)
CURKENT CP TIME I3 19.521 WHICH IS

GVERLAY CALLED w[T4 COMTYVPE = 1

5,010 SECONDS INTO THI RUN
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TARGET NO, 1 HAS RAQ 26 HITS. IT IS AT & IANGZ OF 228, AMD AZINUTH UF w@.37
FUNCT IONAL MODULE MOT SPOT TRASK EVDE) AT CP TIME

19,321
EXECUTION TOOK +00t 22 SEZONIS AND

26 WOPDS MEPE INPUY TOQ IT,

(LI RIS TS IS R Y Y RS R R R S N Y R R Y R Y R Y Y I Y S R P Y R I R IV Y RSN Y R AR YY)

CORFRELATION TFACK SIMULATION MOOULE TO 3FGIN EXZCUTION AT TIYE 4A. 55001007

- CURRENY CP TIME IS 13.323 WHICH IS S.01% SECINIS INTO THI cuv
3 OVEFLAY CALLED WIT4 COYTYPE = 1

TARGET NDe 1 HAS HAD 391 MITS. IT [5 AT A& NG OF 228, AND AZIMUTH OF &0,.37

FUNCTIONAL MOOULE COPFELATION TRaCK ENDE) AT CP T IME 19,524
EXECUTLON TOOK «00% P SEZONDS AND 26 WOP)IS WERE INPUY T] IT,

{ALB ¢BBIFLBULRINBLPELU LSNPSV IVBIRIBINIVNBL PRI ITNLIICLSUNSGLLBEBLNREDLBEEPIPFI SRRV BesEs Ny

HOT SPOT TRACK SIMULATION MOOULE TO 3IEGIN EXECUTION AT TIME 68, 75000080
CURRENT CP TIME [3 13,525 WHICH IS 5.017 SECONIS INTO THI Uy
OVEFLAY CALLED WIT4 COMIYPE = 1 i
TARGET NO, L HAS HAD 27 HITS., IT T35 ATV A 24NGZ OF 2164, AND AZIMSTH OF &n,98
FUNCT IONAL MODULE HOT SPOT TRACK SNOEJ AT CP T I%E 19.527
EXECUTION TOOK 001 CP SEZONIS AND 26 WOR0S WERE INPUT TN IT,
!
I N Y Y A RN PP Y YN R P PR R Y N E Y Y RS R Y I P R Y Y R L PR Y R IR Y P RY Y PR Y Y IR Y P NN Y NI Y Y R Y Y YR NS NN Y VY ] ‘
CORRPELATION TRACK  STMULATION MOCULE TO BEGIN EXECUTION AT TIVE &84,750010) !
CURRENT CP TIME I3 13.53) WHICH IS 54323 SECONIS INTO TwI 204
OVEFLAY CALLSD WITH "OYFYPE = 1
. (
) TAPGEY NO. 1 HAS HAD 392 HITS. IT IS AT A 2ANGI DF 2%, AND AZTMUTH NF 40,98
f FUNCTIONAL MODULE CORKELATION TIACK  NDE) AT CP TIME 19,530
EXECUTION THOK «001 C? SECONIS AND ?6 WOPNS WFPE INPUT TO TT,
88488000 S08R0PNNBIAAILRGLANSI RPN BAPRERINOSRT RGN UASARIRRIININURAARRISItAEAENItasnuntsetsnutsuRang? (
LA A ) »
: : e ke aRat e L U R T T
T E ; ) . A. -’ ,‘ . -«." "
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)
HOT SPOT TRACK STMULATION MOQULE TO 3:GIN EXSECUTION AT TI9E 44.65000000 i
CURRENT CP TIME [3 13.53% WHICH IS 5023 SECONDS INTO THZ UV
OVEPLAY CALLED WIT4 COMTYPE = 1
TARGET NO« 1 HAS HAD 28 MITS. IT I3 AT A RANGZ OF 2031, AND AZIMUTH OF s1.68
' FUNCTIONAL MOQOULE HUT SPOT TRACK INDE) AT CP TIME 19,534
EXECUTION TOOK «031 32 SELONIS AND 26 WORDS WEPE INPUT TO IT.
LT L Y LYY Y Ty O Y Ty Y Y Ly Y Ty TR Y Y Y Y Y Yy R Y Yy Y Y Y Y Y Y Y YTy YY)
L
CORRELATION TRACK SIMULATION MODULE TO JIEGIN EXECUTION AT fIWF 4*,250010109
CURRENT CP TIME I35 13.536 WHICH [S 5,027 3ECINIS INTO THZ 2UN
OVEILAY CALLED WIT4 COMTYPE = 1
TARGET NO. 1 HAS HAD 393 HITS. [T [5 AT & 2ANGZ OF 201, AND AZIMUTH 9F 61,48
FUNCT IONAL MOOULE COUPRELATION TRACK ENDED AT CP TIME 19.537
EXECUTION TOOK «001 52 SECONIS AND 26 WOR3IS WERE [NPUT TOD IT,
PSR SSVIUSUBLL TR RNV EIL IR L SRURIPBESNBRAREBRI ISR PI PP SPINITIBITIVINBPRPUSIERLIENNIINBIRNELBS
HOT SPOT TRACK SIKULATION MOOULE TN JEGIN EXECUTION 4T TI4E 4R.95080000
CURFENT CP TIME I3 13.533 WHICH TS 54030 SICONIS INTO THI RUN
OVEFPLAY CALLED WITH SOMYYPE = 1
TARGET NO. | HAS HAD 29 HITS, [IT IS A™ A RANGE OF 189, AND AZIMUTH OF 2,50
FUNCFIONAL MODULE MOT SPOT TRACK INDE2 AT GP TIME 19.540
EXECUTION TUOK «001 32 SESONIS AV) 26 WOPOS WFFE INPUT T3 IT.
i
IS RESB IS S SBULSNIB IR SRS ISIUNINIALSUGPIVRGIVIBIARNIDINIPINISINENBISNERIBLBIINIuNINLegBsscEnS. ¢
CORPELATION TRACK SIMULATION MOLULE T0 2ZGIN EXSCUTION AT TIME 68.9500100)
CURRENT CP TIME I3 13.543 MHICH IS 5.03% FECONIS INTO THI 2un
GVESLAY CAL.EQ WITH LOMTYPE = t
; TARGET NN, 1 HAS HAD 39% HITS. 1IT IS AT A ANGE GF 1R9. AND A7TIMUTH DF &2.50
FUNCT IONAL MODULE CCRFELATION T3ACK INJE) AT CF TIME 19,563
EXECUTION TONK 001 CP SETONIS AND 2h WORNS WZRF INPYT tO IT,
i
]
. c-13 R
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SO0P P OB BISIDBOIIBBIINGVIBPI IS I3 00 0008 BB40PsB0ePIP ORI LOIARIAGISINININIGEIPS0BsonUtossiIORL

