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Preface

The purpose of this research was to extend the work that was previously done

by two otiier AFIT students on the CMMCA cruise missile tracking problem. The

primary effort here was the critical analysis and modification of an optimization

progranm that was written by Capt Tony Garton, anid based on a penalty function

and algorithm originally proposed by Lt Col William Baker.

I am indebted to my advisor Col Thomas Schuppe for suggesting the problem

to me and for providing me a great amount of assistance and the occasional push in

the proper direction when required. I would like to thank my reader, Maj Dennis

D)ietz for his insight and perception of the problem. I also wish to thank Lt Col

Baker for his mathematical expertise and taking time from his schedule to answer

my questions. I would also like to thank Capt Tony Carton for his interest in the

problem and supplying me with the right information when needed. Finally I wish to

thank my wife Shelley for allowing me to spend the first five months of our married

life finishing my thmis and finishing school.

Andtrew C. Ilachman
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Abstract

The Air Force has recently acquired two aircraft dedicated for cruise mis-

sile tracking. These aircraft, known as the Cruise Missile Mission Control Aircraft

(CMMCA), are responsible for collecting data from the missile and tracking and

positively controlling the missile during live fire testing over the western United

States. Due to the limited tracking radar range and the flight characteristics of the

CMMCA, tracking cruise missiles through complex maneuvers is not always possible.

A FORTRAN optimization, based on flight simulation and optinmal control theory,

was written in a prior thesis efrtrt in order to determine optimal CMMCA flight

profiles for tracking cruise missiles through certain maneuvers.

The primary emphasis of this research effort was to conduct an analysis of the

previously written optimization program. and to make the appropriate modifications

to improve the performance and efficiency of the program. The program was tested

over several different missile flight paths, using a variety of different initial program

conditions and input parameters, in order to find the program modifications and

parameter settings that produced the best CMMCA flight profiles in response to the

given cruise missile flight path.

xi



DEVELOPING CMMCA FLIGHT PROFILES

FOR CRUISE MISSILE TRACKING

L Introduction

1.1 Background

The 4950th Test Wing at Wright-Patterson AFB will soon acquire two aircraft

dedicated to supporting cruise missile flight tests. These aircraft, EC-18s known

as the Cruise Missile Mission Control Aircraft (CMMCA), are designed to perform

many different tasks during cruise missile flight tests, which take place across the

western United States and Canada.

The primary role of the CMMCA is receiving and processing telemetry data

from the missile. The CMMCA is responsible for tracking and positively controlling

the missile, and also tracking any nearby aircraft intruding into the airspace of

the cruise missile mid of the CMMCA. Missile tracking and airspace control are

accomplished using a modified AN/APG-63 auto-track radar system. The CMMCA

also contains a remote command and control/flight termination system (RCC/FTS)

which allows the CMMCA flight crew to take control of the missile if the missile strays

from the intended course or in any situation of imminent danger to the missile or

the surrounding environment (4).

During previous cruise missile flight tests, EC- 135s from the 49u0th Test Wing,

which did not have the missile tracking capability of the CMMCA, received and.

processed telemetry data from the missile. The roles of tracking and maintaining-

control of the missile and the surrounding airspace were performed by a c•mbination

of fighter and other support aircraft. The CMMCA was designed to ommbine the

roles of all these aircraft into one platform (5:1-3).

I "



;.2 Probtem Statement

Tracking cruise missiles is not a problem when the missile is flying a relatively

streiglht path. However, during most cruise missile flight tests, the missile follows a

complex route to test terrain masking and other deception techniques and to test

the right characteristics of the missile. The missile must also maneuver in order to

stay withia the confines of the restricted airspace of the test range. The difference in

fliht ciiaracteristics between the CMMCA and the cruise missile, combined with the

difference in altitude between the two aircraft (the cruise missile flies at an altitude

less than 1000 feet above ground level, while the CMMCA maintains an altitude

of approximately 29,000 feet) makes tracking the missile through these maneuvers

an extremely difficult problem, even though the CMMCA crew knows the planned

flight path of the missle (P')).

There hrve been at least two previous attempts at solving the cruise missile

tracking problem. The firct attempt wat a thesis by Heavner, who investigated the

use of, and applied, dynarnic propramming to solve tWe missile tracking problem. In

his reseaich, he found the optimal flight paths for the CMMCA for a particular set

of simple missile maneuvers, However, this method proved to be too complex and

computer intensive to solve the problem, for anythi:g more than a single maneuver

(7:36-38).

Garton took another approach to solving this protlem. In his thesis, Garton

used a continuous simulation model to set tip a flight path for a cruise minfilh, maneu-

ver, an)d also to find oul initial guewm for a (MM.A flight path to track thl missile.

He thle usod a FORTRAN program" to improve upon the initil gums. "This m"etho

fou nd the optimal•CMMCA flight path given he particulatmissile flight profile and it

star'ting point for the CMMCA relative to the missile.. This methodalso worked well

for soune rimple rnissie mnueuvers, but produced infeasible CKiMCA flight paths for

some of the more complex maneuvers (5:4). A mo, e detailedl description of & rton's

re~eesch effort is found in Chapter 2.

2



Two considerable problems exist in attempting to find optimum CMMCA flight

paths for cruise missile tracking. The first problem occurs when the entire cruise

missile flight path (or a large portion of the flight path) is broken down into individual

maneuvers, and the CMMCA flight path is optimized for each individual maneuver.

The position of the CMMCA relative to the cruise missile at the end of the optimal

flight path for one particular maneuver may not be the optimal starting point for

the next cruise missile maneuver; it may not even be a feasible starting point for the

next maneuver.

The second problem is that the modified AN/APG-63 radar system has a much

shorter useful range than the telemetry syetem, and is therefore the limiting factor

in the effective telemetry and tracking range from the CMMCA to the cruise missile.

Also, the telemetry system of the CMMCA has a shorter range than the telemetry

system on the EC-135s (4). Previously, the EC-135s could 'stand-off' while the cruise

missile flew complex maneuvers and still receive good telemetry data. Performing

these stand-off routines with the CMMCA will result in the tracking radar losing

radar lock on the missile and a possible loss of telemetry data, and is therefore no

longer an acceptable method of collecting data from the cruise missile during complex

maneuvers. However, due to the limitations imposed by the flight characteristics of

the CMMCA, following the same flight path as the cruise. missile through these

complex maneuvers is quite often not possible.

1.1 ih•IalTh ObjeCine

The objective of this research is to develop optimal CMMCA flight profiles for

cruise missile tracking. A methodology will be produced that will find the optimal

,light proiles for tracking cruise missiles through a series of complex maneuvers or

over a large distance, given a particular missile flight path and the flight characteris-

tics of the CMMCA. This research will extend the research already done by Garton

and Heavuer.

3



1.4 Assumptions and Limitations

Several assumptions and limitations must be made in order to narrow the scope

of this thesis effort. Many of these assumptions were also valid for the research

previously done by Garton and Heavner. These assumptions and limitations are the

following:

* For this research effort, the slant range from the CMMCA to the cruise mis-

sile will be discounted. The CMMCA and cruise missile will be assumed to

remain at constant altitudes during the entire flight path, and therefore any

representation of the two aircraft will be in two dimensions.

* Due to the performance limitations of the tracking radar system, the feasible

distance from the CMMCA to the cruise missile will be restricted to a range of

five to fifteen nautical miles. The feasible azimuth deviation from the centerline

of the CMMCA to the cruise missile will be restricted to a range of -60 to 60

degrees.

* Due to physical limitations of the CMMCA, the maximum. true air speed (TAS)

will be 480 knots and the minimum TAS will lbe 320 knots. The maximum

desired bank angle will be 30 degrees.

# No wind conditions will be incurred by the cruise missile, but the wind condi-

tions for the CMMCA are variable. This allows for different CMMCA headings

caused by high altitude wind conditions.

* Although the movements of the CMMCA and cruise missile are continuous pro-

cesses in time, numerical solution techniques used by the computer to solve the

tracking problem require the flight paths to be expressed as discrete processes.

The discrete time interval assumed for this research effort is 0.10 minutes.

4



1.5 Overview

Chapter 2 of this thesis provides an overview of the current literature that is

pertinent to solving this cruise missile tracking problem. This includes information

required for a better understanding of previous research efforts in this area, such as

control theory, dynamic programming, and simulation. Chapter 2 also includes a de-

velopment of Garton's approach to solving this problem. It covers the concepts and

methodologies Carton used to develop his FORTRAN simulation program. Chapter

3 covers the initial modifications made to Garton's FORTRAN program, and pro-

ceeds into the experimental design methodologies developed for this research effort.

Chapter 3 also includes all computer code and other material used in the develop-

ment of the work. Chapter 4 is a presentation of the results of this research effort,

and the recommendations and conclusions are presented in Chapter 5.



II. Literature Review

2,1 Introduction

In order to properly investigate the problem of tracking cruise missiles with

the cruise missile mission control aircraft (CMMCA), this research must include a

review of the current literature on information relating to the cruise missile tradcing

problem. This chapter begins with sections on the basics of missile tracking and

optimal control theory. These are followed by a thorough description of the work

done by Garton. Next, proportional navigation is briefly discussed as a possible

alternate solution technique to this problem. The final section discusses simulation

techniquesi with an emphasis on verification and validation, which will constitute a

significant portion of this research.

2.2 Cruise Missile Tracking

During cruise missile flight tests, the CMMCA flight crew has the responsibility

of keeping the cruise missile within the tracking radar system's radar cone over the

entire flight of the missile, or over the greatest percentage of the missile's flight if

100 percent coverage is not possible. As was previously mentioned in Chapter 1,

the assumed limits of the tracking radar for this research are 5 to 15 nautical miles

in range and -60 to 60 degrees in azimuth. Figure 1 shows the azimuth and range

limits of the tracking radar. In order to further simplify the cruise missile tracking

problem, the cruisei missile is assumed to be positively tracked by the CMMCA when

the missile is anywhere within the tracking radar's coverage pattern. Establishing

a nominal cruise missile position near the center of the CMMCA's radar coverage

allows the flight crew to let the missile's position vary slightly in any direction with

respect to the CMMCA without losing radar contact.

Cruise missile tracking must be accomplished without violating the physical

constraints of the CMMCA. As discussed in Chapter 1, the airspeed limitations are a

6
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Figure 1. Range and Azimuth Limits of Tracking Radar

minimum of 320 knots and a maximum of 480 knots, while the bank angle is limited

to 30 degrees. Sustaining bank angles greater than 30 degrees places physical strain

and fatigue on the mission crew members on board the aircraft, many of whom are

performing their jobs while standing up the entire mission (4). To allow for the

greatest flexibility in cruise missile tracking without violating the aircraft's physical

constraints, the nominal airspeed and bank angle should be at the center of the

performance limitations, or 400 knots and 0 degrees respectively.

..8 Optimal Control T77eory

The objective of optimal control theory, as dfined by Kirk, is "to determine the

control signals that will cause a process to satisfy the physical constraints and at the

same time minimize (or maximize) some performance criterion" (8:3). The cruise

missile tracking problem of attempting to maximize the percentage of the cruise

missile flight path that the CMMCA can track, while staying within the physical

performance limits of the aircraft, can be viewed as an optimal control problem.

7



Garton used a combination of optimal control theory and simulation to model

the flight paths of the CMMCA and the cruise missile (5:5). In setting up the

equations to model the flight path of the two aircraft, Garton followed the three

steps for formulating an optimal control problem as outlined by Kirk:

1. A mathematical description (or model) of the process to be controlle'd.
2. A statement of the physical constraints.
3. Specification of a performance criterion. (8:4)

The movements of the CM MCA and the cruise missile conform to physical laws,

and therefore can be described by mathematical equations. Since the CMMCA and

the cruise missile are both airborne vehicles, they can change their flight path in

three independent directions and also rotate about three separate axes. This gives

both aircraft six degrees of freedom (14:235). However, for the scope of this research,

both the CMMCA and the cruise missile are assumed to maintain constant altitude

(12). Therefore, their flight paths can be described in terms of a two-dimensional

(North-South and East-West) coordinate system.

Defining the flight path of the CMMCA in mathematical form is the first step

in solving the cruise missile tracking problem by any solution method and is also the

first phase of formulating an optimal control problem. In his research, Garton defined

the flight path of the CMMCA in the form of three differential equations (5:7-8).

These equations, which describe a two- dimensional flight path for the CMMCA, are

the following:

dx
= TAS *sin(IDG) + WVt (1)

d= TAS * cos(IIDG) + WV, (2)

8



dHDG _* tan(a)
dt TAS (3)

The independent variables in these equations are the aircraft heading (JIDO),

the true airspeed (TAS), the CMMCA bank angle (a), and the two components of

wind velocity (WV,, and Wl,). The constant g in equation (3) represents the grav-

itational constant. Here, North is the positive y-direction, and East is the positive

x-direction (5:8-9).

The choice of independent and dependent variables depends on what informa-

tion is needed about the system being evaluated. Since the object of this research

is to derive information about the position of the CMMCA relative to the cruise

missile, the above equations are applicable.

The next phase of formulating a control theory solution is determining the

physical limitations of the systems. The CMMCA has limitations on its maximum

and minimum operating speeds and maximum bank angle. These limitations restrict

the set of possible flight paths that the CMMCA could follow. Therefore, these

limitations must also be included in the control theory formulation of the CMMCA

flight path. In his research Cartoun solved the three differential equations which

describe the flight path of the CMMCA (equations 1- 3), changed them from a

continuous to a discrete form (since the cruise missile tracking problem must be in a

discrete form for a numerical solution), and transformed variables in the equations

so that the control variables are the true airspeed and bank angle at each discrete

time point. The final forms of these equations are as follows: (5:59)

i

Xi= o + • TASj sin[HDG•JWfAt + WVr(t - to) (4)
jo.9

y=po + :TASicos[IIDGj]Wt't + W14(I - o)()
juo
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HDai = HD~o + C. W; A W t (6)
j=o TFASj

The previous equations can thus describe the position of the CMMCA at any

discrete point along its flight path, based on the initial position of the CMMCA (x0

and yo), the initial heading of the CMMCA (HDGo), the true airspeed and bank

angle values up to that point (TASj and ak), the heading values up to that point

(which are functions of initial position, airspeed, and bank angle), and the wind

conditions. The Wj values are quadrature weights, which are necessary for solving

these equations numerically using the trapezoidal rule for numerical integration.

The final step in formulating an optimal control theory problem is selecting

an appropriate performance criteria. Kirk defines an optimal control as "one that

minimizes (or maximizes) the performance measure" (8:10). For the cruise missile

tracking problem, the appropriate performance measure is maximizing the percent-

age of the cruise missile flight path over which the CMMCA can successfully track

the missile.

2-4 Garton's Solutio,, Method

As discusse-d earlier, in his attempt to solve this problem Carton used optimal

control theory, which was implemented in a FORTRAN simulation program to find

optimal CMMCA flight paths for tracking cruise missiles (5:18). At the heart of the

FORTRAN program is an objective functional originally developed by Baker and

later adapted to this particular solution method (2).

-4.1 O1juctive PFgliotd. The FOMrRAN simulation program developed

by Garton finds an optimal CMMCA flight path by means of iteratively performing

a modified gradient search in order to minimize an objective functional (5:18-19).

The objective functional describes the position of the CMMCA relative to a nominal

position determined to be the bat position for the CMMCA for tracking the cruise

I0



missile. The objective functional is based on the following four independent variables:

distance from the CMMCA to the cruise missile, the cruise missile azimuth angle

relative to the CMMCA, the CMMCA true airspeed (TAS), and the CMMCA bank

angle. The objective functional calculates a value at each discrete point in the

CMMCA flight path, based on the difference between the variables and their nominal

values. This 'penalty' increases as a function of the difference between the variable

and its nominal value. Figure 2 shows the basic shape of the penalty curve for each of

the objective functional variables. Therefore, the goal of the optimization prograin is

to minimize the penalty imposed at each discrete point in the CMMCA flight path.

Penalty""

Value

-b ~0
* D~i~aahe Fn 41 Nominal

Figure 2. Penalty Function Shape

The first two variablem are included in the objecti•ve fuctiqual in order to keep

the craise missile within the limitt of the CMMCA's tracking radar system. As

was previously mentioned in Chapter 1, the limits of the tracking radar are 5 to 15

nautical miles (am) in range, and -60 to 60 degrme in aimuth. Figure I showtld the

azimuth and range limits of the tracking radar. The last two variables am included

in the objective lunctional to ensure that the CMMCA does not exceed its airspeed

iI



and bank angle limitations. The airspeed limitations assumed for this research are

320 to 480 knots, and the assumed bank angle limitation is 30 degrees.

The penalty induced by the current position error is described by the following

equation:

J(r,0) = [,- - ,o]2 + W,[0o - 0012 (7)

where ro is the nominal desired range from the CMMCA to the cruise missile, Oo is

the nominal desired azimuth angle between the two aircraft, and W, is a weighting

factor used to scale the penalties between the range and azimuth angle deviations.

The penalty induced by CMMCA control inputs comes from the airspeed and

bank angle. The airspeed penalty is of the form:

'lAS = 2 [VI U 1 K()

where Uo is the nominal desired true airspeed, P is an allowable variance from the

nominal true airspeed value, and Ka is an integer value that affects the steepness of

the penalty function. W2 is another weighting factor used to scale the penalties.

The final part of the induced penalty comes from the bank angle, The bank

angle penalty is of the form:

• \. .= W3  (1))

where 0 is the nominal desired bank angle and K4 is an integer value that aftwts

the steepness of the penalty function. W3 is the final weighting factor 4sld to wale

the penalties..

The overall discrete foirm of the objective fuctioa thus becomes

N1
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where

j, i 7] 2] + 'V1 [0, _ Oo] 2 + W2  Uo + W3 ý[ T (11)

The Wti values again are quadrature weights used to numerically calculate the ob-

jective functional penalty value using the trapezoidal rule.

Since the only two variables that can be controlled by the CMMCA flight crew

are airspeed and bank angle, the distance and azimuth angle from the CMMCA to

the cruise missile must be expressed in terms of the true airspeed and bank angle.

Garton used equations (4) through (6) to express the current position (ri and Oi) in

terms of -true airspeed and bank angle, thereby describing the flight path using only

the initial conditions and the two .,iitrol inputs.

With the objective functional completed, Garton then constructed a FOR-

TRAN program designed to find the optimal CMMICA flight path based upon the

given cruise missile flight path and the CMMCA flight characteristics. Given an

initial CMMCA flight path, this progri-m evaluates the overall penalty value of the

current CMMCA flight path by calculating the penalty induced at each discrete

point in the flight path, and then calculates the changes to the true airspeed and

bank angle necessary to produce a flight path with a smaller overall penalty,

The program uses a gradient search method to reduce the penalty value. It

calculates the gradient of the objective functional with respect. to each airspeed and

bank angle in the maneuver (5:25-31). The opposite direction of the gradient indi-

cates the direction of steepest deceut, and thus the direction of maximum reduction

of the objective functional. The program thtr, computes the penalty value at two

points along the direction of steepest decent, -1nd using the current penalty value

as a third point ilong the gradient, fits a parabola to these points. The point at

which this fitted parabola is minimized is assumed to be close to the actual minimum

13



penalty value along the gradient, and ;s thus used as the next starting point for the

minimization routine (1).

The penalty induced by the new flight path is then calculated and again changes

are made to the airspeed and bank angkc. Tnef~e steps are performed iteratively until

a solution do-termined to be the optimal solution is found. The solution is declared

optimal if a. minimum desired penalty value is achieved. If the program cannot

produce a flight path with less penalty than the desired penalty value within a

certain number of program iterations, the program is terminated.

The next two subsections describe the input files needed to make Garton 's

program work-, ruid the output files produced by the program.

2.4.2 Optimization Program 'liaputs. The first input file to the optimization

program is the file INPUT.DAT. rhlis input rile must contain the cruise. missile X_

.and y- positionts for each discrete timie point. in tho- cruise missile maneuver,' ..nd

also an initial Vector of CMMCA speeds and. bank angle for 4iachi point. FRom .41

initial effort at solving Mhi problem, Carton hW-d esigned a SLIAM II saimulation

model (L-Aighed to repiwate the flight rharac'teristics, of both. the cruse, misatle andi

LIM (%MCA (5-1l). He modified this moodel, to prtoducev as output, cruise missile x-.

.u 'Pwsitions (relative. to the initial ChiMCA posiitio) at disc-ete time intervls-

oragiven C'ruiv. mnissile ma~neuver.ý This out put, r&l Also. included an initial gueas for

the MMC A hA ok angleautl speed necessary to p)ursuI~te isile. Therofore, the

(Mitplut Oile- fronit this -SIAM'i I programn pr~odred -the- necessary hai4 Iligh l~oile

for Ph ~OWITRAN optimtization Pwi (5:3[,33)

-Ot)he-r iunpuý files required to run: the FO1rTRAN progra otainco l ýthe norninal

values for dhistanct and azimuth from the CMMCA tothe niWsu41(yi 1r1Wispe

aid bankc migle, Weights for *aach of the objective functional- compolietnts, wind Von-
ditn -for the CMMCA, and tiat& to calculate 0itheqart values needed for the

natmerical -i tegratiun's.
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2.4.3 Optimization Program Output. Carton's simulation program produces

two output files for each cruise missile maneuver. The first output file, labeled

RESULTS.OUT, lists the CMMCA bank angle, airspeed, range to the cruise missile,

and azimuth angle from the CMMCA to the cruise missile for each discrete time

point in the cruise missile manuever. RESULTS.OUT also includes the final JSTOP

value and the number of iterations performed by the program to obtain the-final

solution. An example of the output file RESULTS.OUT, illustrating the results for

a 90 degree right turn by the cruise missile, is shown in Table 1 below.

The other output file obtained from the optimization program is the cruise •

missile and CMMCA x-- and y- positions for each discrete time point during the

missile maneuver. This data can be used to produce plots of the cruise missile and

the optimal CMMCA flight path for following the cruise missile maneuver. The plot

for the 90 degree cruise missile turn example W shown in Figure 3.

-4.4.4 -F'ORTRAN Piograin Performance. Garton ran his optimization pro-

gram for the following cruise missile flight paths: a straight flight with the CMMCA

.. : Snautic•! mile directly behind the missile, a straight flight with the CMMCA start-

ing.with a .5 nauti'cal mile'horizontal offset and 8 nautical miles behind the inissile,

and 00, 180, and 27& degfre turns each with the CMMCA starting 8 mn directly

. behind.the misile. 7he CMMCA was able to track the cruise missile through the
• " ~~~7-"-" , .

straight flights and 90 degree turn with 100 percent radar coverage, but radar cov-

e'rag fell dr*•matically.for the 180 and 270 degree turns. The output results for each

frun ate sumrnvrixed in Table 2.

hV.5 ProomiOUal NaviatiOn

Proportional navigation is a technique that is commonly used by airplanes and
,misslesin pursuit of other airborne vehicles. Proportional navigation, as stated by

""..u0dmkn, is "a homing guidance technique in which the missile turn rate is directly

-- 18



Table 1. Data From File RESULTS.OUT, 90 Degree Cruise Missile Turn

JSTOP = 7.691867
NUMBER OF ITERATIONS = 150
Time BANK (deg) SPEED (kTAS) RANGE (nm) THETA (deg)

0.1 -9.3 400.4 8.0 1.4
0.2 -7.5 399.0 8.0 4.0
0.3 -5.9 397.8 8.0 6.3
0.4 -4.3 396.7 8.0 8.3
0.5 -2.9 395.7 8.0 10.0
0.6 -1.4 394.7 8.0 11.3
0.? 0.0 393.8 8.1 12.8
0.8 1.4 392.9 8.1 14.3
0.9 2.8 391.9 8.1 16.0
1.0 4.2 391.0 8.1 17.6
1.1 5.7 390.1 8.1 19.2
1.2 7.2 389.1 8.1 20.8
1.3 8.8 388.3 8.1 22.1

.1.4 10A4 387.4 8.1 23.3
S1.5 :12.0 386.7 8.1 .24.2
* 1.6 13.5 386.0 8.1 24.9

. 1.7 15.0 385.6 8.0 25.2
1.8 16.2 ... '385.3 7.0 25&3

A -.9 17.3 385. : 7.9 25.1
.2.0 17,9 385.8 7.9 24.7T
2.1 19.2 386.5 7.8 23.9
2.2: 18.0 387.5 7.8 22.7
2.3. 7.4 388.8 7.8 21.2
2.4 16.5 390.1 7.8 19.6
2.5 15.4 391.5 7.8 18.0
2.6 14.2 392.8 7.9 16.3
2.7 12.9 394.0 7.9 14.7
2.8 11.5 395.2 7.9 13.2
2.9 10.2 396.2 7.9 11.8
3.0 8.9 397.1 7.9 10.6
3.1 7.7 397.8 7.9 9.6
3.2 6.6 398.4 7.9 8.7
3.3 5.5 398.9 7.9 8.0
3.4 4.5 399.3 7.9 7.5
3.5 3.5 399.6 8.0 7.1
3.6 2.7 399.8 8.0 6.9
3.7 1.9 399.9 8.0 6.9
3.8 1.2 400.0 8.0 7.0
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Figure 3. Graphical Output of 90 Degree Cruise Missile Turn

Table 2. Preliminary Results of Garton's Optimization Program

Flight Path Percent Coverage
Straight 100
Straight w/ Offset 100
90 Degree Turn 100
180 Degree Turn 34.3
270 Degree Turn 58.7
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proportional to the turn rate in space of the line of sight [to the pursued vehicle]"

(6:364). In proportional navigation, the missile reacts to the movements of the

vehicle being pursued and follows a flight path that is dependent on the the physical

limitations of the missile and on the flight path of the other vehicle. The flight

path of the missile becomes a function of the current heading and location of the

maneuvering target.

SThe laws governing the proportional navigation flight paths for vehicles in pur-

suit of maneuvering targets are represented by non-linear differential equations, with

the independent variables being the velocity and acceleration of the target vehicle

(9:81-82). The complexity of these equations makes solving them in closed form

computationally intractable. However, recent work by Mahapatra and Shukla has

led to a quasilinear closed-form solution for the proportional navigation equations.

Mahapatra and Shukla have shown this solution to be very accurate by comparing

it to current linear approximation and numerical solution techniques (9:88).

With this quasilinear solution technique, a computer could be used to deter-

mine the proportional navigation flight path of a CMMCA, given a particular set of

CMMCA and cruise missile velocity and acceleration conditions. Since the missile

flight path is known prior to each cruise missile flight test, the cruise missile and

CMMCA flight paths could be simulated with the CMMCA following proportional

navigation la&s t6 pursue the cruise missile through various maneuvers. By adjust-

ing the starting point and the navigation rules of the CMMCA, a set of flight paths

could be der eloped and analyzed to find the optimal CMMCA flight path.

2.6 Simhtla(on

Computer simulation is one of the possible techniques available to aid in de-

termining optimal CMMCA flight paths for tracking cruise missiles. Simulation has

previously beea used on this problem and also on similar problems. Garton used

simulation to determine flight paths obtained through control theory methods (5:31).
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Simulation was successfully used in a similar situation, when it was used to model

the motion of the Orbital Maneuvering Vehicle during the performance of req'iired

duties in space. This simulation helped determine the expected capabilities of the

planned Orbital Maneuvering Vehicle, even though that vehicle will not be built for

many years (15:98-99).

Simulation is the process of designing and building a computer model of a sys-

tem and then using that model to draw inferences about the modeled system (10:6).

The purpose of simulation, as described by Bekey, is "either to yield insight into

the behavior of the process being simulated or to make predictions of performance"

(3:57). If simulation is to be useful, it must simplify the description of the system

while still accurately representing the system conditions to be studied.

The simulation process can be broken down into ten distinct steps. Pritsker

describes these steps as the following:

1. Problem Formulation.
2. Model Building.
3. Data Acquisition.
4. Model Translation.
5. Verification.
6. Validation.
7. Strategic and Tactical Planning.
8. Experimentation.
9. Analysis of Results.
10. Implementation and Documentation. (10:10-11)

The most important steps of this model building procedure are the verification

and validation. Verification of a simulation model ensures that the system simulation

performs exactly as the model-builder intended. Validation of a model ensures that

the simulation represents the system well enough to gain useful information about

the system. The underlying problem is that validity is not a deterministic condition;

a model cannot be viewed as either valid or not valid. The validi, y of a model is
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more of a stochastic process, and is actually a measure of the degree to which the

model represents the system (13:177-178).

Sargent describes the validation process as consisting of "performing test and

evaluation within the model development process to determine whether a model is

valid or not" (11:33). Sargent goes on to describe several validation techniques,

including comparison to other models, validity based on expected events, and com-

parison to historical data (11:33-34). The validity of the simulation of CMMCA

flight paths can be ensured by two of these three methods. The simulation can be

compared to historical data gathered during previous cruise missile tests, and the

simulation can also be checked for events that are expected to take place during

the cruise missile flight testing (such as CMMCA reaction to certain cruise missile

maneuvers). Another method of validating the simulation is comparing the results

of the modified code to Garton's original code. Any modifications to the simulation

should show some improvement to the simulation, or should not be included in the

modifications. Therefore, any simulation model built during this research can be

effectively validated by more than one method.

2.7 Sumtnariy

Through optimal control theory, Carton and Baker developed an equation

that describes the flight path of the CMMCA in discrete time points relative to the

flight path of the cruise missile and assigns a penalty value if the flight path is not

optimal. Carton then used this equation as the basis for a FORTRAN program

which is designed to find optimal flight paths for cruise missile tracking. Carton's

research went a long way towards solving the cruise missile tracking problem, but

the premliminary results presented in section 2.4.4 show that there is still much

room for improvement. This chapter presented a summary of Carton's work and the

mathematical formulation leading up to his FORTRAN program, and also presented

information necessary for continuing his work toward finding optimal solutions.
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III. Methodology

3.1 Introduction

This chapter describes the steps taken in the analysis and modification of Gar-

ton's optimization code. The first section explains the modifications made to the

output files in order to better analyze the performance of the simulation. The second

section discusses the changes made to the weighting factors of the individual com-

ponents of the ou.jective functional. Next, the four cruise missile flight paths used

to test the program are presented and discussed, followed by a section describing an

alternate initial CMMCA flight path. The next section of this chapter discusses the

experimental design techniques used to analyze the performance of the optimization

program and determine the weight settings for optimal tracking performance. Fol-

lowing that is a discussion of three different methods which were used to improve

the performance of the program over the last flight profile. The final section of

this chapter discusses the analysis of the program in an attempt to determine the

conditions necessary for convergence of the algorithm to a single optimal solution.

3.2 Output Modifications to Optimization Program

Originally, Garton's optimization program printed out the CMMCA bank an-

gle, airspeed, range to the cruise missile, and azimuth angle to the cruise missile

for every time point in the maneuver. This information was printed to the file

RESULTS.OUT. The program also output the x and y coordinates of both the

CMMCA and cruise missile at every discrete point of the entire maneuver into the

file PLOT.DAT. An example of this output for a 90 degree turn was seen in Figure 3.

This information is very beneficial to CMMCA mission planners and crew members

when attempting to figure out how to track cruise missiles, but does not present

enough information in order to perform a rigorous analysis of the performance of the

program.
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In order to properly evaluate the performance of the optimization program,

several changes needed to be made to the output files. These changes inlude modi-

fication of existing output files, and also creating an additional output file.

3.2.1 RESULTS. OUT Modifications. The most needed performance criterion

missing from the output of the optimization program is the percentage of the cruise

missile maneuver that the cruise missile was in the radar cone of the CMMCA's

tracking radar system. The percentage of radar coverage through the given cruise

missile maneuver is really the key point in the optimization of the CMMCA flight

path, since the CMMCA flight crew seeks to maximize ths percentage. The proper

FORTRAN code was added to the program so that the optimization program deter-

mines the percentage of radar coverage over the entire cruise missile maneuver. This

is accomplished by evaluating at each discrete time point whether the cruise missile

is within the CMMCA's radar limits, and then calculating the percentage of radar

coverage for the entire run.

Another missing criterion is the percentage of the cruise missile maneuver

that the CMMCA is within its bank angle and airspeed constraints. The CMMCA

airspeed and bank angle at each point are calculated by the optimization program

and printed out in the file RESULTS.OUT, but the percentage of the flight path

that the CMMCA is within these constraints is not calculated. The program was

modified to calculate the percentage of the missile maneuver that the CMMCA is

within its constraints. This value is found by calculating at each time point whether

the CMMCA is within its constraints, and then calculating the percentage over the

entire maneuver.

An example of the modified RESULTS.OUT for the 90 degree turn example of

Chapter 2, indicating the additions made to the output file RESULTS.OUT, is shown

in Table 3. Two columns were added to the output file. The first column added,

labeled RADAR, indicates at each discrete point whether or not the cruise missile
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was within the CMMCA's radar cone. The second column added, labeled STRUCT,

indicates at each discrete point whether or not the CMMCA was within the physical

limits of the aircraft. One item to note is that the percentage of radar coverage,

the points at which radar coverage does not occur, the percentage of satisfying the

physical constraints, and the points at which the constraints are not satisfied, are

calculated only for the CMMCA flight path determined by the program as having

the minimum penalty value. The coverage and constraint percentages are not used

by the program to evaluate the optimal flight path. The program still determines

the optimal path by the minimized value of the objective functional.

3.2.2 Penalty Source Calculations. Another output modification determined

as necessary for properly analyzing the optimization routine is the evaluation of the

source of the induced penalty at each point in the flight path. This will show the

points in the CMMCA flight path which are inducing the penalty into the objective

functional, and which penalty function components (i.e. range, bank angle) are

inducing the penalty. Knowing the source of the penalty, along with the 'trouble

spots' in the CMMCA flight path, should show where the program is failing or having

problems, and will help indicate the 'route' to be taken towards producing a better

algorithin.

The objective functional values for each objective functional variable at each

discrete time point were added to the CMMCA program output as a separate file,

called JCALC.OUT. The output file JCALC.OUT is shown in Table 4 for the 90

degree turn example of Chapter 2. This table shows the penalty value induced by

each objective functional component at each discrete time point, and also shows the

points where the missile was out of the radar cone and where the CMMCA exceeded

its physical constraints.

The graphical output of the file JCALC.OUT is shown in Figures 4 through 7.

These plots indicate very clearly the source of the final penalty value, and where
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Table 3. Modified File RESULTS.OUT Output, 90 Degree Missile Turn

JSTOP = 7.691867
NUMBER OF ITERATIONS = 150
Time BANK SPEED RANGE THETA RADAR STRUCT

0.1 -9.6 400.0 8.0 1.4 1 1
0.2 -7.8 398.9 8.0 4.2 1 1
0.3 -6.1 397.9 8.0 6.6 1 1
0.4 -4.5 397.1 8.0 8.7 1 1
0.5 -3.0 396.3 8.0 10.4 1 1
0.6 -1.5 395.5 8.1 11.7 1 1
0.7 0.0 394.8 8.1 13.2 1 1
0.8 1.5 394.0 8.1 14.8 1 1
0.9 2.9 393.3 8.1 16.4 1 1
1.0 4.4 392.5 8.1 18.1 1 1
1.1 5.9 391.8 8.1 19.7 1 1
1.2 7.5 391.1 8.1 21.1 1 1
1.3 9.0 390.4 8.1 22.5 1 1
1.4 10.6 389.7 8.1 23.6 1 1
1.5 12.2 389.1 8.1 24.5 1 1
1.6 13.7 388.7 8.1 25.1 1 1
1.7 15.1 388.3 8.0 25.4 1 1
1.8 16.3 388.2 8.0 25.5 1 1
1.9 17.3 388.3 7.9 25.4 1 1
2.0 17.9 388.6 7.9 25.1 1 1
2.1 18.1 389.2 7.8 24.3 1 1
2.2 18.0 390.0 7.8 23.2 1 1
2.3 17.5 391.0 7.8 21.8 1 1
2.4 16.6 392,1 7.8 20.2 1 1
2.5 15.6 393.2 7.8 18.5 1 1
2.6 14.4 394.2 7.9 16.9 1 1
2.7 13.1 395.2 7.9 1.S.2 1 1
2.8 11.8 396.2 7.9 13.7 1 1
2.9 10.5 397.0 7.9 12.2 1 1
3.0 9.2 397.7 7.9 10.9 1 1
3.1 7.9 398.3 7.9 9.8 1 1
3.2 6.7 398.8 7.9 8.9 1 1
3.3 5.6 399.2 7.9 8.1 1 1
3.4 4.6 399.5 8.0 7.5 1 1
3.5 3.6 399.7 8.0 7.0 1 1
3.6 2.7 399.9 8.0 6.8 1 1
3.7 1.9 400.0 8.0 6.7 1 1
3.8 1.2 400.0 8.0 6.9 1 1

CM IN RADAR CONE 100.00 PERCENT
CMMCA IN STUiRCTUILAL LIMITS 100.00 PERCENT
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Table 4. File JCALC.OUT Output, 90 Degree Missile Turn

JRANGE JTHETA JSPEED JBANK RADAR STRUCT
0.0000 0.0006 0.0000 0.1038 1 1
0.0000 0.0053 0.0000 0.0683 1 1
0.0001 0.0132 0.0000 0.0419 1 1
0.0003 0.0228 0.0000 0.0229 1 1
0.0010 0.0328 0.0000 0.0100 1 1
0.0026 0.0420 0.0000 0.0025 1 1
0.0054 0.0534 0.0000 0.0000 1 1
0.0092 0.0669 0.0000 0.0024 1 1
0.0134 0.0824 0.0001 0.0097 1 1
0.0170 0.0996 0.0001 0.0220 1 1
0.0191 0.1178 0.0001 0.0397 1 1
0.0199 0.1361 0.0002 0.0630 1 1
0.0184 0.1537 0.0003 0.0921 1 1
0.0154 0.1695 0.0004 0.1269 1 1
0.0109 0.1824 0.0004 0.1669 1 1
0.0060 0.1917 0.0005 0.2106 1 1
0.0017 0.1970 0.0006 0.2558 1 1
0.0000 0.1982 0.0006 0.2990 1 1
0.0040 "0.1960 0.0006 0.3357 1 1
0.0176 0.1918 0.0005 0.3608 1 1
0.0292 0.1805 0.0004 0.3706 1 1
0.0348 0.164If 0.0003 0.3642 1 1
0.0348 0.1448 0.0002 0.3434 1 1
0.0313 0.1245 0.0001 0.3119 1 -I

-0.0263 0.104T 0.0001 0.2740 1 1
0.0210 0.0805 0.0000 0.2336 A t
0.0163 0.0705 0.006) 0.1938 1 '
0.0123 0.0569 0.0000 0.1567 1 1 1
0.0092 0.0450 0.000 0.o124 1 1.
0.0069 0.0365 0.00m: 0.0949
0.0052 0.0293 0.0000 0.0708. 1 1
0.0040 0.0239 0.0000 0.0611 1 1
0.0030 0.0198- 0.0000- 0.035 11
0.0024 0.0189 0.0000 0.0134 1 1
0.0018 0.0151 0.0000 010146 . 1
0.0014 0.0141 0.0000 0.0081 1 ,
0.0011 0.0138 .o0o0 0.0040 1 1
0.0008 0.0143 OiOCOO o0.001 1
4.0006 0.0165 0.0000.' OA.003 .
0.0002 0.0A 0o.0o00 0.0100 1 1
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the cruise missile was out of the radar system's coverage area.. The penalty source

information in this graphical form will clearly benefit the analysis of the'Optimization

program-
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where

J = [ri - roI2 + VI [Di - 0o12 + W2 [ .- + W 2*K4  (13)

The objective function penalty value Ji at each discrete time point becomes greater

than zero when one or more of the variables of the functional are not at their nominal

values. The value of .,i incurred depends on the difference between the variable and

its nominal value.

As seen in Table 3, most of the total J value for the 90 degree turn example

was generated from the bank angle and azimuth angle components of the objective

functional, whereas the penalty imposed by the range component was one order of

magnitude smaller and the penalty imposed by the airspeed component was three

orders of magnitude smaller. Therefore, in evaluating the optimal CMMCA flight

path for the 90 degree cruise missile turn, the most important components as seen

by the program were the bank angle and azimuth angle. This is due primarily to

the differences in units between the objective functional components. Therefore, the

components of the objective functional must be scaled with respect to each other, so

that a particular range error produces the same penalty as some particular azimuth

angle error, airspeed error, and bank angle error.

Since the range limits of the CMMCA are 5 to 15 nautical miles (nm) and the

nominal range was set by Garton at 8 nm front the CMMCA to the cruise missile,

a penalty of (15 - 8)2 or 49 is incurred when the missile is at the outer limit of the

CMMCA's radar cone, and a penalty of (S - 8)2 or 9 i1 incurred when the missile is

at the inner radar limit. By adjusting the nominal range value to 10 nm, the same

penalty value (25) is incurred when the missile is at either the inner or outer limit of

the radar cone. (The nominal range front the CMMCA to the cruise missile is one

of the variables that will be adjusted during the experimenting with the program.)

28



This adjustment provides a logical basis for comparing the range penalty to the other

penalties.

Logically, the same penalty should be assigned when the cruise missile is at

the range limit as when the missile is at the azimuth limit of the radar cone. The

azimuth limits of the CMMCA's radar cone are -60 to 60 degrees, or -1.047 to 1.047

radians since the program performs ali angl. computations in radians. Therefore, at

the azimuth limits of the radar, the penalty imposed is (1.047 - 0)2 or 1.097. This

means that the range penalty is 22.797 times greater at the radar limits than the

azimuth penalty. Therefore, the azimuth scaling factor required to equate the range

and azimuth errors is S1 = 22.797.

Similarly, scaling factors can he applied to the airspeed and bank angle errors.

The nominal airspeed is currently 400 KTAS, or because the program calculates

airspeed in nm/min, 6.667 nm/min. The airspeed limitations are 320 to 480 KTAS,

or 5.333 to 8 nm/min. Garton previously set the other airspeed constants P and K3

set to 1.25 and 2 respectively, and at these settings the upper (and lower) airspeed

limit imposed a penalty of ((8 - 6.667)/1.2-5)', or 1.2945. Therefore, the scaling

factor required to equate the radar range and azimuth limits to the airspeed limit is

I•= 19.312.

The CMMCA bank angle limit is 30 degrees, or 0.524 radians. With the current

values of #0 and K4. set and 0.524 and 1 respectively, the objective functional imposes

..a penalty of I when the bank amgle.is at its 30 degree linit. Therefore, the scaling

factor requirod to equate the bank angle limit to the range, azimuth, and airspeed

limits is S3 = 25.

With all these scaling factors included, the final form of the objective functional

is the following:
N

J117, 0=1 wtj, (14)
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where

Ji = [ri - ro]2 + 22.797Wl [Oi - Oo]2 + 19.312W 2 [ i-U] + 25W3 [i]2* (15)

This final form of the objective functional became the starting point for the

analysis performed on the optimization program. With all necessary program mod-

ifications completed, the next phase of the research was analyzing the performance

of the algorithm and attempting to adjust the objective function variables to achieve

the best possible performance of the algorithm, regardless of the cruise missile ma-

neuver being tracked.

3.4 Cruise Missile Flight Paths

In order to test the optimization program's response to cruise missile maneuvers

of varying lengths and complexity, four distinctly different cruise missile flight paths

were constructed. These flight paths also provided a basis over which the program

could be run in order to test for improvements in the algorithm. These improvements

were obtained from altering the variables of the objective functional and also varying

the initial CMMCA flight path. The four initial CMMCA flight paths, and the

reasons for choosing each particular path, are discussed below.

The first flight path was a 180 degree cruise missile turn. This was the first

maneuver for which Garton's program previously could not find a feasible CMMCA

flight path to successfully follow the missile. This was the simplest maneuver at-

tempted, bccause any improved optimization program was expected to be able to

replicate Garton's success for the straight cruise missile path and also the 90 degree

turn. Previously, the program could achieve about 38 percent radar coverage for a

180 degree turn. Figure 6 shows the 180 degree cruise missile turn.

The second flight path was a 270 degree cruise missile turn. This maneuver was

also tested by Carton, but the optimization program could not find an acceptable
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CMMCA flight path for this maneuver. For the 270 degree turn, the program previ-

ously achieved approximately 58 percent radar coverage, but the CMMCA exceeded

physical limitations over about 10 percent of the flight path. Figure 9 shows the 270

degree cruise missile turn.
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Figure 9. Flight Path Two, 270 Degree Cruise Missile Turn

The third flight path was two 270 degree turns. This flight path was a good test

of the program's capability of handling multiple maneuvers at one time. Gart',n's

program had never been tested over this flight path. Figure 10 shows the two 270

degree cruise missile turns.

The final flight path was a section of an actual cruise missile flight path that

had previously been flown during cruise missile flight tests. The mission planners

were not able to find an ARIA aircraft (EC-135 predecessor to the CMMCA) flight
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path that would provide 100 percent radar coverage without greatly exceeding the

structural and performance limits of the aircraft. Ideally, experimental design would

have improved the performance of the optimization algorithm enough to produce a

CMMCA flight path that provided 100 percent radar coverage while being within

the physical limits for the entire flight path (if possible), but a more realistic goal

was to be able to find the maximum radar coverage possible over this flight path.

Figure 11 shows the portion of the cruise missile flight test path used for the analysis.

3.5 Initial CMMCA Starting Paths

The optimization program, as part of the input data, requires an initial flight

path in order to 'seed' the program with an initial solution. When Garton first

constructed the program, the initial CMMCA flight path was a path flying straight

North for the entire time duration of the cruise missile maneuver. Although this

initial path led to acceptable results for many cruise missile maneuvers, it did not

work for some of the longer maneuvers. This could be due to the speculation that

the surface represented by the objective functional is not convex, and could possibly

have many local optima (1). Therefore, a logical step was to produce an alternate

initial CMMCA flight path that was more in line with the expected result.

The alternate initial CMMCA flight path used for this research was the same

flight path that the cruise missile follows through the maneuver, except that the

CMMCA started the desired nominal distance behind the missile. A FORTRAN

program was written that computes the required CMMCA bank angles and airspeeds

for following the cruise missile based on the x and y coordinates of the missile at

each time point. The program is based on an algorithm derived by Baker (1). The

FORTRAN program is contained in Appendix B.

This combination of the two initial flight paths is analogous to the dual simplex

method for solving linear programming problems. Using the straight initial flight

path can be seen as starting in a feasible position and working to an optimal position,
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whereas starting with the CMMCA following the cruise missile can be interpreted

as the dual solution of starting at an optimal solution and working to a feasible

solution(12). Both the straight and missile-following initial flight paths were used as

starting conditions for each of the flight paths in order to obtain preliminary results

showing the improvements to the algorithm.

3.6 Preliminary Results

With the completion of the code which calculates an initial CMMCA path

following the cruise missile, and the construction of the four cruise missile flight

paths, the next step was running each of the four flight profiles for both initial

CMMCA flight paths. These preliminary results were all done with the scaling

factors (which equate the penalties incurred from each component of the objective

functional) included in the objective functional and the variable weights W1, W2,

and W3 all set at one.

These preliminary results were obtained for two reasons. First, they were done

to indicate whether of not adding the scaling factors and starting the optimization

program with the CMMCA initially trailing the cruise missile improved upon the

results Garton obtained form his research. Second, these runs provided an initial

baseline of the program's performance for comparison against the results of further

modifications and improvements to the optimization program.

The preliminary results achieved 100 percent coverage and kept the CMMCA

within physical limits 100 percent of the time for three of the four flight paths.

These results indicated a significant improvement over the results obtained from the

optimization program prior to the flight paths from consideration for experimental

design, since any changes to the weight parameters or initial CMMCA flight path

could only reduce the amount of radar coverage, if it changed at all. Table 5 indicates

(with an X) the preliminary runs where 100 percent radar coverage and 100 percent

physical restriction was achieved without performing any experimental design.
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Table 5. Optimal Covering of Flight Paths for Preliminary Runs

Flight Path Initial CMMCA Path Optimality Achieved
1 Straight X

Trailing X
2 Straight X

Trailing X
3 Straight

Trailing X
4 Straight.

Trailing X

3.7 Experimental Design

From trial and error initial experimentation with the optimization program,

very significant changes in the percent of time the cruise missile was within radar cov-

erage and the percent of time the CMMCA was within physical limits were realized

when the objective functional weights and nominal values were altered. Therefore

an attempt was made to find the settings for the objective functional weights and

nominal range value that produce optimal CMMCA flight paths. This was accom-

plished by describing the percentage of radar coverage as a function of the objective

functional weights and nominal values, and then finding the maximum value of the

radar coverage function by adjusting the weights and nominal values. This section

describes the experimental design process.

3.7.1 Experiment Variables. When Carton and Baker originally designed the

objective functional, they allowed for many of the variables to be altered for the

purpose of 'fine-tuning' the algorithm (1). These variables include the weights for

the azimuth, airspeed, and bank angle components (W1 , W2, and W3), the nominal

values for each of the components (ro, 00, U0, and fo), and the values affecting the

shape of the penalty functions for the airspeed and bank angle (p, K3 , and K4).
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The individual weight components were included specifically for the purpose

of altering the objective functional to improve the performance of the program.

Therefore, these variables were altered in an effort to optimize the performance of

the program.

The nominal values for the azimuth angle, airspeed, and bank angle compo-

nents were all left at their current values of 400 KTAS, 0 degrees, and 0 degrees

respectively during the experimentation, since these values allow for the greatest

variation in the azimuth angle and physical limitations of the CMMCA without ex-

ceeding the limits. However, the nominal value for range was experimented with,

since a greater nominal range allows for more total azimuth deviation but less range

deviation and vice-versa.

The shape of the penalty function for the airspeed and bank angle components

can be altered by changing the values of 1, K3 , and K4, but changing the values

of the weights associated with the airspeed and bank angle can have much more of

an effect on the overall algorithm. Therefore, the parameters A, K3, and If4 were

not altered to improve program performance, since changing the weights W2 and

W3 associated with the airspeed and bank angle produced significant changes in the

performanlce of the program.

Therefore, the parameters that were altered in order to improve the optimiza-

tion program are WI, W2, W3 , and r0 .

2.7.2 Design Points. The only consideration for how many runs to perform

was computer time. There was no cost associated with computer use, but the op-

timization program did take a considerable amount of time to find a solution for

cruise missile maneuvers of considerable length (approximately I hour for two 270

degree turns in series, running for 150 program iterations). The design used for the

experimental process was a 2" full factorial design (where n is the number of experi-

mental variables), which means that for each flight path, 21 or 16 runs were initially
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made. The number of runs made over each flight path was reduced as the variables

that proved to be insignificant in improving the performance of t hr optimization

algorithm were eliminated.

The initial experimental design was constructed around the current nominal

weight values, which were all initially set to a nominal value of 1. In order to

construct an orthogonal design around the current weight parameter settings, the

weight parameters W1, W2, 14W3, were set at 0.5 and 1.5. The nominal distance

parameter r0 was set at 8 and 10 nm. Next, performing a simple linear regression on

the results of the initial design indicated the direction of steepest ascent along the

function describing the percentage of radar coverage. The steepest ascent direction

indicated the changes to the design parameters which would produce the highest

percentage of radar coverage attainable given the current radar Coverage. At the

point of the highest percentage of radar coverage, another eXperimental design was

conducted and another steepest ascent direction was calculated. This process was

lepeated until the highest possible radar coverage for the flight path was achieved.