DROP TFACK STMULATION MOOJLE TO 3EGINH EXECUTION AT TIME 9,30000030

CURRENY CP TIME [5 12,540 WHICH IS 5.036 35CON)S INTO Thi RuUN
OVERLAY CALLED wIT4 ZO4TVPI = 1

FUNCTIONAL MGQULE OFQF TEACK INMLE) AT CP TIwF 19,546

EXECUTION TOOK »00t SP SETUNIS ANQ 26 WORDS WERE INPUT TO IT.

COBBO VL OVBENILBINGILBLLDAUGIGIGVNENEB PP IIBIFOBBIVIBIOINIBONVIBIPIIIOBIIIPINITVILQGPIFIGPIBRIBIENIIBN

TRACK WHILE SCAN STMULATION MOCULE TO 3FGIN EXECUTION AT FIMNE 9.00080300

CURRENT LP TIME [§ 13,563 wHICH IS 5.033 SECONDS INTO THZ PUN
GVERLAY CALLED WIT4 COMTYPE = 1

TARGET NO. 2 IS AT N ALTITUOE OF 158, AN) KANGE FROM RADAR OF §51,
MU, OF T-W-5 PULSES = 2
FUNCT IONAL MODULE TRACK MHILE 324N INCE) AT CP TINME 19,550
EXECUTION TOUK 200t 32 FECONIS AND 26 WOR)3 WERE INPUL 2 IV,

XYY YR IRY XY Y PRSPPI YT YR Y IR Y R R Y R RS R LIRS R PR R S A2 S T P2 R 22 X X2 21224 222 L2 T2 2 st a ]