This method is commonly used to find the optimal values of response surfaces for

which the true underlying function is not known. The results of the experiments and

the values determined as optimal are presented in Chapter 4.

3.8 Experimnentation with Flight Path Four

Flight path four was originally constructed for the purpose of applying the

techniques which improved the first three flight profiles to a much lunger series

of cruise missile maneuvers. It was also constructed to check the performance of

the optimization program over a cruise missile flight path for which a CMMCA

flight path achieving 100 percent radar coverage of the missile had not been found.

Therefore, flight path four was an excellent cAndidate as an experiment-% flight path

for testing the results of techniques used to increase program performance.
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The first technique applied to the fourth flight profile was-using the optimal

weights found fromn thle flight path three experimental design. This was done to

determine if the optimal weighting scheme is independent of the cruise missile mia-

neuver. If the optimal wreights are truly itidependent, of the missile's flight path,

then the optimal variable settings obtained for fligbt path three should increase thle

percentage of radar coverage for flight pathl four (with i-,spect to the preliminiary

results). The optimatl objective functional variables were appiedN~ tce flight path four

for both iinitial CMMCA flight path cases.

The second technique used to imuprovc the prograw's, lieforniailice tGver flight

path four was increasing the precision of tile- optimination ptogramn. The prclimii iary

results for thle flight paths where 100 percent radar coveragp was tiot achit'ved mlight.

h-ae experienced less timn optimal'ooverage. diu to the precision of the calculations-

being done by the program. The objective functional. oplimiising the position *of thle

C~MMCA relative to the cruise missile is a function of the airspeed and batik angle at

each discrete time point, so for a flight profile of 250 points the o-bjeive. functional

is a function of S0W variables. Every iteration the program finds the gradient of the

Objective functional with respect to. each of thle variablea, and therefort this m1ay.

cause somle tediucti'mn in) the prmisiwt or- thae -ulations, which mlay ult imately lead-

to tlw, prograin not converging on an optimail CMMCA flight path.

Imnplementintg the piecision increase in thle program was -simply amatter of

rhanging all the reali vuiables and data arrays in the programt t,: doumble preeision

real variables and arrays. The increas in precision catsed the-expot'cto tittle of the:

progrAM to 11111rC titan double, acid therofore on ly two tuns wtre made fur the doubif

precision runs of flight path four. Beth runs were miade is Ing the $attto Weightinj

selheme as In the preliminary runs, and these weights were applied to flight path four

with the VMMCA starting Initially Dlying straight North and also with -the C&IMCA

initially trailing Lthe cruise missile. The reults of thite4 runs arepreene in'ChApAtr

4.
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3.9 Segmentation of Flight Path Four

The final attempt made at inc=reasing the radar coverage over the fourth flight

path was segmenting the flight path into two sections of nearly equal length. This

was done to test if optimizing the two sections separately and then combining the

resulting flight paths provided better and more timely results over the entire flight

path than running the entire path at once. The two sections of flight path four are

shown in Figure 12 and Figure 13.

These two flight paths were optimized separately using both the preliminary

weights and the optimal weights derived from the experimental design, and using

both initial CMMCA flight paths. The results of the computer runs, and the com-

bined results showing the performainie over the entire flight path, are contained in

Chapter 4.

3.10 Program Convergence

Throughout the construction of the objective functional and the optimization

program there was concern that the surface described by the objective functional

and the particular flight path is not convex'and therefore does not have a unique

optimal solution (1). Thus, the program may converge to different local optimal

solutions fo, the same cruise missile flight path, based in the initial CMMCA flight

path and the direction of approach to the solution (determined by the wtights of the

components of the objective functional).

Another problem, seen in the output of the preliminary results, was that. thle

algorithm did not always reduce the penalty value after each iteration of the program.

This was seen in the output of almost all of the program runs, where the J value

essentially oscillated between an upper and lower bound as it gradually decreasd, or

repeated a cyclic pattern as it slowly converged to a solution. These oscillatory and

cyclic trends were observed primarily in the results of the fourth flight profile, and

were one of the driving factors for increasing the precision of the program, However,
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as seen in the results of the double precision runs over flight path four (summarized

in Chapter 4 and contained in Appendix G), increasing the precision of the program

caused no significant change in the performance of the program.

This concern prompted the researcher to include the necessary computer code

to record the overall penalty value calculated after each program iteration. The out-

put file JPLOT.OUT contains the iteration number and the penalty value recorded

for each iteration. A plot of this data will indicate if the program is converging

toward a solution, which will tell if a different gradient seach method is needed for

this program. A sample plot of the JPLOT data, using the 90 degree turn example

over a span of 150 iterations, is shown in Figure 14.
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Figure 14. Plot of J Value Versus Iterations, 90 Degree Turn Example

In order to test the convergence of the algorithm the JPLOT.OUT was plotted

for each of the flight paths using both the straight initial CMMCA flight path and

the alternate initial CMMCA flight path trailing the cruise missile. These plots are

itlcuded in Appendix D, as part of the preliminary results of the modified algorithm,

and are also included in the output of all runs for which the results were presented.
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3.11 Alternate Gradient Search Method

The current gradient search method used by the optimization program pro-

duced optimal solutions for all four of the flight paths during the preliminary runs

where the CMMCA initially trailed the cruise missile. However, as was mentioned in

the previous section, the plots of J value versus iteration number for the preliminary

runs (shown in Appendix D) indicated that the algorithm did not always improve

the solution after each iteration. In fact, cyclic behavior with the J value oscillating

between two values was seen in several of the J value plots.

This discovery led the researcher to explore the possibility of changing the gra-

dient search method so that the J value was always being decreased as the program

worked towards an optimal solution. The alternate method used in this research

to find the minimum value along the gradient was simply evaluating the objective

functional, starting at the current position, at small discrete intervals along the gra..

dient until the minimum was found. Although this is certainly not the most elegant

or efficient gradient search method, it does guarantee that the program is always

converging towards a solution. This new gradient search procedure was not intended

to immediately replace the method Carton used in his work; it was implemented

only to explore the possibilities of improving the efficiency of the program.

Figure 15 below illustrates the difference in performance that can possibly

occur between the two different gradient search methods. Assuming that the penalty

surface is rep)resented by the solid line and the current CMMCA flight profile has the

penalty represented by point 1, the parabolic projection method that the program

currently uses would calculate the penalty at points 2 and 3, and from the three

points would decide the minimum of the penalty surface along the gradient to be

at point 4, when the actual corresponding penalty value would be at point 5. This

would cause the situaton where attempting to minimize along the gradient actually

increased the penalty value.An contrast, the alternate gradient search method would

calculate the penalty at small increments aloug the gradient, and would rind the
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correct minimum along the gradient, shown by point 6. Since the next gradient

taken by the alternate search method would start at a lower penalty value, it is

obvious that the efficiency would be greatly increased.

S

".4 . ..............

Figure 15. Comparison of Gradient Search Methods

Implementing the new gradient search method was extremely simple. Garton's

program already had the code written to perform all of the steps involved in the new

search method; some sections of the program needed only minor modifications and

a few sections were deleted. The alternate program search method first calculates

the penalty associated with the current CMMCA flight path, finds the gradient of

the objective functional at that point with respect to the airspeeds and bank angles,

and then calculates the penalty value at discrete points along the gradient until the

minimum penalty value is found. At that point, the program then calculates the

next gradient and increments along that gradient until the minimum is again found.
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The program terminates when calculating the gradient and incrementing along the

gradient produces no reduction in the penalty value. An example of the performance

of the alternate gradient search method is illustrated in Figure 16, which shows the

plot of J value versus iteration number for the second flight profile with the CMMCA

initially flying straight.
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Figure 16. Plot of J Value Versus Iterations, Alternate Gradient Search

The alternate gradient search method was run for each of the four flight profiles

using both initial CMMCA flight paths. The results of these runs are presented in

Chapter 4. The FORTRAN code for the program with the new gradient search

method is presented in Appendix C.

3.12 Allefreue Solution Techniques

As part of the research into solving the cruise missile traking problem, pro-

portional navigation was investigated as a possible alternate solution technique for

solving the problem. This would have been a likely solution technique had the current

method not been improved significantly by this research. However, significant im-
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provement was seen in the current method combining simulation and control theory,

and therefore the possibility of solving the problem using a proportional navigation

solution was not investigated.

3.13 Summary

This chapter presented the changes made to Garton's optimization program

that were made in order to provide a better analysis of what the program was really

doing. Following that, the chapter describeci the experimental design techniqes to be

used to attempt to fine tune the workings of tLe program. This included adjusting the

weights and the nominal distance and also starting with an alternate initial CMMCA

flight path in order to converge to a solution closer to the expected solution. The

results obtained through this methodology are presented in the next chapter.
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IV. Results

4.1 Introduction

This chapter presents and analyzes the results obtained from the modification

of Garton's optimization program and all steps taken towards finding a solution to

the cruise missile tracking problem. The first section presents the preliminary results

obtained from running all four cruise missile flight paths, and the improvements re-

alized from adding the scaling factors and introducing an alternate initial CMMCA

flight path. The second section covers the results obtained from the experimental

design performed to improve the percentage of radar coverage by adjusting the vari-

ables of the objective functional. The next sections outline the results achieved from

applying different weighting schemes and changing the precision of the program cal-

culations for the fourth flight path, and also the results obtained from segmenting

flight path four and applying different weighting schemes. The final section of the

chapter presents the results achieved from changing the gradient search method.

4.2 Preliminar Results

The preliminary results were obtained for all four of the cruise missile flight

paths, with both the straight and trailing initial CMMCA flight paths. The weights

W1, W2, and 14W3 were all set at 1 and the nominal distance ro was fixed at 8 nm

for these preliminary runs. For all flight paths the program was run for 150 iter-

ations. The results of these computer runs indicate the considerable improvement

over Garton's results obtained by adding the scaling factors to equate the objective

functional components, and from starting the iterative optimization process with the

CMMCA trailing the cruise missile. This set of preliminary results also provided a

baseline for beginning the experimental design process to maximize the percentage

of radar coverage and the percentage of the flight path the CMMCA is within the

physical constraints. This maximization was accomplished by adjusting the objec-
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tive functional weights W1, W2, and W3 and also the nominal desired distance from

the CMMCA to the cruise missile r0. The preliminary results obtained from the

program are outlined in Table 6, and the rest of the computer output is contained

in Appendix C.

Table 6. Preliminary Results of Optimization Program

Flight Path Init Path JSTOP Radar Physical
1 Straight 447.30 100 100

Trailing 455.93 100 100
2 Straight 249.84 100 100

Trailing 250.39 100 100
3 Straight 1217.04 74.15 94.56

Trailing 926.90 100 100
4 Straight 76391.24 37.41 100

Trailing 124108.0 64.68 97.90

During the analysis of the output data from the preliminary runs, a significant

problem was seen in the files RESULTS.OUT obtained for the preliminary runs

over the fourth flight path. The output data for both of these runs is contained in

Appendix D. Specifically, the variable Oi describing the azimuth angle from the nose

of the aircraft to the cruise missile must be a value between -180 and 180 degrees for

the program to properly minimize the penalty value. However, values for 01 of over

270 degrees were seen for both runs over flight path four. This problem not only

caused the program to calculate the wrong gradient for tie minimization process,

but also allowed for potentially miscalculating the amount of radar coverage over tihe

flight profile.

In order to correct this problem, a section of FORTRAN code was added to

the program to ensure the azimuth angle between the CMMCA and the missile is

never less than -180 degrees and never more than 180 degrees. After the code was

added, the program was again run for all eight preliminary runs. No change in any
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of the preliminary results was seen for the first three flight paths, but a remarkable

increase in the radar coverage was seen for the fourth flight path. For the fourth

flight path with the CMMCA initially flying straight, the radar coverage increased

from 37.41 percent to 46.15 percent, and with the CMMCA initially trailing the

missile the coverage increased from 64.68 percent to 100 percent. The preliminary

results for the fourth flight path using the corrected algorithm are shown in Table 7.

Table 7. Corrected Flight Path Four Preliminary Results

Init Path JSTOP Radar Physical
Straight 25975.84 46.15 100
Trailing 6112.03 100 97.03

Prior to this research effort, the optimization program achieved only 34.3 per-

cent radar coverage for the 180 degree turn and 58.7 percent radar coverage for the

270 degree turn. The preliminary runs achieved 100 percent radar coverage for both

of these cruise missile maneuvers, and kept the CMMCA within the physical limi-

tations 100 percent of the time for both flight paths. 100 percent coverage was also

achieved for the 2-270 degree cruise missile turns when the initial CMMCA flight

path was trailing the missile. Therefore, significatt improvements in the algorithm

were seen from the addition of the scaling factors to the objective functional, and

even further improvement was seen when the initial CMMCA flight path was changed

from a straight flight path to a flight path trailing the missile.

4.3 Optimnialion of Objective fh-nctionwl Variables

As was mentioned previously, an experimental design was performed on the

optimization program ill an attempt to maximize the percentage of radar coverage

by adjusting the variables ro, WI, W2, and W3. The flight path used for this set

of experiments was flight path number three (double 270 degree turn), with the

CMMCA initially flying a straight path. This was the only flight profile used for the
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experimental design. 100 percent radar coverage was already achieved for flight paths

one and two from the preliminary runs, so no improvement could be gained from

experimentation with these flight profiles. Flight path four was not used due to its

extreme length and the amount of computer time required to generate each solution

(approximately three VAX model 6420 CPU hours for 150 program iterations), but

the optimal weighting scheme derived from the experimental design was applied to

flight path four in an attempt to determine if the optimal weights are independent

of the cruise missile maneuver and the initial CMMCA flight path.

The first stage of the weight optimization process was building a set of experi-

mental design points around the current weight values and the two nominal distances

that were initially used for running the program. Table 8 shows the first set of design

points and the final J value, percentage of radar coverage, and the physical limit

percentage obtained from each of the design points.

Table 8. First Set of Experimental Design Points

ro W, W W3 JSTOP RADAR STRUCT
8 .5 .5 .5 1280.67 65.31 100
8 .5 .5 1.5 1275.58 65.31 100
8 .5 1.5 .5 1280.57 65.31 100
8 .5 1.5 1.5 1275.56 65.31 100
8 1.5 .5 .5 2293.87 66.67 100
8 1.5 .5 1.5 2152.60 65.99 100
8 1.5 1.5 .5 2293.73 66.67 100
8 1.5 1.5 1.5 2152.46 65.99 100
10 .5 .5 .5 1374.51 63.26 100
10 .5 .5 1.5 1171.81 65.31 100
10 .5 1.5 .5 1374.38 63.26 100
10 .5 1.5 1.5 1171.91 65.31 100
10 1.5 .5 .5 1510.69 66.67 100
10 1.5 .5 1.5 1358.03 66.67 100
10 1.5 1.5 .5 1510.50 66.67 100
S1.5 1.5 1.511357.74 66.67 100
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A significant observation here is that the radar coverage achieved for each of

the design points was about 10 percent lower than the radar coverage achieved over

the same flight profile during the preliminary runs. This is due to the fact that the

preliminary runs were stopped after 150 program iterations, and the exprimental

design points were run for only 50 iterations.

The decision was made to run the experimental design points for only 50 itera-

tions, because the plot of overall J value versus iteration number for the preliminary

run of flight path three indicated that over 99 percent of the J value reduction oc-

curred within the first 50 iterations. The slight decreme in the overall J value over

the last 100 iterations for the preliminary run over flight path three produced a slight

improvement in the precentage of radar coverage, but this increase was accompa-

nied by a reduction in the percentage of time the CMMCA was within its physical

constraints.

The results of the first set of experimental runs indicated that some improve-

ment in the percentage of coverage was possible when the parameter values were

altered. A simple linear regression was performed on the data frcm the first set of

experimental rans, and the following equation describing the percentage of radar

coverage with respect to the design variables was derived:

RADAR = (5.145 - 0.t71 :. + 1.703 * W, + 0.343 1413 (1I)

This equation indicates Lit-at the variable 1,W4 had absoluIely no effect on the per-

centage of radar cotrag,, while ma increase in radar covetagi, can be achievedl by a

decrease. in nominal dist"nce &•nd aw increase in the variables W, aed WI.

The next %Iep in the experiment process was to find the gradient of Ite regres-

sion equation, which is simply the coefficient of each of the variables in the euation.

The gradient NdIcates the direction of greatest increase in the percentage of ra4&r

coverage. Table 9 shows the design points taken along the path of the gradicnt. The
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value for W, was incremented in steps of one, and ro and W3 were incremented in

steps of -0.1 and 0.201 respectively.

Table 9. First Gradient Search Points

r0  14'I W2  W43 JSTOP RADAR STRUCT
8.9 2 1 1.201 12433.19 65.31 100
8.8 3 1 1.4i)2 p3516.14 67.35 100
8.7 4 1 1.60.3 4.551.97 68. 03, 100
8.6 5 1 1.804 J56,10.45 167.35 100

The maximum radar coverage. attained in tile first gradient search was 68.03

perceit. Therefore, the next experimential d's~gn was constructedi aroundtilite point

at which the maximum coverage Occurred. The smcond set, of design points, and the

results obtained at those points, are found in T1able 10.

Table 10. Second Set of E xperimental Design Points

ro W, W2  W43 JSTO P R IAD)AR snluOT
7.7 3.5 1 1.103 j4679.7,5 67.35 .100
7.7 3.8 1 2.103 -1-362.33 68.03 100
7.7 4.3 1 1.103 W819.03 (NA.03 100
7.? 4.5 1 - 2.103 8510.46 67.35 100
9.7 3.5 1 1.103 3739.36 66.67 100
9.? 3.8 1 2.103 3480.42 68.67 100
9.7 4.8 1 1.103 478C124 {i7.AS 100
9.7 4.5~ J 2.103 14429,50 66.6# ____00

Again, this second set of design point,* indicated someo vAriat.iv in tile percent.

age of radar coverage, but no coverage over 68.0.3 percent was strn. A simple linear

regression was performned on the data. (tom thle WeO' Md set of expeninwn'i.aldesign

runs, and the following equation was derived.

RADAR= ? 7.88 0.428 .ro +0.70 *Wj -0.170. 114ts (1?)
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Table 11 shows the design points that were run along the second gradient. The

value for ro was incremented in steps of -0.5 and W, and W3 were incremented in

steps of 0.2 and -0.2 respectively.

Table 11. Second Gradient Search Points

r0  W11 W2 WV3  JSTOP RADAR STRUCT
8.2 4.2 1 1.403 5097.73 67.35 100
7.7 4.4 1 1.203 5365.18 67.35 100
7.2 4.6 1 1.003 5839.38 67.35 100
6.7 4.8 1 0.803 6214.75 68.03 100
6.2 5.0 1 0.603 7584.15 67.35 100

No percentage of radar coverage over 68.03 percent was seen in the final gradi-

ent search. In fact, no improvement in the percentage of radar coverage was gained

over the center point of the second set of experimental design points. Also, the

variation from the lowest to the highest percentage of radar coverage over all 33

experimental runs was less than five percentage points. This information tends to

indicate that, while scaling the weight parameters provided significant improvement

in the performance of the program, any further experimentation with the parameters

provided only modest gains in the performance.

Also, the set of weight parameters proving the highest precentage of radar

coverage was not unique. Several different weighting schemes achieved the maximum

observed coverage of 68.03 percent. Therefore, the set of parameters referred to as

the optimal parameters for flight path three are the first parameters to achieve

the highest observed radar coverage, which are ro = 8.7, W1 = 4, W2 = 1, and

W3 = 1.603.
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4.4 Experimentation with Flight Path Four

The preliminary results obtained for the fourth experimental flight profile in-

dicated much improvement in the percentage of radar coverage was possible for this

flight path when the CMMCA initial flight path was straight. The preliminary run

with the CMMCA initially flying a straight path achieved only 46.15 percent radar

coverage. Therefore, three different methods for improving the program's perfor-

manice over flighit path four were attempted. The methods were also applied to flight

path four with the CMMCA initially trailing the missile to ensure that the methods

did not increase the coverage using one initial CMMCA flight path and decrease the

coverage for the other initial CMMCA flight path.

4.4.1 Applying Optimum Weights. The first attempt at increasing the radar

coverage for this flight path was applying to this flight profile the 'optimum' weights

and nominal distance obtained from the experimental design for flight path three.

This was done to provide information on whether the optimum objective functional

weights and other parameters are the same for each flight profile and CMMCA initial

condition, or if the optimum weights are dependent on the particular flight profile.

Table 12 shows the results of applying the optimum weights to flight path four.

Table 12. Flight Path Four Results with Optimum Weights

[nit Path JSTOP RADAR STRRUCT
Straight 16539.15 53.85 too

railing 62032.16 100 97•90

'Tihe results from applying the optimum weights to flight pathi four caused a

fairly substantial incre.Ase in the percentage of radat coverage with reslpet to the

preliminary results for the stright initial CMMCA flight path, and caused no reduc-

tion i6 the r'verage for the trailing initial CMMCA flight path. These results tend to

confi. i the hypothesis that the optimum weight variables antd nominal distance are
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most likely independent of the cruise missile flight path and initial CMMCA starting

position, but much more experimentation over several different flight profiles using

both initial CMMCA flight paths is required to truly test this hypothesis.

4.4. 2 Double Precision Calculations. The next attempt at improving the per-

formance over flight path four was increasing the precision of the calculations involved

in the optimization process. This was accomplished by changing all the real variables

in the FORTRAN program code to double precision variables and changing all the

single precision functions to double precision functions. Due to the extreme amount

of computer time required to run flight path four using double precision calculations

(approximately 7 hours of VAX model 6420 CPU time was used for each run of 150

program iterations), flight path four was run only for the preliminary weights with

the CMMCA starting both straight and trailing the missile. The results of changing

the variables form real to double precision are presented in Table 13.

Table 13. Flight Path Four Results with Double Precision Variables

_Double Precision - Single Precision
Init Path JSTOI' RAI)AIt STRUCT JSTOP RADAR STIUCT
Straight 25884 .2 46.15 100 25975.8 46.15 100
Trailing 5244.6 100 98.25 16112.0 100 97.30

The resulLs from running the progratm using double precision variables indi-

cated no change in the iercent of radar coverage with respect to the single precision

calculations. For both, initial CMMCA cases there was no significant chatige in the

percentage of the flight path that the CMMCA was within its physical constraints

from the standard single precision calculation runs. This indicates that the conver-

gence problem discussed in Chapter 3 is most likeiy not due to the precision of the

prograln's calculations, but due to the method with which the program searches for

an optimum solution.
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4.5 Segmenting Flight Path Four

The third, and most successful, attempt at increasing the percentage of radar

coverage over flight path four was segmenting the flight path into the two sections

shown in Chapter 3, and the running the program over each of these sections sep-

arately. Each of the two sections of flight path four was run using the preliminary

weights and the optimum weights obtained for flight path three, and with both

the straight and trailing intial CMMCA flight paths. The results of these runs are

presented in Table 14.

Table 14. Results From Segmentation of Flight Path Four

Path lnit Path Weights JSTOP RADAR STRUCT
4A Straight Prelim 5741.87 Q2.17 100
4A Straight Optimum 6857.87 95.78 100
4A Trailing Prelim 3026.58 100 98.19
4A Trailing Optimum 8264.82 100 98.19
4B Straight Prelim 2529.67 96.18 100
4B Straight Optimum 6655.61 100 100
4B Trailing Prelim 1654.60 100 96.95
4B Trailing Optimum 7064.66 100 96.95

The results from the two sections must be combined in ordet to calculte the

true coverage over the entire flight profile. Flight path four consisted of 286 discrete

points, whereas the first section had 166 and the second section had 131, for a total

of 297. rhe overlap of II points is due to the fact that the program requires the

missile and the CMMCA flying straight North for at least t he length of the offset

between the two. Since 100 percent coverage was always achieved for the first 11

points of the second section, these points were discounted from the results of the

second section.

After calculating the percentages of the overall length of flight path four that

are contained by each section, and recalculating the percentages of radar coverage
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and physical limitation achieved over the second section, the results presented in

Table 15 were obtained for flight path four, as the overall results of the combined

sections.

Table 15. Results From Segmentation of Flight Path Four

Init Path Weights RADAR STRUCT
Straight Prelim 93.71 100
Straight Optimum 97.55 100
Trailing Prelim 100 97.67
Trailing Optimum 100 97.67

The results of segmenting the fourth flight path into two sections and then

obtaining an overall performance gave extremely encouraging results. No significant

changes were seen for the two runs made with the CMMCA initially trailing the

missile, but great improvements were made in the results with the CMMCA initially

flying straight. Once again, the results with the CMMCA initially flying straight

using the optimum weigrats provided better radar coverage than using the preliminary

weights. This lend- .nore evidence that the optimal weights may be independent

of the flight prof le, but much more experimentation is required in order to prove

independence. Also, running both sections of the flight path for 150 iterations took

a total of apl roximately 50 minutes of CPU time, compared to three hours to run

150 ite aatons over the entire flight profile.

rhe results of running the two sections separately indicate that there should

probably be a restriction on the length of the flight path being run, due to both

the improvement in the results when the two sections of the CMMCA flight path

were optimized separately and the decrease in the time required to optimize the two

segments separately.
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4.C Program Convergence Results

This section discusses the penalty value convergence observed for each section

of the program analysis and modification. The plUts of the J value versus iteration

number are contained in the appendices of the v'esults for each section.

4.6.1 Preliminary Runs. The preliminary results for the first three flight

paths show that the optimization program always converged towards a minimum

J value, regardless of the initial CMMCA flight path. However, in every case the

plot of the J value versus the iteration number indicates an oscillation in the J value

as it decreases. It appears that the program is missing the minimum value along the

gradient, and is tending to skip back and forth about the true optimum value.

The solutions for the two preliminary runs for flight path three both converged,

but to different optimal solutions. This confirmed the hypothesis that the optimal

CMMCA flight path found by the algorithm depends on both the particular cruise

missile maneuver and the initial CMMCA flight path. This is most likely due to

the fact that the surface described by the objective functional and the cruise missile

flight path is not convex, and therefore has mnauy local minima(l ). Thus, the optimal

solution chosen by the algorithm for most cruise missile maneuvers will depend on

the starting flight path of the CMMCA.

The fourth flight path with the CMMCA initially flying straight showed conver-

gence towards a solution, but the percentage of radar coverage that was ultimately

achieved by this run was far below the percentages achieved over the other three

flight profiles. The fourth flight path with the CMMCA initially trailing the missile

started at a much lower J value, but the plot of the penaly versus iteration number

indicated the cyclic behavior discussed earlier. This indicates that the program was

converging towards a solution, but not in an efficient manner. The program did ulti-

mately achieve 100 precent radar coverage for this flight path, but regardless of the

100 percent coverage the penalty value could still have been reduced substantially.
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4.6.2 Experimental Design. Over all of the design points of flight path three

that were run for the purpose of optimizing the weight values, the same pattern in the

plot of J value versus iteration number was observed. All these experimental runs

were converging to basically the same flight path with only small differences between

them, and thus the plots of J value versus iteration number were just shifted by a

factor dependent on the values of the objective functional weights and the nominal

distance. For every design point that was run, the J value exhibited a decreasing

trend, indicating convergence toward an optimal solution.

4.6.3 Flight Path flour Results. The experimentation with flight path four

caused no improvement when the optimal weights for flight path three were used

and when the progranm was changed to double precision. No significant difference

was seen in the sequential plots of the J value either. These plots appear to display

the same cyclic behavior as the plots for the preliminary runs. Therefore, applying

the optimal flight path three weights and changing the precision of the program had

no effect on reducing the J value or causing the program to converge.

For the first section of the fourth flight path, the J value for each of the

runs displayed some convergetnce toward an optimal solution, but the J value versus

iteration displayed sone cyclical effects. For the second section of the fourth flight

path, the results of the J value versus iteration were generally not as promising.

Running the second section using the preliminary weights and the straight initital

CMMCA flight path was the only case where the J value did not exhibit extremely

large deviations front a converging pattern.

4.6.4 Segmtn1ling I'light Pa4ls .Pur. As was wen earlier, segmenting the

fourth flight path and then combining the results gave. solutions with much bet-

ter radar coverage of the missile. The plots of J value versus iteration indicated

some improvem ent in the convergence of the algorithm for the separate sections of
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the fourth flight profile, but some of the results still displayed the random noise that

was seen for the preliminary results.

4.7 Alternate Gradient Search Results

As was mentioned in Chapter 3, the preliminary weights were run over the

eight different flight path conditions (four cruise missile flight paths and two initial

CMMCA flight paths) using the alternate gradient search method. The goal was to

attain comparable results to the first set of preliminary runs while achieving these

results more efficiently. The results of these alternate preliminary runs using the

alternate gradient search method are presented in Table 16.

Table 16. Preliminary Results, Alternate Gradient Search

Path Init Path JSTOP Radar [Physical Iter
I Straight 617.12 100 100 7

Trailing 479.67 100 100 15
24 Straight 919.86 100 100 7

Trailing 349.57 100 100 15
3 Straight 2042.55 63.94 100 *20

Trailing 949.22 100 100 10
4 Straight 34766.05 19.58 100 20

- Trailing 10356.30 100 97.90 10

"The alternate gradient search method was able to replicate the results of the

runs where the original gradient search method achieved 100 percent radar coverage,

and the 63.94 percent coverage for flight path three with the CMMMCA initially flying

straight came close to the 74.15 percent originally achieved. The only real failing was

flight path four, where only 19.58 percent coverage was achieved with the CMMCA

initially flying straight, but the percentage, of coverage over this flight path could

most likely have been ituproved by incremang the number of iterations performed.
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The most significant difference between the alternate gradient search method

and the original method was the time involved in calculating the solutions. The time

savings was most apparent for runs using the third and fourth flight profile. The runs

over flight path three took approximately 10 CPU minutes for the straight initial

CMMCA flight path and 5 CPU minutes for the trailing initial CMMCA flight path.

The runs over flight path four took 45 minutes for the straight initial CMMCA flight

path and 22 minutes for the trailing initial CMMCA flight path. These performances

are significantly better than the original gradient search method, where 150 program

iterations consumed 1 hour of CPU time for flight path three and 3 hours of CPU

time for flight path four.

The factor that drives the time involved in finding a solution is the number of

gradients that the program calculates on the way to finding the solution. Evaluating

the penalty and the associated CMMCA flight path at % given point on the gradi-

ent takes approximately one percent cf the time required to calculate the gradient.

By minimizing the penalty value along each gradient before calculating the next di-

rection for minimization, the program requires much fewer gradient calculations in

order to converge to the same solution.

The alternate gradient search method was developed to explore the possibility

of improving the efficiency of the program by changing the way the progrmun satches

for the minimum penalty value. The alternae, gradient search method simply shows

thai the program is capable of running much more efficiently than it currenuty does,

without sacrificing any accuracy.

4.8 Summary of ReaIdts

The results of the runs over all of the flight paths forseveral eightinp schemets

provide much informution on the current capabilities and limitations of the optin.*a-

Lion program. The insight gained front the research done and some questi ons and

directions for further research are discussed in the next chapter.

63



V. Conclusions and Recommendations

5.1 Introduction

This chapter discusses the conclusions of the research and addresses any rec-

onimendations for future research and improvements to the optimization program.

5.2 Conclusions

The concept of minimizing the penalty for position error relative to the cruise

missile definitely shows promise as a method for solving the cruise missile tracking

problem, but the results initially achieved by Garton in his research indicated much

room for improvement. Adding the scaling factors to equate the weights of the ob-

jective functional caused significant improvement in the performance of the program.

Changing the initial CMMCA flight path, so that the CMMCA starts the optimiza-

tion process trailing the missile, also increased the performance of the program and

reduced the number of iterations required to converge upon a solution.

The analysis performed on the program after the initial changes shows evidence

that there could possibly be optimum objective functional weights which are inde-

pendent of the cruise missile flight profile, but much more experimentation needs to

be done over a wide range of cruise missile flight paths of various length and com-

plexity, and possibly more of the objective functional parameters need to be included

us experiment variables.

The nalysis of the segmented fourth flight profile results indicates that the

length of the flight profile has some effect on the performance of the algorithm, due

to the ierease in coverage when flight path four was broken into two sections. The

increaed performance and decreased solution time for the segmented flight path

s.how that there could possibly be a maximum practical missile flight path length,

buz, aga# further rexerch into this area is required.
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However, the in-depth analysis of the functioning and performance of the pro-

gram done in this research effort indicates that a significant problem still exists in

the optimization program. This problem, which was evident in the results obtained

from all of the flight paths, is that the J value, which is expected to exhibit a decreas-

ing trend as the program steps through its iterations, often has large, unfavorable

deviations from a convergent path. Also, some of the J value versus iteration plots

indicated an oscillatory behavior, especially evident in the preliminary results. This

leads to the conclusion that the gradient search method used by the program is not

finding the true minimum penalty value along the gradient, and quite often finds

a value worse than the previous penalty value. The next section discusses changes

that can be made to the program to eliminate this problem.

5.3 Recommrendations

5.3.1 Gradient Se4rch Method. AP shown by the results obtained from the

alternate gradient search method, a promising area of investigation towards solving

the convergence problem is improving the gradient search method. &-veral gradient

search methods exist that could improve the results, and guarantte that the J value

is decreasing for every gradient that is taken.

The process of finding the gradient consumes most of the computer time used

by the system, whereas evaluating the value of the penalty function at points along

the gradient is relatively quick by comparison. Therefore. a process that finds the

gradient aid then guarantees finding the minimum value along that gradient before

finding the next direction for nfininiiAtion would certainly prove to hw quicker than

the current gradient search method used by the program.

5•.1. Pr"eam IanpW/Outpul. Another issue of roncern is the input and out-

put files of the program and the ease of use. The program requires an input file

of cruise missile x and y coordinate positions (relative to the first OMNICA point)



for every 0.10 minute along the flight profile being optimized. This is not easily

obtained from a plot of the ground track of the cruise missile. Although this is a

minor problem, a complete program which could be used by the flight crews to aid

in flight planning should allow for better data input methods.

5.3.3 Program PATH.FOR. The program PATH.FOR, which computes the

initial CMMCA speed and bank angle for a CMMCA path trailing the cruise missile

assumes that the missile's ground speed over the entire maneuver is a constant 400

KTAS. This worked well for all of the test profiles, because the cruise missile speed

has been fixed at 400 KTAS for all of the flight profiles. This will probably not

work for actual cruise missile flight paths if the missile's speed varies much from the

assumed constant airspee-d for much of the flight profile.

This problem can be fixed by finding the average speed of the missile over the

entire maneuver and then assuming that the CMMCA flies the average speed. This

will not provide the best initial CMMCA guess, but will put the CMMCA flight path

closer to the missile's actual flight path than flying straight North for the entire time

of the missile's flight. Another fix would be to rewrite the computer code to allow for

the speed to Vary from point to point. Although this would complicate the problem,

the formulation should still. I* possible.
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Appendix A. Modified Optimization Program

C*
C* TITLE: CMMCA Program To Track Cruise Missile Maneuvers
C*
C* WRITTEN BY: Capt Tony K. Garton
C* DATE: 11 Feb 1990

C* MODIFIED BY: Capt. Andrew C. Hachman
C* DATE LAST MODIFIED.: 25 Feb.1$902
C4
C* DESCRIPTION: This program implements an algorithm to track
C* a cruise missile during a turning maneuver.
C* The program is not user friendly but can easily
C* be -learned and used on any VAX/VMS machine or
Cs. IBM PC with a FORThAM compiler.
C*
C* OPERATING SYSTEM: This program wats most recoirtly modif ied
C* on a VAX using vMS v.rn'ion 5.4. This
Cs program should be compatible with'any K~
C* Version of FORTRAN.
C*

PRGAM CHMCA

INTEGER IILIN, ALL, TZR,K3,14
PARAMETE .(LIM*7S1ALL*168)
REALDLT(AL LA (O1,LR kt,:)

1t BAAK(O:-LIN);SPUtD(O LIN) ,XCN(O:I-I) 1YC.S(.-LIN).
& 1PLAUM(O:L1) YVPLAUI(O:LM RIG(iK),tEA1:IO
& H0G(O:.LIM).VMtD-2),LANUC(0t ),V~ACTO(t ALL),NEVV(1 -ALL),

O UMD(O.-LIO) *V(04tS) ,UK(O:LXKi1:LX')
REAL LADOPJST4P,0T~k,RTT=AO,HVJ0*JO$-
'OMWO BANK .SPUXCN .YCM .P MAhi,Wt t~kE MN ,TNTrA,HWD
CONMO AUGHOT/ QUADV,V#,VK,K3.K4
COMM.N IPREZXK 8OThTAO10UWADS

C Discrete times Iterval (in miatat.a) used by the algoriths



DT=. I

OPEN(20,FYLE&'JPLOT.OUT' ,STATUS='NF-U')

CALL INPUT(VECTOR,LAMBDA ,VIID,DT)
CALL DELTAJ (DELTS .JSTOP ,WIKiD ,DT)

10 CA.LL VLANDA (VECTOR, L-AMBDA, VLAMB, DELTJ)
CALL GLAMDA (VLAMB, GLAPB, WIND, DT)
CALL OPT(LAMBDA ,GLAMB#'LA&'iOP,JSTOP)
CALL NEWPOS(VECTOR,LANBOP ,DhLTJ ,NEWV)I
CALL DECOMP(MEWV)
CALL DzELTA 3 (ELTJ,JST0P.,WIND,DT)
CALL CHECW(LMBOP7JST0P ,!$EWVYVECTOR.IME)
GOTh0. 10
END

C*.
Cs SUBROUTINE: INPUT
C.
Cs DEECAIPTION: Used to inpai~the notesasry datefor running
C* the Algorithm4  *

SUBROUTINE INPUT(VZCTOR,LANBDA ,IIIUDI0T)'
INTSM. I -J, L1RALL., 3. K4
PARAWETE (LINx?7SALL*uIM)_-
REAL DT.ROTRT 0WUDo
REAL YECTOR(1:ALL) .LAMSA(O: 1),V104412), BIAN (d OLIN).
&SPED(O:*LIN) ,XCK(O-.ltNM) YCh(O:LIN) ,IPLA#S(O:.LIN),

k: YPLANK(O :LIN) , RANGE(I 4 ~LTK) .TqTA0. :LIN)IM K@QLIN),
A QUAD(O 6tLIN) tV(O 3),WK (0:L "t1)

COIUON MIXSPEED .1~CM, TIPLU ,.YPLANE RANGE,TWEA ,RD

0011103 /ValchTJ QVA1W*V,VKX33,K4_
ComMo ,PIELfJ 106~TWAOIWUO,304

c All speeds are In mm/si and all -anles sier AP radians
C initial boaditg ow.. z-V position foi. lhw UCNK.'

m0(O)SO
IPLAIR(0)m.O



YPLANE(O)=O

C Read in a vector containing the initial guess of bank and speed
C CMMCA should be in during the maneuver. Also read in x-y
C position for the cruise missile for each time increment of the
C maneuver.

OPEN(10,FILE='INPUT.DAT',STATUS='OLD')
DO 10 I=O,LIM

READ(10,*) BANK(I),SPEED(I),XCM(I),YCM(I)
10 CONTINUE

CLOSE(10)

C Contains the step size for the gradient search.

OPEN(11,FILE='LAMBDA.DAT',STATUS='OLD')
READ(11,*) (LAMlBDA(I), I=0,1)
CLOSE(11)

C Contains nominal values of range, azimuth, allowable speed
C variance, speed, and bank angle variance.

OPEN(12,FILE='NOMINAL.DAT',STATUS='OLD')
READ(12,*) RO,THETAO,MU,UO,BO
CLOSE(12)

C Wind vector in its two x-y components.

OPEN(13,FILE='WIND.DAT',STATUS='OLD')
S~READ(13,,) (WIND(I), I=1,2)

CLOSE(13)

C Adjustable objective function weights.

OPEN(14,FILE='WEIGHT.DAT',STATUS-'OLD')
"READ(14,*) (W(I), 1-0,3)
CLOSE(14)

C At this point, the different components of the objective
-C function are scaled by multiplying the variable weights
C by the previously calculated scaling constants.

W(o) a 1.00(o)
W(1) a 22.7P7*W(1)
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W(2) = 19.312*W(2)

W(3) = 25.000*W(3)

C Adjustable parabola weights.

OPEN(15,FILE='K.DAT',STATUS='OLD')
READ(15,*) K3,K4
CLOSE(15)

C Initialize integration weight matrix.

DO 30 I=O,LIM
DO 20 J=I,LIM

WK(I,J)=CJ
20 CONTINUE
30 CONTINUE

C Read in starter integration weight matrix. Trapezoidal rule
C was used.

OPEN(16,FILE='WK.DAT',STATUS='OLD')
DO 40 I=0,3

READ(16,*) (WK(I,J), J=1,3)
40 CONTINUE

CLOSE(16)

DO 60 I=0,3
DO.60 J=1,3
WK(I,J)=WK(I,J)*DT

50 CONTINUE

60 CONTINUE

C Generate the full integration weight matrix for the entire
C maneuver.

CALL GEN(WK)

C Take the last column of the in-egration weight matrix and use
C it for the quadrature objective function weights.

DO 70 Iu0,LIM
QUADW(1)uWK(I,LIM)/DT

70 CONTINUE

C Combine inputted speed and bank into single vector for later use
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C in the optimization routine.

DO 80 I=I,LIM
VECTOR(I)=SPEED(I)
VECTOR(LIM+I)=BANK(I)

80 CONTINUE
END

C*

C* SUBROUTINE: GEN
C*
C* DESCRIPTION: Generates the full integration weight matrix
C* from the inputted starter matrix. The size of
C* the generated matrix is dependent on the
C* maneuver length.
C*

SUBROUTINE GEN(WK)

INTEGER LIM,ROW,COL,X,Y,ICOUNT
PARAMETER (LIM-78)
REAL WK(O:LIM,I:LIM)
X=2
Y.2
COUNT-O

DO 20 COLu4,LIM
181

DO 10 ROW=O,LIM
IF (ROW .LT. X) THEN

WK(ROW,COL)=WK(ROW,X)
ENDIF
IF (ROW .EQ. X) THEN

WK(ROW,COL)-WK(ROW,X) + WK(O,Y)

ENDIF
IF (ROW .GT. X) THEN

WK(ROW,COL)=WK(I,Y)

IWI+1
ENDIF

10 CONTINUE
COUNT a COUNT + 1
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IF (Y .EQ. 2) THEN
Y=3
ELSE
Y=2

ENDIF
IF (COUNT .EQ. 2)THEN

X=X + 2
COUNT=O

ENDIF
20 CONTINUE

END

C*
C* SUBROUTINE: DECOMP
C*
C* DESCRIPTION: Decomposes the maneuver vector back into its
C* original bank and speed vectors. *
C*

SUBROUTINE DECOMP(V)

INTEGER I,LIM,ALL
PARAMETER (LIMuTBALL=156)
REAL V(I:ALL),BANK(O:LIM),SPEED(O:LIM)
COMMON BANK,SPEED,XCM,YCM,XPLANEYPLANE,RANGE,THETA,HDG

DO 10 I=1,LIM
SPEED(I)wV(I)
BANK(I)=V(LIM+I)

10 CONTINUE
END
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C**

0* SUBROUTINE: COMP*
C**

0* DESCRIPTION: Computes CMMCA position and heading given the *

0* bank and speed vectors for the maneuver.*
0* Also computes range and azimuth from the CMMCA *

C*to the cruise missile given the x-y position *

0* for the missile for the entire maneuver.*
C**

SUBROUTINE COMP(WINDIDT)

INTEGER I,LIM,S,K3,K4
REAL DTSUM1 ,SUM2,SUM3,TWOPI ,ALPHA
PARAMETER (LIM=78)
REAL WIND(1:2),BANK(0:LIM),SPEED(0:LIM) ,XCM(0:LIM),YCM(0:LIM),
& XPLANE(0:LIM) ,YPLANE(0:LIM) ,RANGE(1:LIM) ,THETA(1:LIM),
& HDG(0:LIM) ,QUADW(O:LIM) ,W(0:3) ,WK(0:LIM,1:LIM)
COMMON BANK ISPEED ,XCM ,YCM ,XPLANE ,YPLANE,RANGE,THETA ,HDG
COMMON /WEIGHT/ QUADW,W,WK.K3,K4

TWOPIu2*(ACOS(-1 .))
SUM1MO,
SUM2cO
SUM3=O
DO 40 1.1 ,LIM

DO 10 SwO,I
SUMInSUMI + WK(S,I)*19.05*TANCBANK(S))/SPEED(S)

10 CONTINUE
HDG(I)uHDG(0) + SUMI

C Ensure heading lies betveen 0 and 2 pi.

20 IF (HDG(I) .GT. TWOPI)THEN
HDG(I)uHDG(I)-TWOPI
GOTO 20

ENDIF
30 IF (HDG(I) .LT. -TWOPI)THEN

HDG(I)uHDG(I)+TWOPI
GOTO 30

END IF
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SUM1=0
40 CONTINUE

DO 60 I=1,LIM

DO 50 S=O,I
SUM2=SUM2 + SPEED(S)*SIN(HDG(S))*WK(S,I)
SUM3=SUM3 + SPEED(S)*COS(HDG(S))*WK(S,I)

50 CONTINUE
XPLANE(I)=XPLANE(O) + SUM2 + WIND(1)*DT*I
YPLANE(I)=YPLANE(O) + SUM3 + WIND(2)*DT*I
SUM2=0
SUM3=O

60 CONTINUE
DO 70 I=1,LIM

RANGE(I)=SQRT((XCM(I)-XPLANE(I))**2 +
& (YCM(I)-YPLANE(I))**2)

C The angle ALPHA is measured from the North (or y) axis to the
C cruise missile. Counterclockwise from the y axis is a negative
C ALPHA, clockwise is a positive ALPHA. Because of the TAN2
C function ALPHA ranges only from pi to -pi.

ALPHA- ATAN2(XCM(I)-XPLANE(I),YCM(I)-YPLANE(I))
THETA(I)a ALPHA - HDG(IM

C Ensure theta remains between -pi and pi.

IF (THETA(I) .LT. -TWOPI/2) THETA(I)uTHETA(I) + TWOPI
IF (THETA(I) .GT. TWOPI/2) THETA(I)uTHETA(I) - TWOPI

70 CONTINUE
END

C*
C* SUBROUTINE: DELTAJ ,
C*
C* DESCRIPTION: Computes the gradient of J with respect to *

C* velocity and bank angle. ,
C,

SUBROUTINE DELTAJ(DELTJ,JSTOP.WINDDT)
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INTEGER I,K,K3,K4,KPL,COUNT
PARAMETER (LIM=78 ,ALL= 156)
REAL BANK(O:LIM) ,SPEED(O:LIM) ,XCM(0:LIM) ,YCM(0:LIM),
& XPLANE(O:LIM) ,YPLANE(0:LIM) ,RANGE(i :LIM) ,THETA(1 :LIM),
& HDG(0:LIM),WIND(1:2),DELTJ(1:ALL),QUADW(0:LIH),
& W(0:3),WK(O:LIM,1:LIM),OLD(1:ALL)
REAL JSTOP,RO,THETAO,MU,U0,BO,DT,TEMPA,B,C,LN,ANGLE,
k N,OP,QRS,T,XY,Z,SUM,SUMI,SUM2,SUM3,SUM4,SUM5
COMMON BN,SPEED,*XCM ,YCM ,XPLANE ,YPLANE ,RANGE THETA ,HDG

COMMON /PRELIM/ RO,THETAOI,MUU01B0
COMMON /WEIGHT/ QUADW,WWK,K3,K4

SUMMO
SUMI41u
SUM2=0
SUM3-0
SUM4=0
CALL COMP(WIND.DT)

C Initialize the gradient vector to zero.

DO 10 Iu1,ALL
OLD(I)mDELTJ(I)
DELTJ(I)w0

10 CONTINUE
DO 40 Kul,LIM

KPLwK+LIM
DO 30 InI.LIM

Mu(RANGE(I)-RO)
Na(THETA(I)-THETAO)
Su(XCM(I) -XPLANE(I))
Ts(YCM(I)-YPLANE(I))

IF (K .LE. 1)111KM

IF (I .EQ. K)THEN
SUMi.(W(2)*2*K3/NU)*(((SPEED(I)-UO)/MU)**(2*K3-1))
SU142n(W(3)*2*K4/BO)*((BANK(I)/BO)**(2*K4-1))

ENDIF
Xa-SIN(HDG(K) )*WK(K .1)
Yu-19.06*TAN(BANK(K) )/(SPEED(K)**(2))
Zo-COS(HDG(K) )*VK(K ,I)
Au-19.06*((1/COS(BANK(K)))**2)/SPEED(K)
DO 20 LKI
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Q=SPEED(L)*COS(HDG(L) )*WK(L,I)*WK(KL)
R=SPEED(L)*SIN(HDG(L) )*WK(LI)*WK(KbL)
SUM3= SUM3 + Q
SUM4= SUM4 + Rt

20 CONTINUE
O=(S*(X-(Y*SUM3)) )+(T*(Z+(Y*SuK4)))
P.(C (-S*(Z+(Y*SUM4))).(T*(X-(Y*SUM3))))/(S**2..T**2))-(Y

a *WK(KI)
SUN1=SUMI + (2*M*O/(W(0)*RANGE(I))) + (2*W(1)*P)

B* (S (A*SUN3) )+(TC (-A)*SU144)
C=(((-S*((-A)*SUM4))ý+(T*A*SUM3) )/(S**2+T**2) )e(A*WK(K.I))
SUN2=SUM2 e (2*M*B/(V(0)*RANGE(I))) *(2*W(1)*N*C)

ENDIF

C Sun the gradient vector for velocity.

DELTJ(K)=DELTJ(K) * QUADW(I)*SUNI

C Sum the gradient vector for bank angle.

DELTJ(KPL)uDELTJ(KPL) + QUADW(I)*SUN2
suMIRO
SUK2*0
SUN3uO
SUM4=O

30 CONTINUE
40 CONTINUE

C Compute the slope of the gradient for each time unit.
DO 50 I1,ALL

TEKPoDELTJ(I)**2
SUJMs SUiM + TEMP

60 CONTINUE
JSTOPaSQRT(SUIE)

C Compute the normalized gradient of J.
DO 60 IlulALL

DELTJ(I )nDETJ (I) /JSTOP
60 CONTINUE

IF (COUNT .EQ. 1) THEN
DO 70 Zul,ALL

SUM~nOLD(I)*DELTJ (I)
ANGLE*ANGLE + SUN5

70 CONTINUE
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ENDIF
COUNT=1

C ANGLE=(ACOS(ANGLE))*180/3.14159
C PRINT *, 'ANGLE = ',ANGLE
C ANGLE=O

END

C**
C* SUBROUTINE: VLAMBDA *
C**
C* DESCRIPTION: Computes a new column of the maneuver vector
C* for each of the two lambda step sizes. *

C**

SUBROUTINE VLAMDA(VECTORLAKBDAVLAMBIDELTJ)

INTEGER I,QALL
PARAMETER (ALL-1i6)
REAL DELTJ(I:ALL),VLAMB(I:ALL,0:1),VECTOI(1:ALL),LANBDA(0:1)
DO 20 Q-O,1

DO 10 InI,ALL
VLANB(I,Q)=VECTOR(1)-LAMBDA(Q)eDELTJ(I)

10 CONTINUE
20 CONTINUE

END

C* *

C* SUBROUTINE: JCONP *

C* *
C* DESCRIPTION: Computes a nov objective function value given e
C* the appropriate inputs.
C* *

SUBROUTINE JCOMP(J)

INTEGER I,LIN,K3,K4
PARAMETER (LINn78)
REAL SUNRO,TUETAOUO.KU,BOJ
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REAL QUADV(O:LIM),W(0:3),WK(0:LIM,1:LIM),BANK(0:LIM),
& SPEED(0:LIM),XCM(O:LIM) YCN(O:LIM) ,XPLANE(0:LIM),
k YPLANE(O:LIM),RANGE(1:LIN),THETA(1:LIM),HDG(O:LIM)
COMMON BANK, SPEEDXCM SYC , Xh.AtE ,YPLANE ,RANGE ITHETA ,HDG
COMMON /PRELIM/ RO,THETAO,MU,UO,BO
COMMON /WEIGHT/ QUADWW,WK,K3,K4

JxO
DO 10 lI=LIM

SUN-U(0)s (RANGE(I)-RO)**2 + W( 1).(THETA(I)-THETAO)**2
+ W(2)e'(((SPEED(l)-U0)/MU)**(2*K3))

&+ W(3)*((BANK(I)/BO)**(2*K4))
Ju J + QUADW(I)*SUN

10 CONTINUE
END

C*
C* SUBROUTINE: GLANEDA
C*
C* DESCRIPTION: Coxputes two new objective function values for
C* each nov vector generated in the subroutine
C* VLANBDA. These two values are evaluated in
C* the subroutine OPT.*
C*

SUBROUTINE GLAhDA(VLAKB GLAMD .VIXD,DT)

INTEGER IALL,LIKQK3.K4
PARAMETE (LI~w7SALLuIB6)
REAL VIND(1:2),V(1:ALL).BANK(0:LIN),SPEED(0:LIK)o
k ICM(O:LIM),YCNCO:LIM).XPLANE(0:LIM) ,YPLAIE(0:LIK),
k R.ANGE(1:LIM),THETA(1 :LIN),HDG(O:LIM) ,QUANW(0:LIM),
k %I(0:3),VK(O:LIM,1tLIN),GLAMB(0:1),VLA)IB(1:ALL,0:1)
REAL ;,DT,ROTHETAO,NU.U0,B0
COMMON BANK,SPBED,XCN,YCN,XPLANE,YPLANE,RANGE,TNEA,MDG
COMMON /PRELIM/ ROTHETAO,MU,UOB0
COMMON /WEIGHIT/ QUADWV.VKK3,K4

DO 20 Wu1l
DO 10 IulIAtaL

V(I) VLAND (I Q)
10 CONTINUE
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CALL DECOMP(V)
CALL COHP(WINDDT)
CALL JCONP(J)
GLAHB(Q)=J

20 CONTINUE
END

C*
C* SUBROUTINE: OPT
C*
C* DESCRIPTION: Compares the tvo glambda, values and computes
C* the best step size to take to a now and
C* batter maneuver.
C.

SUBRtOUTINE OPT(LAXBDA ,GLAHN.LARBP.JSTOP)

INTEGER LIN ALL
PARAMETER (LIKS7BALLu15O)
REAL OLAXB(O:1) .VLAMB(1:ALLO.O1) ,LAHBDA(O:t)
REAL JSTOPPLANBOP.Y

YuGLAMD(O) - JSTOP*LANBDA(1)
IF (OLANB(1) E.L Y) THU

LANBOP-LAMBDAW1
ELSE

LANBOPu.6*(LANSDA(1) 4 ((GLAHB(1)-OLAftB(O))/(-JSTOP+
&((GLANB(O)-GLANB(l))/LAHBDD(1)))))

ENDIF
IF (LAIWOP .GT. 1) LAWBOPwLAN3DA(1)
ED.

C.
C* SUBROUTINE: NEMPS
C.
Ce DESCRIPTION: Computes the new maneuver vector given the
C* best stop size determined in the subroutine
C* OPT.
C.

79



SUBROUTINE NEWPOS(VECTOR ,LANBOP ,DELT3 NEWV)

INTEGER IALL
PARAMETER (ALL=156)
REAL DELTJ(1:ALL),VECTOR(1:ALL),NEWY(1:ALL)
REAL LANBOP
DO 10 ImlALL

NEIV(IWu 1ECTOR(I-LAMBOM.ELTJ(I)
10 CONTINUE

END

C**

Co SUBROUTINE: CHECK
C*
C* DESCRIPTION: Checks to ase. if the stopping criteria have

C*been net. Output is generated if they have.
C.

SUBROUTINE CRECK(Li'SOP, JSTOP, NWill VECTOR,* ITER)

INITEGER ITERIALLLINZS41
PARAMETER (LIN*7SALLm1S6.)
REAL JSTOP,LAN8OP,RO,TfiETAOUO,NU#BO
REAL NEW(1:ALL) ,VECTR(l:ALL) ,BANK(O:LIN),SPEED(0-LIN),

k 1010 :LIN) ,YCN(O: LIN), XPLANZ(O: LIN). YPLAIIE(O: LIN).
& RANCE(1: LIN) JNUTA(1: LIN). UDO (0:LIN), QUADEQ: LIN)..
kt VCO:3),VK(O:LIN,1:LIN)

CONKON DANK SPEED ICN YCN EPLANE, YPLAMRAOGE ,THTA ,UD
COMMO /PRELIN/ R0.TNZTAO,NU,UO'8O
COMMO /VEIGRT/ QUADV,V,VK,K36K4

PRINT*, ITER JSTOP
VRITE(20,.) ITUR,JSTOP

If ((ABS(LANBOP) ALT. .01).AN0STOP .LT. .0) TWOM
U~ITER.I 1
CALL OUJTPUT(ITER,JSTOP)

ELSE
IF (ITE .BQ. SO) TUEN

CALL OUTPUT(ITU.JSTOP)

so



ENDIF
ITER-ITER + 1

C Update the old maneuver vector to the new maneuver vector.

DO 10 IzslALL
V*ECTOR(I)aNEWV(I)

10 CONTINUE
ENDIF
END

C*
C* SUBROUTINE: OUTPUT
C.
Co DESCRIPTION: Changes values of.'radians and nam/in back to
Ce degresand knots. Outputs the final bank and
C* speed vector# the program determined as being
Co optimal. Another file is generateed to look at
Ca the reults graphically.
C*

SUBROUINE OUTPUT%(ITS. STOP)

INTEGER I,ITERLIN,13,K4
PARANETER (LIK.78)
INTEGE 10 :LIN).(1:LN)
REAL R0),TNZTAO,V0.NUD0O
REAL MRANOR IJTKIA IJSEE JBANK
REAL BANK(O:LIN) SPEED(0:LIN) ,ZCN(0:LIN) ,YCN(0:LmN),

I XPLANEC0: LIN) ,YPL.ANE(0 *4LIN) #RAWE(i I zLIN) ,TERA 1 :L N),
A NDG(0:OLIK),QUADV(0:LlN) ,V(0:3) ,WK(0:LIN1 :LUI)
REAL A,3,C,DPI,L1NIT,JSTO
REAL RAMS,RDPIR,STfWCSUNSK1CER
CONNOR RANK ,SPM,ZCKTCisILANEypLAvsuEAcETULTA MeG
cNowl IPRELXR 10,TEETAONU,UO3O0
CONNON 11131057/ QUAOV.V*VXK3K,K4

PIsACOS(-1*)
RADSUN*O.0
STRUcSONO .0
LIuRXsEAL(LIN)



JR.ANGE*O.0
'JTHETA=.0.c
ISPEEDuO.O
JBANKK0.0

OPEN(21 ,FILE-'RESULTS.OUT' ,STATUSS'NEW')
OPEN(22,FILEu'PLOT.OUT' STATUSa'MEW')
OPEN(23fLEOCAMCOUT '*STA.TUSis'NEWJ)
VRITE(21,*) 'JSTOP - ,JSTOP
WRITE(21,10) ITER

10. F0BAT(1X,'# ITERAtiONS 34 M/
WRITE(21-,)' T DUhI( SPFW RPM~Y
&VTHETA RADlAR -SThJCT'
WRITU(218b)
WItln(23,*) A URE JTHETA -. SUP JBMKK',

V -RPR TRUCT'P

A~sl*. I
Bu9AVM*(1$c~f/fl
COSPBD(0)6_0
D4ThSA(I)$180/PI

C Check to ato if loisslo is within radar detec ion limits..
C if -'~ait tis.-rite a 0ifit imnotw

IF ((ftANGE(I) .LT. S-O) .Olt (RAUOI(I) .CT.1 16.0)) TUEN
OM 020

"'KDIP
IF ((D LT.. 480) -OR. (D .in. 80)) .TUR

_Q#M 20

am 30O

20 R(I)S0
RADSUNDSW+I.0

C 'Cbeck to'*** it OUICA is witbioastrtactural limits.
C Wlit a I Itit-is write a 0if itis mt.

30 It ((8 .LT, -30.0) .OR. (3 M0. 30.0)) TEN
amT 40
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ENDIF
IF ((C .LT. 320) DOR. (C .GT. 480)) THEN

GOTO 40
ELSE

GOTO 50
END IF

40 F(I)=O
STRUCSUM=STRUCSUM+ 1

50 WRITE(21,70) A,BC,RANGE(I) ,D,E(I) ,F(I)

60 CONTINUE
70 FORM4AT(F4.1,4(2XF7.1),6X,I1,6XIl)

-RADPER=10O* (1- (RA0SUM/LIMIT))
WRITE (2-1~~
WRITE(21,*PCM IN RARCN ADPErt, PERICE

STRUCPZR= 100* (1- (STR7UCSUII/LI MIT))
WRITE(21,*) 'CMMCA W/IN STRUCTURAL LIMITS )*STRUCPER,' PERCENT'

C Write the file Used to graphically display optimal flight
C path lor the CMMCA and the cru.ise missile flight path.

DO 80. Im0,LIM
WRITE(22,90) XPLANE(X) .YPLANE(I) ,XCMI) ,YCM(I)

80 CONTINUE
90 FORMATC4(3X.F8.2))

C Write the f ile used to graphically display the objective
C function components for the optimal flight path.

DO 100 1.1 LIM
JRANGE a QtJADW(I).V(O)s'((RANGE(I)-R0).42)
MTfETA n~ QUADW(I).V(1)'((THETA(I)-THETAO)..2)
JSPESD -QUADW(I)*W(2).*(((SPLED(I)-UO)/KU)**(2.K3))
.JBANK a UADW(I).W(3)*((BANK(1)/D0).*(2.K4))
WP.ITE(23.110) 3RtAK0EJTIIETA.JSPEED,3BAKK,E(I).F(I)

100 CONTINUE
110 PORRAT(4(11,F10.4),6X,I11.7ZI1)

STOP
END



Appendix B. Program to Generate Initial CMMCA Flight Path

C**

C* TITLE: Program To Generate Initial CMMCA Flight Path *

C*
C* WRITTEN BY: Capt Andrew C. Hachman *

C* DATE: 22 Jan 1992 *

C* DATE LAST MODIFIED: 29 Jan 1992 *

C**
C* DESCRIPTION: This program inputs a cruise.missile flight *
C* path and generates the same flight path X nm
C* behind the missile as an initial guess for ,
c, the CMMCA flignt path. *

- *

PROGRAM PATH

INTEGER I,LIM,ALL
PARAMETER (LIMn79)
REAL
& BANK(OLIM).SPEED(OQLIM).XCM(O:LIM),YCM(O:L!M),
& XPLANE(O:LIH).YPLANE(O.LIM),RAWJE(1:LIH),THETA(I:LIK),
& HDG(0:LIM) ,HEAD(Q:LkM) ,ANGLE(0.LIN) .ALPHA(0:.LIM)

REAL DT. INIT.DIS, NUMPOINTS. VEL, PI, DELTAX, DELTAY,

& DELX, DELY

C Inittaliza time interval (in minutes) used by the algorithm,
C the velocity, and initial CKHCA heading and position

DT-.1

VEL a 20.0/3.0
H)DG(O)*0.0
XPLAKE(O)-O.0

YPLAUE(0)-0.0

PIE a ACOS(-1.0)

C Road in x-y position for the cruise missile for each time

C increment of the maneuver and the nominal starting distance.

OPEN(10,FILE-'INPUT.DAT',STATUS-'OLD')



DO 10 I=O,LIM
READ(10,*) BANK(I),SPEED(I),XCM(I),YCM(I)

10 CONTINUE
CLOSE(10)
OPEN(11,FILE='NOMINAL.DAT',STATUS='OLD')
READ(11,*) INITDIS
CLOSE(I1)

C Compute the number of initial points in the path required
C to account for the nominal CMMCA distance offset.

NUMPOINTS = INITDIS*(i/VEL)*(I/DT)

C Calculate the CMMCA X and Y position for each point in
C the initial flight path.

DO 20 I=I,LIM
IF (I .LT. NUMPOINTS) THEN

XPLANE(I) = 0.0
YPLANE(I) a YPLANE(I-1) + 2.0/3.0

ELSE
XPLANE(I) a XCH(I-NUMPOINTS+I)
YPLANE(I) - YCH(I-NUMPOINTS+I)

ENDIF
20 CONTINUE

C Give the CMKCA an initial path flying due north for the
C distance of the offset, and calculate the rest of the
C CHMCA flight path

DO 50, I-1,LIK

DELTAX a XPLANE(I) - XPLARE(I-1)
DELTAY a YPLAVE(I) - YPLAME(I-1)

IF (DELTAY .EQ. 0.0) THEN
IF (DELTAX .GT. 0.0) THEN

HDG(I) a PIE/2.0

ELSE
HDG(I) a 3.0*PIE/2.0

ENDIF
ELSE

DGM(I) a ATAN(DELTAX/DELTAY)

EDIIF
IF (DELTAY .LT. 0.0) THEN

HDG(I) a HDG(I) * PIE



ENDIF

DELX = XPLANE(I+1) - XPLANE(I
DELY = YPLANE(I+1) - YPLANE(I
IF (DELY .EQ. 0.0) THEN

IF (DELX .GT. 0.0) THEN
HEAD(I) = PIE/2.0

ELSE
HEAD(I) = 3.0*PIEI2.0

ENDIF
ELSE

HEAD(I) = ATAN(DELX/DELY)
END IF
IF (DELY .LT. 0.0) THEN

HEAD(I) = HEAD(I) + PIE
ENDIF
ANGLE(I = HEAD(I) - HDG(I

IF (ANGLE(I .LT. -PIE) THEN
ANGLE(I a ANGLECI + 2*PIE

ENOIF
IF (ANGLE(I GT?. PIE) THEN

ANGLE(I a ANGLE(I - 2*PIE
ENDIF

ALPHA(I a ATAV(2*VEL/(DT*37 .8)*AVGLE(I))

50 CONTINUE

C Print out the alternate initial CNNCA flight path
C into the file IMPUT.OUT

OPEE(2i.FILEmIINPUT.OUT' ,STATUS'INEW')
DO 100 Iw0,LIM-1

VftITE(21,130) ALPHA(I), SPEED(I), XCK(I). YCN(I)
100 CONTINUE
130 FORNAT(4(4X,F8.4))

STOP
END
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Appendix C. Optimization Program, Alte7-nate Gradient Search

Method

C**
Ca TITLE: Alternate CMMCA Program For Cruise Missile Tracking *
C* *

C* WRITTEN BY: Capt Tony M. Garton *
C* DATE: 11 Feb 1990 *

C* *

C* MODIFIED BY: Capt Andrew C. Hachman *
C* DATE LAST MODIFIED: 25 Feb 1992 *
C* *
C* DESCRIPTION: This program implements an algorithm to track *
C* a cruise missile during a turning maneuver. *
C* The program is not user friendly but can easily *

C* be learned and used on any VAX/VMS machine or *

C* IBM PC with a FORTRAN compiler. *
C* *

C* OPERATING SYSTEM: This program was most recently modified *

C* on a VAX using VMS version 8.4. This *

C* program should be compatible with any PC *
C* version of FORTRAN.
C* *

PROGRAM ALTERNATE

INTEGER IILIMALLITERoK3.K4

PARAM ETER (LINM78,ALL-186)
REAL DELTJ(1 :ALL) ,GLANBVLAMB(1 :ALL).

A BANK(O:LIM),SPEEDO(O:LIM),XCM(O:LIM),YCN(O:LIN).
& XPLANE(O:LLI) .YPLANE(O:LIM).RANGE( 1 :LIM) ,THETA( 1:LIN),

I MDG(O:LIN).VIND(1:2).VECTOR(I:ALL),NEVV(I:ALL),
I QUADV(O:LIN) ,V(O:3).VK(O:LIM.I:LIM)

REAL LAMBCP.JSTOPDT RO,THETAONU.UO,BO
COMMON BANK,SPEED,XCMYCN,XPLANEYPLANERANGE.THETA.HDG

COMMON /WEIGHT/ QUADVW,VK,K3,K4

COMMON /PRELIM/ RO.THETAOMU,UOBO
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C Discrete time interval (in minutes) used by the algorithm

DT=. 1

0PEN(20,FILE=IJPLOT.OTJT',STATUS='NEW')

CALL INPUT(VECTOR,WIND ,DT)
CALL DELTAJ (DELTJ ,JSTOP ,WN,DT)

10 CALL VLAMDA(VECTOR,VLAMB ,WIND ,DT,DELTJ ,ITER)
CALL DELTAJ (DELTJ,JSTOP ,WIND ,DT)
CALL CHECK (LAMBOP, JSTOP,VECTOR, ITER)
GOTO 10
END

C**

C* SUBROUTINE: INPUT
C*
C* DESCRIPTION: Used to input the necessary data for running
C* the algorithm.
Cs

SUBROUJTINE INPUT(VECTORIWIND,DT)
INTEGER IJ.LIKALL,K3,K4
PARAMETER (LIMe7SALLnIS6)
REAL DT.R0,TEETAO,MU,UO,B0
REAL VECTOR(1 :ALL) .WIVD(i :2) ,BANK(0:.LIM),
I SPESD(0:LIN) ,XCR(0:LIM) ,YCPI(0:LIN) ,XPLAIE(0:LIN),
I YPLANE(0:LIM) ,RANGE( I:LIN) ,TliETA(I :LIM) ,HDG(0:LIK).
&QUADV(O:LIN) ,V(0:3) ,VK(O:LIN, I:LIK)
COMMON BANIC,SPEED ,XCN *YCN XPLAKE ,YPLANE ORANGE ,THETA, IWO

COMMON /WEIGHT/ QUADVW.VK.lt3.,vM
COMMON /PRELIM/ RO,THETAO.MU.UO,10O

C All speeds are in Wa/in and all angles are in radians.
C Initial heading and x-y position for the CH MCA .

HIOO(O) mO
XPLAXEB(OuO.0
YPLAKE(O)*O0



C Read in a vector containing the initial guess of bank and speed
C CMMCA should be in during the maneuver. Also read in x-y
C position for the cruise missile for each time increment of the
C maneuver.

OPEN(I0,FILE='INPUT.DAT ,STATUS='OLD')
DO 10 I=OLIM

READ(I1O,*) BANK(I),SPEED(I),XCM(I),YCM(I)
10 CONTINUE

CLOSE(10)

C Contains nominal values of range, azimuth, allowable speed
C variance, speed, and bank angle variance.

OPEN(12,FILE='NOMINAL.DAT',STATUS=IOLD')
READ(12,*) ROTHETAOMU,UO,BO
CLOSE(12)

C Wind vector in its two x-v components.

OPEN(13,FILE=aWIND.DAT',STATUS-'OLDI)
READ(13,,) (WIND(1), Ial,2)
CLOSE(13)

C Adjuotable objective function weights.

OPEN(14,FILE"IWEIGHT.DATV.STATUS"OLDO)
READ(14.,) (W(I). 1-0,3)

CLOSE(14)

C At this point, the different component* of the objective
C function are normalized by multiplying the variable weights
C by the previously calculated normalizing constants.

W(O) a 1.0.W(O)
W(1) a 22.797*U(1)
W(2) a 19.3!2*W(2)
W(3) a 25.000.W(3)

C Adjustable parabola weights.

OPEN(1S,FILB-'K.DAT'.STATUSn'OLD')
RE.1(5s..) K3,K4
CLOSE(15)
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C Initialize integration weight matrix.

DO 30 I=O,LIM
DO 20 J=I,LIM

WK(I,J)=O
20 CONTINUE
30 CONTINUE

C Read in starter integration weight matrix. Trapezoidal rule
C was used.

OPEN(16,FILE=aWK.DAT),STATUS=IOLD')
DO 40 I=0,3

READ(16,*) (WK(IJ), J=1,3)
40 CONTINUE

CLOSE(16)

DO 60 1-0,3
DO 50 Jl.3
WK(I,J)-WK(IJ)*DT

s0 CONTINUE
60 CONTINUE

C Generate the full integration weight matrix for the entire
C maneuver.

CALL GEN(VK)

C Take the last column of the integration weight matrix and use
C it for the quadrature objective function weights.

00 70 IuO,LIM
QUADO(I)-VK(I.LIH)/DT

70 CONTINUE

C Combine inputted speed and bank into single vector for later use
C in the optimization routine.

DO 80 Iel,LIN
VECTOR(I)mSPEZD(I)
VECTOR(LI.*I)tBAVK(I)

80 CONTINUE

END
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C**

C* SUBROUTINE: GEN *
C*
C* DESCRIPTION: Generates the full integration weight matrix
C* from the inputted starter matrix. The size of
C* the generated matrix is dependent on the *

C* maneuver length.
C*

SUBROUTINE GEN(WK)

INTEGER LIM,ROWCOL,X,Y,I,COUNT
PARAMETER (LIMa78)
REAL UK(O:LIM,1:LIM)
Xu2
Y.2
COUNT-O

DO 20 COL=4,LIN

00 10 ROWeOLIM
IF (OW ,LT. X) THEN

VK(ROV,COL) WVK (ROW, X)
ENDI P
IF (OW .EQ. X) THEN

VK(,OWCOL)uVK(ROVX) VK(OY)
ENDIF
IF (ROV .XT. 1) THEN

VK(ROV.COL)'IK(I ,Y)

ENDIF
10 CONTINUE

COURT a COUNT + I
IF (Y .9Q. 2) THEN

Ya3
MEL
Y-2

ENDIF
IF (COUNT .EQ. W)HEN

X'X * 2
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COUNT=O
ENDIF

20 CONTINUE

END

C* *

C* SUBROUTINE: DECOMP *

C* *

C* DESCRIPTION: Decomposes the maneuver vector back into its a

C* original bank and speed vectors.
Ca

SUBROUTINE DECOKP (V)

INTEGER I,LIM,ALL
PARAKETER (LI~n78,ALL.156)
REAL V(1 :ALL) ,BANK(O:LIN) ,SPEED(O:LII)

CONNOR BANK,SPEEDIXCKYCNXPLANE,YPLANERAEGE.T)ETA.NHDG

DO 10 Iai,LIN
SPEED(I)wV(I)

BANK(I)-V(LIN*I)
10 CONTINUE

END

Ce 0

Co SUBROUTIME: CORP •
C. a
Cs DESCRIPTION: Computes CNNCA position and heading given the
Co bank and speed vectors for the maeuvoer.
C. Also computoes range and azimuth from the CKMCA •
Co to the cruise missile.Si, n the x-y position
C* for the sissile for the entire maneuver.
CO a

SUBROUTINE CONP(VID,0DT)
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INTEGER I,LIM,S,X.3,K4
REAL DT,SUNI ,SUM2,SUM3,TWOPI ,ALPHA

PARAMETER (LIM=78)

REAL WIND(1:2),BANK(O:LIM),SPEED(0:LIM),XCM(0:LIM),YCI4(0:LIM),
k XPLANE(O:LIM) ,YPLAUE(0:LIM) ,RANGE(1:LIM),THETA(1:LIM).

I HDG(0:LIX),QUADW(O:LIM),W(0:3) 1WK(0:LIM,1:LIM)
COMMON BANK ,SPEED,XCM,YCM IXPLANE.YPLANE,RANGE.THETA .IWG

COMMON /WEIGHT/ QUADW,W,WK,K3.K4

TWOPIu2*(ACOS(-I.))
SUNI=O
SUK2w0
SUM3=0
D0 40 I-I ILIM

DO 10 SaO.I
SUNluSUMI * WKfSI).19.0S.TAN(BANK(S))/SPEEO(S)

10 CONTINUE
HDG(I)aaHDG(0) *SUMI

C Ensure headin.S lies between 0 and 2 pi.

20 IF (HDG(I) .GT. TWOPI)THEN'
NWG(I)wHDG(l)-4VOPI
0010 20

ENDIF
30 It (1100(I) .,.T. -TVOPI)THEN

HDG(1)09DG(X)*TWOPI
G010 30

ENDIF
SUMIN.0

40 CONTINUE
0O 60 1.1 .LIfM

DO 0 S'o S0.
SUM~mSUM2 S&PEEb(S)*SIN(11DG(S))*WK(S.1)
StJKSSUM3 .SPME(S).COS(P.DQ(S))*VK(S.I)

so CONTINUE
XPLAVE(I)*XPLARE(O) * SUK2 * WINDOM).T4I
YIPLAVE(I)*YPLANE(O) # SUK3 * VIID(2)*Dr.I
SUI2O0
SWE3aG

60 CONTINUE
00 70 Ila.LIN

RANOE(I).SQRT((XGN(I)-XPLAU(I))*.2
A (YCN(I)-YPLAVE(I))#'2)
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C The angle ALPHA is' measured from the North (or y) axis to the
C cruise missile. Counterclockwise from the y axis is a negative
C ALPHA, clockwise is a positive ALPHA. Because of the TAN2
C function ALPHA ranges only from pi to -pi.

ALPHA= ATAN2(XCHý(I)-XPLANE(I).YCM(I)-YPLANE(I))
THETA(I)a ALPHA - HDG(I

C Ensure theta remains between -pi and pi.

IF (THETA(I) .LT. -TWOPI/2) TIIETA(I)=THETA(I) + TVOPI
IF (THETA(I .GT. TWOPI/2) THETA(I)4HETA(IM TWOPI

70 CONTINUE
END

Cs
C* SUBROUTINE: DELTAJ
C*
C. DESCRIPTION: Computes the gradient of I3 vith respect to
Ce velocity and bank angle.
C.

SUBROUTINE DELTAJ(DELLJ .JSTOPW1*D,DT)

INTEME I,XK3,K~4,KPL.COUNT
PARAMIETER (LI1M78 .ALL*158)
REAL BANK(O:LIK),SPUD(O:LIN).XCH(O:LIR).YCR(0:UKN),
& WPLANE(O:LIN),YPIL $(O:LIJO,RA.40E(1:LUO),THETA(I:,LIR).
A BDO(O:LI1O)iJIND(1:2) ,DELTJ(I :ALL) QtJADV(O:LIN),
& (O:3) .WK(0:LXN. I:LIH) ,OLD(I :ALL)
REAL JSTOP,RO.ThWAO.KUUOBO.,DTTENPA,B.C.L.K.ANCI.E

&NO.P,Q,ft.,STX. Y.Z.SUM.SUFNI .SUN2 SUW3SU44. SUMS
COJMO BANKSPED.XCE.YCNXPLANE.YI'LANE.RANCETh.TwARDC0

comoV /PREINI/ RO.TK9TAO.KU.UOBO
COM9O# MIGHT/ri Q.UADWV.VV.K3.K4

SUNWO
SUN1ft0
SUN2-0



SUM3=0
SU14=0
CALL COMP(WIND,DT)

C Initialize the gradient vector to zero.

DO 10 I=.,ALL
OLD(I)=DELTJ(I)
DELTJ(I)=0

10 CONTINUE
DO 40 K=1,LIM

KPL=K+LIM
DO 30 I=1,LIM

M=(RANGE(I)-RO)
N= (THETA (I) -THETAO)
S=(XCM(I)-XPLANE(I))
T=(YCM(I)-YPLANE(I))

IF (K .LE. I)THEN

IF (I .EQ. K)THEN
SUMI=(W(2)*2*K3/MU)* (C(SPEED(I)-UO)/MU)**(2*K3-1))
SU142=(W(3) *2*K4/BO)* ((BANK(I)/BO)**(2*K4-1))

ENDIF

X=-SIN(HDG(K) )*WK(K,I)
Y=-19.05*TAN(BANK(K) )/(SPEED(K)**(2))

Z=-COS(HDG(K) )*WK(K, I)
A=-19.O5*((1/COS(BANK(K)))**2)/SPEED(K)
DO 20 L=KI

Q-SPEED(L) *COS(HDG(L) )*WK(L, I)*WK(K,L)

R=SPEED(L)*SIN(HDG(L))*WK(L,I)*WK(KL)
SUM3= SUM3 + Q
SUM4= SUM4 + R

20 CONTINUE
0=(S*(X-(Y*SUM3) ))+(T*(Z+(Y*SUK4)))
Pm(((-S*(Z+(Y*SUM4)))+(T*(X-.(Y*SUH3))))/(S**2+T**2))-(Y

& *WK(K,I))

SUM1wSUH1 + (2*14*O/(W(O)*RANGE(I))) + (2*W(I)*P)

Bm(S*(A*STjf43) )+(T*(-A)*SUM4)
C-( ((-S*( (-A)*SUM4) )+(T*A*SUN3) )/(S**2.T**2) ).CA*WK(KI))
SUN2wSUM2 + (2*M*B/(W(O)*RANGE(I))) + (2*W(1).N*C)

END IF

C Sum the gradiient vector for velocity.
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DELTJ(K)=DELTJ(X) + QUADW(I)*SUMI

C Sum the gradient vector for bank angle.

DELTJ (KPL)=DELTJ(KPL) + QUADW(I) *SUM2
SUM 1 =
SUM2=0
SUM3=0
SUM4=0

30 CONTINUE
40 CONTINUE

C Compute the slope of the gradient for each time unit.

DO 50 I=I1 ALL
TEMP=DELTJ(I)**2
SUM= SUM + TEMP

50 CONTINUE
JSTOP=SQRT(SUM)

C Compute the normalized gradient of J.

DO 60 I-bALL
DELTJ (I) uDETJ(I)/JSTOP

60 CONTINUE
IF (COUNT .EQ. 1) THEN

DO 70 I11 ALL
SUMSwOLD(I)t~DELTJ(I)
ANGLEwANGLE * SUMS

70 CONTINUE
ENDIF
COUNT. 1

C ANGLEu(ACOS(ANGLE) ).180/ACOS(-1.)
C WRITE(20,*) 'ANGLE 1 'ANGLE
C ANGLE.'0

END
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C**

C* SUBROUTINE: VLAMBDA
C**

C* DESCRIPTION: Computes a new columnn of the maneuver vector *

C* for each increment along the gradient.*
0**

SUBROUTINE VLAMDA(VECTOR,VLAMB,WIND ,DT,DELTJ ,ITER)

INTEGER I,ALL,LIM,Q,K3,K4,ITER
PARAMETER (LIM=78,ALL=166)
REAL WIND(1:2),V(1:ALýL).BANK(O:LIM),SPEED(0:LIM).
I XCM(O:LIM) ,YCM(O:LIM) ,XPLANE(O:LIM) ,YPLANE(O:-LIM),
& RANGE(1:LIM),THETA(1:LIM),HDG(O:LIM),QUADW(O:LIM),
& W(O:3),WK(O:LIM,1:LIM),GLAMB,VLAMB(1:ALL)
REAL VECTOR(i:ALL) .DELTJ(1:ALL)
REAL J,DT,RO,THETAO,MU,UO,BOSTEP
COMMON BANK ,SPEED,XCM,YCM IXPLANE.YPLANE,RANGE.THETA ,HDG
COMMON /PRELIM/ RO,THETAO,MU,UOBO
COMMON /WEIGHT/ QUADW.WIIWKK3,K4

CALL GLANDA(VECTOR, J,WIND ID?)
WRITE(00.0 ITER.J
PRINT *,ITERJ

STEPuI./(1000.)
PRINT *t'STEP u IISTEP

S DO 10 1.1 .ALL
VLANB (I) .VECTOR(I) -STEP*DELTJ (I)

10 CONTINUE

CALL GLAXDA(VLAkB,GLANB ,V1ND.DT)
PRINT *,GLAMB

C WRITE(20,0) I ,GLAMB
IF (GLARE .GT. J) THEN

OOTO 100
EVOIF

I1 a GLARE
DO 60, Iu1,ALL

YECTOR(I) toV'LAN(I)
60 CONTINUE

97



GOTO 5

100 RETURN
END

C**

C* SUBROUTINE: JCOMP*
C**

C* DESCRIPTION: Computes a new objective function value given *

C*the appropriate inputs.*
C**

SUBROUTINE JCOMP(C )

INTEGER IILIM,K3,K4
PARAMETER (LIM=78)
REAL SUM,RO,THETAOUOMU,B0,J
REAL QUAD14(0ýLIM),W(0:3),WK(O:LIM,1:LIM),BANK(0:LIM),

&SPEED(0:La4) ,XCM(0:LIM) ,YCM(O:LIM) ,XPLANE(0:LIN),
&Y*'LANE(O:LIm) ,RANGE(I :LIM) ITHETA(1 :LfIM),HDG(0:LIM)
COMMON I3ANK .SPEED ,XCK IYCM ,XPLANE,YPLANEIRANGE.THETA ,HDG
COMMON /PTELIM/ kO ,THETA0,MU,UO,B0
CORMON /WaZIGliT/ QUA0W,i,WK,K3,K4

DC 1.) I=uLIM
SUMuW() i(RANGE(I-RO)**2 + W(1)*(THETA(I)-THETAo)**2
+ W(2)*(((SPEED(Il-UO)/MUl).*(2*K3))

& 1k3)*((BANIK(I)/BC)**(2*K4))
isJR QUA.DW(I)*SUP

10 CONTINUE
END.
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C**

C* SUBROUTINE: GLAMBDA
C**

C* DESCRIPTION: Computes the new objective function value for *

C*each new vector generated in the subroutine *

C*VLAMBDA. These values are evaluated back in *

C*the subroutine VLAMBDA.*
C**

SUBROUTINE GLAMDA(VLAMB IGLAMB ,WINDDT)

INTEGER I,ALL,LIM,Q,K3,K4
PARAMETER (LIM=78 1ALL= 156)
REAL WIND(1:2),V(1:ALL),BANK(O:LIM),SPEED(O:LIM),

&XCM(0:LIM) ,YCM(O:LIM) ,XPLANE(O:LIM) 1YPLANE(O:LIM),
&RANGE(1:LIM) ,THETA(1:LIM) ,HDG(0:LIM) ,QUADW(O:LIM),
&W(O:3),WK(O:LIM,I:LIM) ,GLAMB,VLAHB(1:ALL)
REAL JDT,RO,THETAOMUIUO,BO
COMMON BANK ,SPEED ,XCM ,YCM ,XPLANEIIYPLANERANGETHETA ,HDG
COMMON /PRELIM/ RO,THETAOIIMU,UO,BO
COMMON /WEIGHT/ QUADW,W,WK,K3,K4

CALL DECOMP(VLAMB)
CALL COMP(WIND IDT)
CALL JCOMP(J)
GLAMB a J

20 CONTINUE
RETURN
END

C*
C* SUBROUTINE: CHECK*
C*
C* DESCRIPTION: Checks to see if the stopping criteria have
C* been met. Output is generated if they have.
C*

Co..*.5*,. 5*** 0*..********** ****.*.***.** *5*5



SUBROUTINE CHECK (LAMBOP ,JSTOP ,VCO,ITER)

INTEGER ITER,ALL,LIM,I ,K3,K4
PARAMETER (LIM=78 ,ALL= 156)
REAL JSTOP,LAMHOP,RO ,THETAO ,UO ,MU,BO,
REAL NEWV(1:ALL) ,VECTOR(1:ALL) ,BANX(0:LIM) ,SPEED(0:LIM),

&XCM(0:LIM) ,YCM(0:LIM) ,XPLANE(0:LIM) ,YPLANE(0:LIM),
&RANGE(1 :LIM) ,THETA(1 :LIM) ,HDG(O:L"IM) ,QUADW(0:LIM),
&W(0:3) ,WK(0:LIM,i:LIM)
COMMON BANK ,SPEED ,XCM ,YCM ,XPLANE,YPLANE,RANGE,THETA ,HDG
COMMON /PRELIM/ RO,THETAO,MU1UO,BO
COMMON /WEIGHT/ QUADW,W,WK,K3,K4

PRINT *, ITER, JSTOP
WRITE(20,*) ITER,JSTOP
LAMBOP = 10

IF ((ABS(LAMBOP) .LT. .1).AND.(JSTOP .LT. .1)) THEN
ITER=ITER + I
CALL OUTPUT(ITER, 35TOP)

ELSE

IF (ITER .EQ. 20) THEN
CALL OUTPUT(ITER, JSTOP)

END IF
END IF

ITERwITER + 1
END

C*
C. SUBROUTINE: OUTPUT
C.
C* DESCRIPTION: Changes values of radians and nm/min back to

C* degrees and knots. Outputs the final bank and
C* speed vectors the program determined as being
C* optimal. Another file is generated to look at

C*the results graphically.
C*

SUBROUTINE OUTPUT( ITER, JSTOP)
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INTEGER I,ITER,LIM,K3,K4
PARAMETER (LIM=78)
INTEGER E(1:LIM),F(1:LIM)
REAL RO,THETAO,UO,MU,BO
REAL 3 RANGE, JTHETA,JSPEED ,JBANK
REAL BANK(0:LIM) ,SPEED(O:LIM) ,XCM(0:LIM) ,YCM(0:LIM),

&XPLANE(O:LIM) ,YPLANE(0:LIM) ,RANGE(1 :LIM) ,THETA(1 :LIM),
&HDG(O:LIM) ,QUADW(0:LIM) ,W(O:3) ,WK(0:LIM,1:LIM)
REAL A,B,C,D,PI,LIMIT,JSTOP
REAL RADSUM ,RADPER,STRUCSUM ,STRUCPER
COMMON BANK ISPEED ,XCMYCM ,XPLANE,YPLANE,RANGETHETA ,HDG
COMMON /PRELIM/ ROTHETAO,MU,UO,BO
COMMON /WEIGHT/ QUADW,W,WK,K3,K4

PI=ACOS(-l.)
RADSUM=0 .0
STRUCSUM=0 .0
LIMIT:REAL(LIM)
JRANGE=0 .0
JTHETA=0.0
JSPEEDuO .0
JBANKvO .0

OPEN(21.FILEu'RESULTS.OUT' ,STATUS*INEW')
OPEN(22,FILEu'PLOT.OUT ,STATUSu'NEW')
OPEN(23,FILEu'JCALC.OUT' ,STATUS-'NEWI)
WRITE(21,*) 'JSTOP a 1,JSTOP
WRITE(21,10) ITER

10 FORJ4AT(X1X' ITERATIONS a ,13 MI
WRITE(21*)' T BANK SPEED RANGE ~
&VTHETA RADAR STRUCTI
WRITE(21,*) '
WRITE(23,*) ' JRANGE JTHETA JSPEED 38ANK16

&I RADAR STRUCT'

DO 60 I-i ,LIX
EIM-1
F(I)-1
AuI*.1
BOBANK(I)*180/3. 14159
C=SPEED(I)*60
DaTHETA(I)*180/3. 14159

C Check to see if missile is vithin radar detection limits.
C Write a I if it is, vrit a 0 if it is not.
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IF ((RANGE(I) .LT. 5.0) .OR. (RANGE(I) .GT. 15.0)) THEN
GOTO 20

ENDIF
IF ((D .LT. -60) .OR. (D .GT. 60)) THEN

GOTO 20
ELSE

GOTO 30
ENDIF

20 E(I)=O
RADSUM=RADSUM+1.0

C Check to see if CMMCA is within structural limits.
C Write a 1 if it is, write a 0 if it is not.
C

30 IF ((B .LT. -30.0) .OR. (B .GT. 30.0)) THEN
GOTO 40

ENDIF
IF ((C .LT. 320) .OR. (C .GT. 480)) THEN

GOTO 40
ELSE

GOTO 50
ENDIF

40 F(I)M0

STRUCSUM=STRUCSUM+I

SO WRITE(21,70) A,B,C,RANGE(I),D,E(I),F(I)

60 CONTINUE
70 FORNAT(F4.1,4(2XF7.I),6XII.6X,I1)

RADPERuIOO*(I-(RADSUN/LINIT))
WRITE(21,*)'
WRITE(21,*)'CM IN RADAR CONE ',RADPER,' PERCENT'

STRUCPERu100*(I-(STRUCSUN/LIMIT))
WRICE(21,*)'CNKCA W/IN STRUCTURAL LIMITS ',STRUCPER,' PERCENT'

C Write the file used to graphically display optimal flight

C path for the CNMCA and the cruise missile flight path.

DO 80 I*OLIN
WRITE(22.90) XPLANE(I),YPLANE(I).XCN(I),YCN(I)
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80 CONTINUE
90 FORMAT(4(3X,F8.2))

C Write the file used to graphically display the objective
C function components for the optimal flight path.

DO 100 I=1,LIM
JRANGE = QUADW(I)*W(0)*((RANGE(I)-Ro)**2)
JTHETA = QUADW(I)*W(1)*((THETA(I)-THETAO)**2)
JSPEED = QUADW(I)*W(2)*(((SPEED(I)-UO)/MU)**(2*K3))
JBANK = QUADW(I)*W(3)*((BANK(I)/BO)**(2*K4))
WRITE(23,110) JRANGE,JTHETAIJSPEEDJBANKE(I) ,F(I)

100 CONTINUE
110 FORMAT(4(1X,F1O.4),6X,I1,7X,I1)

STOP
END
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Appendix D. Graphical Output of Preliminary Results

This appendix contains all graphical output from the preliminary runs. The

preliminary runs were done using weights of one for all the objective functional

components and a nominal distance of eight nauti,--c miles. This appendix has the

results for each of the four flight paths, which were all run using both the straight and

trailing initial CMMCA flight path. For every run, there is a plot of the CMMCA

flight path relative to the cruise missile flight path, and the plot of tile overall J

value at each iteration of the program.
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JSTOP = 447.3045
* ITERATIONS = 150

T BANK SPEED RANGE THETA RADAR STRUCT

0.1 -4.6 399.7 8.0 0.7 1 1
0.2 -4.1 399.6 3.0 2.0 1 1
0.3 -3.5 399.4 8.0 3.3 1 1
0.4 -3.1 399.3 8.0 4.6 1 1
0.5 -2.6 399.2 8.0 5.7 1 1
0.6 -2.2 399.1 8.0 6.9 1 1
0.7 -1.9 399.0 8.0 7.9 1 1
0.8 -1.6 398.9 8.0 8.9 1 1
0.9 -1.2 398.8 8.0 9.9 I 1
1.0 -0.9 398.7 8.1 10.8 1 1
1.1 -0.6 398.6 8.1 11.6 1 1
1.2 -0.3 398.5 8.1 12.4 1 1
1.3 0.0 398.3 8.1 13.0 1 1
1.4 0.4 398.1 8.1 13.6 1 1
1.5 0.8 397.9 8.1 14.0 1 1
1.6 1.2 397.7 8.2 14.3 1 1
1.7 1.7 397.4 8.2 14.5 1 1
1.8 2.2 397.1 8.2 14.4 1 1
1.9 2.8 396.7 8.2 14.6 1 1
2.0 3.5 396.3 8.2 15.2 1 1
2.1 4.2 395.8 8.3 15.9 1 1
2.2 4.9 395.3 8.3 16.8 1 1
2.3 5.7 394.7 8.3 17.9 1 1
2.4 6.5 394.0 8.3 19.1 1 1
2.5 7.3 393.3 8.3 20.4 1 1
2.6 8.2 392.5 8.3 21.8 1 1
2.7 9.1 391.7 8.3 23.2 1 1
2.8 10.0 390.8 8.2 24.6 1 1
2.9 10.9 389.8 &.2 26.0 1 1
3.0 11.9 388.8 8.2 27.3 1 1
3.1 12.8 387,7 8.2 28.5 1 1
3.2 13.8 386.6 8.1 29.6 1 1
3.3 14.8 386.5 8.1 30.5 1 1
3.4 16.8 384.3 8.0 31.3 1 1
3.5 16.7 383.2 8.0 31.8 1 1
3.6 17.7 382.1 7.9 32,2 1 1
3.7 18.6 381.0 7.9 32.3 1
3.8 19.4 380.1 7.8 32.2 1 1
3.9 20.1 379.3 7.8 31.8 1 1
4.0 20.8 378.6 7.7 31.3 1 1
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4.1 21.3 378.2 7.7 30.6 1 1
4.2 21.7 378.0 7.6 29.7 1 1
4.3 21.9 378.0 7.5 28.8 1 1
4.4 21.9 378.3 7.4 28.0 1 1
4.5 21.6 378.8 7.3 27.0 1 1
4.6 21.2 379.6 7.2 26.3 1 1

4.7 20.6 380.6 7.1 25.5 1 1
4.8 19.8 381.8 6.6 21.6 1 1
4.9 18.8 383.1 7.1 23.3 1 1
5.0 17.7 384.5 7.1 22.1 1 1

5.1 16.5 386.0 7.1 20.8 1 1
5.2 15.3 387.4 7.1 19.4 1 1
5.3 14.0 388.7 7.2 18.1 1 1
5.4 12.9 390.0 7.2 16.7 1 I

5.5 11.7 391.2 7.2 15.4 1 1
5.6 10.6 392.2 7.3 14.1 1 1
5.7 9.5 393.2 7.3 12.8 1 1
5.8 8.5 394.1 7.3 11.7 1 1
5.9 7.6 394.9 7.3 10,5 1 1
6.0 6.7 396.7 7.3 9.6 1 1
6.1 5.9 396.3 7.4 8.6 1
6.2 5.1 396.9 7.4 7,7 1 1
6.3 4.4 397.3 7.4 6.9 1 1

6.4 3.8 397.8 7.4 6.1 1 1
6.5 3.2 398.1 7.4 5.6 1 I

6.6 2.7 398.4 7.4 4.9 1 1

6.7 2.3 398.7 7.4 4.4 1 1
6.8 1.9 398.9 7.4 3.9 1 1
6.9 1.5 399.1 7.4 3.6 1 1
7.0 1.2 399.3 7.4 3.2 1 1

7.1 0.9 399.4 7.4 3.0 1 I
7.2 0.7 399.5 7.4 2.7 1 1
7.3 0.5 399.6 7A4 2.6 1 1
7.4 0.3 399.7 7.4 2.4 1 1

7.5 0.2 399.8 7.4 2.3 1 1
?.6 0.1 399.9 7.4 2.2 1 1
7.7 0.0 399.9 7.4 2.1 1 1
7.8 0.0 400.0 714 2.1 1 1

CH 10 MOAK CONE 100.0000 PERCENT
CHNCA VWIN STRUCTURAL LIKITS 100.0000 PERCENT
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JSTOP = 455.9345
# ITERATIONS = 150

T BANK SPEED RANGE THETA RADAR STRUCT

0.1 -3.9 398.6 8.0 0.6 1 1
0.2 -3.5 398.6 8.0 1.8 1 1
0.3 -3.1 398.5 8.0 2.9 1 1
0.4 -2.7 398.4 8.0 4.0 1 1
0.5 -2.4 398.4 8.0 5.0 1 1
0.6 -2.0 398.4 8.0 6.0 1 1
0.7 -1.7 398.3 8.0 6.9 1 1
0.8 -1.4 3,98.3 8.0 7.8 1 1
0.9 -1.1 398.2 8.0 8.7 1 1
1.0 -0.8 398.2 8.1 9.5 1 1
1.1 -0.5 398.2 8.1 10.2 1 1
1.2 -0.2 398.1 8.1 10.8 1 1
1.3 0.1 398.0 8.1 11.4 1 1
1.4 0.4 398.0 8.1 11.8 1 1
1.5 0.8 397.9 .8.1 12.2 1 1
1.6 1.2 397.8 8.1 12.4 1 1
1.7 1.6 397.7 8.2 12.5 1 1
1.8 2.0 397.5 8.2 12.4 1 1
1.9 2.5 397.3 8.2 12.6 1 1
2.0 3.0 397.1 8.2 13.2 1 1
2.1 3.5 396.9 8.2 14.1 1 1
2.2 3.9 396.7 8.2 15.3 1 1
2.3 4.4 396.5 8.2 16.7 1 1
2.4 4.8 396.3 8.2 18.5 1 1
2.5 5.2 396.1 8.2 20.4 1 1
2.6 5.5 395.9 8.2 22.7 1 1
2.7 5.8 395.7 8.2 25.2 1 1
2.8 6.0 395.6 8.2 28.0 1 1
2.9 15.1 385.4 8.1 29.7 1 1
3.0 15.2 384.6 8.1 30.0 1 1
3.1 15.6 383.5 8.1 30.3 1 1
3.2 16.1 382.4 8.1 30.6 1 1
3.3 16.4 381.5 8.1 30.9 1 1
3.4 16.8 380.6 8.0 31.1 1 1
3.5 17.4 379.5 8.0 31.3 1 1
3.6 18.0 378.6 8.0 31.3 1 1
3.7 18.4 377.9 7.9 31.3 1 1
3.8 19.0 377.0 7.9 31.1 1 1
3.9 19.7 376.2 7.8 30.7 1 1
4.0 20.0 376.9 7.7 30.3 1 1
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4.1 20.3 375.7 7.7 29.7 1 1
4.2 20.7 375.5 7.6 29.1 1 1
4.3 20.9 375.6 7.5 28.5 1 1
4.4 20.8 376.1 7.4 28.0 1 1
4.5 20.8 376.5 7.3 27.3 1 1
4.6 20.6 377.1 7.2 26.9 1 1
4.7 20.1 378.2 7.1 26.3 1 1
4.8 19.6 379.4 6.6 22.5 1 1
4.9 19.0 380.5 7.1 24.3 1 1
5.0 18.6 381.5 7.1 22.8 1 1
5.1 17.5 383.3 7.1 21.2 1 1
5.2 16.9 384.5 7.2 19.3 1 1
5.3 16.4 385.7 7.2 17.2 1 1
5.4 16.3 386.4 7.2 14.8 1 1
5.5 13.8 389.4 7.3 12.3 1 1
5.6 15.0 389.1 7.3 9.7 1 1
5.7 5.3 397.0 7.3 8.1 1 1
5.8 5.0 397.3 7.3 7.8 1 1
5.9 4.6 397.5 7.3 7.5 1 1
6.0 4.3 397.8 7.3 7.2 1 1
6.1 3.9 398.0 7.3 6.8 1 1
6.2 3.6 398.2 7.3 6.5 1 1
6.3 3.3 398.4 7.4 6.1 1 1
6.4 3.0 398.6 7.4 5.8 1 1
6.5 2.7 398.8 7.4 5.5 1 1
6.%, 2.4 398.9 7.4 5.2 1 1
6.7 2.1 399.1 7.4 4.9 1 1
6.8 1.9 399.2 7.4 4.6 1 1
6.9 1.6 399.3 7.4 4.3 1 1
7.0 1.4 399.4 7.4 4.1 1 1
7.1 1.2 399.5 7.4 3.9 1 1
7.2 1.0 399.6 7.4 3.7 1 1
7.3 0.8 399.7 7.4 3.6 1 1
7.4 0.6 399.7 7.4 3.8 1 1
7.5 0.4 399.8 7.4 3.4 1 1
7.6 0.3 399.9 7.4 3.4 1 1
7.7 O,1 399.9 7.4 3.4 1 1
7.8 0.0 400.0 7.4 3.4 1 1