TRACX WHILE SCAM SIMULATION MOOULE T0 JY:EGIN FXECUTION AT TIME 43,080000000

CURRENT CP TIME I5 13,552 WHICH IS 5.042 SECINDS INTO THE PUN
OVEFLAY CALLED wIT4 COMTYPE = 1

TARGET NG. 3 IS AT AN ALTITUDE OF 61, AN) RANGE FROM RADAR OF “at.
NO. OF TeW~S PULSES = 2

FUNCT IONAL MODULE TRACK WHILE 32AN ZW40EY AT CP TIME 194,553
EXECUTION TOUK «001 22 SEICN)S AN) 26 WORJS WERE INPUT TD 1IT,

PORBVBOUPIVSIBNBYBESLIVIPPVE VBB INVGI PP SININITNOICOIBIQGBENBIIBINBINIISARIINGINIDIVGIVRINIINIIGRRS

TRPACK WMILE SCAN SIMULATION MODULE TO JEGIN EXECUTION AT TINME 49,00800080

CURRENT CP TIME [5 13.95% WHICH IS 5.046 SECONDS INTO THE RN
OVikbLaY CALLZD NIT4 COVTYPE = 1
c-14
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TARGET NO. » IS AT AN ALTITUDE OF 149, ANJ RANGE FROM RADAR OF
NO. OF T<W-S PULSES = ! 2

FUNCTIONAL MODULE YRA¢K WHILE SCAN INOE) AT CP TINF 19,536
. EXECUTION. TOOK ' #0082 22 SESONIS AND . 26 WORDS WERE INPUT T IT,.

.Ill“.‘.‘...‘....‘l‘ll...‘....’....J..II.....'II.l.‘..‘l'... S ASBSSL IS NEINGIIEBARBEUREIBIIIOIPIISIITIINIBINIEIIINBINNS

TRAJECTORY COMP SIMULATION MOUUL® TO JEGIN EXECUTION AT TIvE %9,3002009%,

CURPENT (P TINE I35 13.558% WHICH IS 5,069 SECONDS INTO THE Pu4
OVE2LAY CALLZID WNIT4 COQ4TYPE = 1

TAFGET NO. 1 HAS HAD A TFAJECTOPY COMPAFISGN. THMERE APPEARS TO HE ENOUGH DEFLECTION FPOM NOMINAL TO ASSUME KILLED.

FUNCT IONAL MODULE TRAJECTGRY 3J4P EVCED AT CF TIME 19,559
EXECUTION TOOK «00L CP SEZONJIS AND 26 WOPDS WEPE INPUT TO IT,

SO BIPPILLLSBOVISLEDSEIBICESDETIGVEBINIIDIIV SREBLIOIINTIASIIBINNSIINIBUUPEINGBIIUBUISETSLRPLITINICNIIIISNIBIUIIINIBIINIEES

SEAPCH CONTPOL SIMULATION MOUULE TO JEGIN EXECUTION AT TIME 49,.600u00))

CUFRENT CP TINE I3 13,561 WHICH IS 5,052 SECONIS INTO THI 2y
OVERLAY CALLED WEITH COMTYPE = 1

FUNCT IONAL MOOULE SEARCH CONTRIL SNDE) AT CP TIME 19,562
EXECUTION TOOK « 300 2P SETON3IS AND 1 WCPOS WERE INPUT TO IT,

SR VAP BLBVRSJIBIBABNIABIIBIIVDOSINIIIVIBEIPRIU NI INSPSARTINSUIRT NI I NNV IBUIRGRNIGPLBALINASTIVENGBRBPITIEBBIBINNNES

TRACK WMILE SCan SIMULATION MOOULE YO 3SGIN EXECUTION AY YIME 50.0000099)
CURPENT CP TIME IS 17.568 WHICH IS $+055 SFRCONDS INTO THE ouN
OVEPLAY CALLED WIT4 CO4MFYPE = 1
TARGET NO, 2 1S AT aN ALTITUODE OF 100. AN) PANGE FROM PAJAR OF
NGO, OF T=W=S FULSES = 3

FUNCT TONAL MODULE TRACKX WHILE 538N INDEY AT CP TIME 19,535
EXECUTION TOUOK «001 23 SECONDS AavD 2h WCRJIS WEPT INPUT TO [T,

SUSBIBGL LSO BITILVEDENIISGLIBANIISSAVIUUNERLBIENIERIISIRIINIBBBIININISNINIIANLBILAIBARERINDAIIBIINAIINGITEININIBIARBesIBAN