CH IN RADAR CONE 100.0000 PERCENT
CNNCA WIN STRUCTURAL LIMITS 100.0000 PERCENT
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JSTOP = 249.8399
# ITERATIONS = 150

T BANK SPEED RANGE THETA RLDAR STRUCT

0.1 -4.0 404.2 8.0 0.6 1 1
0.2 -3.5 403.6 8.0 1.7 1 1
0.3 -3.0 403.1 8.0 2.8 1 1
0.4 -2.5 402.7 8.0 3.9 1 1
0.5 -2.1 402.3 8.0 4.8 1 1
0.6 -1.8 402.0 8.0 5.7 1 1
0.7 -1.5 401.8 8.0 6.6 1 1
0.8 -1.2 401.6 8.0 7.4 1 1
0.9 -0.9 401.4 8.0 8.2 1 1
1.0 -0.6 401.3 8.0 8.8 1 1
1.1 -0.3 401.1 8.0 9.5 1 1
1.2 0.0 401.0 8.0 10.0 1 1
1.3 0.3 400.9 8.0 10.5 1 1
1.4 0.7 400.8 8.0 10.8 1 1
1.5 1.1 400.7 8.0 11.0 1 1
1.6 1.5 400.6 8.0 11.1 1 1
1.7 2.0 400.5 8.0 11.0 1 1
1.8 2.6 400.4 8.0 10.7 1 1
1.9 3.2 400.3 8.1 10.7 1 1
2.0 3.9 400.1 8.1 11.0 1 1
2.1 4.6 399.9 8.1 11.5 1 1
2.2 5.3 399.7 8.1 12.2 1 1
2.3 6.1 399.5 8.0 13.1 1 1
2.4 6.8 399.3 8.0 14.2 1 1
2.5 7.6 399.0 8.0 15.4 1 1
2.6 8.4 398.8 7.9 16.7 1 1
2.7 9.2 398.4 7.9 18.0 1 1
2.8 10.0 398.1 7.8 19.5 1 1
2.9 10.7 397.7 7.7 21.1 1 1
3.0 11.5 397.2 7.6 22.7 1 1
3.1 12.3 396.7 7.5 24.3 1 1
3.2 13.1 396.1 7.5 26.0 1 1
3.3 13.8 395.4 7.4 27.7 1 1
3.4 14.6 394.7 7.3 29.4 1 1
3.8 15.3 393.9 7,2 31.0 1 1
3.6 16.0 393.0 7.2 32.7 1 1
3.7 16.7 392.0 7.1 34.2 1 1
3.8 17.4 390.9 7.1 35.7 1 1
3.9 18.0 389.7 7.1 37.1 1 1
4.0 18.6 388.5 7.1 38.3 1 1
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4.1 19.2 387.1 7.1 39.4 1 1
4.2 19.8 385.8 7.1 40.2 1 1
4.3 20.4 384.4 7.1 40.8 1 1
4.4 20.9 383.0 7.1 41.4 1 1
4.5 21.4 381.6 7.2 41.4 1 1
4.6 21.9 380.2 7.2 41.2 1 1
4.7 22.4 378.9 7.2 40.8 1 1
4.8 22.9 377.8 7.3 40.1 1 1
4.9 23.3 376.7 7.3 39.1 1 1
5.0 23.8 375.9 7.4 37.8 1 1
5.1 24.1 375.3 7.4 36.3 1 1
5.2 24.4 375.0 7.4 34.5 1 1
5.3 24.6 375.0 7.4 32.5 1 1
5.4 24.6 375.3 7.4 30.4 1 1
5.5 24.5 375.9 7.3 28.2 1 1
5.6 24.2 376.8 7.3 26.1 1 1
5.7 23.7 378.0 7.2 24.0 1 1
5.8 23.0 379.4 7.1 22.2 1 1
5.9 22.1 380.9 7.0 20.6 1 1
6.0 21.1 382.7 6.9 19.5 1 1
6.1 19.9 384.5 6.8 18.4 1 1
6.2 18.5 386.3 6.7 17.3 1 1
6.3 17.1 388.0 6.7 16.3 1 1
6.4 15.6 389.6 6.7 15.3 1 1
6.5 14.2 391.1 6.7 14.3 1 1
6.6 12.8 392.S 6.7 13.5 1 1
6.7 11.4 393.7 6.7 12.7 1 1
6.8 10.1 394.8 6.7 12.0 1 1
6.9 8.8 395.7 6.7 11.4 1 1
7.0 7.6 396.5 6.7 10.9 1 1
7.1 6.5 397.2 6.7 10.5 1 1
7.2 5.5 397.7 6.7 10.3 1 1
7.3 4.4 398.3 6.7 10.2 1 1
7.4 3.5 398.7 6.7 10.3 1 1
7.5 2.6 399.1 6.8 10.6 1 1
7.6 1.7 399.4 6.8 11.0 1 1
7.7 0.8 399.7 6.8 11.6 1 1
7.8 0.3 399.9 6.8 12.4 1 1

CM IN RADAR CONE 100.0000 PERCENT
CMHCA W/IN STRUCTURAL LIMITS 100.0000 PERCENT
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JSTOP = 250.3886
# ITERATIONS = 150

T BANK SPEED RANGE THETA RADAR STRUCT

0.1 -3.9 404.7 8.0 0.6 1 1
0.2 -3.4 404.2 8.0 1.7 1 1
0.3 -3.0 403.9 8.0 2.8 1 1
0.4 -2.5 403.6 8.0 3.8 1 1
0.5 -2.2 403.3 8.0 4.8 1 1
0.6 -1.8 403.1 8.0 5.7 1 1
0.7 -1.5 402.9 8.0 6.5 1 1
0.8 -1.2 402.8 8.0 7.4 1 1
0.9 -0.9 402.6 8.0 8.1 1 1
1.0 -0.6 402.5 8.0 8.8 1 1
1.1 -0.3 402.4 8.0 9.4 1 1
1.2 0.1 402.4 8.0 9.9 1 1
1.3 0.4 402.3 8.0 10.4 1 1
1.4 0.8 402.2 8.0 10.7 1 1
1.5 1.2 402.2 8.0 10.9 1 1
1.6 1.6 402.1 8.0 10.9 1 1
1.7 2.1 402.1 8.0 10.8 1 1
1.8 2.6 402.0 8.0 10.5 1 1
1.9 3.2 401.9 8.0 10.6 1 1
2.0 3.8 401.9 8.0 10.8 1 1
2.1 4.5 401.8 8.0 11.3 1 1
2.2 5.1 401.7 8.0 12.1 1 1
2.3 5.7 401.6 8.0 13.1 1 1
2.4 6.3 401.6 8.0 14.3 1 1
2.5 6.8 401.5 7.9 15.8 1 1
2.6 7.3 401.5 7.9 17.4 1 1
2.7 7.8 401.5 7.8 19.3 1 1
2.8 8.1 401.5 7.7 21.4 1 1
2.9 13.0 398.1 7.7 23.1 1 1
3.0 13.3 397.8 7.6 24.2 1 1
3.1 13.7 397.3 7.5 25.6 1 1
3.2 14.2 396.7 7.4 26.8 1 1
3.3 14.7 396.1 7.4 28.2 1 1
3.4 16.1 395.4 7.3 29.7 1 1
3.5 15.7 394.5 7.2 31.2 1 1
3.6 16.3 393.5 7.2 32.6 1 1
3.7 16.8 392.6 7.1 34.1 1 1
3.8 17.4 391.4 7.1 35.6 1 1
3.9 18.0 390.1 7.1 36.8 1 1
4.0 18.5 388.8 7.1 37.9 1 1
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4.1 19.1 387.5 7.1 39.0 1 1
4.2 19.7 386.0 7.1 39.8 1 1
4.3 20.2 384.6 7.1 40.4 1 1
4.4 20.7 383.2 7.2 41.0 1 1
4.5 21.3 381.7 7.2 40.9 1 1
4.6 21.9 380.1 7.2 40.8 1 i
4.7 22.3 378.9 7.3 40.3 1 1
4.8 22.7 377.8 7.3 39.6 1 1
4.9 23.2 376.7 7.3 38.6 1 1
5.0 23.8 375.5 7.4 37.3 1 1
5.1 23.8 375.2 7.4 35.8 1 1
5.2 24.2 374.6 7.4 34.1 1 1
5.3 24.4 374.3 7.4 32.2 1 1
5.4 24.9 373.7 7.3 30.0 1 1
5.5 23.1 376.5 7.3 28.0 1 1
5.6 24.2 375.4 7.2 26.1 1 1
5.7 23.3 376.9 7.2 24.1 1 1
5.8 22.6 378.3 7.1 22.4 1 1
5.9 21.8 379.7 7.0 21.0 1 1
6.0 20.9 381.2 6.9 20.0 1 1
6.1 19.7 383.0 6.8 19.0 1 1
6.2 18.3 384.9 6.7 18.0 1 1
6.3 17.3 386.4 6.7 17.0 1 1
6.4 15.8 388.2 6.7 15.9 1 1
6.5 14.6 389.8 6.7 14.9 1 I
6.6 13.4 391.1 6.7 13.9 1 1
6.7 12.3 392.4 6.7 12.8 1 1

6.8 11.2 393.7 6.7 11.8 1 1
6.9 10.3 394.7 6.7 10.7 1 1
7.0 9.5 395.7 6.7 9.6 1 1
7.1 4.6 398.3 6.7 9.1 1 1
7.2 3.9 398.6 6.7 9.3 1 1
7.3 3.2 398.9 6.8 9.6 1 1
7.4 2.6 399.2 6.8 10.0 1 1
7.5 1.9 399.4 6.8 10.4 1 1
7.6 1.3 399.6 6.8 11.0 1 1
7.7 0.7 399.8 6.8 11.8 1 1
7.8 0.2 400.0 6.8 12.7 1 1

CH IN RADAR CONE 100.0000 PERCENT
CKMCA WIN STRUCTURAL LIMITS 100.0000 PERCENT
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JSTOP = 1217.040
# ITERATIONS = 150

T BANK SPEED RANGE THETA RADAR STRUCT

0.1 -3.8 402.6 8.0 0.6 1 1
0.2 -3.3 401.9 8.0 1.7 1 1
0.3 -2.8 401.3 8.0 2.7 1 1
0.4 -2.4 400.8 8.0 3.7 1 1
0.5 -2.1 400.3 8.0 4.6 1 1
0.6 -1.7 399.8 8.0 5.5 1 1
0.7 -1.4 399.4 8.0 6.3 1 1
0.8 -1.1 399.0 8.0 7.1 1 1
0.9 -0.8 398.6 8.0 7.8 1 1
1.0 -0.6 398.3 8.0 8.5 1 1
1.1 -0.3 398.0 8.0 9.1 1 1
1.2 0.0 397.7 8.0 9.6 1 1
1.3 0.3 397.4 8.1 10.0 1 1
1.4 0.6 397.2 8.1 10.3 1 1
1.5 1.0 396.9 8.1 10.5 1 1
1.6 1.4 396.6 8.1 10.6 1 1
1.7 1.8 396.4 8.1 10.6 1 1
1.8 2.3 396.1 8.1 10.3 1 1
"1.9 2.8 395.9 8.1 10.4 1 1
2.0 3.3 395.6 8.2 10.8 1 1
2.1 3.9 395.4 8.2 11.5 1 1
2.2 4.5 395.2 8.2 12.4 1 1
2.3 5.2 395.0 8.2 13.5 1 1
2.4 5.8 394.8 8.1 14.8 1 1
2.5 6.5 394.6 8.1 16.3 1 1
2.6 7.2 394.4 8.1 18.0 1 1
2.7 8.0 394.3 8.0 19.7 1 1
2.8 8.8 394.2 7.9 21.6 1 1
2.9 9.6 394.1 7.9 23.5 1 1
3.0 10.4 394.0 7.8 25.5 1 1
3.1 11.2 394.0 7.8 27.6 1 1
3.2 12.1 393.9 7.7 29.6 1 1
3.3 13.0 394.0 7.6 31.7 1 1
3.4 13.9 394.0 7.6 33.7 1 1
3.5 14.8 394.1 7.5 35.6 1 1
3.6 15.7 394.2 7.5 37.4 1 1
3.7 16.6 394.3 7.5 39.1 1 1
3.8 17.6 394.5 7.5 40.5 1 1
3.9 18.5 394.7 7.5 41.8 1 1
4.0 19.4 394.9 7.5 42.8 1 1
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4.1 20.3 395.1 7.5 43.6 1 1
4.2 21.1 395.3 7.6 44.0 1 1
4.3 21.8 395.5 7.6 44.2 1 1
4.4 22.5 395.7 7.7 44.1 1 1
4.5 23.1 395.9 7.7 43.8 1 1
4.6 23.5 396.1 7.7 43.2 1 1
4.7 23.8 396.2 7.8 42.4 1 1
4.8 23.9 396.4 7.8 41.4 1 1
4.9 23.9 396.5 7.8 40.4 1 1
5.0 23.7 396.6 7.8 39.4 1 1
5.1 23.3 396.6 7.8 38.4 1 1
5.2 22.8 396.6 7.8 37.5 1 1
5.3 22.0 396.7 7.8 36.9 1 1
5.4 21.2 396.7 7.8 36.4 1 1
5.5 20.2 396.7 7.7 36.4 1 1
5.6 19.0 396.7 7.7 36.7 1 1
5.7 17.7 396.8 7.7 37.5 1 1
5.8 16.4 396.8 7.6 38.8 1 1
5.9 14.9 396.9 7.6 40.7 1 1

6.0 13.3 397.0 7.6 43.1 1 1
6.1 11.7 397.2 7.7 45.8 1 1
6.2 10.0 397.4 7.9 48.6 1 1
6.3 8.2 397.6 8.0 51.5 1 1
6.4 6.5 397.8 8.3 54.6 1 1
6.5 4.8 398.0 8.6 57.7 1 1
6.6 3.1 398.3 8.9 60.9 0 1
6.7 1.6 398.6 9.2 63.8 0 1
6.8 0.0 398.8 9.6 66.4 0 1
6.9 -1.4 399.1 ICI.0 68.8 0 1
7.0 -2.6 399.4 10.3 71.1 0 1
7.1 -3.7 399.6 10.7 73.3 0 1
7.2 -4.5 399.8 11.0 75.4 0 1
7.3 -5.2 400.0 11.2 77.4 a 1
7.4 -5.7 400.2 11.4 79.4 0 1
7.6 -5.9 400.3 11.6 81.3 0 1
7.6 -5.9 400.3 11.7 83.1 0 1
7.7 -5.6 400.2 11.8 84.8 0 1
7.8 -5.1 400.1 11.8 86.3 0 1
7.9 -4.3 399.8 11.7 87.7 0 1
8.0 -3.3 399.4 11.6 88.0 0 1
8.1 -2.1 398.9 11.4 89.7 0 1
8.2 -0.7 398.2 11.2 90.3 c 1
8.3 1.0 397.3 10.9 90.6 0 1
8.4 2.9 396.3 10.6 90.6 0 1
8.5 5.0 395.1 10.1 90.4 0 1
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8.6 7.4 393.6 9.6 89.9 0 1
8.7 10.0 391.9 9.0 89.1 0 1
8.8 12.8 390.0 8.4 88.3 0 1
8.9 15.8 387.7 7.7 87.4 0 1
9.0 19.0 385.2 7.0 86.7 0 1
9.1 22.5 382.4 6.3 86.4 0 1
9.2 26.1 379.4 5.7 87.0 0 1
9.3 29.7 37..2 5.1 88.8 0 1
9.4 33.3 372.8 4.7 91.8 0 0
9.5 36.5 369.7 4.6 95.0 0 0
9.6 38.7 367.4 4.8 96.7 0 0
9.7 39.6 366.2 5.2 95.8 0 0
9.8 38.8 366.6 5.7 92.1 0 0
9.9 36.8 368.2 6.3 86.7 0 0

10.0 34.2 370.5 6.9 80.5 0 0
10.1 31.1 373.2 7.5 73.9 0 0
10.2 28.3 376.0 7.9 67.4 0 1
10.3 25.0 378.7 8.3 61.0 0 1
10.4 22.0 381.3 8.5 55.0 1 1
10.5 19.3 383.7 8.7 49.2 1 1
10.6 16.7 385.8 8.7 43.8 1 1
10.7 14.3 387.8 8.6 38.5 1 1
10.8 12.1 389.5 8.5 33.5 1 1
10.9 10.0 391.0 8.3 28.8 1 1
11.0 8.1 397.4 8.2 24.5 1 1
11.1 6.3 393.6 8.0 20.6 1 1
11.2 4.7 394.7 7.8 16.9 1 1
11.3 3.2 395.6 7.6 13.4 1 1
11.4 1.9 396.4 7.5 10.2 1 1
11.5 0.6 397.1 7.3 7.2 1 1
11.6 -0.5 397.7 7.2 4.4 1 1
11.7 -1.5 398.2 7.1 1.9 1 1
11.8 -2.4 398.7 6.9 -0.5 1 1
11.9 -3.2 399.0 6.9 -2.6 1 1
12.0 -3.9 399.3 6.8 -4.5 1 1
12.1 -4,5 399.6 6.7 -6.1 1 1
12.2 -6.0 399.8 6.7 -7.5 1 1
12.3 -5:.4 399.9 6.7 -8.7 1 1
12.4 -5.8 400.1 6.6 -9.6 1 1
12.5 -6.0 400.1 6.6 -10.2 1 1
12.6 -6.2 400.2 6.6 -10,7 1 1
12.7 -6.3 400.2 6.6 -10.9 1 1
12.8 -6.3 400.3 6.6 -10.9 1 1
12.9 -6.3 400.3 6.7 -10.8 1 1
13.0 -6.2 400.3 6.7 -10.6 1 1
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13.1 -6.1 400.2 6.7 -10.0 1 1
13.2 -5.9 400.2 6.7 -9.4 1 1
13.3 -5.6 400.2 6.7 -8.7 1 1
13.4 -5.3 400.1 6.7 -7.9 1 1
13.5 -5.0 400.1 6.7 -7.1 1 1
13.6 -4.7 400.1 6.7 -6.2 1 1
13.7 -4.3 400.1 6.7 -5.3 1 1
13.8 -4.0 400.0 6.7 -4.3 1 1
13.9 -3.6 400.0 6.7 -3.4 1 1
14.0 -3.2 400.0 6.7 -2.4 1 1
14.1 -2.7 400.0 6.7 -1.5 1 1
14.2 -2.3 400.0 6.7 -0.7 1 1
14.3 -1.9 400.0 6.7 0.1 1 1
14.4 -1.4 400.0 6.7 0.9 1 1
14.5 -0.9 400.0 6.7 1.5 1 1
14.6 -0.5 400.0 6.7 2.0 1 1
14.7 -0.1 400.0 6.7 2.5 1 1

CM IN RADAR CONE 74.14967 PERCENT
CMMCA W/IN STRUCTURAL LIMITS 94.55782 PERCENT
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JSTOP = 926.8980
# ITERATIONS = 150

T BANK SPEED RANGE THETA RADAR STRUCT

0.1 -2.0 399.8 8.0 0.3 1 1
0.2 -1.8 399.7 8.0 0.9 1 1
0.3 -1.6 399.6 8.0 1.5 1 1
0.4 -1.4 399.5 8.0 2.0 1 1
0.5 -1.2 399.4 8.0 2.5 1 1
0.6 -1.0 399.3 8.0 3.0 1 1
0.7 -0.8 399.2 8.0 3.5 1 1
0.8 -0.6 399.1 8.0 3.9 1 1
0.9 -0.4 399.1 8.0 4." 1 1
1.0 -0.2 399.0 8.0 4.7 1 1
1.1 -0.1 399.0 8.0 5.0 1 1
1.2 0.1 398.9 8.0 5.3 1 1
1.3 0.3 398.8 8.0 5.5 1 1
1.4 0.5 398.8 8.0 5.6 1 1
1.5 0.7 398.8 8.0 5.7 1 1
1.6 0.9 398.7 8.0 5.7 1 1
1.7 1.1 398.7 8.0 5.6 1 1
1.8 1.3 398.6 8.1 5.4 1 1
1.9 1.5 398.6 8.1 5.7 1 1
2.0 1.7 398.6 8,1 6.4 1 1
2.1 1.9 398.5 8.0 7.5 1 1
2.2 2.1 398.5 8.0 9.1 1 1
2.3 2.2 398.5 8.0 11.1 1 1
2.4 2.3 398.6 7.9 13.5 1 1
2.5 2.4 398.f 7.9 16.3 1 1
2.6 2.4 398.6 7.8 19 7 1 1
2.7 2.3 398.7 7.8' 23.5 1 1
2.8 2.2 398.8 7.7 27.8 1 1
2.9 16.6 3 11.4 7,t 30.3 1 1
3.0 p6,5 391.7 7.6 30.8 1 1
3.1 16.4 392.0 7.6 31.5 1 1
3.2 16.6 392.2 7.6 12.4 1 1

3.3 16.5 392.5 7.5 33.4 1
3.4 16.7 392.7 7.6 34.4 1 1
3.6 16.9 392.9 7.5 35.5 1 1
3.c, 17.2 393.0 7.5 36.7 1 1
3.7 17.6 393.2 7.4 37.8 1 1
3.8 18.0 393.3 7.4 39.0 1 1
3.9 18.4 393.4 7.4 40.0 1 1
4.0 18.9 393.5 7.5 41.0 1 1
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4.1 19.4 393.6 7.5 41.9 1 1
4.2 20.0 393.6 7.5 42.6 1 1
4.3 20.6 393.6 7.5 43.0 1 1
4.4 21.1 393.6 7.6 43.3 1 1
4.5 21.7 393.6 7.6 43.4 1 1
4.6 22.5 393.4 7.6 43.2 1 1
4.7 22.5 393.6 7.7 42.8 1 1
4.8 23.6 393.2 7.7 42.1 1 1
4.9 23.9 393.2 7.7 41.1 1 1
5.0 24.3 393.0 7.8 39.9 1 i
5.1 24.7 392.8 7.8 38.5 1 1
5.2 24.9 392.7 7.8 36.8 1 1
5.3 25.1 392.5 7.8 35.1 1 1
5.4 25.1 392.3 7.7 33.2 1 1
5.5 25.1 392.1 7.7 31.2 1 1
5.6 24.8 392.0 7.6 29.2 1 1
5.7 24.5 391.9 7.5 27.3 1 1
5.8 24.1 391.7 7.4 25.5 1 1
5.9 23.4 391.7 7.3 23.8 1 1
6.0 22.7 391.6 7.2 22.4 1 1
6.1 21.8 391.6 7.1 20.9 1 , 1
6.2 21.0 391.6 7.0 19.2 1 1
6.3 19.9 391.7 7.0 17.2 1 1
6.4 19.0 391.7 7.0 15.2 1 1
6.5 18.0 391.8 7.0 12.9 1 1
6.6 16.9 391.9 7.0 10.5 1 1
6.7 16.0 391.9 7.0 7.4 1
6.8 15.1 392.0 7.0 3.4 1 1
6.9 14.3 392.1 7.0 -1.3 1 1
7.0 13.7 392.1 7.0 -6.8 1 1
7.1 -1.2 398.6 7.0 -10.8 1 1
7.2 -1.6 398.7 7.0 -13.3 1 1
7.3 -2,0 398.7 7.0 -16.2 1 1

.7.4 -2.3 398.8 6.9 -19.6 1 1
7.6 -2.6 398.8 6.9 -23.4 1 1
7.6 -2.8 398.9 6.9 -27.6 1 1
7.7 -17.2 406.4 6.9 -30.1 1 1
7.8 -18.4 406.2 6.9 -30.6 1 1
7,9 -17.6 406.0 6.9 -31.1 1 1
8.0 -18.1 406.5 6.9 -31.8 1 1
8.1 -18.3 406.9 6.9 -32.6 1 1
8.2 -18.6 407.4 .6.8 -33.3 1 1
8.3 -18.8 407.9 6.8 -34.1 1 1
8.4 -19.1 408.4 6.8 -34.8 1 1
8.5 -19.4 409.0 6.8 -36.6 i
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8.6 -19.7 409.6 6.8 -36.3 1 1
8.7 -20.0 410.2 6.9 -37.0 1 1
8.8 -20.4 410.8 6.9 -37.7 1 1
8.9 -20.7 411.4 6.9 -38.2 1 1
9.0 -21.1 412.0 6.9 -38.7 1 1
9.1 -21.4 412.5 6.9 -39.1 1 1
9.2 -21.7 413.1 7.0 -39.4 1 1
9.3 -22.0 413.6 7.0 -39.6 1 1
9.4 -22.4 414.1 7.0 -39.7 1 1
9.5 -22.6 414.5 7.1 -39.6 1 1
9.6 -22.9 414.9 7.1 -39.4 1 1
9.7 -23.1 415.1 7.1 -39.1 1 1
9.8 -23.2 415.3 7.1 -38.7 1 1
9.9 -23.4 415.5 7.2 -38.3 1 1

10.0 -23.5 415.5 7.2 -37.7 1 1
10.1 -23.5 415.5 7.2 -37.1 1 1
10.2 -23.5 415.3 7.2 -36.4 1 1
10.3 -23.4 415.1 7.2 -35.7 1 1
10.4 -23.2 414.8 7.2 -35.0 1 1
10.5 -23.0 414.4 7.2 -34.4 1 1
10.6 -22.8 413.9 7.2 -33.8 1 1
10.7 -22.4 413.3 7.1 -33.3 1 1
10.8 -22.0 412.7 7.1 -32.9 1 1
10.9 -21.5 412.1 7.1 -32.2 1 1
11.0 -21.0 411.4 7.1 -31.1 1 1
11.1 -20.4 410.6 7.2 -29.6 1 1
11.2 -19.9 409.9 7.2 -27.6 1 1
11.3 -19.4 409.2 7.3 -26.3 1 1
11.4 -18.9 408.6 7.3 -22.6 1 1
11.5 -18.6 407.8 7.3 -19.6 1 I
11.6 -18.1 407.1 7.4 -16.2 1 1
11.7 -17.7 406.6 7.4 -12.5 1 1
11.8 -17.6 406.9 7.4 -8.3 1 1
11.9 -2.6 400.2 7.4 -6.0 1 1
12.0 -2.4 400.2 7.4 -6.7 1 1
12.1 -2.3 400.1 7.4 -5.4 1 1
12.2 -2.1 400.1 7,4 -5.1 1 1
12.3 -2.0 400.0 7.4 -4.8 1 1
12.4 -1.8 400.0 7.4 -4.5 1 1
12.5 -1.7 400.0 7.4 -4.1 1 1
12.6 -1.6 400.0 7.4 -3.8 1 1
12.7 -1.4 400.0 7.4 -3.4 1 1
12.8 -1.3 399.9 7.4 -3.1 1 1
12.9 -1.2 399.9 7.4 -2.8 1 1
13.0 -1.1 399.9 7.4 -2.4 1 1

131



13.1 -0.9 399.9 7.4 -2.1 1 1
13.2 -0.8 399.9 7.4 -1.8 1 1
13.3 -0.8 399.9 7.4 -1.4 1 1
13.4 -0.7 399.9 7.4 -1.1 1 1
13.5 -0.6 399.9 7.4 -0.8 1 1
13.6 -0.5 399.9 7.4 -0.5 1 1
13.7 -0.4 399.9 7.4 -0.2 1 1
13.8 -0.4 399.9 7.4 0.1 1 1
13.9 -0.3 399.9 7.4 0.4 1 1
14.0 -0.3 399.9 7.4 0.6 1 1
14.1 -0.2 399.9 7.4 0.9 1 1
14.2 -0.2 399.9 7.4 1.1 1 1
14.3 -0.1 400.0 7.4 1.4 1 1
14.4 -0.1 400.0 7.4 1.6 1 1
14.5 - -0.1 400.0 7.4 1.9 1 1
14.6 0.0 400.0 7.4 2.1 1 1
14.7 0.0 400.0 7.4 2.3 1 1

CM IN RADAR CONE 100.0000 PERCENT
CMMCA W/IN STRUCTURAL LIMITS 100.0000 PERCENT
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JSTOP = 76391.24
# ITERATIONS = 150

T BANK SPEED RANGE THETA RADAR STRUCT

0.1 1.4 400.3 8.0 -0.2 1 1
0.2 1.7 400.3 8.0 -0.7 1 1
0.3 2.0 400.3 8.0 -1.3 1 1
0.4 2.3 400.2 8.0 -2.0 1 1
0.5 2.6 400.2 8.0 -2.9 1 1
0.6 2.9 400.2 8.0 -4.0 1 1
0.7 3.2 400.2 8.0 -5.1 1 1
0.8 3.4 400.2 8.0 -6.5 1 1
0.9 3.6 400.2 8.0 -7.9 1 1
1.0 3.9 400.1 8.0 -9.6 1 1
1.1 4.1 400.1 8.0 -11.3 1 1
1.2 4.3 400.1 8.0 -13.3 1 1
1.3 4.4 400.1 8.1 -15.3 1 1
1.4 4.6 400.1 8.1 -17.5 1 1
1.5 4.7 400,1 8.1 -19.9 1 1
1.6 4.9 400.0 8.2 -22.4 1 1
1.7 6.0 400.0 8.2 -25.0 1 1
1.8 5.1 400.0 8.3 -27.8 1 1
1.9 6.2 400.0 8.3 -30.6 1 1
2.0 5.2 400.0 8.4 -33.6 1 1
2.1 5.3 400.0 8.5 -36.6 1 1
2.2 5.3 400.0 8.6 -39.7 1 1
2.3 5.4 399.9 8.8 -42.8 1 1
2.4 5.4 399.9 8.9 -46.0 1 1
2.5 6.4 399.9 9.1 -49.2 1 1
2.6 5.3 399.9 9.3 -62.4 1 1
2.7 6.3 399.9 9.5 -55.6 1 1
2.8 6.2 399.9 9.8 -58.7 1 1
2.9 6.1 399.9 10.0 -61.8 0 1
3.0 5.0 399.9 10.3 -64.9 0 1
3.1 4.9 399.9 10.6 -67.8 0 1
3.2 4.8 399.8 11.0 -70.7 0 1
3.3 4.6 399.8 11.3 -73.4 0 1
3.4 4.5 399.8 11.6 -76.7 0 1
3.5 4.3 399.8 11.9 -77.7 0 1
3.6 4.1 399,8 12.2 -79.3 0 1
3.7 3.8 399.8 12.3 -80.7 0 1
3.8 3.6 399.8 12.4 -81.9 0 1
3.9 3.3 399.8 12.6 -82.9 0 1
4.0 3.0 399.8 12.5 -83.8 0 1
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4.1 2.7 399.9 12.5 -84.6 0 1
4.2 2.4 399.9 12.5 -85.4 0 1
4.3 2.1 399.9 12.5 -86.1 0 1
4.4 1.7 399.9 12.5 -86.6 0 1
4.5 1.4 399.9 12.6 -87.0 0 1
4.6 1.0 399.9 12.6 -87.4 0 1
4.7 0.6 399.3 12.7 -87.6 0 1
4.8 0.2 399.9 12.7 -87.8 0 1
4.9 -0.2 399.9 12.7 -87.8 0 1
5.0 -0.7 400.0 12.8 -87.6 0 1
5.1 -1.1 400.0 12.8 -87.4 0 1
5.2 -1.5 400.0 12.9 -87.0 0 1
5.3 -2.0 400.0 12.9 -86.5 0 1
54 -2.4 400.0 12.3 -85.9 0 1
5.5 -2.9 400.0 13.0 -85.2 0 1
5.6 -3.4 400.1 13M0 -84.3 0 1
S.7 -3.9 400.1 13.0 -83.2 0 1
5.8 -4.3 400.1 12.9 -82.1 0 1
5.9 -4.8 400.1 12.9 -80.7 0 1
6.0 -5.3 400.1 12.9 -79.3 0 1
6.1 -5.8 400.2 12.8 -77.6 0 I
6.2 -6.3 400.2 12.7 -76.8 0 1
6.3 -6.7 400.2 12.6 -73.9 0 1
6.4 -7.2 400.2 12.5 -71.8 0 1
6.5 -7.7 400.2 12.4 -69.6 0 1
6.6 -8.1 400.3 12.2 -67.0 0 1
6.7 -8.6 400.3 12.0 -64.4 0 1
6.8 -9.0 400.3 11.8 -61.6 0 1
6.9 -9.5 400.3 11.7 -58.6 1 1
7.0 -9.9 400.3 i1.7 -65.6 1 1
7,1 -10.3 400.3 11.6 -$2.6 1 1
7.2 -10.7 400.4 11.6 -49.5 1 1
7.3 -11.1 400.4 11.6 -46.5 1 1
7.4 -11.4 400.4 11.7 -43.4 1 1
7.S -11.8 400.4 11.7 -40.4 1 I
7.6 -12.1 400.4 11.8 -37.4 1 1
7.7 -12.3 400.S 11.8 -34.A 1 1
7.8 -12.6 400.6 11.9 -31.6 1 1
7.9 -12.8 400.5 12.0 -28.d 1 1
8.0 -13.0 400.6 12.1 -26.1 1 1
8.1 -13.1 400.5 12.1 -23.5 1 1
8.2 -13.3 400.5 12.2 -20.9 1 1
8.3 -13.3 400.6 12.2 -18.6 1 1
8.4 -13.4 400.6 12.2 -16.1 1 1
8.6 -13.4 400.6 12.2 -13.9 1 1
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8.6 -13.4 400.6 12.2 -11.7 1 1
8.7 -13.3 400.6 12.2 -9.7 1 1
8.8 -13.2 400.6 12.1 -7.6 1 1
8.9 -13.0 400.6 12.0 -6.1 1 1
9.0 -12.8 400.6 11.9 -4.5 1 1
9.1 -12.6 400.6 11.7 -3.1 1 1
9.2 -12.3 400.6 11.5 -1.9 1 1
9.3 -12.0 400.7 11.3 -0.9 1 1
9.4 -11.7 400.7 11.2 1.7 1 1
9.5 -11.3 400.7 10.8 0.4 1 1
9.6 -10.9 400.7 10.5 0.6 1 1
9.7 -10.5 400.7 10.2 0.6 1 1
9.8 -10.0 400.7 9.8 0.2 1 1
9.9 -9.5 400.7 9.4 -0.7 1 1

10.0 -9.0 400.7 9.0 -1.9 1 1
10.1 -8.4 400.7 8.7 -3.3 1 1
10.2 -7.9 400.7 8.4 -4.9 1 1
10.3 -7.3 400.7 8.2 -6.9 1 1
10.4 -6.7 400.7 8.0 -9.0 1 1
10.5 -6.1 400.6 7.8 -11.4 1 1
10.6 -5.4 400.6 7.6 -14.0 1 1
10.7 -4.8 400.6 7.5 -1.6.7 1 1
10.8 -4.2 400.6 7.5 -19.6 1 1
10.9 -3.b 400.6 7.5 -22.7 1 1
11.0 -2.9 400.6 7.5 -25.8 1 1
11.1 -2.2 400.6 7.5 -29.1 1 1
11.2 -1.6 400.5 7.0 -32.4 1 1
11.3 -0.9 400.5 7.7 -35.8 1 1
11.4 -0.3 400.5 7.8 -39.2 1 1
11.5 0.3 400.5 8.0 -42.7 1 1
11.6 0.9 400.5 8.2 -46.2 1 1
11.7 1.5 400.4 8.4 -49.8 1 1
11.8 2.1 400.4 8.6 -53.3 1 1
11.9 2.7 400.4 8.9 -56.9 1 1
12.0 3.3 400.4 9.2 -60.5 0 1
12.1 3.8 400.3 9.5 -64.0 0 1
12.2 4.3 400.3 9.9 -67.6 0 1
12.3 4.7 400.3 10.3 -71.2 0 1
12.4 4.9 400.3 10.7 -74.7 0 1
12.6 5.1 400.2 11.2 -78.1 0 1
12.6 5.3 400.2 11.7 -81.4 0 1
12.7 5.3 400.2 12.2 -84.7 0 1
12.8 5.4 400.2 12.7 -87.8 0 1
12.9 5.4 400.2 13.3 -90.8 0 1
13.0 5.4 400.2 13.9 -93.6 0 1
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13.1 5.3 400.1 14.5 263.6 0 1
13.2 5.1 400.1 15.1 261.0 0 1
13.3 4.9 400.1 15.8 258.6 0 1
13.4 4.7 400.1 16.5 256.3 0 1
13.5 4.3 400.1 17.2 254.2 0 1
13.6 4.0 400.1 17.8 252.5 0 1
13.7 3.6 400.1 18.4 251.1 0 1
13.8 3.1 400.1 19.0 250.0 0 1
13.9 2.6 400.1 19.5 249.1 0 1
14.0 2.1 400.0 19.9 248.5 0 1
14.1 1.5 400.0 20.2 248.1 0 1
14.2 0.9 400.0 20.5 247.9 0 1
14.3 0.2 400.0 20.7 247.9 0 1
14.4 -0.5 400.0 20.8 248.0 0 1
14.5 -1.2 400.0 20.8 248.2 0 1
14.6 -2.0 400.0 20.7 248.6 0 1
14.7 -2.7 399.9 20.6 249.1 0 1
14.8 -3.6 399.9 20.4 249.6 0 1
14.9 -4.4 399.9 20.1 250.2 0 1
15.0 -5.3 399.9 19.8 250.8 0 1
15.1 -6.1 399.8 19.4 251.4 0 1
15.2 -7.0 399.8 18.9 251.9 0 1
15.3 -.7.9 399.8 18.5 252.4 0 1
15.4 -8.8 399.7 18.0 252.7 0 1
15.5 -9.7 399.7 17.6 252.8 0 1
15.6 -10.6 399,6 17.1 253.0 0 1
15.7 -11.5 399,6 16.T 253.3 0 1
I5.8 -12.4 399.5 16.3 253.6 0 1
15.9 -13.2 399.5 16.9 254.0 0 1
16.0 -14.1 399.4 15.5 254.4 0 1
16.1 -14.9 399.4 15.1 254.9 0 1
16.2 -15.6 399.3 14.7 256.3 0 1
16.3 -16.4 399.2 14.4 265.8 0 1
16.4 -17.1 399.2 14.1 256.2 0 1
16.5 -17.7 399.1 13.8 256.6 0 1
16.6 -18.3 399.1 13.6 266.9 0 1
16.7 -18.8 399.0 13.4 257.2 0 1
16.8 -19.2 399.0 13.2 257.6 0 1
16.9 -19.5 399.0 13.0 268.1 0 1
17.0 -19.6 398.9 12.7 268.6 0 1
17.1 -19.7 398.9 12.4 259.0 1i
17.2 -19.6 398.9 12.1 269.4 0 1
17,3 -19.4 398.8 11.8 259.7 0 1
17.4 -19.2 398.8 1!.5 269.9 0 1
17.5 -18.9 398.8 11.1 259.8 0 1



17.6 -18.5 398.8 10.8 259.5 0 1
17.7 -18.0 398.8 10.4 258.9 0 1
"17.8 -17.5 398.8 10.1 258.0 0 1
17.9 -16.9 398.8 9.7 256.8 0 1
18.0 -16.3 398.8 9.4 255.2 0 1
18.1 -15.7 398.9 9.0 253.3 0 1
18.2 -15.0 398.9 8.7 251.0 0 1
18.3 -14.3 398.9 8.4 248.3 0 1
18.4 -13.5 398.9 8.2 245.3 0 1
18.5 -12.8 398.9 8.0 241.9 0 1
18.6 -12.0 399.0 7.8 238.2 0 1
18.7 -11.1 399.0 7.6 234.4 0 1
18.8 -10.3 399.0 7.5 230.3 0 1
18.9 -9.5 399.0 7.4 226.2 0 1
19.0 -8.6 399.1 7.4 222.0 0 1
19.1 -7.8 399.1 7.4 217.8 0 1
19.2 -6.9 399.1 7.4 213.8 0 1
19.3 -6.1 399.1 7.4 210.1 0 1
19.4 -5.2 399.1 7.5 206.1 0 1
19.5 -4.4 399.1 7.6 201.9 0 1
19.6 -3.5 399.1 7.8 197.5 0 1
19.7 -2.7 399.2 8.0 193.2 0 1
19.8 -1.9 399.2 8.4 188.9 0 1
19.9 -1.0 399.2 8.7 184.7 0 1
20.0 -0.2 399.2 9.2 180.7 0 1
20.1 0.6 399.2 9.6 176.9 0 1
20.2 1.3 399.1 10.2 173.2 0 1
20.3 2.1 399.1 10.7 169.6 0 1
20.4 2.8 399.1 11.3 166,2 0 1
20.5 3.5 399.1 11.9 162.9 0 1
20.6 4.2 399.1 12.5 159.6 0 1
20.7 4.9 399.1 13.1 156.4 0 1
20.8 5.6 399.1 13.6 153.3 0 1
20.9 6.2 399.1 14.1 150.2 0 1
21.0 6.8 399.0 14.4 147.1 0 1
21.1 7.4 399.0 14.7 144.2 0 1
21.2 8.0 399.0 14.9 141.2 0 1
21.3 8.6 399.0 15.0 138.4 0 1
21.4 9.1 399.0 15.1 135.8 0 1
21.5 9.5 399.0 18.0 133.3 0 1
21.6 10.0 398.9 14.9 130.8 0 1
21.7 10.4 398.9 14.8 128.3 0 1
21.8 10.8 398.9 14.7 125.8 0 1
21.9 11.1 398.9 14.5 123.2 0 1
22.0 11.5 398.9 14.3 120.7 0 1
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22.1 11.7 398.9 14.1 118.1 0 1
22.2 12.0 398.9 13.8 115.6 0 1
22.3 12.2 398.9 13.5 113.2 0 1
22.4 12.3 398.9 13.2 110.8 0 1
22.5 12.4 398.9 12.9 108.2 0 1
22.6 12.5 398.9 12.6 105.3 0 1
22.7 12.6 398.9 12.3 102.3 0 1
22.8 12.6 398.9 12.1 99.1 0 1
22.9 12.5 398.9 11.9 95.7 0 i
23.0 12.5 398.9 11.7 92.3 0 1
23.1 12.3 398.9 11.6 88.7 0 1
23.2 12.2 399.0 11.5 85.2 0 1
23.3 12.0 399.0 11.4 81.6 0 1
23.4 11.8 399.0 11.4 78.1 0 1
23.5 11.6 399.0 11.4 74.8 0 1
23.6 11.3 399.1 11.5 71.6 0 1
23.7 11.0 399.1 11.6 68.6 0 1
23.8 10.7 399.1 11.8 65.9 0 1
23.9 10.3 399.2 11.9 63.4 0 1
24.0 10.0 399.2 12.1 61.2 0 1
24.1 9.6 399.2 12.4 59.4 1 1
24.2 9.2 399.2 12.6 57.9 1 1
24.3 8.9 399.3 12.9 56.7 1 1
24.4 8.5 399.3 13.1 55.8 1 1
24.5 8.1 399.3 13.4 55.3 1 1
24.6 7.7 399.4 13.7 54.7 1 1
24.7 7.3 399.4 13.9 54.0 1 1
24.8 6.9 399.4 14.2 53.4 1 1
24.9 6.5 399.5 14.4 52.8 1 1
25.0 6.1 399.5 14.7 52.3 1 1
25.1 5.7 399.5 14.9 51.7 1 1
25.2 6.3 399.5 15.1 51.2 0 1
25.3 5.0 399.6 15.3 50.8 0 1
25.4 4.6 399.6 15.5 50.3 0 1
2565 4.3 399.6 15.6 49.9 0 1
2S.6 4.0 399.6 16.8 49.6 0 1
25.7 3.7 399.6 16.0 49.7 0 1
25.8 3.4 399.7 16.2 49.7 0 1
25.9 3.1 399.7 16.4 49.3 0 1
26.0 2.9 399.7 16.6 48.8 0 1
26.1 2.7 399.7 16.5 48.2 0 1
26.2 2.5 399.7 16.5 47.3 0 1
26.3 2.3 399.7 16.4 46.3 0 1
26.4 2.1 399.7 16.2 45.3 0 1
26.5 2.0 399.7 15.9 44.1 0 1
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26.6 1.8 399.8 15.5 42.8 0 1
26.7 1.7 399.8 15.1 41.5 0 1
26.8 1.6 399.8 14.6 40.1 1 1
26.9 1.6 399.8 14.0 38.7 1 1
27.0 1.5 399.8 13.3 37.3 1 1
27.1 1.5 399.8 12.6 35.7 1 1
27.2 1.4 399.8 11.9 34.0 1 1
27.3 1.4 399.8 11.3 32.2 1 1
27.4 1.4 399.9 10.6 30.1 1 1
27.5 1.3 399.9 10.0 27.8 1 1
27.6 1.3 399.9 9.3 25.3 1 1
27.7 1.3 399.9 8.7 22.4 1 1
27.8 1.3 399.9 8.1 19.1 1 1
27.9 1.2 399.9 7.5 15.3 1 1
28.0 1.1 399.9 6.9 10.9 1 1
28.1 1.0 399.9 6.4 5.8 1 1
28.2 0.9 400.0 5.9 -0.1 1 1
28.3 0.7 400.0 5.5 -6.9 1 1

28.4 0.5 400.0 5.2 -14.6 1 1
28.5 0.3 400.0 5.0 -23.0 0 1
28.6 0.1 400.0 4.9 -31.9 0 1

CM IN RADAR CONE 37.41259 PERCENT
CMMCA W/IN STRUCTURAL LIMITS 100.0000 PERCENT
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JSTOP = 124108.0
# ITERATIONS = 150

T BANK SPEED RANGE THETA RADAR STRUCT

0.1 -0.5 400.1 8.0 0.1 1 1
0.2 -0.5 400.1 8.0 0.2 1 1
0.3 -0.5 400.1 8.0 0.4 1 1
0.4 -0.5 400.1 8.0 0.6 1 1
0.5 -0.5 400.1 8.0 0.7 1 1
0.6 -0.5 400.1 8.0 0.9 1 1
0.7 -0.5 400.1 8.0 1.1 1 1
0.8 -0.5 400.1 8.0 1.3 1 1
0.9 -0.4 400.1 3.0 1.6 1 1
1.0 -0.4 400.1 8.0 1.8 1 1
1.1 -0.4 400.1 8.0 2.0 1 1
1.2 -0.4 400.1 8.0 2.3 1 1
1.3 -0.4 400.1 8.0 2.5 1 1
1.4 -0.4 400.1 8.0 2.8 1 1
1.5 -0.4 400.1 8.0 3.1 1 1
1.6 -0.4 400.1 8.0 3.3 1 1
1.7 -0.4 400.1 8.0 3.6 1 1
1.8 -0.4 400.1 8.0 3.9 1 1
1.9 -0.4 400.1 8.0 4.2 1 1
2.0 -0.4 400.1 8.0 4.5 1 1
2.1 -0.4 400.1 8.0 4.9 1 1
2.2 -0.4 400.1 8.0 5.2 1 1

.3 -0.4 400.1 8.0 5.5 1 1
2.4 -0.4 400.1 8.0 5.8 1 I
2.5 -0.3 400.1 8.0 6.2 1 1
2.6 -0.3 400•1 8.0 6.5 1 1
2.7 -0.3 400.1 8.0 6.9 1 1
2.8 -0.3 400.1 8.0 7.2 1 1
2.9 -0.3 400.1 8.0 7,6 1 1
.. 0 -0.3 400.1 8.0 8.0 1 1
3.1 -0,3 400.1 8.0 8.3 1 1
3.2 -0.3 400.1 8,0 8.7 1 1
3.3 -0.3 400.,1 8.0 .1 1
3.4 -0.3 400.1 8.1 £6.i 1 1
3.5 -0.3 400.1 8.1 11.6 1
3.6 -0.3 400.1 8.1 13.8 1 1

3.7 -0.2 400.1 b.1 16.5 1 1
3.8 -0.2 400.1 8.0 19.9 1
3.9 -0.2 400.1 8.0 23.7 1 1
4.0 -0.2 400.1 8.0 28.0 1 1
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4.1 -0.2 400.1 8.1 32.2 1 1

4.2 -0.2 400.1 8.1 36.3 1 1
4.3 -0.2 400.1 8.3 40.4 1 1
4.4 23.7 399.7 8.4 40.5 1 1
4.5 23.3 399.7 8.6 36.7 1 1
4.6 23.9 399.7 8.7 32.3 1 1
4.7 23.5 399.7 8.8 27.3 1 1
4.8 23.6 399.7 8.8 21.9 1 1
4.9 23.6 399.7 8.9 16.0 1 1
5.0 15.2 399.8 8.9 10.9 1 1
5.1 0.0 400.1 8.9 9.1 1 1
5.2 -0.4 400.1 8.9 9.5 1 1
5.3 2.0 400.0 8.9 9.6 1 1
5.4 -4.5 400.1 8.9 10.3 1 1
5.5 1.8 400.0 8.9 11.0 1 1
5.6 0.0 400.1 8.9 11.2 1 1
5.7 -0.2 400.1 8.9 11.6 1 1
5.8 -0.5 400.1 9.0 12.0 1 1
5.9 -0.2 400.1 9.0 12.5 1 1
6.0 -0.2 400.1 9.0 13.0 1 1
6.1 0.0 400.1 9.0 13.4 1 1
6.2 -0.5 400.1 9.0 13.9 1 1
6.3 -0.3 400.1 9.0 14.4 1 1
6.4 0.0 400.1 9.0 14.8 1 1
6.5 -0.5 400.1 9.0 15.3 1 1
6.6 -0.3 400.1 9.1 15.8 1 1
6.7 0.0 400.1 9.1 16.2 1 1
6.8 -0.5 400.1 9.1 16.3 1 1
6.9 -0.1 400.1 9.0 15.9 1 1
7,0 -0.2 400.1 9.0 15.2 1 1

7.1 -0.5 400.1 8.9 14.0 1 1
7.2 -0.3 400.1 8.8 12.5 1 1
7.3 0.0 400.1 8.6 10.6 1 1
7.4 -0.5 400.1 8.4 8.2 1 1

7.6 -0.2 400.1 8,2 6.4 1 1
7.6 -0.2 400.1 8.0 2.1 1 1
7.7 0.0 400.1 7.7 -1.8 1 1
7,8 -20.7 400.6 7.4 -3.1 1 1
7.9 -20.3 400.6 7.1 -1.6 1 1

8.0 -•0.3 400.6 6.8 -03 1 1
8.1 -20.6 400.6 6.8 0.8 1 1
8.2 -20.5 400.6 6.1 1.8 1 1
8.3 -20.0 400.6 6.8 2.6 1 1
8.4 -20.6 400.7 5.4 2.8 1 1
8.6 -20.4 400.6 5.1 2.9 1 1
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8.6 -20.1 400.6 4.7 2.5 0 1
8.7 -20.2 400.6 4.4 1.5 0 1
8.8 -20.1 400.6 4.1 -0.2 0 1
8.9 -20.5 400.6 3.8 -2.7 0 1
9.0 -19.8 400.6 3.5 -6.1 0 1
9.1 -20.3 400.6 3.2 -10.5 0 1
9.2 -19.8 400.6 3.1 -16.0 0 1
9.3 -20.1 400.6 2.9 -22.4 0 1
9.4 -20.2 400.6 2.9 -21.5 0 1
9.5 -20.0 400.6 2.9 -36.2 0 1
9.6 -20.0 400.5 3.1 -42.6 0 1
9.7 -20.1 400.5 3.2 -48.2 0 1
9.8 -20.3 400.5 3.5 -52.7 0 1
9.9 -20.2 400.5 3.7 -56.6 0 1

10.0 -20.3 400.5 4.1 -58.4 0 1
10.1 -20.1 400.4 4.4 -58.7 0 1
10.2 -20.4 400.4 4.7 -57.7 0 1
10.3 -20.3 400.4 4.9 -55.7 0 1
10.4 60.4 398.0 5.2 -70.9 0 0
10.5 -77.6 404.7 5.5 -51.6 1 0
10.6 43.4 398.9 5.6 -23.3 1 0
10.7 -20.1 400.3 5.6 -27.7 1 1
10.8 -21.0 400.3 5.6 -21.2 1 1
10.9 -27.9 400.4 5.5 -12.6 1 1
11.0 -0.3 399.9 5.4 -6.3 1 1
11.1 -0.2 399.9 5.4 -4.0 1 1
11.2 -0.5 399.9 5.3 -1.6 1 1
11.3 -0.4 399.9 5.3 0.9 1 1
11.4 -0.4 399.9 5.3 3.3 1 1
11.5 -0.4 399.9 5.3 5.8 1 i
11.6 -0.1 399.9 5.3 8.3 1 1
11.7 -0.5 399.9 5.3 10.9 1 1
11.8 -0.5 399.9 5.3 13.5 1 1
11.9 -0.3 399.9 5.3 16.0 1 1
12.0 -0.3 399.9 5.3 18.6 1 1
12.1 -0.3 399.9 8.4 21.1 1 1
12.2 -0.2 399.9 5.4 23.6 1 1
12.3 0.0 399.9 5.5 26.0 1 1
12.4 -0.3 399.9 5.5 28.3 1 1
12.5 -0.1 399.9 5.6 30.6 1 1
12.6 -0.1 399.9 5.7 32.8 I
12.7 0.0 399.9 5.8 35.0 1 1
12.8 0.0 399.9 5.9 37.0 1 1
12.9 0.3 399.9 6.0 38.9 1 1
13.0 0.0 399.9 6.1 40.8 1 1
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13.1 0.4 399.9 6.2 42.6 1 1
13.2 0.0 399.9 6.4 44.3 1 1
13.3 0.3 399.9 6.5 45.9 1 1
13.4 0.4 399.9 6.6 47.4 1 1
13.5 0.6 399.9 6.8 48.8 1 1
13.6 0.3 399.9 7.0 50.7 1 1
13.7 0.6 399.9 7.2 53.2 1 1
13.8 0.6 399.9 7.4 56.0 1 1
13.9 0.7 399.9 7.7 59.2 1 1
14.0 0.9 399.9 8.1 62.7 0 1
14.1 0.7 399.9 8.5 66.4 0 1
14.2 0.9 399.9 8.9 70.3 0 1
14.3 1.0 399.9 9.3 74.3 0 1
14.4 1.1 399.9 9.8 78.3 0 1
14.5 1.1 399.9 10.4 82.3 0 1
14.6 25.3 399.7 11.0 82.6 0 1
14.7 25.5 399.7 11.5 79.0 0 1
14.8 25.5 399.7 12.0 75.4 0 1
14.9 25.5 399.7 12.4 71.7 0 1
15.0 25.5 399.7 12.8 68.0 0 1
15.1 25.7 399.7 13.1 64.2 0 1
15.2 25.8 399.7 13.4 60.3 0 1
15.3 25.5 399.7 13.6 56.4 1 1
15.4 2S.9 399.8 13.7 52.5 1 1
15.5 25.7 399.8 13.8 48.6 1 1
15.6 25.7 399.8 13.9 44.4 1 1
15.7 25.6 399.8 13.9 40.0 1 1
15.8 26.1 399.8 14.0 35.2 1 1
15.9 25.3 399.8 14.0 30.2 1 1
16.0 25.5 399.9 14.0 24.9 1 1
16.1 25.7 399.9 14.0 19.2 1 1
16.2 25.4 399.9 13.9 13.1 1 1
16.3 26.1 399.9 13.9 6.8 1 1
16.4 25.7 399.9 13.9 0.2 1 1
16.8 32.8 399.8 13.9 -8.4 1 0
16.6 1.0 400.0 13.8 -13.5 1 1
16.7 0.9 400.0 13.8 -13.5 1 1
16.8 0.8 400.0 13.8 -13.9 1 1
16.9 0.7 400.0 13.8 -14.6 1 1
17.0 0.6 400.0 13.9 -15.7 1 1
17.1 0.5 400.0 13.9 -17.0 1 1
17.2 0.4 400.0 13.9 -18.7 1 1
17.3 0.3 400.0 13.9 -20.7 1 1
17.4 0.2 400.0 13.9 -23.0 1 1
17.5 0.1 400.0 13.8 -25.8 1 1
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17.6 0.0 400.0 13.8 -28.4 1 1
17.7 -0.1 400.0 13.7 -31.5 1 1
17.8 -24.1 400.2 13.7 -31.2 1 1
17.9 -23.8 400.1 13.5 -27.4 1 1
18.0 -24.6 400.1 13.4 -23.4 1 1
18.1 -24.2 400.1 13.1 -19.4 1 1
18.2 -24.3 400.1 12.8 -15.4 1 1
18.3 -24.4 400.1 12.5 -11.4 1 1
18.4 -24.8 400.1 12.1 -7.2 1 1
18.5 -24.1 400.1 11.7 -3.1 1 1
18.6 -24.6 400.1 11.2 1.1 1 1
18.7 -24.5 400.1 10.7 5.3 1 1
18.8 -24.7 400.1 10.1 9.7 1 1
18.9 -24.1 400.1 9.5 14.0 1 1
19.0 -24.4 400.1 8.9 18.4 1 1
19.1 -24.0 400.1 8.2 22.8 1 1
19.2 -24.3 400.1 7.5 27.4 1 1
19.3 -23.9 400.0 6,8 32.2 1 1
19.4 -24.1 400.0 6.0 37.1 1 1
19.5 -23.5 400.0 5.4 42.0 1 1
19.6 -23.6 400.0 4.8 47.0 0 1
19.7 -23.9 400.0 4.3 52.3 0 1
19.8 -22.9 400.0 3.9 57.7 0 1
19.9 -23.6 400.0 3.5 63.4 0 1
20.0 -23.0 400.0 3.2 69.5 0 1
20.1 -23.2 400.0 3.0 75.9 0 1
20.2 -22.8 400.0 2.9 82.7 0 1
20.3 -30.5 400.0 2.8 90.9 0 0
20.4 1.1 400.0 2.8 95.5 0 1
20.5 0.7 400.0 2.9 95.2 0 1
20.6 0.9 400.0 2.9 94.9 0 1
20.7 1.1 400.0 3.0 94.6 0 1
20.8 1.3 400.0 2.9 94.3 0 1
20.9 0,9 400,0 2.8 94.5 0 1
21.0 1.1 400.0 2.6 95,3 0 1
21.1 1.3 400.0 2.3 97.3 0 1
21.2 1.5 400.0 2.0 101.5 0 1
21.3 1.1 400.0 1.6 110.2 0 1
21.4 1.3 400.0 1.3 127.8 0 1
21.6 1.4 400.0 1.2 157.4 0 1
21.6 1.7 400.0 1.4 185.0 0 1
21.7 1.1 400.0 1.9 201.7 0 1
21.8 -21.9 400.0 2.4 214.3 0 1
21.9 -22.0 400.0 3.0 226.0 0 1
22.0 -22.2 400.0 3-5 235.3 0 1
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22.1 -22.1 400.0 3.9 243.3 0 1
22.2 -21.7 400.0 4.3 250.5 0 1
22.3 -22.5 400.0 4.6 257.3 0 1
22.4 -22.2 400.0 4.8 264.0 0 1
22.5 -22.1 400.0 4.9 270.6 0 1
22.6 -7.0 400.0 4.P 275.0 0 1
22.7 1.2 400.0 4.7 275.7 0 1
22.8 1.3 400.0 4.4 275.0 0 1
22.9 1.1 400.0 4.0 273.7 0 1
23.0 1.2 400.0 3.6 271.6 0 1
23.1 1.0 400.0 3.2 268.2 0 1
23.2 1.1 400.0 2.7 262.1 0 1
23.3 0.9 400.0 2.2 251.6 0 1
23.4 1.1 400.0 1.8 233.6 0 1
23.5 25.0 399.9 1.8 205.1 0 1
23.6 24.8 399.9 2.1 176.5 0 1
23.7 25.0 399.9 2.7 156.6 0 1
23,8 25.0 399.9 3.4 142.9 0 1
23.9 24.8 399.9 4.1 132.7 0 1
24.0 24.6 399.9 4.9 124.5 0 1
24.1 24.9 399.9 5.6 117,5 0 1
24.2 24.8 399.9 6.4 111.2 0 1
24.3 24.8 399.9 7.1 1054 .0 .1
24.4 24.5 399.9 7.8. 100.') 0 1
24.5 24.8 399.9 8.6 94.7 0 1
24.6 24.5 399.9 9.01 89.2 0 1
24.7 24.6 399.9 9.6 83.5 0 1
24.8 24.4 399.9 10.0 77.6 0 1
24.9 24.8 399.9 10. 3 71.4 0 1
25.0 24.2 399.9- 10,6 65.0 0 1
25.1 24.4 1599.# J0.8 58.6 1.
25.2 24.6 399.9 10.9 51.6 1 i
2.1.3 24.2 400.0 11.0 44.WS I 1
25.4 24.6 400.0' il.0 17.0 1 I
25.5 20.4 400.0 10.9 2V-9 1 I
?z . 0.7 400.0., 10.9 2,-.1 1 1
25.7 0.2 400., 10.8 25.9 1 1
25.8 0.3 400.0 10.8 26., 1 1
25,9 0.4 400 0 10.7 24.6 1 1

.26.0 0.6 400.0 10.5 23.1 1 1
26.1 0.1 400.0 10.3 21.5 1
26.2 0.3 400.0 10.1 19.8 1 .
26.3 0.4 400.0 9.7 17.2 1 1
26.4 0.6 400.0 9.3 14A4 1 1
26.5 0.1 400.0 8.9 11it 1 I
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26.6 0.3 400.0 8.4 7.6 1 1
26.7 38.8 400.0 7.8 -3.5 1 0
26.8 -23.7 400.0 7.3 -12.2 1 1
26.9 -23.2 400.0 6.7 -11.6 1 1
27.0 -23.5 400.0 6.1 -11.6 1 1
27.1 -23.4 400.0 5.6 -12.2 1 1
27.2 -23.5 400.0 5.3 -13.1 1 1
27.3 -23.6 400.0 5.0 -14.1 0 1
27.4 -23.2 400.0 4.7 -15.2 0 1
27.5 -23.7 400.0 4.6 -15.8 0 1
27.6 -23.5 400.0 4.5 -15.9 0 1
27.7 -23.4 400.0 4.4 -15.2 0 1
27.8 -23.6 400.0 4.4 -13.6 0 1
27.9 -23.7 400.0 4.4 -11.0 0 1
28.0 -21.1 400.0 4.4 -7.7 0 1
28.1 0.2 400.0 4.4 -7.3 0 1
28.2 0.1 400.0 4.4 -9.9 0 1
28.3 0.1 400.0 4.4 -12.4 0 1
28.4 0.1 :400.0 4.4 -14.9 0 1
28.5 0.0 400.0 4.4 342.6 0 1
28.6 0.0 400.0 4.5 340.1 0 1

CH IN RADAR CONE .64.68532 PERCENT

CMNCA N/IN STRUCTURAL. LIMITS 97.90209 PERCENT
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JSTOP = 25975.84
# ITERATIONS = 150

T BANK SPEED RANGE THETA RADAR STRUCT

0.1 1.9 400.1 8.0 -0.3 1 1
0.2 2.1 400.1 8.0 -0.9 1 1
0.3 2.3 400.1 8.0 -1.6 1 1
0.4 2.5 400.1 8.0 -2.5 1 1
0.5 2.8 400.1 8.0 -3.4 1 1
0.6 3.0 400.1 8.0 -4.5 1 1
0.7 3.1 400.1 8.0 -5.7 1. 1
0.8 3.3 400.1 8.0 -7.1 1 1
0.9 3.5 400.1 8.0 -8.6 1 1
1.0 3.7 400.1 8.0 -10.2 1 1
1.1 3.8 400.1 8.0 -11.9 1 1
1.2 3.9 400.1 8.0 -13.8 1 1
1.3 4.1 400.1 8.1 -15.7 1 1
1.4 4.2 400.1 8.1 -17.8 1 1
1.5 4.3 400.1 8.1 -20.1 1 1
1.6 4.4 400.1 8.2 -22.4 1 1
1.7 4.5 400.1 8.2 -24.9 1 1
1.8 4.6 400.1 8.3 -27.4 1 1
1.9 4.6 400.1 8.3 -30.0 1 1
2.0 4.7 400.0 8.4 -32.8 1 1
2.1 4.7 400.0 8.5 -35.6 1 1
2.2 4.7 400.0 8.6 -38.4 1 1
2.3 4.8 400.0 8.8 -41.3 1 1
2.4 4.8 400.0 8.9 -44.3 1 1
2.5 4.8 400.0 9.1 -47.2 1 1
2.6 4.8 400.0 9.2 -50.2 1 1
2.7 4.7 399.9 9.4 -63.2 1 1
2.8 4.7 399.9 9.7 -56.1 1 1
2.9 4.7 399.9 9.9 -59.0 1 1
3.0 4.6 399.9 10.2 -61.9 0 1
3.1 4.5 399.8 10.4 -64.7 0 1
3.2 4.4 399.8 10.7 -67.4 0 1
3.3 4.3 399.8 11.1 -70.0 0 1
3.4 4.2 399.8 11.4 -72.3 0 1
3.5 4.1 399.7 11.6 -74.1 0 1
3.6 3.9 399.7 11.8 -75.7 0 1
3.7 3.8 399.7 11.9 -77.1 0 1
3.8 3.6 399.6 12.0 -78.2 0 1
3.9 3.4 399.6 12.0 -79.2 0 1
4.0 3.2 399.6 12.0 -80.1 0 1
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4.1 3.0 399.5 11.9 -81.0 0 1
4.2 2.7 399.5 11.9 -81.8 0 1
4.3 2.5 399.4 11.9 -82.6 0 1
4.4 2.2 399.4 11.9 -83.2 0 1
4.5 2.0 399.3 11.9 -83.8 0 1
4.6 1.7 399.3 11.9 -84.3 0 1
4.7 1.4 399.2 11.9 -84.8 0 1
4.8 1.0 399.2 12.0 -85.1 0 1
4.9 0.7 399.1 12.0 -85.4 0 1
5.0 0.4 399.1 12.0 -85.5 0 1
5.1 0.0 399.0 12.1 -85.6 0 1
5.2 -0.3 399.0 12.1 -85.6 0 1
5.3 -0.7 398.9 12.1 -85.4 0 1
5.4 -1.1 398.8 12.1 -85.2 0 1
5.5 -1.5 398.8 12.2 -84.8 0 1
5.6 -1.9 398.7 12.2 -84.3 0 1
5.7 -2.3 398.6 12.2 -83.7 0 1
5.8 -2.7 398.5 12.2 -83.0 0 1
5.9 -3.1 398.5 12.2 -82.2 0 1
6.0 -3.5 398.4 12.2 -81.2 0 1
6.1 -4.0 398.3 12.1 -80.1 0 1
6.2 -4.4 398.2 12.1 -78.8 0 1
6.3 -4.9 398.2 12.1 -77.5 0 1
6.4 -5.3 398.1 12.0 -75.9 0 1
6.5 -5.8 398.0 11.9 -74.2 0 1
6.6 -6.2 397,9 11.8 -72.4 0 1
6.7 -6.7 397.8 11.7 -70.4 0 1
6.8 -7.1 397.8 11.6 -68.2 0 1
6.9 -7.6 397.7 11.6 -66.0 0 1
7.0 -8.1 397.6 11.6 -63.7 0 1
7.1 -8.5 397.6 11.6 -61.5 0 1
7.2 -9.0 397.6 11.7 -59.2 1 1
7.3 -9.4 397.4 11.8 -56.9 1 1
7.4 -9.8 397.4 11.9 -54.6 1 1
7.5 -10.3 397.3 12.1 -52.4 1 1
7.6 -10.7 397.3 12.2 -60.1 1 1
7.7 -11.1 397.2 12.4 -48.0 1 1
7.8 -11.5 397.2 12.6 -46.8 1 1
7A, -11.8 397.2 12.7 -43.7 1 1
8.0 -12,2 397.1 12.9 -41.7 1 1
8.1 -12.5 397.1 13.1 -39.6 1 1
8.2 -12.8 397.1 13.2 -37.0- 1 1
8.3 -13.1 397.1 13.4 -35.6 1 1
8.4 -13.3 397.1 13.5 -33.7 1 ?

8.5 -13.5 397.1 13.6 -31.8 15,
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8.6 -13.7 397.1 13.7 -29.9 1 1
8.7 -13.8 397.2 13.7 -28.0 1 1
8.8 -13.9 397.2 13.7 -26.3 1 1
8.9 -14.0 397.2 13.7 -24.5 1 1
9.0 -14.0 397.3 13.7 -22.9 1 1
9.1 -14.0 397.3 13.7 -21.3 1 1
9.2 -13.9 397.4 13.6 -19.8 1 1
9.3 -13.8 397.5 13.5 -18.5 1 1
9.4 -13.7 397.5 13.5 -15.6 1 1
9.5 -13.5 397.6 13.2 -16.1 1 1
9.6 -13.3 397.7 13.0 -15.2 1 1
9.7 -13.0 397.8 12.8 -14.4 1 1
9.8 -12.7 397.9 12.5 -13.9 1 1
9.9 -12.3 398.0 12.2 -13.7 1 1

10.0 -11.9 398.1 11.9 -13.5 1 1
10.1 -11.5 398.2 11.7 -13.4 1 1
10.2 -11.0 398.3 11.5 -13.5 1 1
10.3 -10.5 398.4 11.3 -13.6 1 1
10.4 -9.9 398.5 11.1 -13.7 1 1
10.5 -9.4 398.6 11.0 -14.0 1 1
10.6 -8.8 398.7 10.9 -14.3 1 1
10.7 -8.2 398.7 10.8 -14.8 1 1
10.8 -7.6 398.8 10.7 -15.3 1 1
lC 1 -6.9 39? 0 10.6 -18.9 1 1
11.0 -6.3 399.0 10.6 -16.5 1 1
11.1 -5.6 399.1 10.6 -17.3 1 1
11.2 -4.9 399.2 10.6 -18.2 1 1
11.3 -4.2 399.2 10.6 -19,2 1 1
11.4 -3.6 399.3 10.6 -20.3 1 1
11.6 -2.9 399.4 10.6 -21.6 1 1
11.6 -2.2 399.4 10.6 -23.0 1 1
11.7 -1.8 399.5 10.7 -24.5 1 1

11.6 -0.8 399.6 10.7 -26.2 1 1
11.9 -0.2 399.6 10.8 -28.0 1 1
12.0 0.5 399.6 10.9 -30.0 1 1
12.1 1.1 399.6 11.0 -32.2 1 1
12.2 1.7 399.6 11.1 -34.5 1 1
12.3 2.3 399.7 11.2 -36.9 1 1
12.4 2.9 399J7 11.4 -39.6 1 I
12.8 3.S 399.7 11.5 -42.3 1 1
12.6 4.0 399.7 11.7 -46.3 1 1
12.7 4.5 399.7 11.9 -48.3 1 1
12.8 5.0 399.7 12.1 -51.5 1 1
12.9 8.4 399.7 12.4 -64.8 1 1
13.0 6.8 399.7 12.7 -58.2 1 1
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13.1 6.2 399.7 13.0 -61.3 0 1
13.2 6.5 399.7 13.3 -65.1 0 1
13.3 6.8 399.7 13.7 -68.7 0 1
13.4 7.1 399.7 14.1 -72.3 0 1
13.5 7.3 399.7 14.5 -75.9 0 1
13.6 7.4 399.7 14.9 -79.2 0 1
13.7 7.5 399.7 15.3 -82.2 0 1
13.8 7.6 399.6 15.7 -85.0 0 1
13.9 7.6 39S).6 16.0 -87.6 0 1
14.0 7.6 399.6 16.3 -90.0 0 1
14.1 7.5 399.6 16.6 -92.3 0 1
14.2 7.3 39?.6 16.8 -94.5 0 1
14.3 7.1 399.6 16.9 -96.6 0 1
14.4 6.8 399.6 16.9 -98.5 0 1
14.5 0.5 399.5 16.9 -100.5 0 1
14.6 6.2 399.5 16.9 -102.3 0 1
14.7 5.8 399.5 16.8 -104.2 0 1
14.8 5.3 399.5 16.6 -106.0 0 1
14.9 4.8 399.5 16.4 -107.9 0 1
15.0 4.3 399.5 16.1 -109.8 0 1
15.1 3.8 399.5 15.8 -111.8 0 1
15.2 3.2 399.5 15.5 -113.9 0 1
15.3 2.5 399.5 15.1 -116.2 0 I
15.4 1.9 399.5 14.8 -118.6 0 1
15.5 1.2 399.5 14.4 -121.4 0 1
15.6 0.6 399.5 14.1 -124.1 0 1
15.7 -0.1 399.5 13.9 -126.7 0 1
15.8 -0.9 399.5 13.6 -129.2 0 1
15.9 -1.6 399.5 13.4 -131.6 0 1
16.0 -2.3 399.5 13.2 -133.9 0 1
16.1 -3.0 399.5 13.0 -136.0 0 1
16.2 -3.8 399.5 12.9 -138.1 0 1
16.3 -4.5 399.5 12.8 -140.1 0 1
16.4 -5.2 399.5 12.7 -141.9 0 1
16.5 -5.9 399.5 12.7 -143.6 0 1
16.6 -6.6 399.6 12.7 -145.3 0 1
16.7 -7.3 399.6 12.7 -146.8 0 1
16.8 -8.0 399.6 12.7 -147.8 0 1
16.9 -8.7 399.6 12.7 -148.6 0 1
17.0 -9.3 399.6 12.6 -148.7 0 1
17.1 -9.9 399.6 12.6 -148.6 0 1
17.2 -10.5 399.6 12.6 -148.1 0 1
17.3 -11.0 399.6 12.4 -147.2 0 1
17.4 -11.6 399.6 12.3 -146.9 0 1
17.5 -12.1 399.6 12.2 -144.3 0 1

I 5(i



17.6 -12.5 399.7 12.0 -142.4 0 1
17.7 -13.0 399.7 11.9 -140.1 0 1
17.8 -13.3 399.7 11.8 -137.5 0 1
17.9 -13.7 399.7 11.6 -134.5 0 1
18.0 -14.0 399.7 11.5 -131.3 0 1
18.1 -14.2 399.7 11.4 -127.8 0 1
18.2 -14.4 399.7 11.3 -124.1 0 1
18.3 -14.6 399.7 11.2 *-120.2 0 1
18.4 -14.7 399.8 11.1 -116.1 0 1
18.5 -14.8 399.8 11.1 -111.9 0 1
18.6 -14.8 399.8 11.1 -107.5 0 1
18.7 -14.8 399.8 11.1 -103.1 0 1
18.8 -14.8 399.8 11.2 -98.8 0 1
18.9 -14.7 399.8 11.3 -94.4 0 1
19.0 -14.5 399.8 11.4 -90.2 0 1
19.1 -14.4 399.8 11.6 -86.1 0 1
19.2 -14.2 399.8 11.8 -82.2 0 1
19.3 -13.9 399.8 12.0 -78.5 0 1
19.4 -13.6 399.8 12.2 -74.9 0 1

19.5 -13.3 399.8 12.4 -71.3 0 1
19.6 -13.0 399.9 12.5 -67.7 0 1
19.7 -12.6 399.9 12.6 -64.2 0 1
19.8 -12.3 399.9 12.6 -60.7 0 1
19.9 -11.9 399.9 12.6 -57.1 1 1
20.0 -11.5 399.9 12.6 -53.7 $ 1
20.1 -11.0 399.9 12.5 -0.2 1 1
20.2 -10.6 399.9 12.4 -46.8 1 1
20.3 -10.1 399.9 12.3 -43.3 1 1
20.4 -9.7 399.9 12.1 -39.9 1 1
20.5 -9.2 399.9 12.0 -36.5 1 1
20.6 -8.7 399.9 11.8 -33.1 1 1
20.7 -8.2 399.9 11.6 -29.7 1 1
20.8 -7.7 399.8 11.5 -26.6 1 1
20.9 -7.2 399.8 11.4 -23.7 1 1
21.0 -6.7 399.8 11.4 -21.3 1 1
21.1 -6.1 399.8 11.3 -19.2 1 1

21.2 -5.6 399.8 11.4 -17.7 1 1
21.3 -6.1 399.8 11.4 -16.b 1 1
21.4 -4.6 399.8 11.4 -15.9 1 1
21.5 -4.0 399.8 11.4 -15.8 1 1
21.6 -3.5 399.8 11.4 -15.9 1 1
21.7 -3.0 399.8 11.6 -16.1 1 1
21.8 -2.4 399.8 11.6 -16.4 1 1
21.9 -1.9 399.8 11.6 -16.0 1 1
22.0 -1.4 399.8 11.6 -17.3 1 1
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22.1 -0.9 399.7 11.6 -17.9 1 1
22.2 -0.4 399.7 11,6 -18.7 1 1
22.3 0.1 399.7 11.7 -19.6 1 1
22.4 0.6 399.7 11.7 -20.6 1 1
22.5 1.1 399.7 11.7 -21.4 1 1
22.6 1.5 399.7 11.7 -21.9 1 1
22.7 2.0 399.7 11.7 -22.2 1 1
22.8 2.4 399.7 11.7 -22.3 1
22.9 2.8 399.7 11.6 -22.2 1 1
23.0 3.2 399.6 11.4 -21,9 1 1
23.1 3.6 399.6 11.2 -21.5 1 1
23.2 3.9 399.6 10.9 -20.9 1 1
23.3 4.2 399.6 10.6 -20.2 1 1
23.4 4.5 399.6 10.3 -19.3 1 1
23.5 4.8 399.6 9.8 -18.2 1 1
23.6 5.1 399.6 9.3 -16.9 1 1
23.7 5.3 399.6 8.8 -15.4 1 1
23.8 5.S 399.6 8.2 -13.6 1 1
23.9 5.7 399.6 7.5 -11.4 1 1
24.0 5.9 399.6 6.9 8.7 1 1
24.1 6.1 399.6 6.1 -5.2 1 1
24.2 6.2 399.5 5.4 -0.8 1 1
24.3 6.4 399.5 4.7 5.3 0 1
24.4 6.5 399.5 3.9 13.8 0 1
24.5 6.6 399.5 3.3 26.1 0 1
24.6 6.7 399.5 3.0 4;.6 0 1
24.7 6.8 399.5 3.0 61.1 0 1
24.8 6.9 399.5 3.3 77.3 0 1
24.9 7.0 399.5 3.9 89.2 0 1
25.0 7.1 399.5 4.6 97.1 0 1
25.1 7.2 399.5 6.3 102.3 0 1
25.2 7.2 399.6 6.2 105.5 0 1
26.3 7.3 399.5 7.0 107.6 0 1
25.4 7.4 399.5 7.8 109.8 0 1
25.6 7.4 399.6 8.7 109.4 0
25.6 7.4 399.6 9.6 109.6 0 1
25.7 7.4 399.6 10.1 110.2 0 1
25.8 7.4 399.6 11.2 110.0 0 1
25.9 7.3 399.6 12.0 109.2 0 1
26.0 7.2 399.6 12.7 108.1 0 1
26.1 7.0 399.6 13.4 106.7 0 1
26.2 6.9 399.6 14.0 106.1 0 1
26.3 6.6 399.6 14.4 103.3 0 1
26.4 6.4 399.7 14.8 101.5 0 I
26.5 6.1 399.7 15.1 99.8 0 1



26.6 5.8 399.7 15.2 98.0 0 1
26.7 5.4 399.7 15.3 96.4 0 1
26.8 5.1 399.7 15.2 94.9 0 1
26.9 4.8 399.7 15.1 93.6 0 1
27.0 4.4 399.8 14.9 92.5 0 1
27.1 4.1 399.8 14.6 91.5 0 1
27.2 3.8 399.8 14.4 90.6 0 1
27.3 3.5 399.8 14.1 89.8 0 1
27.4 3.1 399.8 13.8 89.1 0 1
27.5 2.8 399.8 13.5 88.4 0 1
27.6 2.5 399.9 13.3 87.9 0 1
27.7 2.2 399.9 12.9 87.5 0 1
27.8 2.0 399.9 12.6 87.2 0 1
27.9 1.7 399.9 12.3 86.9 0 1
28.0 1.4 399.9 12.0 86.8 0 1
28.1 1.2 399.9 11.7 86.7 0 1
28.2 0.9 399.9 11.3 86.8 0 1
28.3 0.7 400.0 11.0 86.9 0 1
28.4 0.4 400.0 10.7 87.1 0 1
28.6 0.2 400.0 10.3 87.4 0 1
28.6 0.1 400.0 10.0 87.8 0 1

CM IN RADAR CONE 46.15384 PERCENT
CMHCA WIN STRUCTURAL LIMITS 100.0000 PERCENT
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JSTOP = 6112.035
8 ITERATIONS 150

T BANK SPEED RANGE THETA RADAR STRUCT

0.1 0.1 400.2 8.0 0.0 1 1
0.2 0.1 400.2 8.0 0.0 1 1
0.3 0.1 400.2 8.0 -0.1 1 1
0.4 0.1 400.2 8.U -0.1 1 1
0.5 0.1 400.2 8.0 -0.1 1 1
0.6 0.1 400.2 8.0 -0.2 1 1
0.7 0.1 400.2 8.0 -0.2 1 1
0.8 0.1 400.2 8.0 -0.2 1 1
0.9 0.1 400.2 8.0 -0.3 1 I
1.0 0.1 400.2 8.0 -0.3 1 1
1.1 0.1 400.2 8.0 -0.3 1 1
1.2 0.1 400.2 8.0 -0.4 1 1
1.3 0.1 400.2 8.0 -0.4 1 1
1.4 0.1 400.2 8.0 -0.S 1 1
1.5 0.1 400.2 8.0 -0.5 1 1
1.6 0.1 400.2 8.0 -0.6 1 1
1.7 0.1 400.2 8.0 -0.6 1 1
1.8 0.1 400.2 8.0 -0.7 1 1
1.9 0.1 400.2 8.0 -0.7 1 1
2.0 0.1 400.2 8.0 -0.8 1 1
2.1 0.1 400.2 8.0 -0.9 1 1
2.2 0.1 400.2 8,0 -0.9 1 1
2.3 0.1 400.2 8.0 -1.0 1 1
2.4 0.1 400.2 8.0 -1.1 1 1
2.6 0.1 400.2 8.0 -1.1 1 1
2.6 0.1 400.2 8.0 -1.2 1 1
2.7 0.1 400.2 8.0 -1.3 1 1
2.8 0.1 400.2 8.0 -1.3 1 £
2.9 0.1 400.2 8.0 -1.4 1 1
3.0 0.1 400.2 8.0 -1.6 1 1
3.1 0.1 400.2 8.0 -1.6 1 1
3.2 0.1 400.2 8.0 -1.7 1 1
3.3 0.1 400.2 8.0 -1.7 1 I
3.4 0.1 400.2 8.0 -1.2 1 1
3.5 0.1 4.00.2 8.0 -0.1 1 1
3.6 0..1 400.2 7,9 1.6 1 1
3.7 0.1 400.2 7.9 3.8 1 1
3.8 0.1 400.2 7.8 6.7 1 1
3.9 0.1 400.2 7.7 10.2 1 1
4.0 0.0 400.2 7.6 14,1 1 I
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4.1 0.0 400.2 7.5 18.1 1 1
4.2 0.0 400.2 7.5 22.1 1 1
4,3 0.0 400.2 7,5 26.2 1 1
4.4 23.7 398.8 1.5 26.5 1 1
4.5 23.2 398.8 7.S 22.8 1 1
4.6 23.8 398.8 7.6 18.5 1 1
4.7 23.4 398.8 7.6 13.5 1 1
4,8 23,4 398.7 7.6 8.0 1 1
4.9 23.5 398.7 7.6 1.8 1 1
5.0 15.2 399.2 7.6 -3.6 1 1
5.1 0.2 400.1 7.6 -5.8 1 1
5,2 -0.3 400.1 7.6 -5.8 1 1
5.3 2 2 399.9 7.6 -6.2 1 1
5.4 -4.2 400.3 7.6 -5.9 1 1
5.5 2.0 399.9 7.6 -5.6 1 1
5.6 0.2 400.0 7.6 -6.0 1 1
5.7 0.1 400.1 7.6 -6.1 1 1
5.8 -0.2 400.1 7.6 -6.1 1 1
5.9 0,0 400.1 7.6 -6.1 1 1
6.0 0.1 400.1 7,6 -6.2 1 1
6.1 0.3 400.0 7,6 -f.3 1
6.2 -0.1 400.1 7.6 -6.3 1 1
6..3 0.1 400.1 .7.6 -6.4 1
6.4 0.3 400,0 7, -. 1 1
6.5 -0.1 40P,, 7.6 -6.6 1 1
6.6 0.1 4.0.1 7.6 -6,6 1 1
6.7 0.3 400.0 7,6 -6.8 1 1
6.8 -0.1 400.1 ".6 -7,' , I
6.9 0.3 400,0 7.6 -, s
7.0 0.2 400.1 7T , 6 1
7?. -0A1 400.1 7.6 . 1 1
7.2 0.2 400.1 C.C -i,3.l 1 1
"7.3 0.4 40oo, 7.8 -18.4 1 1
7.4 0.0 400.1 ?,0 -22.1 I 1
7.5 0.2 400.0 7.6 -26.3 1 1
7.6 0.2 4t.0 7.0 -31.0 1 1
7.7 0.5 400.0 7.$ -36.2 1 1
7.8 -M1g9 401., 7.7 -38.7 1 1
7.9 -19.6 407ý4 7.7 -38.4 1 1
8.0 -19.6 402.0 7.8 -38.1 1 1
8.1 -19.9 402.1 7.9 -37.7 1 ?
8.2 -1P.7 402.1 7.9 -37.2 1 1
683 -19.3 402.1 7.9 -36.9 1 1
8.4 -19.9 402.2 8.0 -36.5 1 1
8.5 -19.7 402.3 8.0 -36.0 1 1

163



e.6 -19.5 402.3 8.0 -35.6 1 1
8.7 -19.7 402.3 8.0 -35.2 1 1
8.8 -19.7 402.3 8.0 -34.8 1 1

8.9 -20.1 402.4 8,0 -34.4 1 1
9.0 -19.4 402.3 8.0 -34.0 1 1

9.1 -20.1 402.4 E.0 -ý33.6 1 1

9.2 -19.6 402,3 8.0 -33.2 1 1

9.3 -19.9 402.4 7.9 -32.8 1 1
9.4 -20.1 402.4 8.0 -29.6 1 1
9.5 -19.9 402.3 7.9 -32.1 1 1

9.6 -19.9 402.3 7.8 -31.8 1 1
9.7 -20.0 402.3 7.8 -31.5 1 1

9.8 -20.2 402,3 7.7 -31.2 1 1

9.9 -20.1 402.2 7.7 -31.2 1 1

10.0 -20.2 402.2 7.6 -30.7 1 1

10.1 -19.9 402.1 7.6 -29.9 1 1

10.2 -20.2 402.1 -7.6 -28.6 1 1
10.3 -20.0 402.0 7.7 -26.8 1 1
10.4 60.2 390.8 7.8 -42.6 1 0
10.5 -76.9 419.6 7.9 -27.7 1 0

10.6 43.2 395.2 7.9 -4.3 1 0
10.7 -19.7 401.8 7.9 -10.5 1 1
10.8 -20.6 401.8 7.9 -5.8 1 1
10.9 -27.3 402.4 7.9 0.8 1 1

11.0 -0.1 399.9 7.9 4.8 1 I
11.1 0.0 399.9 7,9 4.7 1 1
11.2 .0.3 400.0 7.9 4.7 1 1

11.3 -0.1 399.9 7.9 4.7 1 1

11.4 -0.1 399,9 7.9 4.7 1 1
11.5 -0.1 399,9 7.9 4.7 1 1
11.6 0.2 399.9 7.9 4.6 1 1
11.7 -0.2 399.9 7.9 4.6 1 1

11.8 -0.2 400.0 7.9 4.6 1 1
11.9 -0.1 399.9 7.9 4.6 1 1
12.0 0.0 399.9 7.9 4.6 1 I

12,1 0.0 399.9 7.9 4.6 1 1
12.2 0.0 399.9 7.9 4.6 1 1
12.3 0.1 399.9 7.9 4.6 1 1
12.4 -0.2 400.0 7.9 4.6 1
12.5 0.0 399.9 7.9 4.C 1 1

12.6 0.0 399.9 7.9 4.6 1 1
12.7 0.0 399.9 7.9 4.4 1 1
12.8 0.0 399.9 7.9 4.4 1 1

12,9 0.2 399.9 7.9 4.3 1 1

13.0 -0.1 400.0 7.9 4.3 1 1
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13.1 0.3 3q9.9 7.9 4.2 1 1

13.2 -0.2 400.0 7.9 4.1 1 1
13.3 0.1 399.9 7.9 4.1 1 1

13.4 0.1 399.9 7.9 4.0 1 1

13.5 0.3 399.9 7.9 3.9 1 1
13.6 0.0 400.0 7.9 4.4 1 1
13.7 0.2 399.9 7.9 5.6 1 1

13.8 0.2 399.9 7.8 7.3 1 1

13.9 0.2 399.9 7.8 9.6 1 1
14.0 0.4 399.9 7.8 12.5 1 1

14.1 0.1 400.0 7.7 15.9 1 1
14.2 0.2 399.9 7.6 20.0 1 1

14.3 0.2 400.0 7.6 24.7 1 1
14.4 0.2 400.0 7.5 30.0 1 1

14.5 0.2 400.0 7.5 35.8 1 1
14.6 23.8 399.0 7.5 38.5 1 1
14.7 23.9 399.0 7.5 37.7 1 1
14.8 23.8 399.1 7.4 36.8 1 1

14.9 23.7 399.1 7.4 36.1 1 1
15.0 23.6 399.2 7.4 35.4 1 1

15.1 23.8 399.2 7.3 34.7 1 1

15.2 23.9 399.3 7.2 34.0 1 1
15.3 23.5 399.3 7.2 33.5 1 1

15.4 23.8 399.3 7.1 33.0 1 1
15.5 23.6 399.4 7.0 32.8 1 1

15.6 23.6 399.4 6.9 32.1 1 1
15.7 23.4 399.4 6.9 31.1 1 1

15.8 23.9 399.4 6.9 29.3 1 1
15.9 23.2 399.4 6.9 27.0 1 1

16.0 23.4 399.4 7.0 24.1 1 1

16.1 23.7 399.4 7.0 20.5 1 1
16.2 23.4 399.4 7.0 16.2 1 1
16.3 23.2 399.4 7.0 11.4 1 1

16.4 23.8 399.3 7.0 5.8 1 1

16.5 30.8 399.0 7.0 -1.9 1 0

16.6 -0.1 400.1 7.0 -6.6 1 1

16.7 -0.1 400.1 7.0 -6.6 1 1
16.8 -0.1 400.1 7.0 -7.3 1 1

16.9 -0.1 400.1 7.0 -8.7 1 1
17.0 -0.1 400.1 7.0 -10.7 1 1

17.1 -0.1 400.1 7.0 -13.5 1
17.2 -0.1 400.1 7.0 -16.8 1 1
M3 0.0 400.1 7.0 -20.9 1 1

17.4 0.0 400.1 6.9 -25.6 1 1
17.5 0.0 400.1 6.9 -30.9 1 1
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17.6 0.0 400.1 6.9 -36.9 1 1
17.7 0.1 400.1 7.0 -43.3 1 1
17.8 -23.6 401.1 7.1 -46.6 1 1
17.9 -23.1 401.1 7.2 -46.3 1 1
18.0 -23.7 401.2 7.3 -46.0 1 1
18.1 -23.2 401.2 7.4 -45.6 1 1
18.2 -23.3 401.3 7.4 -45.2 1 1
18.3 -23.3 401.3 7.5 -44.7 1 1
18.4 -23.6 401.3 7.6 -44.2 1 1
18.5 -23.0 401.3 7.6 -43.6 1 1
18.6 -23.4 401.3 7.7 -43.1 1 1
18.7 -23.4 401.3 7.7 -42.5 1 1
13.8 -23.6 401.3 7.7 -41.8 1 1
18.9 -23.1 401.3 7.7 -41.2 1 1
19.0 -23.5 401.3 7.8 -40.5 1 1
19.1 -23.3 401.2 7.7 -39.9 1 1
19.2 -23.7 401.2 7.7 -39.3 1 1
19.3 -23.5 401.2 7.7 -38.8 1 1
19.4 -23.8 401.2 7.7 -37.9 1 1
19.5 -23.4 401.1 7.7 -36.5 1 1
19.6 -23.6 401.1 7.7 -34.6 1 1
19.7 -24.1 401.0 7.8 -31.9 1 1
19.8 -23.3 401.0 7.9 -28.8 1 1
19.9 -24.1 400.9 7.9 -25.0 1 1
20.0 -23.7 400.9 7.9 -20.6 1 1
20.1 -24.0 400.8 8.0 -15.7 1 1
20.2 -23.7 400.8 8.0 -10.1 1 1
20.3 -31.6 401.0 8.0 -2.5 1 0
20.4 0.0 399.9 8.0 2.1 1 1
20.5 -0.5 399.9 8.0 2.0 1 1
20.6 -0.4 399.9 8.0 1.9 1 1
20.7 -0.3 399.9 8.0 1.8 1 1
20.8 -0.1 399.9 8.0 1.1 1 1
20.9 -0.6 399.9 7.9 -0.2 1 1
21.0 -0.4 399.9 7.9 -2.0 1 1
21.1 -0.3 399.9 7.8 -4.4 1 1
21.2 -0.2 J99.9 7.7 -7.5 1 1
21.3 -0.7 399.9 7.6 -11.1 1 1
21.4 -0.5 399.9 7.5 -15.3 1 1
21.5 -0.4 399.9 7.3 -20.1 1 1
21.6 -0.1 399.9 7.2 -25.4 1 1
21.7 -0.7 399.9 7.2 -30.6 1 1
21.8 -23.9 400.4 7.2 -32.1 1 1
21.9 -24.0 400.4 7.3 -29.6 1 1
22.0 -24.2 400.3 7.3 -26.4 1 1
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22.1 -24.0 400.3 7.4 -22.6 1 1

22.2 -23.6 400.3 7.4 -18.3 1 1

22.3 -24.3 400.3 7.4 -13.2 1 1

22.4 -23.9 400.3 7.4 -7.5 1 1

22.5 -23.7 400.3 7.4 -0.5 1 1

22.6 -8.5 400.0 7.4 5.2 1 1

22.7 -0.3 399.9 7.4 8.3 1 1
22.8 -0.1 399.9 7.4 10.9 1 1

22.9 -0.3 399.9 7.3 14.1 1 1
23.0 0.0 399.9 7.3 17.9 1 1

23.1 -0.2 399.9 7.2 22.4 1 1

23.2 0.0 399.9 7.2 27.5 1 1

23.3 -0.2 399.9 7.2 33.2 1 1

23.4 0.0 399.9 7.2 39.5 1 1

23.5 23.4 399.5 7.2 42.5 1 1

23.6 23.2 399.5 7.3 42.2 1 1

23.7 23.5 399.4 7.3 41.8 1 1

23.8 23.5 399.4 7.3 41.3 1 1

23.9 23.4 399.5 7.3 40.8 1 1

24.0 23.2 399.5 7.4 40.4 1 1

24.1 23.5 399.5 7.4 40.0 1 1

24.2 23.4 399.5 7.4 39.5 1 1

24.3 23.4 399.5 7.4 39.0 1 1

24.4 23.2 399.5 7.3 38.6 1 1

24.5 23.5 399.5 7.3 38.2 1 1

24.6 23.2 399.6 7.4 37.2 1 1
24.7 23.3 399.6 7.4 35.7 1 1

24.8 23.2 399.6 7.5 33.5 1 1

24.9 23.6 399.6 7.5 30.8 1 1

25.0 23.4. 399.7 7.6 27.4 1 1

25.1 23.2 399.7 7.7 23.5 1 1

25.2 23.4 399.7 7.7 18.9 1 1

25.3 23.1 399.8 7.7 13.8 1 1

25.4 23.5 399.8 7.7 8.1 1 1

25.5 19.4 399.8 7.7 2.4 1 1

25.6 0.0 400.0 7.7 -0.2 1 1

25.7 -0.5 400.0 7.7 1.2 1 1
25.8 -0.3 400.0 7.', 2.0 1 1

25.9 -0.2 400.0 7.7 2.2 1 1

26.0 0.0 400.0 7.7 1.7 1 1

26.1 -0.5 400.0 7.7 0.7 1 1
26.2 -0.3 400.0 7.6 -1.0 1 1

26.3 -0.2 400.0 7.6 -3.2 1 1

26.4 0.0 400.0 7.5 -6.1 1 1
26.5 -0.5 400.0 7.4 -9.6 1 1
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26.6 -0.2 400.0 7.3 -13.7 1 1
26.7 37.5 399.8 7.2 -25.1 1 0

26.8 -24.1 400.2 7.1 -33.9 1 1

26.9 -23.5 400.1 7.0 -33.4 1 1

27.0 -23.8 400.1 7.0 -32.8 1 1

27.1 -23.6 400.1 6.9 -31.8 1 1
27.2 -23.6 400.1 6.9 -30.1 1 1

27.3 -23.7 400.1 7.0 -27.9 1 1
27.4 -23.3 400.1 7.0 -25.0 1 1

27.5 -23.8 400.1 7.0 -21.5 1 1

27.6 -23.5 400.1 7.1 -17.3 1 1

27.7 -23.4 400.1 7.1 -12.5 1 1

27.8 -23.5 400.0 7.1 -7.1 1 1
27.9 -23.7 400.0 7.1 -0.9 1 1

28.0 -21.1 400.0 7.1 5.5 1 1

28.1 0.0 400.0 7.1 8.8 1 1
28.2 0.0 400.0 7.1 9.0 1 1

28.3 0.0 400.0 7.1 9.3 1 1
28.4 0.0 400.0 7.1 9.5 1 1
28.5 0.0 400.0 7.1 9.8 1 1
28.6 0.0 400.0 7.1 10.1 1 1

CM IN RADAR CONE 100.0000 PERCENT
CMMCA W/IN STRUCTURAL LIMITS 97.90209 PERCENT
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Appendix E. Graphical Output of Experimental Results

This appendix contains the graphical output from the results of the experi-

mental design point which achieved the highest percentage of ra~dar coverage over

flight path three. This appendix contains a plot of the CMMCA flight path relative

to the cruise mis3ile flight path, the plot of the overall J value at each iteration

of the program, and the output file RESULTS.OUT, which contains the CMMCA

bank angle, airspeed, and position relative to the cruise missile at. every point in the

solution.
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Figure 37. Plot of CMMCA and Cruise Missile Flight Paths

170



200000

180000

160000

140000

120000

Vi1o00000

80000

60000

40000

20000
0 ... I I I,

0 5 10 15 20 25 30 35 40 45 50
Itera~tion Number

Figure 38. Plot of J Value versus Iteration Number

171



JSTOP = 4551.968
# ITERATIONS = 50

T BANK SPEED RANGE THETA RADAR STRUCT

0.1 -6.5 400.8 8.0 1.0 1 1
0.2 -5.8 400.5 8.0 2.9 1 1
0.3 -5.2 400.3 8.0 4.7 1 1
0.4 -4.6 400.0 8.0 6.6 1 1
0.5 -4.0 399.8 8.0 8.3 1 1
0.6 -3.4 399.6 8.0 10.0 1 1
0.7 -2.8 399.4 8.0 11.6 1 1
0.8 -2.2 399.2 8.0 13.0 1 1
0.9 -1.7 399.1 8.1 14.4 1 1
1.0 -1.1 398.9 8.1 15.6 1 1
1.1 -0.5 398.8 8.1 16.7 1 1
1.2 0.1 398.6 8.1 17.6 1 1
1.3 0.6 398.5 8.2 18.4 1 1
1.4 1.2 398.4 8.2 18.9 1 1
1.5 1.8 398.3 8.2 19.3 1 1
1.6 2.5 398.2 8.3 19.4 1 1
1.7 3,1 398.1 8.3 19.3 1 1
1.8 3.8 398.0 8.3 19.0 1 1
1.9 4.4 397.9 8.4 18.8 1 1
2.0 5.1 397.9 8,4 18.9 1 1
2.1 5.8 397.8 8.4 19.2 1 1
2.2 6.5 397.8 8.5 19.6 1 1
2.3 7.2 397.7 8.5 20.1 1 1
2.4 8.0 397.7 8.5 20.8 1 1
2.5 8.7 397.6 8.5 21.5 1 1
2.6 9.4 397.6 8.5 22.3 1 1
2.7 10.1 397.6 8.5 23.2 1 1
2.8 10.8 397.6 8.5 24.1 1 1
2.9 11.5 397.6 8.5 25.1 1 1
3.0 12.2 397.6 8.4 26.0 1 1
3.1 12.9 397.7 8.4 27.0 1 1
3.2 13.5 397.7 8.3 28.0 1 1
3.3 14.1 397.8 8.3 29.0 1 1
3.4 14.7 397.8 8.2 30.0 1 1
3.5 15.3 397.9 8.1 31.0 1 1
3.6 15.8 398.0 8.1 32.0 1 1
3.7 16.3 398.0 8.0 33.0 1 1
3.8 16.8 398.1 7.9 34.0 1
3.9 17.2 398.2 7.9 35.1 1 1
4.0 17.5 398.3 ý;.8 36.1 1 1
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4.1 17.8 398.3 7.8 37.2 1 1
4.2 18.0 398.4 7.7 38.3 1 1
4.3 18.2 398.5 7.7 39.5 1 1
4.4 18.3 398.6 7.7 40.7 1 1
4.5 18.3 398.7 7.6 42.0 1 1
4.6 18.2 398.7 7.6 43.4 1 1
4.7 18.0 398.8 7.7 44.9 1 1
4.8 17.8 398.8 7.7 46.5 1 1
4.9 17.5 398.9 7.7 48.3 1 1
5.0 17.1 398.9 7.8 50.1 1 1
5.1 16.7 399.0 7.9 52.0 1 1
5.2 16.3 399.0 8.0 54.1 1 1
5.3 15.8 399.0 8.1 56.3 1 1
5.4 15.2 399.0 8.3 58.6 1 1
5.5 14.6 399.0 8.5 61.0 0 1

5.6 14.0 399.1 8.7 63.5 0 1
5.7 13.4 399.1 8.9 66.1 0 1
5,8 12.7 399.1 9.2 68.8 C 1
5.9 12.0 399.1 9.6 71.6 0 1
6.0 11.3 399.1 9.8 74.4 0 1
6.1 10.5 399.1 10.2 77.0 0 1
62 9.8 399.1 10.7 79.3 0 1
6.3 9.1 399.1 11,2 81.3 0 1
6.4 8.4 399.A 11.7 83.1 0 1
6.5 7.7 399.1 12.3 84.6 0 1
6.6 7.0 399.1 12.9 a6.0 0 1
6 7 6.4 399.1 13.6 87.0 0
6.8 5.8 399.1 14.2 87.5 0 1
6.9 5.3 399.1 14.8 87.8 0 1
7.0 4.8 39P.1 .15.4 87.8 0 1
7.1 4.5 39.4.1 15.9 $7.5 0 1
7.2 4.2 "399.1 16.4 87,1 0 1
7.3 4.0 390.1 16.8 U6.5 0 1
7.4 3.9 399.0 17.1 65.8 0 1
7.5 3.9 399.0 17.4 84.9 0 1
7.6 4.0 398.9 17.6 83.9 0 1
7.7 4.2 398.8 17.7 82.8 0 1
7.8 4.5 .3987 17.7 81.6 0 1
7.9 4.9 398.6 17.6 80.2 0 1
8.0 56. 398.5 17.4 78.7 0 1
8.1 6.0 308.4 17.2 77.0 0 1
8.2 6.7 398.2 16.8 76.2 0 1
8.3 7.5 398.0 16.4 73.2 0 1
8.4 8.4 397.8 15.8 71.1 0 1
8.5 9.4 397.6 15.2 68.8 0 1
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8.6 10.5 397.4 14.5 66.4 0 1
8.7 11.6 397.1 13.7 63.9 0 1
8.8 12.8 396.8 12.9 61.3 0 1
8.9 14.0 396.5 11.9 58.8 1 1
9.0 15.3 396.2 10.9 56.3 1 1
9.1 16.6 395.9 9.9 54.0 1 1
9.2 18.0 395.6 8.8 52.1 1 1
9.3 19.3 395.3 7.8 51.0 1 1
9.4 20.5 395.0 6.7 51.1 1 1
9.5 21.7 394.7 5.8 53.1 1 1
9.6 22.8 394.4 5.0 57.7 1 1
9.7 23.7 394.2 4.5 65.2 0 1
9.8 24.4 394.0 4.3 74.4 0 1
9.9 24.7 393.9 4.5 82.9 0 1

10.0 24.7 393.9 5.0 88.5 0 1
i0.1 24.4 393.9 5.6 91.0 0 1
10,2 23.9 394.0 6.2 90.8 0 1
10.3 23A1 394.2 6.9 88.8 0 1
10.4 22,2 394.4 7.5 85.7 0 1
10.5 21.3 394.6 8.1 81.8 0 1
10.6 20.2 394.8 8.5 77.4 0 1
10.7 19.2 395.1 8.3 72.7 0 1
10.8 18.2 395.4 9.0 67.9 0 1
10.9 17.0 395.7 9.2 63.2 0 1
11.0 18.8 396.0 9.3 88.7 1 1
11.1 14.8 396.3 9.4 54.4 1 1
11.2 13.3 396.6 9.4 80.4 1 1
11.3 12.1 396W9 9.4 46.8 1 1
11.4 10.9 397.2 9.3 42.9 *1
11.8 9.8 397.5 9.2 39.4 1 1
11.6 8.8 397.8 9.1 36.0 1 1
11.7 7.8 398.0 9.0 32.8 1 1
11.8 6.9 398.2 8.9 29.8 1 I
11.9 6.0 398.4 8.8 26.8 1 1
12.0 8.2 398.6 8.6 23.9 1 1
12.1 4.4 398.8 8.5 21.1 1 1
12.2 3.7 398.9 8.4 18.4 1 1
12.3 3.0 399.1 8.2 18.8 1 1
12.4 2.4 399.2 8.1 13.2 1 1
12.5 1.8 399.3 8.0 10.7 1 1
12.6 1.3 399.4 7.9 8.2 1 i
12.7 0.9 399.8 7.8 8.8 1 1
12.8 0.8 399.6 7.7 3.4 1 1
12.9 0.1 399.7 7.6 1.1 1 1
13.0 -0.2 399.7 7.8 -1.2 1 1
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13.1 -0.5 399.8 7.5 -3.5 1 1
13.2 -0.7 399.8 7.4 -5.6 1 1
13.3 -0.9 399.9 7.4 -7.8 1 1

13.4 -1.0 399.9 7.3 -9.9 1 1
13.5 -1.1 400.0 7.3 -11.9 1 1
13.6 -1.2 400.0 7.3 -13.9 1 1
13.7 -1.2 400.0 7.3 -15.9 1 1
13.8 -1.2 400.0 7.4 -17.8 1 1
13.9 -1.2 400.0 7.4 -19.6 1 1
14.0 -1.1 400.0 7.4 -21.5 1 1
14.1 -1.0 400.0 7.5 -23.3 1 1
14.2 -0.9 400.0 7.5 -25.1 1 1
14.3 -0.8 400.0 7.6 -26.8 1 1
14.4 -0.6 400.0 7.7 -28.6 1 1
14.5 -0.4 400.0 7.8 -30.3 1 1
14.6 -0.2 400.0 7.9 -32.1 1 1
14.7 -0.1 400.0 8.0 -33.8 1 1

CM IN RADAR CONE 68.02721 PERCENT
CMMCA WIN STRUCTURAL LIMITS 100.0000 PERCENT
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Appendix F. Graphical Output of Optima! Weights for Flight Path

Four"

This appo'ndix containls tile graphical output from the results of the optimal

weights found from tile experimental design process being applied to the fourth flight

profile. lor both the straight and trailing initial CMMCA flight paths, this appendix

contains a plot, of the C(M MCA flight path rHativ, to the cruise inksile flight path,

the plot of the overall J value at each iteration of tile program, and the output lilt

I",SIiI:I'S.OT IT 14. vhich contains thlt (-'NIM(A bank angle. airspeed, and position

relative to tet- cruise missile at every point in the solution.
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JSTOP = 16538.15
# ITERATIONS = 150

T BANK SPEED RANGE THETA RADAR STRUCT

0.1 -3.7 400.2 8.0 0.5 1 1
0.2 -2.9 400.3 8.0 1.6 1 1
0.3 -2.2 400.4 8.0 2.5 1 1
0.4 -1.5 400.5 8.0 3.2 1 1
0.5 -0.9 400.5 8.0 3.8 1 1
0M6 -0.3 400.6 8.0 4.2 1 1
0.7 0.4 .400.6 8.0 4.5 1 1
0.8 0.9 400.6 8.0 4.5 1 1
0.9 1.5 400.7 8.0 4.4 1 1

1.0 2.0 400.7 8.0 4.1 1 1
1.1 2.5 400.7 8.0 3.6 1-
1.2 3.0 '400.7 8.0 2.9 1 1
.1.3 3.5 400,7 8.0 2.0 1 1
1.4 3.9 400.7 8.0 0.9 1 1
1.. 4.3 400.7 8.0 -0.4 1 1
1.6 4." 400.7 8.0 -1.9 1 1
1.7 5.0 400.7 8.0 -3.7 1 1
1.8 5.3 400.6 8.0. -5.6 1 1
1.9 5.5 400.6 8.0 -7.8 1 1
2.0 5.8 400.6 8,0 -10.1 1 1
2.1 6.0 400.S 0.0 -12.7 1 1
2.2 6.1 400.5 6.0 -15.4 1 1
2.3 6.3 400.4 8.1 -18.3 1 1
2.4 6.4 400.4.- 8.1 -21.4 1 1
2.6 6.5 400.3:- 8.2 -24.7 1 1
"2.6 6.5 400.2'.: 8.2 -28.0 1 1
2,7 6.6 400.2 8.3 -31.6 1 1
2.8 6.6 400.1 8.4 -36.1 1 1
2.. 6.6 400.0 8.6 -38.8 1 1
3.0* 6.5 .400.0 8.7 -42.b 1 1
3.1. 6.4 399.9 8.8 -46.3 1 1
3,2 6.4 399.8 9.0 -50.0 1 1

3.3 6.2 399.7 9.2 -63.7 1 1
3.4 6,1 399.7 9.4 -56.9 1 1
3..S 6.0 399.6 9.6 -59.7 1 I
3.6 5.8 399.6 9.8 -62.0 0 1
3.7 5.6 399.4 9.9 -64.0 0 1
3.8 6.4 399.3 9.9 -65.8 0 1
3.9 6.2 399.3 9.9 -67.3 0 1
4.0 4.9 399.2 9.9 -68.6 0 1
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4.1 4.6 399.1 9.9 -69.9 0 1
4.2 4.4 399.0 9.9 -71.2 0 1
4.3 4.1 398.9 9.9 -72.4 0 1
4.4 3.8 398.8 9.9 -73.5 0 1
4.5 3.4 398.8 9.9 -74.6 0 1
4.6 3.1 398.7 10.0 -75.6 0 1
4.7 2.8 398.6 10.0 -76.5 0 1
4.8 2.4 398.5 10.1 -77.3 0 1
4.9 2.1 398A4 10.1 -78.1 0 1
5.0 1.7 398.3 10.2 -78.7 0 1
5.1 1.3 398.2 10.3 -79.2 0 1
5.2 0.9 398.2 10.4 -79.7 0 1
5,3 0.6 398.1 10.5 -80.0 0 1
5.4 0.2 398.0 10.5 -80.2 0 1
5.5 -0.2 397.9 10.6 -80.3 0 1
5.6 -0.6 397.8 10.7 -80.2 0 1
.5.7 -1.0 397i7 10.8 -80.1 0 1
5.8 -1.4 397.6 10.9 -79.8 0 1
5.9 -1.9 397'.G 11.0 -79.4 0 1
6,0 -2.3 397.5 11.0 -78.9 0 1
6.1 -2.7 397.4 11.1 -78.3 0 1
6.2 -3.1 397.3 11.2 --77,5 0 1
6-3 -3.5 .397.3 11.2 -76.6 0 1
6.4 -4.0 391.2 11.2 -75.6 0 1
6.5 -4.4 397.1 1I.3 -74,.3 0 1

-6.6 -4.9 397.1 11.3 .*-73.0 0.Q
6,7 -6.3 397.0 11.3 -71.4 . 1
6.8 -S.8 397,0 11.3 -69.9 0 1
6.9 -6.2 396.9 11.4 -68.3 0
.7.0 -6.7 396.9 -11.6 -66MS
7A --. 2 3X-8 ii.7 "65.3 0 1
7.2 -7.6 396.8 11.9 -63.8 0 1
7.3 -8. 1 396.8 12.1 -62.3 0
"7.4 -8.6 396.8 1'.3 -60.9ý 0 1
7.5 -9.0 396.8 12.6 -69.6 1 1
7.6 -9.6 396,8 12.9 -6841 1 1
7,7 -9.9 396.8 13.1 46.7 1 2
T.8 -10.3 396.8 13.4' -56.4 1 1
7.9 -I0'8 396.9 13.7 -64.1 1 1
8.0 -11.2 .396.4- 13.9 -62.8 1 1
8.1 -11.6 396.9 14.2 :51.5 1 1
8.2 -11.9 397,0 ,44.6 -50.1 1 1
8.3 -12.3 397.1 14.7 -48.8 1 1
8.4 -12.6 397.2 14.9 -47,S I I
18. -12.9 397'3 16.1 -46.1 0 I
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8.6 -13.2 397.3 15.3 -44.8 0 1
8.7 -13.5 397.5 15.4 -43.4 0 1
8.8 -13.7 397.6 15.6 -A2.1 0 1
8.9 -13.9 397.7 15.7 -40.7 0 1
9.0 -14.0 397.8 15.7 -39.4 0 1
9.1 -14.1 397.9 15.8 -38.1 0 1
9.2 -14.2 398.1 15.8 -36.9 0 1
9.3 -14.2 398.2 15.8 -35.7 0 1
9.4 -14.2 398.4 15.8 -33.1 0 1
9.5 -14.1 398.5 15.6 -33.5 0 1
9.6 -14.0 398.6 15.5 -32.5 0 1

S• 7 -13.9 398.8 15.4 -31.6 0 1
9.8 -1.3.7 398.9 15.2 -30.9 0 1
9.9 -13.4 399.1 15.0 -30.4 1 1

lOG -13.1 399.2 14.8 -29.9 1 1
10.1 -12,7 399.3 14.6 -29.4 1 1
10.). -12.3 399.5 14.5 -29.0 1 1

.10.3 -11.9 399.6 14.4 -28.7 1 1
*0.4 -11.4 399.7 14.3 -28.3 1 1
10,6 -10.9 399.8 14.2 -28.1 1 1
.10.6 -10.4 399.9 14.2 -27.9 1 1
10.7 -9.8 400.0 14.1 -27.7 1 1
10.8 -9.2 400.1 14.1 -27.6 1 1
10.9 -8.6 400.2 14.1 -27.6 1 1
11.0 -8.0 400.3 14.1 -27.6 1 1
11.1 -7.3 400.3 14.1 -27.7 1 1
11.2 -6.6 400.4 14.2 -28.0 1 1
11.3 -6.0 400.6 14,2 -28.3 1 1
11.4 -5.3 400.5 14.3 -28.8 1 1
11.5 -4.8 400.6 14.3 -29.3 1 1

'11.6 -3.9 400.6 14.4 -30.0 1 1
11.7 -3.2 400.6 14.5 -30.9 1 1
118 .- 2.5 400,7 14.6 -31.8 1 1
11,9 -1.9 400.7 14.7 -32.9 1 1
12.0 -1.2 400.7 14.8 -34.2 1 1
12.1 -0ý5 400.7 14.9 -35.6 1 1
12.2 0.1 400.7 15.0 -37.2 0 1
12.3 0.7 400.7 16.2 -38.9 0 1
12A4 1.3 400,i7 15.3 -40.7 0 1
12.6 1.9 400.7 .1.5 -42.7 0 1
12.6 2,. 400.7 15.7 -44.9 0 1
12.7 3.0 400.7 15.9 -47.2 0 1
12.8 3.5 400.7 16.1 -49.6 0 1
12.9 4.0 400.7 16.3 -52.2 o 1
13.0 44 400.7 16.6 -64.8 0 1
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13.1 4.8 400.7 16.9 -57.6 0 1
13.2 5.2 400.6 17.2 -60.5 0 1
13.3 5.5 400.6 17.5 -63.4 0 1
13.4 5.8 400.6 17.9 -66.4 0 1
13.5 6.0 400.6 18.2 -69.4 0 1
13,6 6.3 400.6 18.6 -72.3 0 1
13.7 6.4 400.6 19.0 -74.9 0 1
13.8 6.5 400.6 19.3 -77.4 0 1
13.9 6.6 400.5 19.6 -79.7 0 1
14.0 6.6 400.5 19.9 -81.9 0 1
14.1 6.5 400.5 20.1 -83.9 0 1
14.2 6.4 400.5 20.3 -85.9 0 1
14.3 6.3 400.5 20.3 -87.8 0 1
14.4 6.1 400.5 20.4 -89.5 0 1
14.5 5.8 400.5 20.3 -91.2 0 1
14.6 5.5 400.5 20.2 -92.9 0 1
14.7 5.2 400.6 20.1 -94.5 0 1
14.8 4.8 400.6 19.9 -96.1 0 1
14.9 4.4 400.6 19.6 -97.7 0 1
15.0 3.9 400.6 19.3 -99.4 0 1
15.1 3.4 400.6 18.9 -101.0 0 1
16.2 2.8 400.7 18.5 -102.8 0 1
15.3 2.2 400.7 18.0 -104.6 0 I
16.4 1.6 400.7 17.6 -106.6 0 1
15.5 1.0 400.8 17.1 -108.8 0 1
15.6 0.3 400.8 16.7 -111.0 0 1
16.7 -0.3 400.9 16.3 -113.0 0 1
16.8 -1.0 400.9 15.9 -115.0 0 1
15.9 -1.7 401.0 15.5 -116.9 0 1
16.0 -2.4 401.0 15.1 -118.8 0 1
16.1 -3.1 401.1 14.8 -120.6 0 1
16.2 -3.8 401.2 14.6 -122.2 0 1
16.3 -4.6 401.2 14.2 -123.8 0 1
16.4 -5.2 401.3 14.0 -126,4 0 1
16.6 -5.9 401.3 13.7 -126.9 0 1
16.6 -6.6 401.4 13.5 -128.4 0 1
16.7 -7.3 401.4 13.3 -129.8 0 1
16.8 -7.9 401.5 13.1 -130.9 0 1
16.9 -8.6 401.6 12.9 -131.6 0 1
17.0 -9.2 40186 12.7 -131.9 0 1
17.1 -9.8 401.6 12.6 -131.9 0 1
17.2 -10.3 401.7 12.3 -131.5 0 1
17.3 -10.8 401.7 12.1 -130.8 0 1
1.7.4 -11.3 401.8 11.8 -129.7 0 1
17.5 -11.8 401.8 11.6 -128.3 0 1
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17.6 -12.2 401.8 11.4 -126.5 0 1
17.7 -12.6 401.8 11.1 -124.4 0 1
17.8 -13.0 401.8 10.9 -122.0 0 1
17.9 -13.3 401.8 10.7 -119.3 0 1
18.0 -13.6 401.8 10.5 -116.3 0 1
18.1 -13.9 401.8 10.3 -113.0 0 1
18.2 -14.1 401.8 10.2 -109.4 0 1
18.3 -14.3 401.8 10.0 -105.7 0 1
18.4 -14.4 401.8 9.9 -101.7 0 1
18.5 -14.5 401.7 9.9 -97.6 0 1
18.6 -14.6 401.7 9.8 -93.4 0 1
18.7 -14.7 401.6 9.8 -89.2 0 1
18.8 -14.7 401.6 9.8 -84.9 0 1
18.9 -14.7 401.5 9.9 -80.7 0 1
19.0 -14.6 401.5 10.0 -76.6 0 1
19.1 -14.6 401.4 10.1 -72.7 0 1
19.2 -14.5 401.4 10.3 -68.9 0 1
19.3 -14.3 401.3 10.5 -65.4 0 1
19.4 -14.2 401.2 10.6 -61.8 0 1
19.5 -14.0 401.2 10.7 -58.1 1 1
19.6 -13.7 401.1 10.8 -54.4 1 1
19.7 -13.6 401.0 10.8 -50.6 1 1
19.8 -13.2 401.0 10.8 -46.7 1 1
19.9 -12.9 400.9 10.8 -42.8 1 1
20.0 -12.6 400.8 10.7 -38.7 1 1
20.1 -12.2 400.8 10.6 -34.6 1 1
20.2 -11.9 400.7 10.5 -30.4 1 1
20.3 -11.5 400.6 10.4 -26.1 1 1
20.4 -11.1 400.5 10.2 -21.7 1 1
20.5 -10.7 400.5 1011 -17.1 1 1
20.6 -10.2 400.4 9.9 -12.6 1 1
20.7 -9.8 400.4 9.8 -7.8 1 1
20.8 -9.3 400.3 9.7 -3.3 1 1
20.9 -8,8 400.3 9.6 0.8 1 1
21.0 -8.3 400.2 9.6 4.5 1 1
21.1 -7.8 400.2 9.6 7.6 1 1
21.2 -7.2 400.1 9.6 10.3 1 1
21.3 -6.6 400.1 9.6 12.S 1 1
21.4 -6.1 400.0 9.6 14.1 1 1
21.S -6.6 400.0 9.6 15.2 1 1
21.6 -4.8 399.9 9.5 16.1 1 1
21.7 -4.2 399.9 9.5 16.9 1 1
21.8 -3.5 399.8 9.5 17.6 1 1
21.9 -2.8 399.8 9. 18.1 1 1
22.0 -2.1 399.8 9.4 18.5 1 1
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22.1 -1.4 399.7 9.4 18.7 1 1
22.2 -0.7 399.7 9.4 18.8 1 1
22.3 0.1 399.7 9.4 18.6 1 1
22.4 0.8 399.6 9.4 18.3 1 1
22.5 1.6 399.6 9.4 18.2 1 1
22.6 2.3 399.6 9.4 18.3 1 1
22.7 3.1 399.5 9.5 18.7 1 1
22.8 3.8 399.5 9.5 19.3 1 1
22.9 4.6 399.5 9.5 20.1 1 1
23.0 5.3 399.4 9.5 21.1 1 1
23.1 6.0 399.4 9.6 22.3 1 1
23.2 6.8 399.4 9.6 23.6 1 1
23.3 7.5 399.3 9.5 25.0 1 1
23.4 8.1 399.3 9.5 26.6 1 1
23.5 8.8 399.3 9.5 28.2 1 1
23.6 9.5 399.2 9.4 30.0 1 1
23.7 10.1 399.2 9.4 31.8 1 1
23.8 10.7 399.2 9.3 33.8 1 1
23.9 11.3 399.2 9.2 36.8 1 1
24.0 11.8 399.2 9.2 37.9 1 1
24.1 12.3 399.2 9.1 40.1 1 1
24.2 12.8 399.1 9.0 42.4 1 1
24.3 13.3 399.1 9.0 44.8 1 1
24.4 13.7 399.1 8.9 47.2 1 1
24.6 14.0 399.1 8.9 49.7 1 1
24.6 14.3 399.1 9.0 61.8 1 1
24.7 14.6 t.90.1 9.1 53.5 1 1
24.8 14.8 399.2 9.3 64.8 1 1
24.9 14.9 399.2 9.5 66.6 1 1
26.0 14.9 399.2 9.7 56.0 1 1
25.1 14.8 399.2 10.0 66.1 1 1
26.2 14.6 399.3 10.3 65.7 1 1
25.3 14.4 399.3 10.6 55.1 1 1
25.4 14.1 399.3 10.8 54.2 1 1
26.5 13.8 399.4 11.1 53.1 1 1
26.6 13.4 399.4 11.4 61.8 1 1
25.7 13.0 399.4 11.6 51.1 1 1
26.8 12.6 399.6 11.9 49.9 1 1
26.9 12.1 399.5 12.1 48.2 1 1
26.0 11.6 399.5 12.3 46.1 1 1
26.1 11.1 399.6 12.4 43.6 1 1
26.2 10.6 399.6 12.4 40.8 1 1
26.3 10.0 399.6 12.4 37.8 1 1
26.4 9.5 399.6 12.3 344 1 1
26.5 9.0 399.7 12.2 30.9 1 1
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26.6 8.5 399.7 11.9 27.1 1
26.7 7.9 399.7 11.5 23.1 1 1
26.8 7.4 399.7 11.1 18.9 1 1
26.9 6.9 399.8 10.6 14.5 1 1
27.0 6.4 399.8 10.1 9.7 1 1
27.1 5.9 399.8 9.6 4.6 1 1
27.2 5.5 399.8 9.1 -0.9 1 1
27.3 5.0 399.8 8.6 -6.7 1 1
27.4 4.6 399.9 8.3 -13.0 1 1
27.5 4.1 399.9 7.9 -19.7 1 1
27.6 3.7 399.9 7.7 -26.7 1 1
27.7 3.3 399.9 7.6 -34.0 1 1

27.8 2.9 399.9 7.5 -41.4 1 1
27.9 2.5 399.9 7.6 -48.6 1 1
28.0 2.1 399.9 7.8 -55.7 1 1

28.1 1.7 400.0 8.1 -62.2 0 1
28.2 1.3 400.0 8.4 -68.3 0 1
28.3 1.0 400.0 8.8 -73.7 0 1
28.4 0.6 400.0 9.3 -78.5 0 1

28.5 0.3 400.0 9.9 -82.8 0 1
28.6 0.1 400.0 10.5 -86.6 0 1

CH IN RADAR CORE S3.84616 PERCENT
CNNCA Wi/IN STRUCTURAL LIMITS 100.0000 PERCENT



70 1

CMMCA

60

40

Y.Po$
(nm)

30

20

t-•O

.30 -20 -10 0 to 20 30
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JSTOP = 62032.16
# ITERATIONS =150

T BANK SPEED FLANGE THETA RADAR STRUCT

0.1 0.1 400.2 8.0 0.0 1 1
0.2 0.1 400.2 8.0 0.0 1 1
0.3 0.1 400.2 8.0 -0.1 1 1
0.4 0.1 400.2 8.0 -0.1 1 1
0.5 0.1 400.2 8.0 -0.2 1 1
0.6 0.1 400.2 8.0 -0.2 1 1
0.7 0.1 400.2 8.0 -0.3 1 1
0.8 0.1 400.2 8.0 -0.3 1 1
0.9 0.1 400.2 8.0 -0.4 1 1
1.0 0.2 400.2 8.0 -0.5 1 1
1.1 .).2 400.2 8.0 -0.5 1 1
1.2 0.2 400.2 8.0 -0.6 1 1
1.3 0.2 400.2 8.0 -0.7 I 1
1.4 0.2 40 0.2 8.0 -0.8 1 1
1.6 0.2 400.2 8.0 -0.9 1 1
1.6 0.2 400.2 8.0 -1.0O 1 1
1.7 0.2 400.2 8.0 -1.I 1 1
1.8 0.2 400.2 8.0 -1.2 1 1
1.9 0.2 400.2 8.0 -1.4 1 1
2.0 0.2 400.2 8.0 -1.6 1 1
2.1 0.2 400.2 8.0 -1.6 1 1
2.2 0.2 400.2 8.0 -1.8 1 1
2.3 0.2 400.2 8.0 -1.9 1 1
2.4 0.3 400.2 8.0 -2.1 1. 1
2.6 0.3 400.2 8.0 -2.3 1 1
2.8 0.3 400.2 8.0 -2.6 1 1
2.7 0.3 400.2 8.0 -2.7 1 1
2.8 0.3 400.2 8.0 -2.9 1
2.9 0.3 400.2 8.0 -3.1 1 1
3.0 0.3 400.2 8.0 -3.3 1 1
3.1 0.3 400.2 8.0 -3.6 1 1
3.2 0.3 400.2 8.0 -3.7 1 1
3.3 0.3 400.2 8.0 -4.0 1 1
3.4 0.3 400.2 8.0 -3.6 1 1
3.6 0.3 400.2 6.0 -2.7 1 1
3.8 0.2% 400.2 7.9 -1.2 1 1
3.7 0.3 400.2 7.8 0.9 1 1
3.8 0.3 400.2 7.? 3.6 1 1
3.9 0.3 400.2 7.6 6.8 1 1
4.0 0.3 400.2 7's 10.6 1 1
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4.1 0.3 400.2 7.4 14.3 1 1
4.2 0.2 400.2 7.4 18.1 1 1
4.3 0.2 400.2 7.3 22.1 1 1
4.4 0.2 400.2 7.3 26.0 1 1
4.5 0.1 400.2 7.4 29.9 1 1
4.6 23.9 398.0 7.5 29.9 1 1
4.7 23.4 398.0 7.5 26.0 1 1
4.8 24.0 397.9 7.6 21.3 1 1
4.9 23.5 397.9 7.6 16.1 1 1
5.0 23.5 397.8 7.7 10.3 1 1
5.1 23.5 397.7 7.7 3.9 1 1
5.2 15.2 398.6 7.7 -1.7 1 1
5.3 0.1 400.0 7.7 -4.1 1 1
5.4 -0.4 400.1 7.7 -4.3 1 1
5.5 2.0 399.8 7.7 -4.8 1 1
5.6 -4.S 400.5 7.7 -4.7 1 1
5.7 1.7 399.9 7.7 -4.5 1 1
5.8 -0.1 400.0 7.7 -5.0 1 1
5.9 -0.3 400.1 7.7 -5.1 1 1
6.0 -0.6 400.1 7.7 -5.2 1 1
6.1 -0.4 400.1 7.7 -5.2 1 1
6.2 -0.4 400.1 7.7 -5.3 1 1
6.3 -0.2 400.0 7.7 -6.4 1 1
6.4 -0.7 400.1 7.7 -5.4 1 1
6.5 -0.S 400.1 7.7 -6.4 1 1
6.6 -0.3 400.1 7.7 -5.4 1 1
6.7 -0.8 400.1 7?. -5.4 I 1
6.8 -0.6 400.1 77 -5.8 1 1
6.9 -0.4 400.1 7.7 -6.8 1 1
7.0 -0.9 400.1 7.7 -8.,3 1 1
7.1 -0.5 400.1 7.7 -10,2 1 1
7.2 -0.7 400.1 7.6 -12.7 1 1
7.3 -0.9 400.1 7.6 -16.6 1 1
7.4 -0.7 400.1 7.6 -18.9 1 1
7.5 -0.5 400.1 7.6 -22.8 1 1
7.6 -1.0 400.1 7.5 -27.2 1 1
7.7 -0.8 400.1 7.6 -32.0 1 1
7.8 -0.7 400.1 7.6 -37.2 1 1
7.9 -0.5 400.1 7.6 -42.9 1 1
8.0 -21.1 403.2 ?.7 -45.7 1 1
8.1 -20.7 403.2 7.8 -45.6 1 1
8.2 -20.7 403.3 7.9 -45.4 1 1
8.3 -21.1 403.4 8.0 -4S.2 1 1
8.4 -20.9 403.6 8.1 -44.8 1 1
8.6 -20.4 403.5 8.2 -44.4 1 1



8.6 -21.0 403.7 8.3 -43.9 1 1
8.7 -20.8 403.7 8.4 -43.3 1 1
8.8 -20.6 403.7 8.4 -42.8 1 1
8.9 -20.7 403.8 8.5 -42.2 1 .1
9.0 -20.6 403.8 8.6 -41.6 1 1
9.1 -21.0 403.9 8.6 -40.8 1 1
9.2 -20.3 403.8 8.6 -40.1 1 1
9.3 -20.9 403.9 8.7 -39.4 1 1
9.4 -204 403.8 8.8 -36.1 1 1
9.5 -20.6 403.9 8.7 -38.0 1 1
9.6 -20.7 403.9 8.7 -37.2 1 1
9.7 -20.5 403.8 8.7 -36.5 1 1
9.8 -20.4 403.8 8.7 -35.8 1 1
9.9 -20.4 403.7 8.6 -35.3 1 1

10.0 -20.6 403.7 8.6 -34.4 1 1
10.1 -20.4 403.6 8.6 -33.1 1 1
10.2 -20.4 403.6 8.7 -31.4 1 1
10.3 -20.1 403.4 8.7 -29.3 1 1
10.4 -20.3 403.4 8.7 -26.9 1
10.8 -20.1 403.3 8.8 -23.9 1 1
10.6 60.6 384.7 8.9 -39.1 1 0
10.7 -76.7 429.9 9.0 -27.2 1 0
10.8 43.5 392.2 9.0 -7.0 1 0
10.9 -19.7 402.9 9.0 -13.1 1 1
11.0 -20.6 402.9 9.0 -8,3 1 1
11.1 -27.2 403.9 9.0 -1.7 1 1
11.2 0.0 399.9 9.0 2.3 1 1
11.3 0.2 399.9 9.0 2.2 1 1
11.4 -0.1 400.0 9.0 2.1 1 1
11.6 0.1 399.9 9.0 2.1 1 1
11.6 0.1 399.9 9.0 2.0 1 1
11.7 0.1 399.9 9.0 2.0 1 1
11.8 0.3 399.9 9.0 1.9 1 1
11.9 0.0 399.9 9.0 1.8 1 1
12.0 -0.1 399.9 9.0 1.7 1
12.t 0.1 399.9 9.0 1.7 1 1
12.2 0.1 399.9 9.0 1.6 1 1
12.3 0.1 399.9 9.0 1.6 1 1
12.4 0.2 399.9 910 1.4 1 1
12.6 0.3 399.9 9.0 1.2 1 1
12.6 0.0 399.9 9.0 1.1 1 1
12.7 0.2 399.9 9.0 1.0 1 1
12.8 0.2 399.9 9.0 0.9 1 1
12.9 0.2 399.9 9.0 0.7 1 1
13.0 0.2 399.9 9.0 0.6 1 1
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13.1 0.4 399.9 9.0 0.4 1 1
13.2 0.1 399.9 9.0 0.2 1 1
13.3 0.5 399.9 9.0 0.0 1 1
13.4 0.0 399.9 9.0 -0.2 1 1
13.5 0.3 399.9 9.0 -0.3 1 1
13.6 0.3 399.9 9.0 0.0 1 1
13.7 0.5 399.9 9.0 0.8 1 1
13.8 0.2 399.9 8.9 2.2 1 1
13.9 0.4 399.9 8.9 4.0 1 1
14.0 0.4 399.9 8.8 6.4 1 1
14.1 0.4 399.9 8.7 9.3 1 1
14.2 0.5 399.9 8.6 12.7 1 1
14.3 0.2 399.9 8.4 16.6 1 1
14.4 0.4 399.9 8.3 21.2 1 1
14.5 0.3 399.9 8.1 26.3 1 1
14.6 0.3 399.9 8.0 32.0 1 1
14.7 0.3 399.9 7.9 38.3 1 1
14.8 23.9 398.4 7.8 41.4 1 1
14.9 24.0 398.5 7.8 41.0 1 1
15.0 23.9 398.6 7.7 40.7 1 1
15.1 23.8 398.6 7.6 40.5 1 1
15.2 23.6 398.7 7.5 40.4 1 1
15.3 23.7 398.8 7.5 40.4 1 1
15.4 23.8 398.8 7.4 40.4 1 1
15.5 23.4 398.9 7.3 40.7 1 1
15.6 23.7 398.9 7.3 40.7 1 1
15.7 23.4 399.0 7.3 40.3 1 1
15.8 23.4 399.0 7.3 39.3 1 1
15.9 23.2 399.0 7.4 37.7 1 1
16.0 23.6 399.0 7.5 35.5 1 1
16.1 22.9 399.1 7.6 32.7 1 1
16.2 23.1 399.1 7.7 29.4 1 1
16.3 23.3 399.0 7.7 25.5 1 1
16.4 23.1 399.0 7.8 20.9 1 1
16.5 22.8 399.0 7.8 15.8 1 1
16.6 23.4 398.9 7.8 10.2 1 1
16.7 30.4 398.4 7.8 2.S 1 0
16.8 -0.6 400.2 7.8 -2.8 1 1
16.9 -0.6 400.2 7.8 "3.9 1 1
17.0 -0.6 400.2 7.8 -5.6 1 1
17.1 -0.6 400.2 7.8 -8.0 1 1

• 17.2 -0.5 400.2 7.7 -10.9 1 1
.17.3 -0.5 400.2 7.6 -14.4 1 1
17.4 -0.5 400.2 7.5 -18.5 1 1
17.5 -0.8 400.2 7.4 -23.2 1 1
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17.6 -0.5 400.2 7.4 -28.6 1 1
17.7 -0.4 400.1 7.3 -34.5 1 1
17.8 -0.4 400.1 7.3 -41.1 1 1
17.9 -0.4 400.1 7.3 -48.1 1 1
18.0 -24.2 401.8 7.4 -51.8 1 1
18.1 -23.6 401.8 7.5 -52.1 1 1
18.2 -24.2 401.9 7.6 -52.2 1 1
18.3 -23.7 402.0 7.7 -52.2 1 1
18.4 -23.7 402.0 7.7 -52.2 1 1
18.5 -23.8 402.0 7.8 -52.1 1 1
18.6 -24.0 402.1 7.9 -51.9 1 1
18.7 -23.3 402.1 8.0 -51.7 1 1
18.8 -23.7 402.1 8.1 -51.5 1 1
18.9 -23.7 402.1 8.2 -51.1 1 1
19.0 -23.8 402.1 8.3 -50.7 1 1
19.1 -23.3 402.1 8.3 -50 3 1 1

19.2 -23.6 402.1 8.4 -49.9 1 1
19.3 -23.3 402.0 8.4 -49.6 1 1
19.4 -23.7 402.0 8.5 -48.9 1 1
19.5 -23.4 401.9 8.6 -47.6 1 1
19.6 -23.7 401.9 8.7 -45.8 1 1
19.7 -23.2 401.8 8.9 -43.5 1 1
19.8 -23.4 401.7 9.0 -40.8 1 1
19.9 -23.8 401.7 9.1 -37.4 1 1
20.0 -23,0 401.6 9.2 -33.6 1 1
20.1 -23.8 401.6 9.3 -29.2 1 1
20.2 -23.3 401.4 9.4 -24.4 1 1
20.3 -23.6 401.4 9.4 -19.1 1 1
20.4 -23.4 401.3 9.6 -13.3 1 1
20.5 -31.2 401.7 9.6 -8.6 1 0
20.6 0.3 399.9 9.8 -0.9 1 1
20.7 -0.2 399.9 9.6 -1.1 1 1
20.8 0.0 399.9 9.6 -1.6 1 1
20.9 0.1 399.9 9.4 -2.8 1 1

21.0 0.2 399.9 9.4 -4.4 1 1
21.1 -0.3 399.9 9.3 -6.6 1 1
21.2 -0.1 399.9 9.3 -9.1 1 1
21.3 0.0 399.9 9.2 -12.1 1 1
21.4 0.2 399.9 9.0 -18.8 1 1
21.5 -0.3 399.9 8.9 -19.9 1 1
21.6 -0.1 399M9 8.8 -24.2 1 1

21.7 0.0 399.9 8.8 -28.6 1 1
21.8 0.3 399.9 8.8 -33.1 1 1
21.9 -0.3 399.9 8.8 -37., 1 1
22.0 -23.8 400.7 8.9 -38.2 1 1
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22.1 -23.5 400.7 9.0 -34.9 1 1
22.2 -23.7 400.6 9.1 -31.1 1 1
22.3 -23.5 400.6 9.2 -26.8 1 1
22.4 -23.1 400.5 9.2 -22.1 1 1
22.5 -23.8 400.5 9.2 -16.3 1 1
22.6 -23.5 400.5 9.3 -9.5 1 1
22.7 -23.3 400.5 9.2 -1.7 1 1
22.8 -8.1 400.0 9.2 4.7 1 1
22.9 0.1 399.8 9.1 8.1 1 1
23.0 0.3 399.8 9.0 11.0 1 1
23.1 0.1 399.8 8.9 14.3 1 1
23.2 0.3 399.8 8.8 18.2 1 1
23.3 0.0 399.8 8.7 22.6 1 1
23.4 0.2 399.8 8.6 27.6 1 1
23.5 0.0 399.8 8.4 33.1 1 1
23.6 0.1 399.8 8.3 39.1 1 1
23.7 23.6 399.1 8.3 41.9 1 1
23.8 23.4 399.1 8.2 41.4 1 1
23.9 23.6 399.1 8.1 40.9 1 1
24.0 23.5 399.1 8.1 40.4 1 1
24.1 23.3 399.1 8.0 40.1 1 1
24.2 23.1 399.2 7.9 39.9 1 1
24.3 23.3 399.2 7.8 39.8 1 1
24.4 23.2 399.2 7.7 39.8 1 1
24.5 23.2 399.2 7.6 39.9 1 1
24.6 22.8 399.3 7.6 39.6 1 1
24.7 23.1 399.3 7.6 38.9 1 1
24.8 22.8 399.3 7.6 37.7 1 1
24.9 22.9 399.4 7.7 36.0 1 1
25.0 22.6 399.4 7.8 33.7 1 1
25.1 23,0 399.5 7.8 30.8 1 1
25.2 22.5 399.5 7.9 27.4 1 1
25.3 22.6 399.6 8.0 23.5 1 1
25.4 22.8 399.6 8.0 19.0 1 1
25.5 22.5 399.6 8.0 13.9 1 1
25.6 22.9 399.7 8.1 8.3 1 1
25.7 18.9 399.8 8.0 3.7 1 1
25.8 -0.6 400.1 8.0 1.8 1 1
26.9 -1.1 400.1 8.0 2.1 i 1
26.0 -0.9 400.1 8.0 1.9 i 1

2$.1 -0.7 400.1 8.0 1.1 1 1
26.2 -0.6 400.1 840 -0.4 1 1
26.3 -1.O 400.1 7.9 -2.4 1 1
26.4 -0.8 400.1 7.8 -4C9 1 1
26.5 -0.6 400.1 7.7 -8.0 1 1
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26.6 -0.4 400.1 7.6 -11.8 1 1
26.7 -0.P 400.1 7.4 -16.2 1 1
26.8 -0.6 400.1 7.3 -21.2 1 1
26.9 37.2 399.8 7.2 -33.5 1 0
27.3 -24.5 400.2 7.1 -43.1 1 1
27.1 -23.9 400.2 7.2 -42.7 1 1
27.2 -24.0 400.2 7.2 -41.7 1 1
27.3 20.8 400.2 7.3 -40.1 1 1
27.4 -23.8 400.2 7.4 -37.8 1 1
2'.6 -23.9 400.1 7.6 -34.9 1 1
27 6 -23.5 400.1 7.6 -31.4 1 1
27.7 -23.9 400.1 7.7 -27.4 1 1
27.8 -23.6 400.1 7.8 -22.7 1 1
27.9 -23.5 400.1 7.8 -17.4 1 1
i2.0 -23.3 400.1 7.9 -11.6 1 1
28.1 -23.7 400.0 7.9 -5.1 1 1
28.2 -21.1 400.0 7.9 1.5 1 1
28.3 0.1 400.0 7.9 4.9 1 1
28.4 0.0 40C.0 7.t, 5.4 1 1
48.b 0.J 40 0 7.9 5.8 1 1
28.6 0.0 .,00.0 7.9 6.2 1 1

CM IN RADAR CONE lOL.O000 PElCENT
CMMCA WIN STRUCTURAL LIMITS 97.40209 FERCENT
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Appendix G. Graphical Output for Double Precision Runs

This appendix contains the graphical output from the results of running the

program using double precision variables over the fourth flight profile. For both

initial CMMCA flight paths, this appendix contains a plot of the CMMCA flight

path relative to the cruise missile flight path, the plot of the overall J value at each

iteration of the program, and tile output file RESULTS.OUT, which contains the

CMMCA bank angle, airspeed, and position relative to the cruise missile at every

point in the solution.
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Figure 43. CMMCA and Cruise Missile Paths, CMMCA Starting Straight
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JSTOP = 25884.17258196169
# ITERATIONS = 150

T BANK SPEED RANGE THETA RADAR STRUCT

0.1 1.9 400.1 8.0 -0.3 1 1
0.2 2.1 400.1 8.0 -0.9 1 1
0.3 2.3 400.1 8.0 -1.6 1 1
0.4 2.5 400.1 8.0 -2.5 1 1
0.5 2.8 400.1 8.0 -3.4 1 1
0.6 3.0 400.1 8.0 -4.5 1 1
0.7 3.1 400.1 8.0 -5.7 1 1
0.8 3.3 400.1 8.0- -7.1 1 1
0.9 3.5 400.1 8.0 -8.6 1 1
1.0 3.7 400.1 8.0 -10.2 1 1
1.1 3.8 400.1 8.0 -11.9 1 1
1.2 3.9 400.1 8.0 -13.8 1 1
1.3 4.1 400.1 8.1 -15.8 1 1
1.4 4.2 400.1 8.1 -17.9 1 1
1.8 4.3 400.1 8.1 -20.1 1 1
1.6 4.4 400.1 8.2 -22.4 1 1
1.7 4.8 400.1 8.2 -24.9 1 1
1.8 4.6 400.1 8.3 -27.4 1 1
1.9 4.6 400.1 8.3 -30.1 1 1
2.0 4.7 400.0 8.4 -32.8 1 1
2.1 4.7 400.0 8.5 -35.6 1 1
2.2 4.7 400.0 8.6 -38.5 1 1
2.3 4.8 400.0 8.8 -41.4 1 1
2.4 4.8 400.0 8.9 -44.3 1 1
2.5 4.8 400.0 9.1 -47.3 1 1
2.6 4.8 400.0 9.2 -80.2 1 1
2.7 4.7 399.9 9.4 -53.2 1 1
2.8 4.7 399.9 9.7 -56.1 1 1
2.9 4.7 399.9 9.9 -59.0 1 1
3.0 4.6 399.9 10.2 -61.9 0 1
3.1 4.5 399.8 10.4 -64.7 0 1
3.2 4.4 399.8 10.7 -67.4 0 1
3.3 4.3 399.8 11.1 -70.1 0 1
3.4 4.2 399.8 11.4 -72.3 0 1
3.6 4.1 399.7 11.S -74.2 0 1
3.6 3.9 399.7 11.8 -75.7 0 1
3.7 3.8 399.7 11.9 -77.1 0 1
3.8 3.6 399.6 12.0 -78.2 0 1
3.9 3.4 399.6 12.0 -79.2 0 1
4.0 3.2 399.6 12.0 -80.1 0 1
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4.1 3.0 399.5 11.9 -81.0 0 1
4.2 2.7 399.5 11.9 -81.8 0 1
4.3 2.5 399.4 11.9 -82.6 0 1
4.4 2.2 399.4 11.9 -83.2 0 1
4.5 2.0 399.3 11.9 -83.8 0 1
4.6 1.7 399.3 11.9 -84.3 0 1
4.7 1.4 399.2 11.9 -84.8 0 1
4.8 1.0 399.2 12.0 -85.1 0 1
4.9 0.7 399.1 12.0 -85.4 0 1
5.0 0.4 399.1 12.0 -85.5 0 1
5.1 0.0 399.0 12.1 -85.6 0 1
5.2 -0.3 399.0 12.1 -85.6 0 1
5.3 -0.7 398.9 12.1 -85.4 0 1
5.4 -1.1 398.8 12.1 -85.2 0 1
5.5 -1.5 398.8 12.2 -84.8 0 1
5.6 -1.9 398.7 12.2 -84.3 0 1
5.7 -2.3 398.6 12.2 -83.8 0 1
5.8 -2.7 398.5 12.2 -83.0 0 1
5.9 -3.1 398.5 12.2 -82.2 0 1
6.0 -3.5 398.4 12.2 -81.2 0 1
6.1 -4.0 398.3 12.2 -80.1 0 1
6.2 -4.4 398.2 12.1 -78.9 0 1
6.3 -4.9 398.2 12.1 -77.5 0 1
6.4 -5.3 398.1 12.0 -76.9 0 1
6.5 -5.8 398.0 11.9 -74.2 0 1
6.6 -6.2 397.9 11.8 -72.4 0 1
6.7 -6.7 397.8 11.7 -70.4 0 1
6.8 -7.1 397.8 11.6 -68.2 0 1
6.9 -7.6 397.7 11.6 -66.0 0 1
7.0 -8.1 397.6 11.6 -63.8 0 1
7.1 -8.5 397.5 11.6 -61.5 0 1
7.2 -9.0 397.5 11.7 -59.2 1 1
7.3 -9.4 397.4 11.8 -56.9 1 1
7.4 -9.8 397.4 11.9 -54.6 1 1
7.5 -10.3 397.3 12.1 -52.4 1 1
7.6 -10.7 397.3 12.2 -50.2 1 1
7.7 -11.1 397.2 12.4 -48.0 1 1
7.8 -11.4 397.2 12.6 -45.9 1 1
7.9 -11.8 397.1 12.8 -43.8 1 1
8.0 -12.2 397.1 12.9 -41.7 1 1
8.1 -12.6 397.1 13.1 -39.7 1 1
8.2 -12.8 397.1 13.2 -37.6 1 1
8.3 -13.0 397.1 13.4 -35.7 1 1
8.4 -13.3 397.1 13.5 -33.7 1 1
8.5 -13.5 397.1 13.6 -31.8 1 1
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8.6 -13.7 397.1 13.7 -29.9 1 1
8.7 -13.8 397.1 13.7 -28.1 1 1
8.8 -13.9 397.2 13.8 -26.3 1 1
8.9 -14.0 397.2 13.8 -24.6 1 1
9.0 -14.0 397.3 13.7 -23.0 1 1
9.1 -14.0 397.3 13.7 -21.4 1 1
9.2 -13.9 397.4 13.6 -19.9 1 1
9.3 -13.8 397.4 13.5 -18.5 1 1
9.4 -13.7 397.5 13.5 -15.7 1 1
9.5 -13.5 397.6 13.2 -16.2 1 1
9.6 -13.3 397.7 13.0 -15.3 1 1
9.7 -13.0 397.8 12.8 -14.5 1 1
9.8 -12.7 397.9 12.5 -14.0 1 1
9.9 -12.3 398.0 12.2 -13.7 1 1

10.0 -11.9 398.1 11.9 -13.6 1 1
10.1 -11.5 398.1 11.7 -13.5 1 1
10.2 -11.0 398.2 11.5 -13.5 1 1
10.3 -10.5 398.3 11.3 -13.6 1 1
10.4 -9.9 398.4 11.1 -13.8 1 1
10.5 -9.4 398.5 11.0 -14.1 1 1
10.6 -8.8 398.6 10.9 -14.4 1 1
10.7 -8.2 398.7 10.8 -14.8 1 1
10.8 -7.6 398.8 10.7 -15.3 1 1
10.9 -6.9 398.9 10.7 -15.9 1 1
11.0 -6.3 399.0 10.6 -16.6 1 1
11.1 -5.6 399.1 10.6 -17.4 1 1
11.2 -4.9 399.1 10.6 -18.3 1 1
11.3 -4.2 399.2 10.6 -19.3 1 1
11.4 -3.6 399.3 10.6 -20.4 1 1
11.5 -2.9 399.3 10.6 -21.7 1 1
11.6 -2.2 399.4 10.7 -23.1 1 1
11.7 -1.5 399.5 10.7 -24.6 1 1
11.8 -0.9 399.5 10.8 -26.3 1 1
11.9 -0.2 399.5 10.8 -28.1 1 1
12.0 0.5 399.6 10.9 -30.1 1 1
12.1 1.1 399.6 11.0 -32.2 1 1
12.2 1.7 399.6 11.1 -34.5 1 1
12.3 2.3 399.7 11.3 -37.0 1 1
12.4 2.9 399.7 11.4 -39.6 1 1
12.5 3.5 399.7 11.6 -42.4 1 1
12.6 4.0 399.7 11.7 -45.3 1 1
12.7 4.5 399.7 11.9 -48.4 1 1
12.8 5.0 399.7 12.2 -51.5 1 1
12.9 5.4 399.7 12.4 -54.8 1 1
13.0 5.8 399.7 12.7 -58.2 1 1
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13.1 6.2 399.7 13.0 -61.6 0 1
13.2 6.5 399.7 13.3 -65.2 0 1
13.3 6.8 399.7 13.7 -68.7 0 1
13.4 7.1 399.7 14.1 -72.3 0 1
13.5 7.3 399.7 14.5 -75.9 0 1
13.6 7.4 399.7 15.0 -79.2 0 1
13.7 7.5 399.7 15.4 -82.2 0 1
13.8 7.6 399.6 15.7 -85.0 0 1
13.9 7.6 399.6 16.1 -87.6 0 1
14.0 7.5 399.6 16.4 -90.0 0 1
14.1 7.4 399.6 16.6 -92.3 0 1
14.2 7.3 399.6 16.8 -94.5 0 1
14.3 7.1 399.6 16.9 -96.5 0 1
14.4 6.8 399.6 17.0 -98.5 0 1
14.5 6.5 399.5 17.0 -100.4 0 1
14.6 6.2 399.5 16.9 -102.3 0 1
14.7 5.8 399.5 16.8 -104.1 0 1
14.8 5.3 399.S 16.6 -106.0 0 1
14.9 4.8 399.5 16.4 -107.8 0 1
15.0 4.3 399.5 16.1 -109.8 0 1
18.1 3.8 399.8 15.8 -111.7 0 1
15.2 3.2 399.5 18.5 -113.9 0 1
15.3 2.5 399.8 18.2 -116.1 0 1
15.4 1.9 399.5 14.8 -118.6 0 1
18.5 1.2 399.8 14.8 -121.3 0 1
15.6 0.5 399.5 14.2 -124.0 0 1
15.7 -0.2 399.5 13.9 -126.6 0 1
15.8 -0.9 399.5 13.6 -129.1 0 1
18.9 -1.6 399.8 13.4 -131.5 0 1
16.0 -2.3 399.8 13.2 -133.8 0 1
16.1 -3.0 399.8 13.1 -136.0 0 1
16.2 -3.8 399.5 12.9 -138.0 0 1
16.3 -4.8 399.8 12.8 -140.0 0 1
16.4 -6.2 399.5 12.7 -141.8 0 1
16.8 -5.9 399.5 12.7 -143.8 0 1
16.6 -6.6 399.5 12.7 -146.2 0 1
18.7 -7.3 399.6 12.7 -146.7 0 1
16.8 -8.0 399.6 12.7 -147.7 0 1
16.9 -8.7 399.6 12.7 -148.4 0 1
17.0 -9.3 399.6 12.6 -148.6 0 1
17.1 -9.9 399.6 12.6 -148.8 0 1
17.2 -10.8 399.6 12.8 -148.0 0 1
17.3 -11.0 399.6 12.4 -147.1 0 1
17.4 -11.6 399.6 12.3 -146.8 0 1
17.5 -12.1 399.6 12.2 -144.2 0 1
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17.6 -12.5 399.6 t2.0 -142.3 0
17.7 -12.9 399.7 11.9 -140.0 0
17.8 -13.3 399.7 11.8 -137.4 0
17.9 -13.7 399.7 11.6 -134.4 0
18.0 -14.0 399.7 11.5 -131.2 0
18.1 -14.2 399.7 11.4 -127.8 0
18.2 -14.4 399.7 11.3 -124.0 0
18.3 -14.6 399.7 11.2 -120.1 0
18.4 -14.7 399.7 11.1 -116.0 0
18.5 -14 399.7 :11.1 -111.8 0
18.6 -1418 3.99.8 11.1 -107.4 0
18.7 -14.8 3-99..8 .11.1 -103.1 0
18.8 -14.8 399.8 11.2 -98.7 0
18.9 -14.7 39ý.8 '11.3 -94.4 0
19.0 -14.S 399.8 -.11.4 -90.1 0
1911 -14.4 399.8 11.6 -86.0 0
19.2 -14A 399.8 11.8 -82.1 0
19.3 -13.9 390.8 .12.0 -78.6 0
19.4 -13.6 399.8 12.2 -74.9 0
19.6 -13.3 ý99.8 12.4 -71.3 0
19.6 -13.0 30.8' -12.6 -67.7 0
19.7 -12.6 399.8 12.6 -64.2 0
19.8 -12.3 399.9 12.6 -60.7 0
19.9 -11.9 309.9 12.6 :-67.2 1
20.0 -11.4 399.9 12.6 -63.7 1
20.1 -11.0 399.9 12.6 -60.2 1
20.2 -10A 399.9 A 2.- 4
20.3 -10A 399.W 12,3 -43.4 1
20.4 399.9 12.2 -40.0 1
20.6 .-9.2 399.9 12.0 '.-36.6 1

..20.6 -8.1 399.9 ýlk.8 -33.2 1
20.7 -8.2 399.9 41.6 -29.8 1
20.8 -7.7 3s 9.8 .11.6 26.6 1
20.9 -7.2 399.8 11.4 -23.8 1
21. 0 -6.6 399.8 11.4 -.21.4 1
21.1 -6.1 399.8 11.4 -19.4 1
21.2 -6.6 399.8 11.4 -17.8 1
2.1.3 -6.1 399.8 11.4 -16.7 t
-21.4 -4.6. 399.8 11.4 -16.1 1
21.6 .-4.0 399.8 11.4 -16.0 1
21.6 ---3.6 399.8 11.6 -16.1 1
21..? -3.0 399.8 11.6 -16.3 1
21.8 -2.4 399.8 11.6 -16.6 1
21.9 -1.9 399.8 11.6 -17.0 1
22.0. -1.4 399.8 11.6 -17.6 1
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22.1 -0.9 399.8 11.6 -18.1 1 1
22.2 -0.4 399.7 11.7 -18.9 1 1
22.3 0.1 399.7 11.7 -19.8 1 1
22.4 0.6 399.7 11.7 -20.8 1 1
22.5 1.1 399.7 11.8 -21.6 1 1
22.6 1.5 399.7 11.8 -22.1 1 1
22.7 2.0 399.7 11.8 -22.4 1 1
22.8 2.4 399.7 11.7 -22.5 1 1
22.9 2.8 399.7 11.6 -22.4 1 1
23.0 3.2 399.6 11.4 -22.2 1 1
23.1 3.5 399.6 11.2 -21.7 1 1
23.2 3.9 399.6 11.0 -21.1 1 1
23.3 4.2 399.6 10.7 -20.4 1 1
23.4 4.5 399.6 10.3 -19.5 1 1
23.5 4.8 39,9.6 9.8 -18.4 1 1
23,6 5.0 399.6 9.4 -17.2 1 1
23.7 5.3 399.6 8.8 -15.7 1 1
23.8 5.5 399.6 8.2 -13.9 1 1
23.9 6.7 399.6 7.6 -11.7 1 1
24.0 5.9 399.6 6.9 -9.0 1 1
24.1 6.0 Z99.6 6.2 -5.6 1 1
24.2 6.2 399.6 5.4 -1.2 1 1
24.3 6.3 399.6 4.7 4.8 0 1
24.4 6.4 399.5 3.9 13.2 0 1
24.6 6.5 399.6 3.3 2S,4 0 1
24.6 6.6 399.5 2.9 42.0 0 1
24.7 6.7 399.5 2.9 60.8 0 1
24.8 6.8 399.5 3.2 77.3 0 1
24.9 6.9 399.5 3.8 89.3 0 1
25.0 7.0 399.5 4.5 97,3 0 1
26.1 7.1 399.5 5,3 102.5 0 1
25.2 7.2 399.5 6.1 106.8 0 1
25.3 7.3 399.6 7.0 107.9 0 1
25.4 7.3 399.5 7.8 109.1 0 1
26.6 7.4 399.6 8.6 109.7 0 1
25.6 7.4 399,6 9.6 109.9 0 1
26.7 7.4 399.6 10.4 110.6 0 1
26.8 7.4 399.6 11.2 110.3 0 1
25.9 7.3 399.6 12.0 109.6 0 1
26.0 7.2 399.6 12.7 108.4 0 1
26.1 7.0 399,6 13.4 107.0 0 1
26.2 6.8 399.6 13.9 105.4 0 1
26.3 6.6 399.6 14.4 103.6 0 1
26.4 6.4 399.7 14.8 101.8 0 1
26.6 6.1 399.7 15.1 100.1 0 1
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26.6 5.7 399.7 15.2 98.3 0 1
26.7 5.4 399.7 15.3 96.7 0 1

26.8 5.1 399.7 15.2 95.2 0 1

26.9 4.7 399.7 15.1 93.9 0 1

27.0 4.4 399.8 14.9 92.8 0 1

27.1 4.1 399.8 14.7 91.8 0 1

27.2 3.8 399.8 14.4 90.9 0 1
27.3 3.5 399.8 14.1 90.1 0 1

27.4 3.1 399.8 13.9 89.4 0 1
27.5 2.8 399.8 13.6 88.8 0 1

27.6 2.5 399.9 13.3 88.2 0 1
27.7 2.2 399.9 13.0 87.8 0 1

27.8 2.0 399.9 12.7 87.5 0 1
.27.9 1.7 399.9 12.4 87.2 0 1

28.0 1.4 *399.9 12.0 87.1 0 1
28.1 1.2 399.9 11.7 87.1 0 1

28.2 0.9 399.9 11.4 87.1 0 1
28.3 0.7 400.0 11.1 87.2 0 1

28M4 0.4 400.0 10.7 87.4 0 1
28.5 0,2: 400.0 10.4 87.7 0 1

28.6 0.1 400.0 10.1 88.1 0 1

CM IN RADAR COKE 46.15384615384615 PERCENT

CMICA W/I1 STRUCTURAL LINITS 100.0000000000000 PERCENT
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Figure 45. CMMCA and Crukie Missile Paths, CMMCA Starting Trailing
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JSTOP = 5244.641440491642
# ITERATIONS = 150

T BANK SPEED RANGE IHETA RADAR STRUCT

0.1 0.0 400.2 8.0 0.0 1 1
0.2 0.0 400.2 8.0 0.0 1 1
0.3 0.1 400.2 8.0 0.0 1 1
0.4 0.1 400.2 8.0 0.0 1 1
0.5 0.1 400.2 8.0 -0.1 1 1
0.6 0.1 400.2 8.0 -0.1 1 1
0.7 0.1 400.2 8.0 -0.1 1 1
0.8 0.1 400.2 8.0 -0.2 1 1
0.9 0.1 400.2 8.0 -0.2 1 1
1.0 0.1 400.2 8.0 -0.3 1 1
1.1 0.1 400.2 8.0 -0.3 1 1
1.2 0.2 400.2 8.0 -0.4 1 1
1.3 0.2 400.2 8.0 -0.5 1 1
1.4 0.2 400.2 8.0 -0.5 1 1
1.5 0.2 400.2 8.0 -0.6 1 1
1.6 0.2 400.2 8.0 -0.7 1 1
1.7 0.2 400.2 8.0 -0.8 1 1
1.8 0.2 400.2 8.0 -0.9 1 1
1.9 0.2 400.2 8.0 -1.0 1 1
2.0 0.2 400.2 8.0 -1.2 1 1
2.1 0.3 400.2 8.0 -1.3 1 1
2.2 0.3 400.2 8.0 -1.4 1 1
2.3 0.3 400.2 8.0 -1.6 1 1
2.4 0.3 400.2 8.0 -1.8 1 1
2.5 0.3 400.2 8.0 -1.9 1 1
2.6 0.3 400.2 8.0 -2.1 1 1
2.7 0.3 400.2 8.0 -2.3 1 1
2.8 0.3 400.2 8.0 -2.5 1 1
2.9 0.3 400.2 8.0 -2.7 1 1
3.0 0.3 400.2 8.0 -2.9 1 1
3.1 0.4 400.2 8.0 -3.2 1 1
3.2 0.4 400.2 8.0 -3.4 1 1
3.3 0.4 400.2 8.0 -3.7 1 1
3.4 0.4 400,2 8.0 -3.4 1 1
3.5 0.4 400.2 8.0 -2.4 1 1
3.6 0.4 400.2 7.9 -1.0 1 1
3.7 0.4 400.2 7.9 1.1 1 1
3.8 0.4 400.2 7.8 3.7 1 1
3.9 0.4 400.2 7.6 6.9 1 1
4.0 0.4 400.2 7.5 10.6 1. 1
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4.1 0.4 400.2 7.4 14.3 1 1
4.2 0.3 400.2 7.4 18.2 1 1
4.3 0.3 400.2 7.3 22.1 1 1
4.4 0.3 400.2 7.4 25.9 1 1
4.5 0.2 400.2 7.4 29.7 1 1
4.6 23.7 398.1 7.5 29.8 1 1
4.7 23.2 398.1 7.6 25.9 1 1
4.8 23.8 398.0 7.6 21.3 1 1
4.9 23.3 398.0 7.6 16.1 1 1
5.0 23.3 397.9 7.7 10.4 1 1
5.1 23.3 397.8 7.7 4.1 1 1
5.2 15.0 398.6 7.7 -1.5 1 1
5.3 0.1 400.0 7.7 -3.8 1 1
5.4 -0.4 400.0 7.7 -4.0 1 1
5.5 2.0 399.8 7.7 -4.5 1 1
5.6 -4.4 400.4 7.7 -4.4 1 1
5.7 1.6 399.8 7.7 -4.2 1 1
5.8 -0.2 400.0 7.7 -4.6 1 1
5.9 -0.4 400.0 7.7 -4.7 1 1
6.0 -0.7 400.1 7.7 -4.7 1 1
6.1 -0.5 400.0 7.7 -4.8 1 1
6.2 -0.5 400.0 7.7 -4.8 1 1
6.3 -0.4 400.0 7.7 -4.8 1 1
6.4 -0.9 400.1 7.7 -4.7 1 1
6.5 -0.7 400.1 7.7 -4.6 1 1
6.6 -0.5 400.0 7.7 -4.6 1 1
6.7 -1.0 400.1 7.7 -4.4 1 1
6.8 -0.8 400.1 7.7 -4.8 1 1
6.9 -0.7 400.0 7.7 -5.6 1 1
7.0 -1.1 400.1 7.7 -6.9 1 1
7.1 -0.8 400.1 7.7 -8.7 1 1
7.2 -1.0 400.1 7.6 -11.0 1 1
7.3 -1.3 400.1 7.6 -13.7 1 1
7.4 -1.1 400.1 7.6 -16.9 1 1
7.5 -0,9 400.1 7.5 -20.7 1 1
7.6 -1.3 400.1 7.5 -24.9 1 1
7.7 -1.1 400.1 7.5 -29.5 1 1
7.8 -1.2 400.1 7.5 -34.6 1 1
7.9 -0.9 400.1 7.5 -40.1 1 1
8.0 -21.4 403.1 7.6 -42.8 1 1
8.1 -20.9 403.1 7.6 -42.7 1 1
8.2 -21.0 403.2 7.7 -42.5 1 1
8.3 -21.3 403.3 7.8 -42.2 1 1
8.4 -21.2 403.4 7.8 -41.8 1 1
8.5 -20.7 403.4 7.9 -41.4 1 1
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8.6 -21.3 403.6 8.0 -41.0 1 1
8.7 -21.1 403.6 8.0 -40.4 1 1
8.8 -20.8 403.6 8.1 -39.9 1 1
8.9 -20.9 403.7 8.1 -39.3 1 1
9.0 -20.9 403.7 8.1 -38.7 1 1
9.1 -21.2 403.8 8.1 -38.1 1 1
9.2 -20.5 403.7 8.2 -37.5 1 1
9.3 -21.0 403.8 8.2 -36.8 1 1
9.4 -20.5 403.8 8.2 -33.5 1 1
9.5 -20.7 403.8 8.2 -35.6 1 1
9.6 -20.8 403.8 8.2 -35.0 1 1
9.7 -20.5 403.7 8.1 -34.4 1 1
9.8 -20.4 403.7 8.1 -33.8 1 1
9.9 -20.4 403.7 8.1 -33.5 1 1

10.0 -20.5 403.6 8.1 -32.8 1 1
10.1 -20.3 403.5 8.1 -31.7 1 1
10.2 -20.3 403.5 8.1 -30.1 1 1
10.3 -20.0 403.4 8.1 -28.1 1 1
10.4 -20.2 403.3 8.2 -25.7 1 1
10.5 -19.9 403.2 8.2 -22.9 1 1
10.6 59.4 385.4 8.3 -37.4 1 0
10.7 -75.2 428.3 8.4 -25.8 1 0
10.8 42.9 392.5 8.4 -6.3 1 0
10.9 -19.4 402.8 8.4 -12.2 1 1
11.0 -20.2 402.8 8.4 -7.4 1 1
11.1 -26.8 403.8 8.4 -0.8 1 1
11.2 0.1 399.9 8.4 3.3 1 1
11.3 0.2 399.9 8.4 3.3 1 1
11.4 -0.1 400.0 8.4 3.4 1 1
11.5 0.1 399.9 8.4 3.5 1 1
11.6 0.1 399,9 8.4 3.6 1 1
11.7 0.2 399.9 8.4 3.7 1 1
11.8 0.4 399.9 8.4 3.7 1 1
11.9 0.1 399.9 8.4 3.7 1 1
12.0 0.1 400.0 8.4 3.7 1 1
12.1 0.2 399.9 8.4 3.8 1 1
12.2 0.3 399.9 8.4 3.8 1 1
12.3 0.3 399.9 8.4 3.8 1 1
12.4 0.3 399.9 8.4 3.8 1 1
12.5 0.6 399.9 8.4 3.7 1 1
12.6 0.2 399.9 8.4 3.7 1 1
12.7 0.4 399.9 8.4 3.6 1 1
12.8 0.4 399.9 8.4 3.6 1 1
12.9 0.4 399.9 8.4 3.5 1 1
13.0 0.5 399.9 8.4 3.4 1 1
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13.1 0.6 399.9 8.4 3.2 1 1
13.2 0.3 399.9 8.4 3.1 1 1
13.3 0.8 399.9 8.4 2.9 1 1
13.4 0.3 399.9 8.4 2.7 1 1
13.5 0.6 399.9 8.4 2.5 1 1
13.6 0.6 399.9 8.4 2.9 1 1
13.7 0.8 399.9 8.4 3.8 1 1
13.8 0.5 399.9 8.4 5.2 1 1
13.9 0.7 399.9 8.3 7.2 1 1
14.0 0.7 399.9 8.3 9.7 1 1
14.1 0.7 399.9 8.2 12.7 1 1
14.2 0.9 399.9 8.1 16.3 1 1
14.3 0.5 399.9 8.0 20.5 1 1
14.4 0.7 399.9 7.9 25.2 1 1
14.5 0.7 399.9 7.8 30.6 1 1
14.6 0.7 399.9 7.7 36.4 1 1
14.7 0.7 399.9 7.7 42.8 1 1
14.8 24.1 398.4 7.7 46.0 1 1
14.9 24.2 398.5 7.7 45.6 1 1
15.0 24.1 398.6 7.7 45.3 1 1
15.1 23.9 398.7 7.7 45.0 1 1
15.2 23.8 398.7 7.7 44.7 1 1
15.3 23.8 398.8 7.7 44.4 1 1
15.4 23.9 398.8 7.7 44.1 1 1
15.6 23.5 398.9 7.7 44.1 1 1
15.6 23.7 399.0 7.7 43.7 1 1
15.7 23.4 399.0 7.8 42.7 1 1
15.8 23.4 399.0 7.9 41.3 1 1
15.9 23.1 399.1 8.0 39.3 1 1
16.0 23.5 399.1 8.1 36.7 1 1
16.1 22.7 399.1 8.2 33.6 1 1
16.2 23.Vy 399.1 8.3 30.1 1 1
16.3 23.1 399.0 8.3 25.9 1 1
16.4 22,-8 399.0 8.4 21.2 1 1
16.5 22.& 399.0 8.4 16.1 1 1
16.6 23.1 398.9 8.4 10.4 1 1
16.7 29.1 398.4 8.4 2.8 1 1
16.8 -0.6 400.1 8.4 -2.3 1 1
16.9 -0.6 400.1 8.4 -3.4 1 1
17.0 -0.6 400.1 8.4 -4.9 1 1
17.1 -0.6 400.1 8.3 -7.0 1 1
17.2 -0.7 400.1 8.3 -9.7 1 1
17.3 -0.7? 400.1 8.2 -12.8 1 1
17.4 -0.7 400.1 8.1 -16.6 1 1
17.5 -0.7 400.1 8.0 -20.9 1 1
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17.6 -0.7 400.1 7.9 -25.7 1 1
17.7 -0.7 400.1 7.8 -31.2 1 1
17.8 -0.7 400.1 7.7 -37.2 1 1
17.9 -0.6 400.1 7.7 -43.8 1 1
18.0 -24.2 401.8 7.7 -47.2 1 1
18.1 -23.7 401.8 7.7 -47.1 1 1
18.2 -24.3 401.9 7.7 -47.0 1 1
18.3 -23.9 401.9 7.7 -46.9 1 1
18.4 -23.9 401.9 7.7 -46.8 1 1
18.5 -23.9 402.0 7.7 -46.7 1 1
18.6 -24.2 402.0 7.7 -46.6 1 1
18.7 -23.5 402.0 7.7 -46.5 1 1
18.8 -24.0 402.1 7.8 -46.4 1 1
18.9 -23.9 402.1 7.8 -46.3 1 1
19.0 -24.0 402.1 7.8 -46.2 1 1
19.1 -23.5 402.0 7.8 -46.1 1 1
19.2 -23.8 402.0 7.8 -46.1 1 1
19.3 -23.5 402.0 7.7 -46.2 1 1
19.4 -23.9 402.0 7.8 -45.9 1 1
19.5 -23.6 401.9 7.8 -45.0 1 1
19.6 -23.8 401.9 7.9 -43.6 1 1
19.7 -23.4 401.8 8.1 -41.7 1 1
19.8 -23.5 401.7 8.2 -39.2 1 1
19.9 -23.9 401.7 8.3 -36.0 1 1
20.0 -23.0 401.6 8.4 -32.3 1 1
20.1 -23.8 401.5 8.5 -28.2 1 1
20.2 -23.3 401.4 8.6 -23.4 1 1
20.3 -23.6 401.4 8.6 -18.1 1 1
20.4 -23.3 401.3 8.6 -12.3 1 1
20.5 -31.1 401.7 8.6 -4.5 1 0
20.6 0.1 399.9 8.6 0.2 1 1
20.7 -0.4. 399.9 8.6 0.2 1 1
20.8 -0.2 399.9 8.6 -0.2 1 1
20.9 -0.1 399.9 8.6 -1.2 1 1
21.0 0.1 399.9 8.6 -2.9 1 1
21.1 -0.4 399.9 8.5 -5.0 1 1
21.2 -0.2 399.9 8.4 -7.6 1 1
21.3 -0.1 399.9 8.3 -10.8 1 1
21.4 0.1 399.9 8.2 -14.6 1 1
21.5 -0.4 399.9 8.1 -18.9 1 1
21.6 -0.1 399.9 8.0 -23.5 1 1
21.7 0.0 399.9 7.9 -28.3 1 1
21.8 0.3 399.9 8.0 -33.0 1 1
21.9 -0.3 399.9 8.0 -37.7 1 1
22.0 -23.2 400.7 8.1 -38.7 1 1
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22.1 -23.2 400.6 8.2 -35.7 1 1
22.2 -23.4 400.6 8.3 -32.2 1 1
22.3 -23.2 400.6 8.4 -28.1 1 1
22.4 -22.7 400.5 8.5 -23.6 1 1
22.5 -23.4 400.5 8.5 -17.9 1 1
22.6 -23.0 400.5 8.5 -11.1 1 1
22.7 -22.9 400.5 8.5 -3.3 1 1
22.8 -7.9 400.0 8.4 3.1 1 1
22.9 0.2 399.8 8.4 6.8 1 1
23.0 0.4 399.8 8.3 9.9 1 1
23.1 0.2 399.8 8.1 13.6 1 1
23.2 0.4 399.8 8.0 17.9 1 1
23.3 0.2 399.8 7.9 22.8 1 1
23.4 0.4 399.8 7.7 28.2 1 1
23.5 0.2 399.8 7.6 34.3 1 1
23.6 0.4 399.8 7.6 41.0 1 1
23.7 23.6 399.1 7.5 44.5 1 1
23.8 23.4 399.1 7.5 44.6 1 1
23.9 23.6 399.1 7.5 44.8 1 1
24.0 23.6 399.1 7.5 45.0 1 1
24.1 23.4 399.1 7.5 45.2 1 1
24.2 23.2 399.1 7.4 45.5 1 1
24.3 23.4 399.1 7.4 45.8 1 1
24.4 23.2 399.2 7.4 46.2 1 1
24.5 23.2 399.2 7.5 46.5 1 1
24.6 22.9 399.3 7.5 46.3 1 1
24.7 23.1 399.3 7.6 45.6 1 1
24.8 22.8 a39.3 7.8 44.3 1 1
24.9 22.8 399.4 7.9 42.4 1 1
25.0 22.6 399.4 8.0 39.9 1 1
25.1 23.0 399.5 8.2 36.9 1 1
25.2 22.4 399.5 8.3 33.3 1 1
25.3 22.6 399.6 8.4 29.3 1 1
25.4 22.7 399.6 8.5 24.7 1 1
25.5 22.4 399.6 8.5 19.6 1 1
25.6 22.8 399.7 8.5 13.9 1 1
25.7 18.8 399.8 8.6 9.4 1 1
25.8 -0.4 400.1 8.6 7.5 1 1
25.9 -0.9 400.1 8.6 7.8 1 1
26.0 -0.7 400.1 8.6 7.6 1 1
26.1 -0.6 400.1 8.5 6.9 1 1
26.2 -0.4 400.1 8.5 5.6 1 1
26.3 -0.9 400.1 8.4 3.8 1 1
26.4 -0.7 400.1 8.2 1.5 1 1
26.5 -0.6 400.1 8.1 -1.3 1 1
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26.6 -0.4 400.1 7.9 -4.8 1 1

26.7 -0.8 400.1 7.7 -8.8 1 1

26.8 -0.5 400.1 7.4 -13.5 1 1
26.9 36.7 399.8 7.2 -25.4 1 0
27.0 -24.2 400.2 7.1 -34.7 1 1

27.1 -23.5 400.2 7.0 -34.4 1 1

27.2 -23.7 400.2 7.0 -33.7 1 1
27.3 -23.5 400.2 7.0 -32.5 1 1

27.4 -23.5 400.2 7.0 -30.7 1 1

27.5 -23.6 400.1 7.0 -28.3 1 1

27.6 -23.2 400.1 7.1 -25.2 1 1

27.7 -23.6 400.1 7.1 -21.6 1 1
27.8 -23.3 400.1 7.1 -17.2 1 1

27.9 -23.2 400.1 7.1 -12.3 1 1
28.0 -23.3 400.1 7.2 -6.8 1 1

28.1 -23.4 400.0 7.2 -0.5 1 1
28.2 -20.8 400.0 7.2 6.0 1 1
28.3 0.0 400.0 7.2 9.4 1 1
28.4 0.0 400.0 7.2 9.8 1 1

28.5 0.0 400.0 7.2 10.2 1 1
28.6 0.0 400.0 7.2 10.6 1 1

CM IN RADAR CONE 100.0000000000000 PERCENT
CMMCA W/IN STRUCTURAL LIMITS 98.25174826174825 PERCENT
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Appendix H. Results of Segmenting Flight Path Four

This appendix contains the graphical output from the results of the segmenta-

tion of the fourth flight path. The output from the first section of the fourth flight

path is presented first. This covers the cases where the initial CMMCA flight path

was straight and the preliminary weighting scheme was used, the initial CMMCA

flight path was straight and the optimal weighting scheme was used, the initial

CMMCA flight path was trailing and the preliminary weighting scheme wýX used,

and finally the initial CMMCA flight path was trailing and the optimal weigi-cing

scheme was used. The same four cases are then presented for the second section of

the fourth flight path.

Each section of output contains a plot of the CMMCA flight path relative

to the cruise missile flight path, the plot of the overall J value at each iteration

of the program, and the output file RESULTS.OUT, which contains the CMMCA

bank angle, airspeed, and position relative to the cruise missile at every point in the

solution.
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Figure 47. Section 1 CMMCA and CM Paths, CMMCA Starting Straight
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JSTOP = 5741.868
# ITERATIONS = 150

T BANK SPEED RANGE THETA RADAR STRUCT

0.1 -2.5 400.8 8.0 0.4 1 1
0.2 -2.3 400.8 8.0 1.1 1 1
0.3 -2.0 400.8 8.0 1.9 1 1
0.4 -1.8 400.8 8.0 2.6 1 1
0.5 -1.5 400.8 8.0 3.2 1 1
0.6 -1.2 400.8 8.0 3.9 1 1
0.7 -0.9 400.8 8.0 4.4 1 1
0.8 -0.7 400.8 8.0 5.0 1 1
0.9 -0.4 400.7 8.0 5.4 1 1
1.0 -0.1 400.7 8.0 5.8 1 1
1.1 0.2 400.7 8.0 6.1 1 1
1.2 0.5 400.7 8.0 6.3 1 1
1.3 0.8 400.7 8.0 6.4 1 1
1.4 1.1 400.7 8.0 6.5 1 1
1.5 1.4 400.7 8.0 6.4 1 I
1.6 1.7 400.6 8.0 6.2 1 1
1.7 2.0 400.6 8.0 5.8 1 1
1.8 2.3 400.6 8.0 5.3 1 1
1.9 2.5 400.6 8.0 4.7 1 1
2.0 2.8 400.5 8.0 4.0 1 1
2.1 3.1 400.5 8.0 3.1 1 1
2.2 3.4 400.5 8.0 2.1 1 1
2.3 3.6 400.5 8.0 0.9 1 1
2.4 3.9 400.5 8.0 -0.5 1 1
2.5 4.2 400.4 8.0 -2.0 1 1
2.6 4.4 400.4 8.0 -3.7 1 1
2.7 4.6 400.4 8.0 -5.6 1 1
2.8 4.8 400.4 8.0 -7.6 1 1
2.9 5.0 400.4 8.0 -9.9 1 1
3.0 5.2 400.3 8.0 -12.2 1 1
3.1 5.4 400.3 8.0 -14.8 I I
3.2 5.5 400.3 8.1 -17.5 1 1
3.3 5.7 400.3 8.1 -20.4 1 1
3.4 5.8 400.3 8.1 -22.9 1
3.5 5.9 400.3 8.2 -24.9 1 1
3.6 5.9 400.3 8.2 -26.5 1 1
3.7 6.0 400.2 8.1 -27.8 1 1
3.8 6.0 400.2 8.0 -28.7 1 1
3.9 6.0 400.2 7.9 -29.3 1 1
4.0 5.9 400.2 7.8 -29.6 1 1
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4.1 5.8 400.2 7.6 -30.1 1 1
4.2 5.7 400.2 7.5 -30.6 1 1
4.3 5.6 400.2 7.4 -31.2 1 1
4.4 5.4 400.3 7.3 -31.8 1 1
4.5 5.3 400.3 7.2 -32.5 1 1
4.6 5.0 400.3 7.1 -33.2 I 1
4.7 4.8 400.3 7.1 -33.9 1 1
4.8 4.6 400.3 7.0 -34.7 1 1
4.9 4.3 400.3 7.0 -35.5 1 1
5.0 4.0 400.3 6.9 -36.3 1 1
5.1 3.7 400.4 6.9 -37.1 1 1
5.2 3.3 400.4 6.9 -37.9 1 1
5.3 3.0 400.4 6.9 -38.6 1 1
5.4 2.6 400.4 6.9 -39.3 1 1
5.5 2.2 400.5 6.9 -40.0 1 1
5.6 1.7 400.5 6.9 -40.6 1 1
5.7 1.3 400.5 6.9 -41.0 1 1
5.8 0.8 400.6 6.9 -41.4 1 1
5.9 0.4 400.6 6.9 -41.7 1 1
6.0 -0.1 400.7 6.9 -41.8 1 1
6.1 -0.6 400.7 6.9 -41.8 1 1
6.2 -1.2 400.7 6.9 -41.7 1 1
6.3 -1.7 400.8 6.9 -41.3 1 1
6.4 -2.3 400.8 6.9 -40.8 1 1
6.5 -2.9 400.9 6.9 -40.1 1 1
6.6 -3.5 400.9 6.9 -39.1 1 1
6.7 -4.1 400.9 6.9 -37,9 1 1
6.8 -4.7 401.0 6.9 -36.8 1 1
6.9 -5,3 401.0 6.9 -36.0 1 1
7.0 -6.0 401.1 7.0 -35.4 1 1
7.1 -6.6 4011• 7.1 -35.0 1 1
7.2 -7.3 401.2 7.2 -34.7 1 1
7.3 -7.9 401.2 7.3 -34.6 1 1
7.4 -8.6 401.2 7.4 -34.6 1 1
7.5 -9.2 401.3 7.5 -34.7 1 1
7.6 -9.9 401.3 7.6 -34.8 1 1
7.7 -10.5 401.3 7.8 -35.0 1 1
7.8 -11.2 401.4 7.9 -35.1 1 1
7.9 -11.8 401.4 8.0 -35.3 1
8.0 -12.4 401.4 8.1 -36.5 1
8.1 -13.0 401.4 8.2 -35.6 1 1
8.2 -13.6 401.6 8.3 -35.7 1 1
8.3 -14.1 401.s 8.4 -35.7 1 1
8.4 -14.6 401.6 8.5 -36.7 1 1
8.5 -16.1 401.5 8.6 -35.6 1 1
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8.6 -15.5 401.5 8.6 -35.5 1 1
8.7 -15.9 401.4 8.7 -35.3 1 1
8.8 -16.2 401.4 8.8 -35.0 1 1
8.9 -16.5 401.4 8.8 -34.7 1 1
9.0 -16.7 401.4 8.8 -34.4 1 1
9.1 -16.9 401.3 8.8 -3.1 1 1
9.2 -17.1 401.3 8.9 -33.8 1 1
9.3 -17.1 401.2 8.9 -33.6 1 1
9.4 -17.2 401.2 8.9 -30.8 1 1
9.5 -17.1 401.1 8.8 -33.2 1 1
9.6 -17.1 401.1 8.8 -33.1 1 1
9.7 -16.9 401.0 8.8 -33.1 1 1
9.8 -16.7 401.0 8.8 -33.3 1 1
9.9 -16.5 400.9 8.7 -33.7 1 1

10.0 -16.2 400.8 8.7 -34.0 1 1
10.1 -15.8 100.8 8.7 -34.1 1 1
10.2 -15.5 400.7 8.7 -3,1.0 1 1
10.3 -15.1 400.6 8.8 -33.6 1 1
10.4 -14.6 400.6 8.9 -33.1 1 1
10.5 -14.1 400.5 8.9 -32.3 1 1
10.6 -13.6 400.4 9.0 -31.4 1 1

.10.7 -13.1 400.4 9.1 -30.3 1 !
10.8 -12.6 400.3 9.2 -29.1 1 1
10.9 -12.0 400.3 9.3 -27.8 1 1
11.0 -11.5 400.2 9.4 -26.4 1 1

11.1 -10.9 400.2 9.4 -24.9 1 1
11.2 -10.3 400.1 9.5 -23.4 1 1
11.3 -9.7 400.1 9.5 -21.8 1 1
11.4 -S.1 400.0 9.6 -20.2 1 1
11.5 -8.5 400.0 9.6 -18.6 1 1
11.6 -7.9 399.9 9.6 -17.0 1 1
11.7 -7.3 399.9 9.7 -15.5 6 1
11.8 -6.7 399.9 9.7 -14.0 1 1
11.9 -6.1 399.8 9.7 -12.5 1 1
12.0 -5.5 399.8 9.7 -11.1
12.1 -4.9 399.8 9.7 -9.7 1 1
12.2 -4.3 399.7 9.7 -8.4 1 1
12.3 -3.7 399.7 9.7 -7.2 1 1
12.4 -3.1 399.7 9.7 -6.1 1 1
12.5 -2.6 399.7 9.7 -5.1 1 1
12.6 -2.0 399.6 9.7 -4.2 1 1
12.7 -1.5 399.6 9.7 -3.5 1 1
12.8 -0.9 399.6 9.7 -2.8 1 1
12.9 -0.4 399.6 9.7 -2.3 1 1
13.0 0.1 399.6 9.7 -1.9 1 1
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13.1 0.6 399.6 9.7 -1.7 1 1

13.2 1.1 399.6 9.7 -1.6 1 1

13.3 1.5 399.5 9.7 -1.7 1 1
13.4 2.0 399.5 9.7 -1.9 1 1

13.5 2.4 399.5 9.7 -2.3 1 1
13.6 2.8 399.5 9.6 -2.4 1 1

13.7 3.2 399.5 9.6 -2.1 1 1

13.8 3.5 399.5 9.6 -1.6 1 1

13.9 3.9 399.5 9.5 -0.7 1 1

14.0 4.2 399.5 9.3 0.4 1 1
14.1 4.6 399.5 9.2 1.9 1 1

14.2 4.8 399.5 9.0 3.6 1 1

14.3 5.1 399.5 8.8 5.7 1 1

14.4 5.4 399.5 8.5 8.2 1 1

14.5 5.6 399.5 8.3 11.1 1 1
14.6 5.8 399.5 8.0 14.4 1 1

14.7 6.0 399.5 7.7 18.2 1 1
14.8 6.1 399.5 7.4 22.6 1 1

14.9 6.3 399.6 7.1 27.6 1 1

15.0 6.3 399.6 6.9 33.4 1 1
15.1 6.3 399.6 6.7 39.8 1 1

15.2 6.3 399.6 6.8 46.9 1 1
15.3 6.1 399.7 6.5 54.6 1 1

15.4 5.9 399.7 6.5 62.6 0 1
15.5 5.6 399.7 6.7 71.0 0 1

18.6 5.3 399.7 7.0 78.8 0 1
16.7 4.9 399.8 7.4 85.8 0 1
15.8 4.4 399.8 8.0 91.8 0 1

15.9 3.9 399.8 8.7 96.8 0 1
16.0 3.4 399.8 9.4 101.1 0 1

16.1 2.8 399.8 10.2 104.7 0 1
16.2 2.3 399.9 11.1 107.8 0 1
16.3 1.7 399.9 11.9 110.5 0 1
16.4 1.1 399.9 12.9 113.0 0 1

16.5 0.6 400.0 13.8 115.2 0 1

16.6 0.1 400.0 14.8 117.2 0 1

CH IN RADAR COKE 92.16868 PERCENT

CNHCA WIlN STRUCTURAL LIMITS 100.0000 PERCENT
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Figure 49. Sction I CMMCA and CM Paths, CMMCA Starting Straight
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JSTOP = 6857.492
# ITERATIONS = 150

T BANK SPEED RANGE THETA RADAR STRUCT

0.1 -3.0 401.0 8.0 0.4 1 1
0.2 -2.8 401.0 8.0 1.3 1 1
0.3 -2.5 401.0 8.0 2.2 1 1
0.4 -2.3 401.0 8.0 3.1 1 1
0.5 -2.0 401.0 8.0 4.0 1 1
0.6 -1.7 401.0 8.0 4.8 1 1
0.7 -1.4 400.9 8.0 5.6 1 1
0.8 -1.1 400.9 8.0 6.3 1 1
0.9 -0.8 400.9 8.0 7.0 1 1
1.0 -0.5 400.9 8.0 7.6 1 1
1.1 -0.2 400.8 8.0 8.1 1 1
1.2 0.1 400.8 8.0 8.5 1 1
1.3 0.4 400.7 8.0 8.9 1 1
1.4 0.7 400.7 8.0 9.2 1 1
1.5 0.9 400.7 8.0 9.4 1 1
1.6 1.2 400.6 8.0 9.4 1 1
1.7 1.5 400.6 8.0 9.4 1 1
1.8 1.7 400.6 8.0 9.3 1 1
1.9 2.0 400.6 8.0 9.0 1 1
2.0 2.3 400.5 8.1 8.6 1 1
2.1 2.5 400.5 8.1 8.1 1 1
2.2 2.8 400.5 8.1 7.5 1 1
2.3 3.0 400.8 8.1 6.7 1 1
2.4 3.2 400.4 8.1 6.8 1 1
2.5 3.8 400.4 8.1 4.7 1 1
2.6 3.7 400.4 8.0 3.5 1 1
2.7 3.9 400.4 8.0 2.2 1 1
2.8 4.1 400.4 8.0 0.7 1 1
2.9 4.3 400.4 8.0 -1.0 1 1
3.0 4.8 400.4 8.0 -2.8 1 1
3.1 4.7 400.4 8.0 -4.8 1 1
3.2 4.9 400.4 8.0 -6.9 1 1
3.3 5.1 400.4 8.0 -9.3 1 1
3.4 5.2 400.4 8.0 -11.1 1 1
3.8 S.4 400.8 8.0 -12.6 1 1
3.6 5.8 400.8 8.0 -13.6 1 1
3.7 6.6 400.8 8.0 -14.3 1 1
3.8 5.7 400.5 7.9 -14.6 1 1
3.9 6.8 400.6 7.8 -14.5 1 1
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4.0 5.8 400.6 7.6 -14.1 1 1
4.1 5.8 400.6 7.5 -13.9 1 1
4.2 5.8 400.7 7.4 -13.7 1 1
4.3 5.8 400.7 7.3 -13.6 1 1
4.4 5.7 400.8 7.2 -13.7 1 1
"4.5 5.6 400.8 7.1 -13.8 1 1
4.6 5.5 400.9 7.1 -13.9 1 1
4.7 5.4 400.9 7.0 -14.2 1 1
4.8 5.2 401.0 6.9 -14.6 1 1
4.9 5.0 401.0 6.9 -15.0 1 1
5.0 4.8 401.1 6.9 -15.5 1 1
5.1 4.6 401.2 6.8 -16.0 1 1
5.2 4.4 401.2 6.8 -16.6 1 1
5.3 4.1 401.3 6.8 -17.2 1 1
5.4 3.8 401.4 6.7 -17.9 1 1
5.5 3.5 401.5 6.7 -18.6 1 1
5.6 3.1 401.6 6.7 -19.3 1 1
5.7 2.8 401.6 6.7 -19.9 1 1
5.8 2.4 401.7 6.7 -20.5 1 1
5.9 2.0 401.8 6.7 -21.1 1 1
6.0 1.6 401.9 6.7 -21.6 1 1
6.1 1.1 402.0 6.7 -22.1 1 1
6.2 0.6 402.1 6.7 -22.4 1 1
6.3 0.1 402.2 6.7 -22.6 1 1
6.4 -0.4 402.3 6.7 -22.6 1 1
6.5 -1.0 402.5 6.7 -22.5 1 1
6.6 -1.6 402.6 6.7 -22.2 1 1
6.7 -2.2 402.7 6.7 -21.7 1 1
6.8 -2.8 402.8 6.7 -21.5 1 1
6.9 -3.5 402.9 6.7 -21.7 1 1
7.0 -4.2 403.0 6.8 -22.1 1 1
7.1 -5.0 403.1 6.8 -22.7 1 1
7.2 -6.7 403.3 6.8 -23.6 1 1
7.3 -6.5 403.4 6.9 -24.7 1 1
7.4 -7.3 403.5 6.9 -25.9 1 1
7.5 -8.1 403.6 7.0 -27.2 1 1
7.6 -8.9 403.7 7.1 -28.6 1 1
7.7 -9.8 403.8 7.1 -30.0 1 1
7.8 -10.6 403.9 7.2 -31.4 1 1
7.9 -11.4 404.0 7.2 -32.8 1 1
8.0 -12.3 404.1 7.3 -34.1 1 1
8.1 -13.1 404.1 7.4 -35.4 1 1
8.2 -13.9 404.2 7.4 -36.5 1 1
8.3 -14.7 404.2 7.5 -37.5 1 1
8.4 -15.4 404.3 7.6 -38.3 1 1
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8.5 -16.1 404.3 7.7 -39.0 1 1
8.6 -16.8 404.2 7.7 -39.5 1 1
8.7 -17.5 404.2 7.8 -39.9 1 1
8.8 -18.1 404.2 7.9 -40.0 1 1
8.9 -18.6 404.1 8.0 -40.0 1 1
9.0 -19.0 404.0 8.1 -39.8 1 1
9.1 -19.4 403.9 8.1 -39.5 1 1
9.2 -19.8 403.8 8.2 -39.0 1 1
9.3 -20.0 403.6 8.2 -38.4 1 1
9.4 -20.2 403.4 8.3 -35.0 1 1
9.5 -20.2 403.3 8.3 -37.0 1 1
9.6 -20.2 403.1 8.3 -36.2 1 1
9.7 -20.1 402.8 8.3 -35.5 1 1
9.8 -19.9 402.6 8.3 -34.8 1 1
9.9 -19.6 402.4 8.3 -34.3 1 1

10.0 -19.3 402.2 8.3 -33.6 1 1
10.1 -18.9 402.0 8.4 -32.5 1 1
10.2 -18.4 401.7 8.4 -31.2 1 1
10.3 -17.8 401.5 8.5 -29.7 1 1
10.4 -17.2 401.3 8.5 -27.9 1 1
10.5 -16.5 401.1 8.6 -25.9 1 1
10.6 -15.8 400.9 8.6 -23.7 1 1
10.7 -15.1 400.7 8.7 -21.5 1 1
10.8 -14.3 400.5 8.7 -19.1 1 1
10.9 -13.5 400.4 8.7 -16.6 1 1
11.0 -12.7 400.2 8.8 -14.1 1 1
11.1 -11.8 400.1 8.8 -11.6 1 1
11.2 -11.0 399.9 8.8 -9.0 1 1
11.3 -10.1 399.8 8.8 -6.5 1 1
11.4 -9.3 399.7 8.8 -3.9 1 1
11.5 -8.4 399.6 8.8 -1.5 1 1
11.6 -7.6 399.5 8.8 0.9 1 1
11.7 -6.7 399.4 8.8 3.2 1 1
11.8 -5.8 399.4 8.8 5.4 1 1
11.9 -5.0 399.3 8.8 7 5 1 1
12.0 -4.2 399.3 8.8 9.5 1 1
12.1 -3.3 399.2 8.8 11.3 1 1
12.2 -2.8 399.2 8.9 12.9 1 I
12.3 -1.7 399.1 8.9 14.3 1 1
12.4 -0.9 399.1 8.9 15.3 1 1
12.6 -0.1 399.1 8.9 16.6 1 1
12.6 0.7 399.1 9.0 17.4 1 1
12.7 1.4 399.0 9.0 17.9 1 1
12.8 2.2 399.0 9.0 18.3 1 1
12.9 2.9 399.0 9.0 18.3 1 1

225



13.0 3.6 399.0 9.1 18.1 1 1
13.1 4.3 399.0 9.1 17.6 1 1
13.2 5.0 399.0 9.1 16.8 1 1
13.3 5.6 399.0 9.1 15.8 1 1
13.4 6.3 399.0 9.2 14.4 1 1
13.5 6.9 399.1 9.2 12.7 1 1
13.6 7.6 399.1 9.2 11.2 1 1
13.7 8.2 399.1 9.2 9.9 1 1
13.8 8.7 399.1 9.2 8.7 1 1
13.9 9.2 399.1 9.2 7.8 1 1
14.0 9.7 399.1 9.1 7.0 1 1
14.1 10.2 399.1 9.1 6.3 1 1
14.2 10.6 399.1 9.0 5.9 1 1
14.3 10.9 399.2 8.9 5.6 1 1
14.4 11.2 399.2 8.8 5.5 1 1
14.5 11.4 399.2 8.6 5.7 1 1
14.6 11.5 399.2 8.4 6.0 1 1
14.7 11.6 399.3 8.2 6.7 1 1
14.8 11.6 399.3 7.9 7.7 1 1
14.9 11.5 399.3 7.6 9.1 1 1
15.0 11.4 399.4 7.3 11.0 1 1
15.1 11.1 399.4 7.0 13.4 1 1
15.2 10.8 399.4 6.7 16.5 1 1
15.3 10.5 399.5 6.4 20.3 1 1
15.4 10.0 399.6 6.1 25.0 1 1
15.5 9.4 399.6 5.8 30.9 1 1
15.6 8.8 399.6 5.7 37.4 1 1
15.7 8.1 399.7 5.6 44.1 1 1
15.8 7.4 399.7 6.7 50.7 1 1
15.9 6.6 399.8 5.9 57.0 1 1
16.0 5.7 399.8 6.2 62.7 0 1
16.1 4.8 399.9 6.6 67.8 0 1
16.2 3.9 399.9 7.0 72.4 0 1
16.3 3.0 399.9 7.5 76.5 0 1
16.4 2.0 399.9 8.1 80.2 0 1
16.5 1.0 400.0 8.6 83.6 0 1
16.6 0.3 400.0 9.2 86.8 0 1

CM IN RADAR CONE 95.78313 PERCENT
CMMCA W/IN STRUCTURAL LIMITS 100.0000 PERCENT
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Figure 51. Section 1 CMMCA and CM Paths, CMMCA Starting Trailing
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JSTOP 3026.580
# ITERATIONS 150

T BANK SPEED RANGE THETA RADAR STRUCT

0.1 -1.0 401.0 8.0 0.1 1 1
0.2 -0.9 401.0 8.0 0.4 1 1
0.3 -0.8 400.9 8.0 0.7 1 1
0.4 -0.8 400.9 8.0 1.0 1 1
0.5 -0.7 400.9 8.0 1.3 1 1
0.6 -0.6 400.8 8.0 1.6 1 1
0.7 -0.5 400.8 3.0 1.9 1 1
0.8 -0.4 400.8 8.0 2.1 1 1
0.9 -0.4 400.8 8.0 2.4 1 1
1.0 -0.3 400.7 8.0 2.6 1 1
1.1 -0.2 400.7 8.0 2.8 1 1
1.2 -0.1 400.7 8.0 3.0 1 1
1.3 0.0 400.7 8.0 3.2 1 1
1.4 0.1 400.6 8.0 3.4 1 1
1.5 0.1 400.6 8.0 3.5 1 1
1.6 0.2 400.6 8.0 3.6 1 1
1.7 0.3 400.6 8.0 3.? 1 1
1.8 0.4 400.6 8.0 3.7 1 1
1.9 0.5 400.6 8.0 3.7 1 1
2.0 0.6 400.6 8.0 3.7 1 1
2.1 0.7 400.5 8.0 3.6 1 1
2.2 0.8 400.5 8.0 3.5 1 1
2.3 0.8 400.5 8.0 3.3 1 1
2.4 0.9 400.5 8.0 3.1 1 1
2.5 1.0 400.5 8.0 2.9 1 1
2.6 1.1 400.5 8.0 2.6 1 1
2.7 1.2 400.5 8.0 2.2 1 1
2.8 1.3 400.5 8.0 1.8 1 1
2.9 1.4 400.5 8.0 1.3 1 1
3.0 1.5 400.5 8.0 0.8 1 1
3.1 1.6 400.5 8.0 0.2 1 1
3.2 1.7 400.5 8.0 -0.4 1 1
3.3 1.8 400.5 8.0 -1.2 1 1
3.4 1.9 400.5 8.0 -1.4 1 1
3.6 2.0 400.5 8.0 -1.1 1 1
3.6 2.1 400.6 7.9 -0.2 1 1
3.7 2.1 400.5 7.9 1.1 1 1
3.8 2.1 400.6 7.8 3.0 1 1
3.9 2.1 400.5 7.7 6.4 1 1
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4.0 2.1 400.6 7.6 8.2 1 1
4.1 2.0 400.6 7.5 11.1 1 1
4.2 2.0 400.6 7.4 13.9 1 1
4.3 1.8 400.7 7.4 16.9 1 1
4.4 1.7 400.7 7.4 19.8 1 1
4.5 1.5 400.8 7.4 22.7 1 1
4.6 21.7 395.9 7.4 22.4 1 1
4.7 21.1 396.2 7.5 18.6 1 1
4.8 21.5 396.2 7.5 14.3 1 1
4.9 20.8 396.4 7.5 9.5 1 1
5.0 20.7 396.5 7.5 4.3 1 1
5.1 20.6 396.5 7.5 -1.4 1 1
5.2 13.3 398.2 7.5 -6.4 1 1
5.3 0.3 401.0 7.5 -8.7 1 1
5.4 -0.2 401.1 7.5 -9.1 1 1
5.5 1.8 400.7 7.6 -9.7 1 1
5.6 -3.8 401.9 7.6 -9.8 1 1
5.7 1.3 400.8 7.6 -9.9 1 1
5.8 -0.3 401.1 7.6 -10.3 1 1
5.9 -0.6 401.2 7.6 -10.6 1 1
6.0 -1.0 401.2 7.6 -10.7 1 1
6.1 -0.9 401.2 7.6 -10.7 1 1
6.2 -1.1 401.2 7.6 -10.7 1 1
6.3 -1.1 401.2 7.6 -10.7 1 1
6.4 -1.6 401.3 7.6 -10.5 1 1
6.5 -1.6 401.3 7.6 -10.3 1 1
6.6 -1.6 401.3 7.6 -10.0 1 1
6.7 -2.1 401.4 7.6 -9.6 1 1
6.8 -2.1 401.4 7.6 -9.6 1 1
6.9 -2.1 401.4 7.6 -10.0 1 1
7.0 -2.7 401.5 7.6 -10.9 1 1
7.1 -2.5 401.6 7.6 -12.1 1 1
7.2 -2.8 401.6 7.6 -13.8 1 1
7.3 -3.1 401.6 7.6 -16.9 1 1
7.4 -3.1 401.6 7.6 -18.3 1 1
7.5 -3.0 401.6 7.6 -21.2 1 1
7.6 -3.4 401.7 7.5 -24.4 1 1
7.7 -3.3 401.7 7.5 -28.1 1 1
7.8 -3.3 401.7 7.5 -32.1 1 1
7.9 -3.1 401.6 7.6 -36.6 1 1
8.0 -20.9 407.1 7.6 -38.7 1 1
8.1 -20.5 407.1 7.6 -38.3 1 1
8.2 -20.5 407.3 7.7 -38.0 1 1
8.3 -20.7 407.5 7.7 -37.6 1 1
8.4 -20.6 407.6 7.8 -37.2 1 1
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8.5 -20.2 407.5 7.8 -36.8 1 1
8.6 -20.7 407.7 7.8 -36.4 1 1
8.7 -20.5 407.7 7.8 -35.9 1 1
8.8 -20.3 407.6 7.8 -35.5 1 1
8.9 -20.4 407.6 7.8 -35.1 1 1
9.0 -20.4 407.5 7.8 -34.7 1 1
9.1 -20.7 407.4 7.8 -34.2 1 1
9.2 -20.0 407.1 7.8 -33.9 1 1
9.3 -20.5 407.1 7.8 -33.5 1 1
9.4 -20.1 406.8 7.8 -30.2 1 1
9.5 -20.3 406.6 7.7 -32.9 1 1
9.6 -20.3 406.4 7.7 -32.6 1 1
9.7 -20.0 406.0 7.7 -32.3 1 1
9.8 -19.8 405.7 7.6 -32.2 1 1
9.9 -19.7 405.5 7.6 -32.3 1 1

10.0 -19.7 405.2 7.5 -32.1 1 1
10.1 -19.3 404.8 7.6 -31.5 1 1
10.2 -19.2 404.5 7.6 -30.4 1 1
10,3 -18.8 404.1 7.6 -29.0 1 I
10.4 -18.8 403.9 7.7 -27.2 1 1
10.5 -18.4 403.5 7.7 -25.0 1 1
10.6 48.4 385.2 7.8 -35.0 1 0
10.7 -74.0 430.3 7.9 -20.9 1 0
10.8 35.8 391.6 7.9 -1.7 1 0
10.9 -17.3 402.4 7.9 -8.8 1 1
11.0 -17.9 402.3 7.9 -1.1 1 1
11.1 -23.5 403.1 7.9 8.1 1 1
11.2 -0.2 399.3 7.9 9.0 1 1
11.3 0.0 399.2 7.9 9.6 1 1
11.4 -0.2 399.3 7.9 10.2 1 1
11.5 0.0 399.3 7.9 10.8 1 1
11.6 0.1 399.3 7.9 11.3 1 1
11.7 0.2 399.3 8.0 11.8 1 1
11.8 0.8 399.2 8.0 12.3 1 1
11.9 0.4 399.3 8.0 12.7 1 1
12.0 0.4 399.3 8.0 13.1 1 1
12.1 0.7 399.3 8.0 13.4 1 1
12.2 0.8 399.3 8.0 13.7 1 1
12.3 0.9 399.3 8.0 13.9 1 1
12.4 1.0 399.3 8.1 14.1 1 1
12.5 1.3 399.2 8.1 14.2 1 1
12.6 1.2 399.3 8.1 14.2 1 1
12.7 1.8 399.3 8.1 14.2 1 I
12.8 1.6 399.3 8.1 14.1 1 1
12.9 1.8 399.3 8.1 13.9 1 1
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13.0 2.0 399.3 8.1 13.6 1 1
13.1 2.3 399.2 8.1 13.2 1 1
13.2 2.2 399.3 8.1 12.7 1 1

13.3 2.8 399.2 8.1 12.0 1 1
13.4 2.5 399.3 8.1 11.3 1 1

13.5 3.0 399.2 8.1 10.5 1 1
13.6 3.2 399.2 8.2 10.1 1 1
13.7 3.5 399.2 8.2 10.1 1 1

13.8 3.5 399.2 8.2 10.6 1 1
13.9 3.8 399.2 8.2 11.6 1 1

14.0 4.0 399.2 8.1 13.0 1 1
14.1 4.1 399.2 8.1 14.8 1 1

14.2 4.4 399.2 8.1 17.0 1 1
14.3 4.2 399.3 8.0 19.7 1 1

14.4 4.4 399.3 7.9 22.8 1 1
14.5 4.5 399.3 7.9 26.4 1 1
14.6 4.5 399.3 7.8 30.4 1 1

14.7 4.4 399.3 7.8 35.0 1 1
14.8 25.3 398.4 7.7 36.6 1 1

14.9 25.3 398.4 7.7 35.0 1 1
15.0 25.0 398.5 7.6 33.6 1 1
15.1 24.7 398.5 7.5 32.1 1 1
15.2 24.3 398.6 7.4 30.9 1 1

15.3 24.2 398.7 7.3 29.8 1 1
15.4 23.9 398.8 7.2 28.9 1 1
15.5 23.3 398.9 7.1 28.4 1 1
15.6 23.2 399.0 7.0 27.7 1 1
15.7 22.6 399.1 6.9 26.6 1 1

15.8 22.2 399.2 6.9 25,3 1 1
15.9 21.7 399.4 6.8 23.5 1 1
16.0 21.7 399.5 6,8 21.2 1 1
16.1 20.7 399.6 6.9 48.5 1 1

16.2 20.7 399.7 6.9 15.4 1 1

16.3 20.6 399.6 6.9.: 11.7 1 1
16.4 20.2 399.9 6.9 7.5 1 1
16.5 19.9 399.9 86.9 2.9 I
16.6 22.3 400.0 6.9.-- -2.7 1 1

CM IN RADAR COKE .,100.0000
CQCA WIN STRUCTURAL LXMTS .S19277 pRtCUT
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JSTOP = 8274.818
# ITERATIONS = 150

T BANK SPEED RANGE THETA RADAR STRUCT

0.1 -0.7 401.1 8.0 0.1 1 1
0.2 -0.6 401.1 8.0 0.3 1 1
0.3 -0.6 401.0 8.0 0.5 1 1
0.4 -0.5 401.0 8.0 0.7 1 1
0.5 -0.4 401.0 8.0 0.9 1 1
0.6 -0.4 401.0 8.0 1.1 1 1
0.7 -0.3 400.9 8.0 1.3 1 1.

0.8 -0.3 400.9 8.0 1.4 1 1

0.9 -0.2 400.9 8.0 1.6 1 .1
1.0 -0.1 400.9 8.0 1.7 1 1
1.1 -0.1 400.9 8.0 1.8 1 1

1.2 0.0 400.9 8.0 2.0 1 1
1.3 0.1 400.8 8.0 2.0 1 1
1.4 0.1 400.8 8.0 2.1 1 1
1.5 0.2 400.8 8.0 2.2 I i
1.6 0.2 400,8 8.0 2.2 1 1
1.7 0.3 400.8 8.0 2.2 1 1
1.8 0M4 400.8 8.0 2.2 1 1
1.9 0.4 400.8 8.0 2.1i I
2.0 0.5 400.8 8.0 2.1 1 1
2.1 0.6 -400.8 8.0 2.0 1 1
2.2 0.6 400.8 8.0 I'8 1 1
2-.3 0.7 400.8 8.0 .1.6 1 1
2.4 0.8 .400.8 8.0 1.4 1 1
2.S 0:.9 400.7 8.0 1-,2 1. A
2.4 0.9 .400.7 8.0. 0.9 . 1
2.7 1.0 400.7 8.0 0.5 1 .1 i
2.8 1.1 400.? 8.0 0.2 1 .

."2.9 1.1 400.7 • 8.0 -0.3 1 .1
3.0 -1.2 " 400.7 8.0 -0.7 1 1.
3.1. 1.3 400.7 t,0 -1.3 1 1:
3.2 -1.4 400.7 8.0 1.,8 1 1
3.3 1.4 400.7 8.0 -2.6 . 1
3.4 1.5 400.7 8.0 -2.56 1 1

3.5 1.8 400.7, 7.9 ,-2.1 1 1
3.6 1.6 400.7 7.9 `. -1i 1 '1
3,7 1.6 -400.8 7.8 0.4 1 %1
3.8 1.6 400,8 7.7 "2..5 1
3.9 1.6 400.8 7.6 5.2 1 1
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4.0 1.5 400.8 7.5 8.2 1 1
4.1 1.4 400.9 7.4 11.3 1 1
4.2 1.3 400.9 7.4 14.5 1 1
4.3 1.1 400.9 7.3 17.8 1 1
4.4 0.9 401.0 7.3 21.1 1 1
4.5 0.7 401.0 7.3 24.4 1 1
4.6 22.9 395.1 7.4 24.2 1 1
4.7 22.2 395.5 7.4 20.2 1 1
4.8 22.6 395.5 7.5 15.6 1 1
4.9 22.0 395.7 7.5 10.5 1 1
5.0 21.9 395.8 7.5 5.0 1 1
5.1 21.8 395.8 7.5 -1.2 1 1
5.2 13.9 397.8 7.5 -6.5 1 1
5.3 -0.3 401.3 7.5 -8.8 1 1
5.4 -0.8 401.4 7.5 -9.1 1 1
5.5 1.5 400.9 7.5 -9.6 1 1
5.6 -4.7 402.3 7.5 -9.6 1 1
5.7 1.1 400.9 7.5 -9.4 1 1
5.8 -0.7 401.4 7.5 -9.8 1 1
5.9 -0.9 401.4 7.5 -9.9 1 1
6.0 -1.2 401.5 7.5 -9.9 1 1
6.1 -1.1 401.5 7.5 -9.8 1 1
6.2 -1.2 401.5 7.5 -9.8 1 1
6.3 -1.1 401.4 7,6 -9.6 1 1
6.4 -1.6 401.6 7.6 -9.5 .1 1
6.5 -1.5 401.5 7.6 -9.2 1 1
6.6 -1.4 401.5 7.6 -:$,9 1 1
6.7 -2.0 401.6 7.6 -8.5 1 1
6.8 -1.9 401.6 7.6 -8.5 1 1
6.9 -1.8 401.6 7.6 -9.0 1 1
7.0 -2.4 401.7 7.6 -9.9 1 1
7.1 -2.1 401.7 7.6 -11.3 1 1
7.2 -2.3 401.7 7.5 -13.1 1 1
7.3 -2.6 401.8 7.5 -15,3 1 1
7.4 -2.5 401.8 7.5 -17.9 1 1
.7.5 -2.3 401.7 7.5 -21.1 1 1
7.6 -2.7 401.9 7.5 -24.6 1 1
7.7 -2.5 401.8 7.4 -28.6 1 1

'7.8 -2.4 401,8 7.5 -33.0 1 1
-7.9 -2.1 401.7 7.5 -37.8 1 1
8.0 -21s.6 408.3 7.5 -40.1 1-1
8.1 -21.1 408.3 7.6 -39.7 1 1
8.2 -21.0 408.5 7.6 -39.3 1 1
8.3 -21.3 408.8 7.7 -38.9 I 1
"8.4- -21.1 408.8 7.7 -38.4 1 1
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8.5 -20.6 408.7 7.8 -37.9 1 1
8.6 -21.1 408.9 7.8 -37.4 1 1
8.7 -21.0 408.9 7.8 -36.9 1 1
8.8 -20.7 408.8 7.8 -36.4 1 1
8.9 -20.8 408.7 7.8 -35.9 1 1
9.0 -20.8 408.6 7.9 -35.3 1 1
9.1 -21.1 408.6 7.9 -34.8 1 1
9.2 -20.5 408.2 7.8 -34.2 1 1
9.3 -21.1 408.2 7.8 -33.7 1 1
9.4 -20.6 407.8 7.9 -30.2 1 1
9.5 -20.9 407.6 7.8 -32.6 1 1
9.6 -20.9 407.4 7.7 -32.0 1 1
9.7 -20.7 407.0 7.7 -31.4 1 1
9.8 -20.5 406.7 7.7 -31.0 1 1
9.9 -20.5 406.3 7.6 -30.7 1 1

10.0 -20.6 406.0 7.6 -30.1 1 1
10.1 -20.3 405.6 7.6 -29.1 1 1
10.2 -20.2 405.3 7.6 -27.6 1 1
10.3 -19.8 404.9 7.6 -25.7 1 1
10.4 -19.9 404.6 7,6 -23.3 1 1
10.5 -19.6 404.2 7.7 -20.6 1 1
10.6 56.3 379.9 7.7 -33.1 1 0
10.7 -74.8 437.0 7.8 -20.7 1 0
10.8 40.6 389.2 7.8 -1.8 1 0
10.9 -18.6 402.9 7.8 -6.9 1 1
11.0 -19.2 402.8 7.8 -2.0 1 1
11.1 -25.5 403.9 7.8 4.6 1 1
11.2 0.2 399.1 7.8 8.8 1 1
11.3 0.4 399.0 7.8 9.2 1 1
11.4 0.2 399.1 7.8 9.5 1 1
11.5 0.6 399.1 7.8 9.9 1 1
11.6 0.5 399.1 7.8 10.2 1 1
11.7 0.6 399.1 7.8 10.5 1 1
11.8 1.0 399.0 7.8 10.7 1 1
11.9 0.8 399.1 7.9 10.9 1 1
12.0 0.8 399.1 7.9 11.0 1 1
12,1 1.1 399.1 7.9 11.1 1 1
12.2 1.2 399.1 7.9 11.1 1. 1
12,3 i.3 399.1 7.9• 11.1 1 1
12.4 1.4 399.1 7.9 11.0 1 1
12.S 1.7 399.1 7.9 10.8 1 1
12.6 1.6 399.1 7.9 10.5 1 1
12.7 1.9 399.1 7,9 10.2 1 1
12.8 2.0 399.1 7,9 9.7 1 1
1.2.9 2.2 399.1 7.9 9.2 1 1
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13.0 2.3 399.1 7.9 8.6 1 1

13.1 2.7 399.1 7.9 7.8 1 1

13.2 2.5 399.1 7.9 7.0 1 1

13.3 3.1 399.1 7.9 6.0 1 1

13.4 2.8 399.1 7.9 5.0 1 1

13.5 3.2 399.1 7.9 3.8 1 1
13.6 3.4 399.1 7.9 3.1 1 1

13.7 3.8 399.1 7.9 2.8 1 1
13.8 3.6 399.1 7.9 3.0 1 1

13.9 4.0 399.1 7.9 3.6 1 1

14.0 4.1 399.1 7.8 4.7 1 1

14.1 4.2 399.1 7.8 6.3 1 1
14.2 4.5 399.1 7.7 8.3 1 1

14.3 4.2 399.1 7.5 10.8 1 1

14.4 4.4 399.1 7.4 13.9 1 1

14.5 4.4 399.1 7.3 17.5 1 1

14.6 4.3 399.1 7.1 21.6 1 1

14.7 4.2 399.2 7.0 26.5 1 1
14.8 27.1 397.9 6.9 28.1 1 1

14.9 27.0 398.0 6.7 26.3 1 1

15.0 26.7 398.1 6.6 24.7 1 1

15.1 26.3 398.2 6.4 23.2 1 1
15.2 25.9 398.3 6.3 21.9 1 1
15.3 25.7 398.4 6.1 20.8 1 1

15.4 25.4 398.5 5.9 19.9 1 1

15.5 24.7 398.7 5.7 19.6 1 1

15.6 24.6 398.8 5.6 19.0 1 1
15.7 24.0 399.0 5.5 18.1 1 1

15.8 23.7 399.1 5.4 16.6 1 1

15.9 23.2 399.3 5.3 14.5 1 1

16.0 23.3 399.4 5.3 11.8 1 1

16.1 22.3 399.6 5.3 8.3 1 1

16,2 22.4 399.7 5.3 4.2 1 1
16.3 22.5 399.8 5.3 -0.8 1 1

16.4 22.1 399.9 5.3 -6.6 1 1
.16.5 21.9 399.9 5.3 -13.1 1 1

16:.6 23.4 400.0 5.3 -20.6 1 1

CM IN RADAR CONE 100.0000 PERCENT
CMICA WIN STRUCTURAL LIMITS 98.19277 PERCENT

238



III I |

CMMCA -
20 CM -

10

0

Y- Pos -10

(nm)

-20

-30

-40

-50 , , Ii I

-30 -20 -10 0 10 20 30
X-Po6 (tol)

Figure 55. Section 2 CMMCA and CM Paths, CMMCA Starting Straight
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JSTOP 2529.672

# ITERATIONS = 150

T BANK SPEED RANGE THETA RADAR STRUCT

0.1 7.1 398.6 8.0 -1.1 1 1
0.2 6.1 398.7 8.0 -3.1 1 1
0.3 5.2 398.9 8.0 -5.1 1 1
0.4 4.4 399.1 8.0 -6.9 1 1
0.5 3.5 399.3 8.0 -8.5 1 1
0.6 2.7 399.5 8.0 -10.1 1 1
0.7 1.9 399.6 8.0 -11.4 1 1
0.8 1.1 399.8 8.1 -12.5 1 1
0.9 0.3 400.0 8.1 -13.5 1 1
1.0 -0.5 400.3 8.1 -14.2 1 1
1.1 -1.3 400.5 8.1 -14.6 1 1
1.2 -2.2 400.7 8.1 -14.8 1 1
1.3 -3.0 401.0 8.1 -14.7 1 1
1.4 -3.8 401.3 8.2 -14.9 1 1
1.5 -4.7 401.6 8.2 -15.4 1 1
1.6 -5.5 401.9 8.2 -16.1 1 1
1.7 -6.4 402.2 8.2 -16.9 1 1
1.8 -7.3 402.5 8.2 -18.0 1 1
1.9 -8.1 402.9 8.1 -19.2 1 1
2.0 -9.0 403.3 8.1 -20.5 1 1
2.1 -9.9 403.7 8.1 -22.0 1 1
2.2 -10.8 404.1 8.0 -23.5 1 1
2.3 -11.6 404.5 7.9 -25.1 1 1
2.4 -12.5 405.0 7.8 -26.8 1 1
2.5 -13.4 405.4 7.7 -28.6 1
2.6 -14.2 405.9 7.7 -30.4 1 1
2.7 -15.1 406.3 7.6 -32.3 1 1
2.8 -15.9 406.8 7.5 -34.2 1 1
2.9 -16.7 407.3 7.4 -36.1 1 1
3.0 -17.6 407.7 7.3 -38.0 1 1
3.1 -18.3 408.2 7.3 -39.9 1 1
3.2 -19.0 408.6 7.2 -41.8 1 1
3.3 -19.7 409.0 7.2 -43.6 1 1
3.4 -20.4 409.3 7.2 -45.3 1 1
3.5 -21.0 409.6 7.2 -46.9 1 1
3.6 -21.6 409.8 7.2 -48.4 1 1
3.7 -22.0 410.0 7.2 -49.8 1 1
3.8 -22.4 410.1 7.3 -51.0 1 1
3.9 -22.6 410.1 7.3 -52.3 1 1
4.0 -22.7 410.0 7.4 -53.0 1 1

241



4.1 -22.7 409.8 7.6 -53.1 1 1
4.2 -22.6 409.6 7.8 -52.4 1 1
4.3 -22.5 409.3 8.0 -51.2 1 1
4.4 -22.3 408.9 8.2 -49.4 1 1
4.5 -22.0 408.5 8.4 -47.0 1 1
4.6 -21.7 408.1 8.6 -44.2 1 1
4.7 -21.3 407.6 8.8 -41.0 1 1
4.8 -20.9 407.1 8.9 -37.5 1 1
4.9 -20.5 406.6 9.0 -33.6 1 1
5.0 -20.0 406.1 9.1 -29.5 1 1
5.1 -19.5 405.6 9.2 -25.1 1 1
5.2 -19.0 405.1 9.2 -20.4 1 1
5.3 -18.4 404.6 9.2 -15.5 1 1
5.4 -17.8 404.1 9.3 -11.0 1 1
5.5 -17.2 403.7 9.3 -6.8 1 1
5.6 -16.5 403.2 9.2 -2.9 1 1
5.7 -15.7 402.8 9.2 0.6 1 1
5.8 -14.9 402.4 9.2 3.7 1 1
5.9 -14.1 402.1 9.1 6.3 1 1
6.0 -13.2 401.7 9.0 8.5 1 1
6.1 -12.2 401.4 8.9 10.2 1 1
6.2 -11.2 401.0 8.7 11.7 1 1
6.3 -10.1 400.7 8.6 13.1 1 1
6.4 -9.0 400.5 8.5 14.3 1 1
6.5 -7.8 400.2 8.4 15.3 1 1
6.6 -6.6 399.9 8.3 16.2 1 1
6.7 -5.4 399.6 8.3 16.8 1 1
6.8 -4.2 399.4 8.2 17.2 1 1
6.9 -2.9 399.1 8.1 17.3 1 1
7.0 -1.6 398.9 8.1 17.0 1 1
7.1 -0.4 398.6 8.1 17.0 1 1
7.2 0.9 398.4 8.1 17.2 1 1
7.3 2.2 398.2 8.1 17.6 1 1
7.4 3.4 397.9 8.2 18.2 1 1
7.5 4.7 397.7 8.2 18.9 1 1
7.6 5.8 397.5 8.2 19.7 1 1
7.7 7.0 397.2 8.2 20.6 1 1
7.8 8.1 397.0 8.3 21.6 1 1
7.9 9.2 396.8 8.3 22.6 1 1
8.0 10.2 396.7 8.2 23.6 1 1
8.1 11.1 396.5 8.2 24.6 1 1
8.2 12.0 396.3 8.2 26.7 1 1
8.3 12.8 396.2 8.1 26.8 1 1
8.4 13.6 398.1 8.1 27.9 1 1
8.5 14.2 396.0 8.0 29.1 1 1
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8.6 14.7 395.9 8.0 30.3 1 1
8.7 15.2 395.9 7.9 31.6 1 1
8.8 15.5 395.9 7.8 33.1 1 1
e, 9 15.8 395.9 7.7 34.6 1 1
9.0 15.9 396.0 7.6 36.4 1 1
9.1 16.0 396.0 7.6 38.2 1 1
9.2 15.9 396.2 7.6 39.8 1 1
9.3 15.7 396.3 7.7 41.1 1 1
9.4 15.5 396.4 7.8 42.0 1 1
9.5 15.1 396.6 7.9 42.6 1 1
9.6 14.6 396.8 8.0 42.8 1 1
9.7 14.1 397.0 8.2 42.8 1 1
9.8 13.5 397.2 8.4 42.6 1 1
9.9 12.8 397.4 8.5 42.1 1 1

10.0 12.1 397.6 8.7 41.6 1 1
10.1 11.4 397.8 8.9 40.9 1 1
10.2 10.6 398.0 9.1 40.2 1 1
10.3 9.8 398.2 9.2 40.4 1 1
10.4 9.0 398.3 9.4 40.0 1 1
10.5 8.2 398.5 9.5 39.2 1 1
10.6 7.4 398.6 9.6 38.0 1 1
10.7 6.6 398.8 9.7 36.4 1 1
10.8 5.8 398.9 9.7 34.6 1 1
10.9 5.0 399.0 9.6 32.5 1 1
11.0 4.3 399.1 9.4 30.1 1 1
11.1 3.6 399.2 9.2 27.6 1 1
11.2 3.0 399.3 8.9 24.8 1 1
11.3 2.4 399.4 8.6 21.7 1 1
11.4 1.8 399.5 8.2 18.3 1 1
11.5 1.3 399.5 7.7 14.6 1 1
11.6 0.8 399.6 7.2 10.4 1 1
11.7 0.3 399.6 6.7 5.7 1 1
11.8 -0.1 399.7 6.3 0.5 1 1
11.9 -0.4 399.8 5.9 -5.3 1 1
12.0 -0.8 399.8 6.6 -11.7 1 1
12.1 -1.0 399.8 5.4 -18.7 1 1
12.2 -1.2 399.9 5.3 -26.0 1 1
12.3 -1.3 399.9 5.2 -33.5 1 1
12.4 -1.4 399.9 5.3 -40.9 1 1
12.6 -1.3 400.0 5.4 -48.0 1 1
12.6 -1.3 400.0 5.7 -54.5 1 1
12.7 -1.1 400.0 6.0 -60.4 0 1
12.8 -0.9 400.0 6.3 -66.7 0 1
12.9 -0.7 400.0 .6.8 -70.4 0 1
13.0 -0.3 400.0 7.2 -74.6 0 1
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13.1 -0.1 400.0 7.7 -78.3 0 1

CM IN RADAR CONE 96.18320 PERCENT
CMMCA W/IN STRUCTURAL LIMITS 100.0000 PERCENT
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JSTOP = 6655.606

# ITERATIONS = 150

T BANK SPEED RANGE THETA RADAR STRUCT

0.1 8.0 396.9 8.0 -1.2 1 1
0.2 7.0 397.3 8.0 -3.6 1 1
0.3 6.0 397.6 8.0 -5.8 1 1
0.4 5.0 397.9 8.0 -7.9 1 1
3.5 4.1 398.3 8.0 -9.8 1 1
0.6 3.2 398.6 8.0 -11.5 1 1
0.7 2.3 399.0 8.1 -13.1 1 1
0.8 1.4 399.4 8.1 -14.4 1 1
0.9 0.5 399.8 8.1 -15.6 1 1
1.0 -0.4 400.2 8.1 -16.5 1 1
1.1 -1.2 400.6 8.2 -17.1 1 1
1.2 -2.1 401.0 8.2 -17.4 1 1
1.3 -3.0 401.5 8.2 -17.5 1 1
1.4 -4.0 402.0 8.2 -17.8 1 1
1.5 -4.9 402.6 8.3 -18.3 1 1
1.6 -5.8 403.1 8.3 -19.0 1 1
1.7 -6.7 403.7 8.3 -19.9 1 1
1.8 -7.7 404.3 8.3 -20.9 1 1
1.9 -8.6 404.9 8.3 -22.0 1 1
2.0 -9.5 405.6 8.3 -23.3 1 1
2.1 -10.4 406.2 8.2 -24.6 1 1
2.2 -11.3 406.9 8.2 -26.0 1 1
2.3 -12.2 407.6 8.1 -27.5 1 1
2.4 -13.0 408.3 8.1 -29.0 1 1
2.5 -13.8 409.0 8.0 -30.8 1 1
2.6 -14.7 409.7 7.9 -32.2 1 1
2.7 -15.4 410.4 7.8 -33.8 1 1
2.8 -16.2 411.1 7.8 -35.5 1 1
2.9 -17.0 411.8 7.7 -37.2 1 1
3.0 -17.7 412.4 7.6 -38.9 1 1
3.1 -18.3 413.0 7.6 -40.6 1 1
3.2 -19.0 413.6 7.5 -42.3 1 1
3.3 -19.5 414.1 7.5 -44.0 1 1
3.4 -20.1 414.6 7.5 -45.6 1 1
3.5 -20.6 415.0 7.5 -47.2 1 1
3.6 -21.0 415.3 7.5 -48.8 1 1
3.7 -21.3 415.5 7.5 -50.3 1 1
3.8 -21.6 415.7 7.6 -51.7 1 1
3.9 -21.7 415.7 7.6 -53.2 1 1

4.0 -21.8 415.6 7.7 -54.3 1 1
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4.1 -21.7 415.4 7.9 -54.7 1 1
4.2 -21.7 415.2 s.1 -54.5 1 1
4.3 -21.5 414.8 8.3 -53.7 1 1
4.4 -21.3 414.5 8.5 -52.4 1 1
4.5 -21.1 414.0 8.8 -50.6 1 1
4.6 -20.9 413.5 9.0 -48.3 1 1
4.7 -20.6 413.0 9.2 -45.6 1 1
4.8 -20.3 412.4 9.3 -42.6 1 1
4.9 -20.0 411.8 9.5 -39.2 1 1
5.0 -19.7 411.1 9.6 -35,5 1 1
5.1 -19.3 410.5 9.7 -31.6 1 1
5.2 -19.0 409.9 9.8 -27.4 1 1
5.3 -18.6 409.2 9.8 -22.9 1 1
5.4 -18.2 408.6 9.8 -18.7 1 1
5.5 -17.7 407.9 9.8 -14.7 1 1
5.6 -17.3 407.3 9.8 -11.1 1 1
5.7 -16.7 406.7 9.8 -7.7 1 1
5.8 -16.1 406.1 9.8 -4.6 1 1
5.9 -15.5 405.5 9.7 -1.9 1 1
6.0 -14.7 404.9 9.6 0.5 1 1
6.1 -13.9 404.4 9.6 2.4 1 1
6.2 -13.0 403.8 9.4 4.2 1 1
6.3 -12.1 403.3 9.3 6.0 1 1
6.4 -11.0 402.8 9.2 7.6 1 1
6.5 -9.9 402.3 9.1 9.2 1 1
6.6 -8.8 401.9 9.0 10.6 1 1
6.7 -7.6 401.4 8.9 11.9 1 1
6.8 -6.4 401.0 8.9 12.9 1 1
6.9 -5.1 400.6 8.8 13.7 1 1
7.0 -3.8 400.2 8.8 14.3 1 1
7.1 -2.5 399.7 8.8 18.0 1 1
7.2 -1.2 399.3 8.8 16.0 1 1
7.3 0.1 399.0 8.8 17.1 1 1
7.4 1.5 398.6 8.9 18.4 1 1
7.5 2.8 398.2 8.9 19.8 1 1
7.6 4.1 397.8 8.9 21.3 1 1
7.7 5.3 397.5 9.0 22.8 1 1
7.8 6.6 397.1 9.0 24.4 1 1
7.v 7.7 396.8 9.0 26.0 1 1
8.0 8.9 396.5 9.0 27.5 1 1
8.1 9.9 396.2 8.9 29.0 1 1
8.2 11.0 395.9 8.9 30.5 1 1
8.3 11.9 398.6 8.9 32.0 1 1
8.4 12.8 396.4 8.8 33.4 1 I
8.8 13.5 396.2 8.8 34.8 1 1
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8.6 14.2 395.0 8.7 36.2 1 1
8.7 14.8 394.9 8.7 37.7 1 1
8.8 15.3 394.8 8.6 39.1 1 1

8.9 15.7 394.7 8.6 40.6 1 1
9.0 16.0 394.7 8.5 42.1 1 1
9.1 16.1 394.7 8.5 43.7 1 1

9.2 16.1 394.7 8.5 45.1 1 1

9.3 16.1 394.8 8.6 46.1 1 1
9.4 15.9 394.9 8.7 46.7 1 1

9.5 15.6 395.0 8.9 47.0 1 1
9.6 15.2 395.2 9.0 47.0 1 1
9.7 14.7 395.3 9.2 46.8 1 1

9.8 14.2 395.5 9.4 46.3 1 1

9.9 13.6 395.8 9.6 45.7 1 1

10.0 12.9 396.0 9.8 44.9 1 1

10.1 12.2 396.2 10.0 44.0 1 1

10.2 11.5 396.5 10.2 43.1 1 1
1.0.3 10.7 396.7 10.4 43.0 1 1
10.4 9.8 397.0 10.6 42.4 1 1

10.5 9.0 397.2 10.7 41.5 1 1
10.6 8.1 397.5 10.9 40.2 1 1
10.7 7.2 397.7 11.0 38.7 1 1
10.8 6.3 398.0 11.0 36.9 1 1

10.9 6.4 398.2 10.9 36.0 1 1
11.0 4.5 398.4 10.8 32.9 1 1
11.1 3.7 398.6 10.7 30.7 1 1

11.2 2.8 398.8 10.4 28.4 1 1

11.3 2.0 399.0 10.1 26.0 1 1
11.4 1.3 399.1 9.7 23.5 1 1
11.5 0.6 399.3 9.2 20.8 1 1
11.6 0.0 399.4 8.7 17.9 1 1
11.7 -0.6 399.5 8.2 14.9 1 1

11.8 -1.1 399.6 7.8 11.6 1 1
11.9 -1.5 399.7 7.4 8.1 1 1

12.0 -1.9 399.8 7.0 4.3 1 1

12.1 -2.1 399.8 6.6 0.1 1 1

12.2 -2.3 399.9 6.3 -4.4 1 1

12.3 -2.4 399.9 6.1 -9.3 1 1
12.4 -2.4 400.0 5.9 -14.5 1 1
12.6 -2.3 400.0 6.8 -19.9 1 1
12.6 -2.1 400.0 6.7 -26.6 1 1
12.7 -1.8 400.0 5.7 -31.2 1 1
12.8 -1.6 400.0 6.8 -36.8 1 1
12.9 -1.1 400.0 5.9 -42.3 1 1
13.0 -0.6 400.0 6.1 -47.6 1 1

2,19



13.1 -0.2 400.0 6.3 -52.6 1 1

CM IN RADAR CONE 100.0000 PERCENT
CMMCA W/IN STRUCTURAL LIMITS 100.0000 PERCENT
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JSTOP = 1654.592
# ITERATIONS = 150

T BANK SPEED RANGE THETA RADAR STRUCT

0.1 1.8 400.9 8.0 -0.3 1 1
0.2 1.6 400.9 8.0 -0.8 1 1
0.3 1.4 400.9 8.0 -1.3 1 1
0.4 1.2 400.9 8.0 -1.8 1 1
0.5 1.0 400.9 8.0 -2.2 1 1
0.6 0.8 401.0 8.0 -2.6 1 1
0.7 0.7 401.0 8.0 -3.0 1 1
0.8 0.5 401.0 8.0 -3.4 1 1
0.9 0.3 401.0 8.0 -3.7 1 1
1.0 0.1 401.0 8.0 -4.0 1 1
1.1 -0.1 401.1 8.0 -4.2 1 1
1.2 -0.2 401.1 8.0 -4.4 1 1
1.3 -0.4 401.1 8.0 -4.5 1 1
1.4 -0.6 401.1 8.0 -5.2 1 1
1.5 -0.8 401.1 8.0 -6.4 1 1
1.6 -0.9 401.2 8.0 -8.1 1 1
1.7 -1.1 401.2 7.9 -10.4 1 1
1.8 -1.2 401.2 7.9 -13.1 1 1
1.9 -1.3 401.2 7.8 -16.5 1 1
2.0 -1.3 401.2 7.7 -20.3 1 1
2.1 -1.4 401.2 7.6 -24.7 1 1
2.2 -1.4 401.2 7.6 -29.7 1 1
2.3 -1.3 401.2 7.5 -35.2 1 1
2.4 -1.3 401.1 7.5 -41.3 1 1
2.6 -21.9 411.2 7.5 -44.8 1 1
2.6 -21.4 411.3 7.6 -45.5 1 1
2.7 -30.3 416.7 7.6 -44.8 1 0
2.8 -30.1 417.0 7.6 -42.6 1 0
2.9 -21.8 412.5 7.5 -41.7 1 1
3.0 -22.3 412.9 7.6 -42.2 1 1
3.1 -21.9 412.7 7.5 -42.7 1 1
3.2 -22.5 413.1 7.5 -43.2 1 1
3.3 -22.7 413.2 7.5 -43.7 1 1
3.4 -23.1 413,3 7.5 -44.1 1 1
3.5 -22.9 413.1 7.5 -44.5 1 1
3.6 -23.5 413.2 7.5 -44.9 1 1
3.7 -23.5 413.0 7.5 -45.2 1 1
3.8 -24.1 413.0 7.5 -45.4 1 1
3.9 -24.1 412.7 7.5 -46.7 1 1
4.0 -24.5 412.5 7.5 -45.5 1 1
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4.1 -24.3 412.0 7.6 -44.6 1 1
4.2 -24.6 411.7 7.7 -43.1 1 1
4.3 -25.1 411.5 7.8 -40.8 1 1
4.4 -24.4 410.6 7.9 -37.9 1 1
4.5 -25.2 410.5 8.0 -34.4 1 1
4.6 -24.9 409.8 8.1 -30.2 1 1
4.7 -25.2 409.4 8.2 -25.3 1 1
4.8 -24.9 408.8 8.2 -19.9 1 1
4.9 -32.4 411.5 8.2 -12.5 1 0
5.0 -3.6 399.9 8.2 -7.8 1 1
5.1 -4.0 400.0 8.2 -7.2 1 1
5.2 -3.8 399.9 8.3 -6.5 1 1
5.3 -3.7 399.9 8.3 -5.8 1 1
5.4 -3.5 399.8 8.3 -5.6 1 1
5.5 -3.9 399.9 8.2 -5.9 1 1
5.6 -3.7 399.8 8.2 -6.6 1 1
5.7 -3.6 399.7 8.2 -7.9 1 1
5.8 -3.3 399.6 8.1 -9.7 1 1
5.9 -3.6 399.7 8.0 -12.0 1 1
6.0 -3.3 399.6 7.9 -14.7 1 1
6.1 -3.1 399.5 7.8 -18.1 1 1
6.2 -2.7 399.4 7.8 -21.8 1 1
6.3 -3.0 399.5 7.7 -25.5 1 1
6.4 -23.2 404.3 7.7 -26.0 1 1
6.5 -23.0 404.0 7.7 -23.0 1 1
6.6 -22.8 403.7 7.7 -19.6 1 1
6.7 -22.2 403.5 7.7 -15.7 1 1
6.8 -21.4 403.2 7.7 -11.4 1 1
6.9 -21.7 403.2 7.7 -6.8 1 1
7.0 -21.0 403.1 7.7 -1.6 1 1
7.1 -20.5 403.0 7.7 4.6 1 1
7.2 -7.0 400.1 7.7 9.6 1 1
7.3 0.4 398.7 7.7 12.5 1 1
7.4 0.8 398.6 7.7 14.8 1 1
7.5 0.9 398.6 7.7 17.7 1 1
7.6 1.3 398.6 7.7 21.0 1 1
7.7 1.3 398.6 7.6 24.9 1 1
7.8 1.6 398.6 7.6 29.2 1 1
7.9 1.6 398.6 7.6 34.0 1 1
8.0 1.9 398.6 7.7 39.3 1 1
8.1 22.7 393.7 7.7 41.6 1 1
8.2 22.5 393.7 7.7 40.8 1 1
8.3 22.9 393.6 7.8 40.0 1 1
8.4 22.9 393.5 7.8 39.1 1 1
8.5 22.8 393.6 7.8 38.2 1 1
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8.6 22.7 393.7 7.8 37.3 1 1
8.7 23.0 393.7 7.8 36.5 1 1
8.8 22.9 393.9 7.7 35.7 1 1
8.9 22.9 394.1 7.7 34.9 1 1
9.0 22.6 394.3 7.6 34.2 1 1
9.1 22.8 394.5 7.5 33.6 1 1
9.2 22.4 394.8 7.5 32.5 1 1
9.3 22.4 395.1 7.5 31.1 1 1
9.4 22.0 395.4 7.5 29.1 1 1
9.5 22.2 395.7 7.6 26.7 1 1
9.6 21.6 396.1 7.6 23.8 1 1
9.7 21.6 396,4 7.6 20.5 1 1
9.8 21.5 396.6 7.7 16.6 1 1
9.9 21.1 397.0 7.7 12.2 1 1

10.0 21.2 397.2 7.7 7.4 1 1
10.1 17.5 398.0 7.7 2.6 1 1
10.2 0.4 400.3 7.7 0.6 1 1
10.3 -0.1 400.4 7.7 2.2 1 1
10.4 -0.1 400.4 7.7 3.3 1 1
10.5 -0.2 400.4 7.7 3.8 1 1
10.6 -0.1 400.3 7.6 3.6 1 1
10,7 -0.7 400.4 7.6 2.9 1 1
10.6 -0.7 400.4 7.6 1.7 1 1
10.9 -0.7 400.4 7.5 -0.2 1 1
11.0 -0.6 400.4 7.5 -2.6 1 1
11.1 -1.1 400.4 7.3 -5.6 1 1
11.2 -0.9 400.4 7.2 -9.1 1 1
11.3 31.6 398.1 7.1 -18.8 1 0
11.4 -21.6 401.7 7.0 -26.4 1 1
11.5 -21.0 401.5 6.8 -26.3 1 1
11.6 -21.1 401.4 6.7 -26.3 1 1
11.7 -20.8 401.2 6.7 -26.1 1 1
11.8 -20.7 401.0 6.6 -25.4 1
11,9 -20.6 400.9 6.6 -24.2 1 1
12.0 -20.2 400.8 6.6 -22.1 1 1
12.1 -20.4 400.6 6.6 -20.3 1 1
12.2 -20,1 400.6 6.7 -17.6 1 1
12.3 -19.9 400.4 6.7 -14.2 1 1
12.4 -20.0 400.3 6.7 -10.3 1 I
12.6 -20.1 400.2 6.7 -6.8 1 1
12.6 -17.9 400.1 6.7 -1.1 1 1
12.7 0.3 399.9 6.7 1.0 1 1
12.8 0.2 400.0 6.7 0.6 1 1
12.9 0.1 400.0 6.7 0.1 1 1
13.0 0.1 400.0 6.7 -0.3 1 1
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13.1 0.0 400.0 6.7 -0.7 1

CM IN RADAR CONE 100.0000 PERCENT
CMMCA W/IN STRUCTURAL LIMITS 96.94656 PERCENT
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Figure 61. Section 2 CMMCA and CM Paths, CMMCA Starting Trailing
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JSTOP - 7064.657
# ITERATIONS 150

T BANK SPEED RANGE THETA RADAR STRUCT

0.1 1.6 401.1 8.0 -0.2 1 1
0.2 1.4 401.1 8.0 -0.7 1 1
0.3 1.2 401.1 8.0 -1.1 1 1
0.4 1.1 401.1 8,0 -1.6 i 1
0.5 0.9 401.1 8.0 -2.0 1 1
0.6 0.7 401.2 8.0 -2.4 1 1
0.7 0.6 401.2 8.C -2.7 1 1
0.8 0.4 401.2 8.0 -3.0 1 1
0.9 0.2 401.2 8.0 -3.3 1 1
1.0 0.1 401.3 8.^ -3.5 1 1
1.1 -0.1 401.3 8.0 -3.7 1 1
1.2 -0.2 401.3 8.0 -3.9 1 1
1.3 -0.4 401.3 8.0 -4.0 1 1
1.4 -0.6 401.4 8.0 -4.6 1 1
1.8 -0.7 401.4 8.0 -$.8 1 1
1.6 -0.9 401.4 7.9 -.7. 1 1
1.7 -1.0 401,6 7.9 -9.8 1 1
1.8 -1.1 401.8 7.8 -12.8 1 1
1.9 -1.! 401.6 7.8 -16.9 1 1
2.0 -1.1 401.6 7.7 -19.8 1 1
'2. -1.1 401.6 7.6 -24.3
2,2. -1.0 401.4 7.6 -2.-4 I I
2.3 -0.9 401.4 7.6 -36.0 1 1
2.4 -0.8 401.3 7.6 -41,3 1 1
2.6 -22.9 414.6 7.6 -44.7 1 1
2.6, -22.2 416;0 7.6 -46.3 1 I
2.7 -31.6 422.2 7.6 -44.4 1 0
2.8 --31.3 422.5 7.6 -4240 .1 0
2,9 -22.6 416.6 7.6 -40.9 1
: 3.0• -22.9 .117.0 7.4 -41-3 1 1

3.1 -22,4 416.8 7.4 -41.8 1 1
3.2 -23.0 41L.3 7ý4 -42,3 1 1
3.3 - 2J, 417.4 7.4 -42.7 1 1
3.4 -23.6 417.6 7.4 -43.1 1 1
3.5 -23.3 417.3 7.3 -41,$ 1
3.6" -23,9 417.4 7.3 -44.0 1 1
3.7 -23.8 417.1 7.3 .-44.3 1 I
3.8 -24.4 411,1 7.3 -44.6 1 1
3.9 -24C4 410.7 7.3 -44.9 1 1
4.0 '-24.8 416,6 7.3 -44.7 1 1
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4.1 -24.6 415.7 7.4 -43.9 1
4.2 -24.9 415.4 7.5 -42.4 1 1
4.3 -25.4 415.1 7.6 -40.1 1 1
4.4 -24.6 414.0 7.7 -37.2 1 1
4.5 -25.5 413.8 7.8 -33.6 1 1
4.6 -25.1 412.9 7.9 -29.4 1 1
4.7 -25.5 412.4 3.0 -24.4 1 1
4.8 -25.2 411.6 8.0 -18.9 1 1
4.9 -33.0 415.3 8.0 -11.3 1 0
5.0 -2.5 399.7 8.0 -6.5 1 1
5.1 -3.0 399.9 8.0 -6.1 1 1
5.2 -2.8 399.7 8.0 -5.6 1 1
5.3 -2.8 399.7 8.0 -5.0 1 1
5.4 -2.6 399.6 8.0 -5.0 1 1
5.5 -3.1 399.7 8.0 -5.6 1 1
5.6 -2.9 399.6 8.0 -u.6 I I
5.7 -2.7 399.5 7.9 -8.1 1 1
5.8 -2.5 399.4 7.9 -I0.3 1 1
S.9 -2.9 399.5 7.8 -12,9 1 I
6.0 -2.5 399,4 7.7 -16.1 1 1
6.1 -2.3 399.3 7.6 -1919 1 1
6.2 -1.8 399.2 7.5 -24.1 1 1
6.3 -2.1 399.3 7,A -28.2 1 1
6.4 -23.8 405.9 7.5 -28.9 1 1
6.5 -23.5 405.5 7.6 -26.0 1 1
6.6 -23.3 405.1 7.6 -22.5 1 t
6.7 -22.8 404.7 7.6 -18.6 1 1
6.8 -22.0 404.3 7.6 -14.3 1 1
6.9 -22.3 404.4 7.6 -9.5 1 1
7.0 -21.6 404,1 7.6 -4,2 1 1
7.1 -21.2 404,0 7.6 2.1 I I
7.2 -6.8 400.1 7.6 7.2 1 1
7.3 1.1 398.1 7.6 10.0 1 1
7.4 1.4 398.1 7.6 12.1 1 1
7.5 1.4 398.1 7.6 14.8 1 1
7.6 1.7 398.0 7.6 18.0 1 1
7.7 1.6 398.1 7.6 21.8 1 1
7.8 1.9 398.0 7.4 26.1 1 1
7.9 1.7 398.1 7.4 30.9 1 1
8.0 1.8 398.1 7.4 36.3 1 1
8.1 24.1 391.6 7.4 38.5 1 1
8.2 23.8 391.6 7.4 37.4 1 1
8.3 24.0 39.1.6 7.4 36.2 1 1
8.4 23.8 391.6 7.4 36.0 1 1
8.6 23.6 391.7 7.4 34.0 1 1
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8.6 23.3 391.9 7.3 33.0 1 1

8. 7 23.4 392.0 7.2 32.1 1 1
8.8 23.1 392.3 7.2 31.3 1 1
8.9 23.0 392.6 7.1 30.6 1 1
9.0 22.5 393.0 7.0 30.2 1 1
9.1 22.6 393.3 6.9 29.8 1 1
9.2 22.1 393.7 6.9 29.1 1 1
9.3 22.0 394.1 6.9 27.9 1 1

9.4 21.5 394.5 6.9 26.3 1 1
9.5 21.7 394.9 6.9 24.2 1 1
9.6 21.0 395.4 6.9 21.6 1 1

9.7 20.9 395.7 6 9 18.5 1 1.
9.8 20.9 396.1 7.0 14.8 1 1
9.9 20.5 396.5 7.0 10.6 1 1

10.0 20.8 396.8 7.0 5.9 1 1
10.1 16.9 397.8 7.0 1.2 1 1
10.2 -1.2 400.6 7.0 -0.6 1 1
10.3 -1.7 400.7 7.0 1.5 1 1
10.4 -1.6 400.7 6.9 3.0 1 1
10.5 -1.6 400.7 6.9 3.9 1 1
10.6 -1.4 400.6 6.9 4.0 1 1
10.7 -1.9 400.7 6.9 3.6 1 1
10.8 -1.8 400.7 6.9 2.6 1 1
10.9 -1.7 400.7 6.8 1.0 1 1
11.0 -1.5 400.6 6.7 -1.3 1 1
11.1 -1.8 400.7 6.6 -4.3 1 1

11.2 -1.5 400.6 6.5 -7.9 1 1
11.3 33.4 397.7 6.4 -18.3 1 0
11.4 -23.7 402.3 6.3 -26.4 1 1
11.5 -22.8 402.0 6.2 -26.2 1 1
11.6 -22.7 401.9 6.1 -26.3 1 1
11.7 -22.2 401.6 6.0 -26.0 1 1
11.8 -21.9 401.5 6.0 -25.2 1 1
11.9 -21.7 401.3 6.0 -23.8 1 1
12.0 -21.1 401.1 6.0 -21.8 1 1
12.1 -21.4 400.9 6.0 -19.2 1 1
12.2 -20.9 400.7 6.1 -16.0 1 1
12.3 -20.8 400.6 6.1 -12.1 1 1
12.4 -20.9 400.5 6.1 -7.6 1 1
12.5 -21.1 400.4 6.1 -2.4 1 1
12.6 -18.8 400.2 6.1 3.2 1 1
12.7 0.7 399.9 6.1 6.0 1 1
12.8 0.5 400.0 6.1 6.1 1 1
12.9 0.3 400.0 6.1 6.2 1 1
13.0 0.2 400.0 6.1 6.3 1 1
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13.1 0.0 400.0 6.1 6.5 1 1

CM IN RADAR CONE 100.0000 PERCEVT

CMMCA W/IN STRUCTURAL LIMITS 96.94656 PERCENT
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